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The Investigation of Synovial Fluid and Serum for Biochemical Markers
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Abstract : The joint diseases including osteoarthris (OA) and rheumatoid arthritis (RA) are common in the horse.
Many studies have been performed to develop biochemical markers reflecting the abnormalities of cartilage and
synovial membrane. However, no specific, sensitive and clinically well established assay systems have been yet
available to characterize the severity of joint diseases. Indeed, radiography is still doctor's best choice of assessing
joint damage in OA/RA. This review focuses on biochemical molecules such as proteoglycan, collagen, matrix
metalloproteinases (MMPs), lectin and cytokine to assess their potential value for not only predicting stage of joint

disease but also monitoring treatment efficacy.
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olty. FFe] B HAH| &Nol e AHFwke] AAH
o] dofuke A%, 8 (synovial fluid, SFIRFIA = o
2] AR &A= s ties] Bt 7|He B B2 W
sP7F dojuAl =M (Fig 19 Bax #x), ol#s #dds
o] Aol Tt BT 77 Aslely @AAES & o
et 248 e o] SAgoE 2] FE A3
s 6L o g2 A olsiE 4 Jorm BEHY o
4 A5oE {FEY Rolo}. siX|F T AFASe] Y
&, VI, a5 Ale $9 dF d& Sl dMe
oFA7EA] dTE o]Eolt HEIF dEA AR P2 AA ]
ot 3 Y (osteoarthritis, OA)olY Frle]lx #HAHY
(theumatoid arthritis, RA) Z%ke] B7] #A& 93 ®FEs)
d 5 Al&do] JARP, olHg Mg AF} e A
2 A3 ojH e FAE Eolonh FEET glojM AHY
T 27} %% (erythrocyte sedimentation rate) & C-reactive
protein(CRPY5-2 Ayl g5 Ao #3l /83 RS
Ajgste}, sfA] gk o] gt AsEH e BHFR &
o]F]l Aol ohw, A &4ae] AR IAZE vl$- Hrt
olglgt o]f-Z QAL RAY SlojA] Aol Hwte] A
o] HhHe oA 3] MY Fde 2 oAz} ey o] W
2 st Hojx, A &4e] 2] g R
= Joz 3t XEEFe| Fe} aHHolx] Fake
A, &, W 2359 HANEE HE T T U
o]3l st & A3 AEE OA ¥ RAY ¢
o] w9 {83 Zojr}.
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Fig 1. Schematic picture of cells and mediators related to the pathogenesis of joint diseases.
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A7e BEFe YA FEHEL G A&
AslEit;, #EETE proteoglycans? collagen® 2 = o]
22 proteoglycans(PGsy> Z2|o] ¥315 Atid 5 A
3L collagen 21742 S 7 dted vEF HAY 5 Ul
o). A3V dFMEE U HE BE9S doa o
Aoz of$ Bdbsled, collagenst PGsE FHEoiWlTH.
Proteoglycan AtEAES] EFARA 222 core THHAE
S Fes 3 ) e 2 o4 glycosaminoglycan
(GAG)°l 3-FATS 3t 3tk GAGE °|9Fel vHEs=
g FHFEA 1719 hexosamines}t TS carboxylated,
sulfated ester7} “£Eo]x 9lt} Proteoglycans ©]|F+
GAG® ZFHoll= chondroitin sulfate(CS), keratan sulfate
(KS), Hyaluronic acid(HA)YS©] Sith. o|dg Ex&& A5
FEY FHSEFE AE < AERH, ML) Y-elA 2
S o AlFE AE, AEY 7)- 7H] daago) F
2% 9L sh A A HAHA A Aol dojut
= Az Q4 del, 4Fagie] =4, ArhAlel A s}
oAy, #HEFE @3 de BEANXE collagenT
proteoglycan®] £4o] whlgle] @ll(synovial fluid, SF)°l
A& proteoglycan®] &) KS, CS E|i ©EAQl
core THA o] Zrlghle. wo} EARNS dolrr]
uhio =2 Srel A9l sulfated-glycosaminoglycan (GAG)
g 3 & don o] uf 19-Dimethylmethylene blue
(DMMB) assays ©|-&3h}’,

