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2.1. 47 B%
20151 99 -E 20163 1297bA] FhFehetal FubEl gl Wiek &

Bo| ®Est x5 5 dad 3098 (FrrEA3E Y 107 4
g, HAAAEE 108)s ddo® st A HFA =S 184
o] o)Al 1984 modified New York classification criteria® "<3Fa1(14),
HdAdA15), FrtH2AEH16), $eHEAANS 77 Ao &7
7152l American College of Rheumatology classification criteria®s %F3}
= Aottt AT didAke] A=, Ay 22 Qe RS /i 7|zt
AARel A8 374 = (erythrocyte sedimentation rate, ESR), C-

3|
2]
k3 Al ekl A (C-reactive  protein, CRP), HLA-B27, #vlE] =214},

anti-CCP Ab, %83t s % X 28 ZF 3Fule ~okA] 2 A E3HA A A
AbE o R ARSI o] AT e T oHdddA AMHoR fxe] Fo|E
e Fol AgsRen, AdsuEaid QddTaee U]

A
1

(Institutional review board, IRB)(2015-12-022)¢] %<1 wro} 2zl 8 &t}

22 29 +3:

H2hsha



2.3. Multiple affinity removal system spin(MARS)
depletion:

ol A(Agilent, Santa clara, CA, USA)E A}g3te] 1 : 10
o g & EFES AASH] 93] membrane filter 0.22 p
m(Agilent, Santa clara, CA, USA)E AFE3tth. &3 il A (500 png) =

SEH L AlEE 16000 g2 168 st dAEYE & F ATAS HEA

o AdA G Ee] o 70%E AA| g EF-Hl(albumin), WIS EZEY
G(immunoglobulin =~ G, IgG), FEHA(antitrypsin), WI==ZEH
A(immunoglobulin A, IgA), E W~ 9 ¥ (transferrin), TESZH]

(haptoglobin, HP) & W& &9 ©@WdS AAS7 98l MARS
cartridge(Agilent, Santa clara, CA, USA)E A}&3F9th =Hl" Al 200
pLel 459 AE Aoz F35ke] 100 g2 Ho 3837 A7
th cartridge®  AA" Alx 2 SFHS shue]  FHO RobA
bicinchonic acid(BCA) assay(Thermo fisher, Waltham, MA, USA)=Z 4l
A s ZASAT ARE 19 9 vk g9 A BE A

cartridgeS A o]+t

2.4. In Solution Digestion:

A B3 = In-solution Aoz APsAtt 8 M &4 (urea)”} A7}
¥ 100 mM ammonium bicarbonate(ABC) €% 94 (Sigma, St. Louis, MO,
USA)s AAE A& Agedr. Al | AES 37 Teoll 1A3F =<t
WS Ao, & A3S 7] 913 10 mM dithiothreitol(Sigma-Aldrich,
St.Louis, MO, USA)E #7tsted 37 Coll 1AF &k v AlZ . 743
A AEFe g E fsl 30 mMel  iodoacetamide(Sigma-Aldrich,
St.Louis, MO, USA)E #H7tsto] ¥ ek & 37 Teoll 1A7F &<t vF&A1F
oo g3 & AE & 94 FEE 1 ME HEY] 98 100 mM ABC ¢



(

Folg Agdel 1 8o FNsATh 2 gg =9 wuARdEs
(trypsin protease)(Thermo fisher, Waltham, MA, USA)E 1 : 50 =
trypsin : sample .2 H7}star, 37 TollA BHA] sj sttt Holde 24
gte EYAS 0.1% trifluoroacetic acid® 4Hd FA A TH18). A4 tel Al
Z2 Sep-Pak Cl18 96-well plate, 100 mg sorbent per well(Waters,
Milford, MA, USA)& AF&3to] HElo] = (peptide) A # (clean up)S %3 s}t
2Tt 80% acetonitrile(Merck, Darmstadt, Germany)® A& ¥ &S Fo}

% 3 concentrator plus(Eppendorf, Hamburg, Germany)Z Al-&3le] &
_]

