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ForE] 28 < (rheumatoid arthritis)S T <
A AART oF 199 I ES Kol Aot
Axe] HEgo= 5 4 l‘%%—o] 71 Flo] o
S WH|ste] A M e} SRR A R (Fibroblast—Like Synoviocyte,
FLS)E &Astst & AT AolEFRIS WEste] d& x24& 393
FrtE sl 2 7ol dieiM e B WA AR AR
ZAA A E3A(Major Histocompatibility Complex)®]  Human
Leukocyte Antigen(HLA)-DR ¥ FAA7} T3k &8 Qlxl=z ez
thH(5,6). @A H]zHEO|= AQGA|, HAAAA, FFrtE kA & vd
g A5 AE AREH AL AR Y] =58 A
BA Al2=8l(Complement System) 413w
of thek s ol B 22 FFA Fadt TS X
BAIRZ ] RiES FAsH, BA whgo] dux] dow XEHH4e A5
o 71tH(8). BAZF &3 Complement 5(C5)2] HF-AHE<l (C5a<t
7F A E a1 94253 A (Membrane Attack Complex, MAC
. MACE A4 AtClEFRIY WEs sty 24 &4 d5s 7t
AZITH9) . wEba (5o @3t S EAITIE 88 T oo,
WA Al2dlo] FutEaybdel o] el T shudS AARG

~—
ot
o,

BA| L_ 12 174 (Classical), WAl(Alternative), =¥ (Lectin)d =
2 235 SA43AH10). BAVF @43 59 (3 ASarrt AFE TH
FAHH, o] (35 (3a% C3pb=E Aostar (b 7]+ (3 Asase}
Adtste] (5 AFaLE FAASH(1D). dAZ 2] =821 Complement

Factor Hell €3] 9+ Complement factor H-related protein 5(CFHR5)+=
AA oA C39} FEste] &3 oJEH o0& (3boll A3, (3 Asdash
o] g4 &S AAsT = AT A7) T(12).
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EE Ade w2 dY R AR YE3] oA (KNU-2023-0306) = Eeko,
AAT= HAH, dds=ve] B o &X el wat Atk A5 75
= DBA/1] A v A(TAd s =, deHl=)E Tt AES 113
shlar, A3l A dFU AE VI FAT. A VI S AR
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HHd F=E 98 A28 Z7l(bovine type I collagen, Chondrex,
USA)S 2 mg/mLe] s%=7F H|=% 10 mM acetic acidol =t 12 W3
= 9 mp$2~ 24unig]o] Complete Freund’ s Adjuvant(CFA, Chondrex,
USA)oF Al 28 ZepAl(2 mg/ml)S 1:1 (v/v)E E3ste] 853 DBA/1J v}
2= wele] 100 pL W FARsEIG. 219§ 2%} WstE 98
Incomplete Freund s Adjuvant(IFA, Chondrex, USA)¢} #1238 Zebal(2
mg/mL)& 1:1 (v/v)E Egste] vhg-2 aglo] 100 pLE I FAFsH
(Figure 1).
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AHFigure 5A). o] A Wik o] AUC B4 AT A% A thzx,
CFHRS A&, LE&FT EFoA A4 iz vjud o CAI9F A}

Sk S B (Figure 5B).
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Table 1. Body Weight Change

Body weight (D 42)

Body weight (D 42)

Body weight change (%, D 23 as 100%)

Grou -
P Mean SD Mean SD Mean SD P Valyes
vs Vehicle
Vehicle 24.47 1.49 24.33 1.80 99.49 5.26 -
Methotrexate
(1 mg/kg. BIV. IP) 23.70 1.10 25.73 2.73 108.48 7.15 0.2080
CFHR5
(0.5 mg/ke. OV, IP) 24.75 3.21 25.95 3.28 104.92 3.74 0.2791
CFHRS 24.97 2.53 25.83 3.13 103.70 9.95 0.6923

(1.5 mg/kg, QW, IP)




Table 2. H&E Stain Assessment of CIA

Score Synovial hyperplasia

Pannus formation

Cartilage destruction

Bone erosion

0 None

Very few inflammatory cells
1 are found in the synovium.
Mild hyperplastic synovium