2.5. Liquid chromatography and tandem = mass
spectrometry(LC-MS/MS) £4 2 do]g £A:

ol AAHE Tl =HE AEe Al ATy ASTA AR A
EASY-nLC 1000 system(Thermo scientific, Bremen, Germany)o| #2+e
Q Exactive TM Orbitrap hybrid mass spectrometer® A}-83Fo] #2314
tH(18). "HolH = A& A 2549 Label free quantitation(LFQ) intensity(n =
10), HFrtel2~34d <9 LFQ intensity(n = 10), 3% LFQ intensity(n = 10)
g HPAAA4E9 LFQ intensity(n = 1002 /AEH o2 EFgon o
el wWyo 158 o]kl wwlAS differentially  expressed

proteins(DEP)& A4 &1
2.6. 35S 3% Western blot ¥4:

3] &4+ 2y t}ol Al (Hyaluronidase, HA)S #3afsle] o] HAAS 7HAA
7171 918, HA enzyme(1M sodium phosphate, 3 M NaCl, Bovine serum
albumin, HA)S 1 @ 2002 H@ls & Ao 58 Zob ukeS A7)

protease inhibitor, phophatase inhibitor(Roche Diagnostics GmbH,



Mannheim, Germany)”} X3F¥ lysis buffer(Thermo Fisher, Waltham,
MA, USA)E AF&3ste] 1@ 1082 s|AAAY. gAE ARE 4o fddA

5 &¢F HES A7l = A FHE &7]3 4 ColA 12,000 rpme = 1533

°
AAEYE stk AEo AT ds FHdke]l BCA assay®= @A v=&
Ak, 7+ A= 30 pg 9w ALS sodium  dodecyl

sulfate—polyacrylamide gel electrophoresis(SDS-PAGE)Z 7|9 &3 %
Aol A nitrocellulose membrane(Amersham, Chicago, 1L, USA)o & gl
A& o] sA AT 5% Skim milke} 0.05% Tween-20°] &% TBS-T(20
mM Tris pH 7.5, 137 mM NaCl, 0.05% Triton X-100)& A}-&3}
membraneS 1A]7F ©]4 blocking3t &, AA}FsAE 4 Coll A A wHE A
713 o] &A= ARolA 1AIZE w9 WREAIF Y. AAEA= Matrix
metalloproteinase-3(MMP3)(1:5000), Complement factor H-related protein
5(CFHR5)(1:500), Complement component C9(C9)(1:5000),
Mannose-binding protein C(MBL?2)(1:5000), Complement
C4-A(C4A)(1:5000), Serum amyloid P-component(APCS)(1:5000), Matrix
metalloproteinase-1(MMP1)(1:3000)= Abcam(Cambridge, UK)< Thermo
Fisher(Waltham, MA, USA) A #& A3 T} o &} &A=
Peroxidase-conjugated  AffiniPure Donkey  Anti-Rabbit IgG(H+L)
(1:10,000, Jackson Immunoresearch, Baltimore, MD, USA)Z A}-&3}

Blotting ¥ membrane< Immobilon Western(Millipore, Billerica, MA,

USAJoR WAz 54 wade] wde sy

2.7. AH AY:

AW P EFAGE BARGT, FEUFE £A% AREE T
Adtath ZARAFD, Feidandd, BERAY, HABAY 47 7
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o] Western bloto. & 7% Al Kruskall-Wallis testZ A}83+
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CFHR5, C9, MBL2, C4A, APCS, MMP1% th(Table 2).

3.3. Western blot #4:

clA 24 Ax DEP 871 &, &9 o] B& IS AAsa e HP

£ As 771, MMP3, CFHR5, C9, MBL2, C4A, APCS. MMPl<

IEEEEECE R aﬂwgz g wdo] tebdd
70

tH(Figure 3&4). MBL2(26 kDa)&= A4 HF9 AMEF 1071 5 74 &
do] FEHM oY, FriEaAdd 671, TFHEA v, HI4BEA 10
oA TdHE AL vudgsS o, 7P B TdS BAth(Figure 5)
C4A(95 kDa)©= ZAAAdHFE AME 10794 25 ddES Hol7l glon}
g2 A3z H=3 Ao BdS HAtH(Figure 6). APCS(25 kDa)

o|H o7 %—7}6}—‘5 = Holx dtH(Figure 7). FAbolA F2 g
= Sl MMP1(50 kDa)2 A2 FHA A ddS B Aol

3 L]
Zal ooy BE Ao B S RHolX gkth(Figure 8).



Table 1. The Clinical and Laboratory Features of Patients with Ankylosing Spondylitis, Rheumatoid Arthritis,
Gouty Arthritis, and Osteoarthritis

. . Serum Disease
?\ﬁisbii/ Gender  Age (rfrf/rsr) (rr(ljgr/{cI:U HLA-BZT (ngiu A?ttjl/;ncL?P UA Duration  bDMARD cDMARD
(mg/dL) (yr)
Al M 39 81 5.1 Positive NA NA NA 2 IFX None
A2 M 41 127 15.8 Positive NA NA NA 10 GLM None
A3 M 47 46 4.8 Negative NA NA NA 3 None MTX+SSZ
A4 M 21 7 8 Positive NA NA NA 6 None None
Ab M 24 53 4.7 Positive NA NA NA 7 None SSZ
A6 M 35 27 2.6 Positive NA NA NA 17 None MTX+SSZ
A7 M 34 79 2 Positive NA NA NA 5 None SSZ
A8 M 45 114 2.3 Positive NA NA NA 11 None SSZ
A9 M 22 39 3.2 Positive NA NA NA 9 None SSZ
A10 F 18 22 0.74 Negative 9.3 0 6.1 0 None None
R1 F 57 64 14 NA 474 >200 6.2 0.3 None MTX+5SZ
R2 F 47 25 1.04 NA 92 >200 3.1 0.5 None MTX+SSZ
R3 F 42 45 0.46 NA 39.5 >200 NA 5 None MTX
R4 F 51 2 0.01 NA 785.4 >200 NA 3 TCZ MTX
R5 F 69 47 0.04 NA 35.7 129.5 NA 5 IFX MTX
R6 F 62 26 0.6 NA 310 >200 NA 5 None MTX+LEF
R7 F 53 39 0.54 NA 46.3 >200 NA 8 None MTX
R8 F 64 33 0.08 NA 99.7 16.6 5.8 17 None HCQ
R9 F 76 20 0.85 NA 9.3 0 NA 1 None MTX
R10 F 75 26 0.02 NA 133 >200 NA 4 ETN MTX
Gl M 73 NA 0.47 NA NA NA 8.4 0 None None
G2 M 71 105 1.75 NA 9.3 0.6 9 0 None None

_10_



G3 M 47 NA 2.31 NA NA NA 75 0 None None
G4 M 62 68 1.6 NA NA NA 8.6 0 None None
G5 M 42 66 4.53 NA 22 1.9 6.9 0 None None
G6 M 63 NA NA NA 9.3 NA 9.9 0.2 None None
G7 M 51 NA NA NA NA NA 6.8 0.1 None None
G8 M 63 NA NA NA NA NA 9 3 None None
G9 M 82 54 1.9 NA 114 NA 35 0 None None
G10 M 74 52 11.44 NA 9.3 0 15 0 None None
o1 F 70 30 0.06 NA 9.3 NA 54 4 None None
02 F 53 NA NA NA 9.3 0.6 NA 6 None None
03 F 64 48 0.1 NA NA NA 34 4 None None
04 F 72 17 0.13 NA 10.5 0 4.1 0 None None
05 F 63 NA NA NA 9.3 1.1 NA 2 None None
06 M 64 NA NA NA 9.3 NA NA 6 None None
o7 F 57 NA NA NA NA NA NA 17 None None
08 F 72 NA NA NA NA NA NA 1 None None
09 F 79 15 0.03 NA 9.3 0.9 7.3 0 None None
010 F 54 NA NA NA NA NA NA 15 None None

A:  ankylosing spondylitis; Anti-CCP: anti-cyclic citrullinated peptide antibodies; DbDMARD: biologic
disease-modifying anti-rheumatic drug; cDMARD: conventional disease-modifying anti-rheumatic drug; CRP: C-reactive
protein; EIN: etanercept; ESR: erythrocyte sedimentation rate; F: female; G: gout; GLM: golimumab; HCQ:
hydroxychloroquine; IFX: infliximab; LEF: leflunomide; M: male; MIX: methotrexate; NA: not available; O:

osteoarthritis; R: rheumatoid arthritis; RF: rheumatoid factor; SSZ: sulfasalazine; TCZ: tocilizumab; UA: uric acid