Inflammatory cellular
2 proliferation is well-marked
leading to thickened synovium

Extensive inflammatory cell
proliferation along with
severely thickening of
synovium

None

Pannus formation is not
distinct

Week pannus invasion in
the bone

Strong pannus invasion in
the bone

None

Cartilage surface 1is
not smooth. Focal
erosion region

Cartilage surface
takes a corrugated
shape

Over 50% of the
cartilage of either
joint counterpart is

destroyed

None

Bony surface is
not smooth

Cell invasion in
bone is found.
Marked bone
surface integrity
loss

Bone conformation
is almost
disrupted

_‘IO_



Table 3. Toluidine Blue Stain Assessment of CIA

Score MaFr%x Surface regularity Cartilage thickness
staining
> i ¥
0 Normal Smooth: 75 — 100 % 2/3 depth relative to av. GC
depth
1 Slightly Moderate: 50 — 75 % 1/2 to 2/3 depth relative to
reduced av. GC
2 Markedly Irregular; < 50 % < 1/2 depth relative to av. GC
reduced
3 No staining Severely irregular

* Ground control.
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w CFHR5 (0.5 mg/kg, 1.5 mg/kg, i.p. injection)

w Methotrexate (1 mg/kg, i.p. injection)

1st 2nd
Immunization Boosting v v v Sacrifice
v v v v v v v v
| | 1 1 1 1 1 |
i 0 21 23 27 30 34 37 42

Figure 1. Timeline of CFHR5 administration to CIA mice. Collagen induced arthritis(CIA) mice were treated
with CFHR5 (0.5 mg/kg), CFHR5 (1.5 mg/kg) once a week i.p., or Methotrexate two times a week,

for 3 weeks. Mice were sacrificed after 42 days.
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125

100

75

50

Body weight (%)

25

-O- Vehicle

-8~ Methotrexate

-8~ CFHRS5 0.5 mg/kg
-~ CFHR5 1.5 mg/kg

2324 26 28 30 32

Days

34 36 38

Figure 2. Changes of body weight in CIA mice. The mice grouped into

CIA mice treated with vehicle, methotrexate (1 mg/kg, BIW,
IP), CFHR5 (0.5 mg/kg, QW, IP), and CFHR5 (1.5 mg/kg, QW,
IP). Data are expressed as the mean SD.

=p <0.01, = = p < 0.001 compared with the vehicle.

t

¥ = p <0.05, =
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CFHR5 0.5 mg/kg CFHR5 1.5 mg/kg

Figure 3. Representative gross picture of mice paw at day 42. The
mice were treated with vehicle, methotrexate (1 mg/kg, BIW,
IP), CFHR5 (0.5 mg/kg, QW, IP), and CFHR5 (1.5 mg/kg, QW,
IP).
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._,,'_ -O- Vehicle
E - Methotrexate
T -e- CFHR5 0.5 mglkg
b - CFHRS5 1.5 mgikg
E
(5]
B

150 o

*%
1091 s A. Vehicle
dkdk

B. Methotrexate
C. CFHR5 0.5 mg/kg

50 - D. CFHR5 1.5 mg/kg

B -
A B c

Group

CAl AUC

Figure 4. CAI of CIA. (A) clinical arthritis index(CAI) of CIA mice
(B) Area under the curve(AUC) of CAI of CIA mice. CIA mice
treated with vehicle, methotrexate (1 mg/kg, BIW, IP), CFHR5
(0.5 mg/kg, QW, IP), and CFHR5 (1.5 mg/kg, QW/ IP). Data are
expressed as the mean * SD. (Each group, n = 6) = = p <
0.05, *x = p < 0.01, #xx = p < 0.001 compared with the

vehicle.
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100 -
80
S -O- Vehicle
8 * [+ -@- Methotrexate
=
£ . -e- CFHRS5 0.5 mglkg
:g -o- CFHR5 1.5 mglkg
20
0
2324 26 28 30 32 34 36 38 40 42
Days
1000 -
750
1)
= . A. Vehicle
§ — - B. Methotrexate
T C. CFHR5 0.5 mgfkg
g i D. CFHR5 1.5 mg/kg
~ 250 A ‘
0 -
A B c D
Group
Figure 5. Arthritis incidence (%) of CIA. (A) Incidence (%) of CIA

mice. (B) AUC of incidence (%) of CIA mice. CIA mice treated
with the wvehicle, BIW, IP), CFHR5
(0.5 mg/kg, QW, IP), and CFHR5 (1.5 mg/kg, QW, IP). Data are

methotrexate (1 mg/kg,

expressed as the mean * SD. (Each group, n = 6) = = p <
0.05, *x = p < 0.01, #xx = p < 0.001 compared with the
vehicle.
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Vehicle