Table 2. The List of Proteins Upregulated in Ankylosing Spondylitis

Fold Fold Fold
Gene .
bol Protein change change change
SYHIbO (AS/RA)  (AS/Gout)  (AS/OA)
HP Haptoglobin 2.67 5.93 27.97
MMP3  Matrix metalloproteinase-3 2.02 2.63 10.13
CrHRs ~ Complement factor H- 161 452 323
related protein 5
C9 Cknnpkﬁne?géxnnponent 1.85 175 189
MBL2 Mannose-binding 1.68 152 1.61
protein C
C4A Complement C4-A 1.92 2.02 1.63
APCS Serum amyloid P- 15.69 481 6.53
component
MMP1  Matrix metalloproteinase—1 1.97 2.75 14.96

AS: ankylosing spondylitis; OA: osteoarthritis; RA: rheumatoid arthritis;

_12_
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Figure 1. The number of proteins and peptides. Protein analysis revealed
569 total proteins and 6,103 peptides related to ankylosing
spondylitis.
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AS

A1 A2 A3 A4 A5 A6 A7 A8 A3 A10
MMP3 | st S o S’ NP '
RA
Rl R2 R3 R4 RS R6 R7 R8 R9 R0
MMP3 - - s - —
Gout
G1 G2 G3 G4 G5 G6 67 G8 G9 G0
MMP3 Jroy =
OA
O1 02 ©03 04 O5 06 ©O7 08 09 O10
MMP3

Figure 2. Verification of the MMP3 levels in Western blot analysis.
Expression of MMP3 in synovial fluid of AS group(n=10)
compared to RA(n = 10), Gout(n = 10) and OA(n = 10) groups.
It was diluted 1 : 5000 in skim milk. Equal amount of

proteins(30 ng) were loaded, and they were resolved by
SDS-PAGE.
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AS

A1 A2 A3 Ad A5 AB AT AB A3 A10
RA
R1 R2 R3 R4 R5 RE RT RS RS9 R10
CFHR5
Gout
G1 G2 G3 G4 G5 G6 G7 G8 G9 G10
CFHR5
DA
01 o2 03 04 05 [#]] o7 08 09 o10
CFHR5

Figure 3. Verification of the CFHR5 levels in Western blot analysis.
Expression of CFHR5 in synovial fluid of AS group(n=10)
compared to RA(n = 10), Gout(n = 10) and OA(n = 10) groups.
It was diluted 1 : 500 in skim milk. Equal amount of
proteins(30 ng) were loaded, and they were resolved by

SDS-PAGE.
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AS
A1 A2 A3 A4 A5 AB AT AB A% A10

CO | o o — S -

- RA -
R1 R2 R3 R4 RE Ré RT R8 R9 R10
9 — T —
Gout
p— —
G1 G2 G3 G4 G5 G6 G7 G8 G9 G10
DA
— — —
o1 02 03 o4 05 (#]] o7 [o]:3 Q9 010
C9 - — — —

Figure 4. Verification of the C9 levels in Western blot analysis.
Expression of C9 in synovial fluid of AS group(n=10)
compared to RA(n = 10), Gout(n = 10) and OA(n = 10) groups.
It was diluted 1 : 5000 in skim milk. Equal amount of
proteins(30 ng) were loaded, and they were resolved by
SDS-PAGE.
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MBL2

MBL2

MBL2

MBL2

AS

A1 A2 A3 Ad A5 A6 A7 A8 A% A10
- - T .- -
RA
R1 R2 R3 R4 RS R6E RT R8 R9 R10
- -
Gout
G1 G2 G3 G4 G5 G6 G7 G8 G9 G10
- - —
QA
o1 02 o3 04 05 (]3] o7 o]} 08 o10
L __J

Figure 5. Verification of the MBLZ levels in Western blot analysis.

Expression of MBL2 in synovial fluid of AS group(n=10)
compared to RA(n = 10), Gout(n = 10) and OA(n = 10) groups.
It was diluted 1 : 5000 in skim milk. Equal amount of
proteins(30 ng) were loaded, and they were resolved by

SDS-PAGE.
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C4A

C4A

C4A

C4A

AS

—
A1 A2 A3 A4 A5 A6 AT AB A9 A10
S— - -
- RA
R1 R2 R3 R4 RS R6 R7 R8 R9 R10
— — — — ——
Gout
E—
G1 G2 G3 G4 G5 G6 G7 G8 G9 G10
QA
—
o1 02 03 04 05 06 Q7 o8 09 010
— — — .