CFHRS5 0.5 mg/kg CFHR5 1.5 mg/kg

Figure 6. Representative H&E-stained arthritis tissue pictures from
CIA mice. The mice were grouped into CIA mice treated with
the vehicle, methotrexate (1 mg/kg, BIW, IP), CFHR5 (0.5
mg/kg, QW, IP), and CFHR5 (1.5 mg/kg, QW, IP). H&E stain;
Magnification x 200; Scale bar 50 pm.
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Synovial Hyperplasia Cartilage Destruction

3
o 2
3 3
® 24 o 2
= o -
S *RE s S
E— = %
o i *%
E 1 4 3 1 dekek
- 2
3 7
T I
0- 0
A B [ D A B e D
Group Group A. Vehicle
B. Methotrexate
Pannus Formation Bone Erosion
37 37 C. CFHR5 0.5 mg/kg
o o D. CFHR5 1.5 mglkg
3 3
M 24 o 2
w® I
2 Q
g! =]
° 11 % 11
2 *kk =2 hkk
0 i 1] dkk
T ik T Sk
o - 0
A B c D A B C D
Group Group

Figure 7. Histological scores of H&E-stained arthritis tissues form
CIA mice. The mice were grouped into CIA mice treated with
the vehicle, methotrexate (1 mg/kg, BIW, IP), CFHR5 (0.5
mg/kg, QW, IP), and CFHR5 (1.5 mg/kg, QW, IP). Data are
expressed as the mean = SEM. * = p < 0.05, ** = p < 0.01,
#k% = p < (0,001 compared with the vehicle.
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CFHR5 0.5 mg/kg CFHR5 1.5 mglkg

Figure 8. Representative pictures of Toluidine blue-stained arthritis
tissues from CIA mice. The mice were grouped into CIA mice
treated with the vehicle, methotrexate (1 mg/kg, BIW, IP),
CFHR5 (0.5 mg/kg, QW, IP), and CFHR5 (1.5 mg/kg, QW, IP).

Toluidine blue stain; Magnification x 200; Scale bar 50 pm.
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- Matrix Staining - Surface Regularity
g @
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? 2 ®» 2-
8 3
—g-, - Ekk E, kikck
o1 hiid o1 ek s
» k7
T = =
0 0
A B c D A B c D
Group Group
2 Cartilage Thickness
2
<}
@ A_ Vehicle
'{g i B. Methotrexate
g'n ok C. CFHRS5 0.5 mg/kg
=) sk - D. CFHRS5 1.5 mglkg
w0
2
0
A B c D
Group

Figure 9. Histological scores of Toluidine blue-stained arthritis
tissues form CIA mice. The mice were grouped into CIA mice
treated with the vehicle, methotrexate (1 mg/kg, BIW, IP),
CFHR5 (0.5 mg/kg, QW, IP), and CFHR5 (1.5 mg/kg, QW, IP).
Data are expressed as the mean * SEM. * = p < 0.05, #x = p

< 0.01, #*x = p < 0.001 compared with the vehicle.
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?l CFHR59] A& #IE 2<lsh= Aol
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Ha, A9 8AES EASE 344Y3F(Opsonization)® o] Al
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A 5 dq Q14ste] 2Astet. 9
g4 dhuld gk -3t @8 (Mannose-binding Lectin)©] E ™ol