Figure 6. Verification of the C4A levels in Western blot analysis.

Expression of C4A in synovial fluid of AS group(n=10)
compared to RA(n = 10), Gout(n = 10) and OA(n = 10) groups.
It was diluted 1 : 5000 in skim milk. Equal amount of

proteins(30 pg) were loaded, and they were resolved by
SDS-PAGE.
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APCS

APCS

APCS

APCS

Figure 7. Verification of the APCS levels in Western blot analysis.

AS

A1 A2 A3 A4 A5 AB AT A8 A9 A10
RE R7 RE R2 R10

-— ey V-~

Sout
G6 G7 GE G2 G10
OA
o1 02 03 04 05 08 o7 o8 08 010

Semaoe

Expression of APCS

It was diluted 1 5000

proteins(30 ug) were loaded,

SDS-PAGE.
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in synovial fluid of AS group(n=10)
compared to RA(n = 10), Gout(n = 10) and OA(n = 10) groups.
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MMP1

MMP1

MMP1

MMP1

AS

A1 A2 A3 A4 A5 A6 AT A8 AS A10
RA
R1 R2 R3 R4 RS RE R7 R8 RrR9 R10
Soul
G1 G2 G3 G4 G5 G GT G8 G9 G10
QA
o1 02 03 04 05 o1 o7 o8 09 010

Figure 8. Verification of the MMP1 levels in Western blot analysis.

Expression of MMP1 in synovial fluid of AS group(n=10)
compared to RA(n = 10), Gout(n = 10) and OA(n = 10) groups.
It was diluted 1 : 5000 in skim milk. Equal amount of
proteins(30 pg) were loaded, and they were resolved by

SDS-PAGE.
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(Abstract)

The synovial fluid is a lubricant, composed of hyaluronic acid,
inflammatory cells and proteins released from synovial fibroblasts,
synovial membrane and inflammatory cells. The development of
peripheral arthritis in ankylosing spondylitis develops early in the
disease course is a predictor of a more aggressive disease. The
objective of this study was to identify differentially expressed protein
mediators in synovial fluid of ankylosing spondylitis.

A Total of 40 synovial fluid samples from 10 ankylosing spondylitis
and each 10 controls (osteoarthritis, rheumatoid arthritis, gouty arthritis)
were collected. Liquid chromatography and tandem mass spectrometry
(LC-MS/MS) were carried out to identify differentially expressed

proteins based on the ratios of the extracted ion current of each protein
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between the four groups. 8 proteins showed 1.5 fold change, 7 of which

were verified with the exception of the abundant protein Haptoglobin

(HP). Matrix metalloproteinase-3 (MMP3) was used as a positive

control, and the remaining 6 proteins were subjected to western blot

analysis.

8 proteins were found to be more than 1.5-fold differentially expressed

in synovial fluid of ankylosing spondylitis patients compared to control

groups. Proteins such as HP, MMP3, Complement factor H-related

protein 5 (CFHR5), Complement component C9 (C9), Mannose-binding

lectin2 (MBL2), Complement C4-A (C4A), Serum amyloid P-component

(APCS) and Matrix metalloproteinase-1 were found to be upregulated in

the synovial fluid of ankylosing spondylitis patients. CFHR5 and C9

were reported in previous studies with ankylosing spondylitis serum.

APCS was reported in synovial fluid as well as serum. However, C4A

and MBL2 were newly discovered through this analysis. The study

verified the unique expression level of C9 and CFHR5 in ankylosing

spondylitis sample, using western blot analysis, as compared to the
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other three diseases.

Quantitatively proteomic profiling of the respective synovial fluid

sample from 4 diseases, 1e. ankylosing spondylitis, osteoarthritis,

rheumatoid arthritis, and gouty arthritis, by LC-MS/MS, was performed.

The systematic comparative proteomic analysis of the four groups

together was carried out for the first time, leading to several

differentially expressed proteins in ankylosing spondylitis. Among them,

C9 and CFHR5 were expected, whose expression levels were confirmed

by western blot analysis and could be potential biomarker for ankylosing

spondylitis.
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