of A HETH(25). 37HA] ARZoA (3 AZasrts (35 dAuksto] (3ast

C3bEs A= T4 9FS shar NACS AT MACR Y 845 Al
Astar xS g8fsir AL sE2 AT 9 343 wsks =3
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& Astdta deA e
Az xAol & 4 ke A7 Haso] Ith(31-34).
TAIZ9} BAES} BAIgle] dF 8 A2 fFestes v~ 2l &
gb2l &A ik 3E 9 (Collagen Antibody Induced Arthritis, CAIA)O
Wb #HEste] 6 FA Agel= AW fo Aol ASS
Ao (35), Coa®t C5b-99 WA= Atdetes ©d=8 FAE A& CIA
mp9-2o A (59 EolHol dEFE A TS YFsAThs6). 919 Ay
ATE Sl BA A="o] A ARt 57F FrtEl~3dde] Fash A
2A7F E F ASS AAFE
CFHRSE= thA] A ZollA Eetgs = <
A H(Factor H, FII) #& @A 5 sholty. FHE (FHIRS & stshe
)

A

(27-30), 95 & AA C57F FrE =
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W
o,
Ol

A BAHE A AEAA FaT e
A grh, CPHRSE WA 2AolA] o® H@e sh=A WatalA LelAA
T, AT Ul A ol AT Row 4@&%@(38).

Aol A= CFHRG] fF adE gQlstr] fla ddelA g AR
I Qe ®FE AEA MethotrexateE FA "ﬂiﬁ%& A8 TH(39-43).
dH mIE FQlsty] 9l CAIE H7bskalar CFHRGS] As=wtoll A=
o g A8 a3Es AT F UM, =2 PYstH FrHE flel HE
9} Toluidine blue A4 A3} S4 hxw 7 v S w Methotrexate
o A Am adE Fld F AAT

FrtE 2 ele] A dre A dRE Tl 95 243 &
HAAANE A F2E AsHE (FHR5S] Fule| =349 A7 wel 18
Hol AA k. FF FutE 2y dol A o] CFHRS Fo7F A 5ol gk
A 71 At FREYE, BA ALEE o] &9 E uE ds ARA
2 AREE 4 e Aot
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Complement factor H-related protein 5 ameliorates

inflammation in rheumatoid arthritis model

Kim, Kyung-Me

Department of Internal Medicine
Graduate School

Keimyung University

(Supervised by Professor Kim, Sang-Hyon)

Abstract

Rheumatoid arthritis is a chronic inflammatory arthritis that is
related to the immune complement response. Complement factor
H-related 5 (CFHR5) exhibits anti-inflammatory effects by binding to
complement C3, an inflammatory response protein. It is not known how
CFHRS affects arthritis—-based autoimmunity. This study aimed to
confirm the effect of CFHR5 in collagen—induced arthritis (CIA), a
rheumatoid arthritis mouse model.

CIA mice were induced by injecting type 2 collagen twice into DBA/1J
mice. After 23 d, the mice were divided into three groups, and until
day 42, the positive control group, methotrexate, was
intraperitoneally administered twice a week, the low dose of 0.5

mg/kg group and the high dose 1.5 mg/kg group were intraperitoneally
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administered CFHR5 once a week. Clinical severity score and arthritis

index were measured every other day. After sacrificing the mouse on

day 42, foot tissue was removed and H&E and Toluidine blue staining

were performed.

Compared to the negative control group, both low-dose and high-dose

CFHRS treatment resulted in statistically significant reductions Iin

the clinical arthritis index (Low-dose CFHR5 group, P <0.01;

High-dose CFHR5 1.5 mg/kg, P <0.001). The arthritis index also

significantly decreased compared to the negative control group

(Low—dose CFHR5 group, P <0.05; High-dose CFHR5, P <0.001). Four

parameters were assessed in both H&E and Toluidine blue stained

sections: synovial hyperplasia, pannus formation, cartilage

destruction, and bone erosion. The Toluidine blue staining evaluation

criteria were specific to this stain. In all three standard

parameters (Matrix  staining, Surface regularity, Cartilage

thickness), the positive control group, low dose, and high dose CFHR5

demonstrated a significant reduction compared to the negative control

_32_



group.

In this study, the administration of CFHR5 attenuated the activity
of arthritis tissue inflammation and joint damage severity in a CIA
mouse model, suggesting that CFHR5 has an anti—inflammatory effect in

rheumatoid arthritis, and detailed mechanistic studies are needed.
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