1,9-Dimethyl-methylenen blue(DMMB) assay2 ©]&%t
glycosaminoglycan 7 #: 1,9-Dimethyl-methylene blue
(DMMB) assayy= 23 olut SFUS] sulfated GAGS!
chondroitin-6-sulfate(C6S), chondroitin-4-sulfate(C4S), keratan
sulfate(KSY5-S sk WHog ol ARs 7hesial
e vhHo 2 wgke 24 yhed oby x| #-8¢
Holt}, o] AFEAL. 0.2 pg(glycosaminoglycan/tube) W<
2% w3 g 2=r)t £ou SFO papaint]#E T
d e g wig AAE ¢ Ut} Sulfate-
glycosaminoglycan?t DMMBE| FZto] dojd wf 337 &
Aol dojub o] complext 9F7F B3t FHT 99
91 525 nmellA 23T w 15% ool & FAgsiedof &
o, ol2jdt BHe kivhEE B sfAe] o]FAHJT.

Hyaluronic aicd A #: SF2| 8 FAAEN HA®
unsulfated-GAGZEA  B(1-4)N-acetylglucosamine 7 B(1-3)
glucuronic acid2A} FAH dov, LEAZA] EAER
4x10°~8x 10°01 Tt EA2 Astd &4 2d, Az
proteoglycan'd&<] oA|, #H AIF N9 aggrecandt LEAF
o] A, IFA4 AEEY F2, AAEY] e B &2
g% Fo| tkst 71%S Ave HEE 2= £Zoltt HA
ol vlAHE AME A3, HPLCE AME-3te] S
Ae] AA HASY 55 F4shs el Balxe] drt
Ao Aol e SFAY HAE A¥EE HO|L total
concentration(C g 47 0] W& Zlo7 A=

83 9 SFiMel HABRES 342 OA 3 RA 23]

ol8lg - o3

FA A ZA 9] AdrksAde] 4] B AoR HEEHL
Jom HAY 84S Fsy] fsiMe Bt o AAH
ojal FHLe Arh gt AR

Chondroitin sulfate and Keratan sulfate A3: SF 7
B s} KS9] o) RHARS A= marker}
2 5 At cSE A5 g WS R chondroitinase
ABC o]&3ted e 8¥3} o|FH AC4S, AC6S= &
A Age] HEE B T F e T2 WHOeE OA RA
o] A2 uud ¢ Sk RASIME AC4ST} Al Az
Hwg o) F7)sks 38 BT OA, RA®] 3% GAGE
%, KS epitope 5SD4, AC6S, AC6S:AC4S ghol A A
Hr} ghe gho Holil AC4SS] e FAURl R Hu 22
S Heolth €S9 o)AdAel c6S9t €489 vl&S HYE X
7] OA 7%= %7] OA HU ¥ @S EInp“S. 4
Exlko] 5500091 KSE %3] 930 keratanases AHE-
slo] KSZ 2af3k ¥, o4 HPLC Aol BAgche diyt
o] QoM Aol KSE aggrecand] FF o] Ax2M 7+
FEo] Az AT

Q.9F519, cartilage proteoglycanoll tig 22| A9} A
AR Eo] AL YA, AFAFE B DA AT B
B3 o]E9] #HZEo] A3t aggrecan?] WIE jrisle= 7}
e RS- oby] wEskA otk A EUXs Wl
wE zo|Hae #H= o] vk AL

Collagen

Bajgro] o 1094¢) collagens ZE|3Ejo]= Aol 7))
7b Boj gz o]fojy) i whiidolt), collagens
589 & & 7 gol 29 e Aol dhalEEA
W= A} Wl & collagend] ¥ 20%E AHAIgH)
Collagene glycine(Gly)o] AA2] oF 1/3& =pH|sh, v
A 21359 °F 1/3& proline(Pro) %%  hydroxylproline
(Hyp)o-& 74=¢] Ath. Hyp collageno]2] 2] g ofr
© A9 2 4= glor, peptideFol E°17F U Prowto]
Ak} Hlo] Hypo 2 Hle A& ARIslY Hyps AFUOR
A collagen®] Aol 7Fset Zojth. & 24 Whydle kit
ARgo]l B3 Ho|ATH collagen2] 715E Alxe] HEF
A, AE7Fe &8, MxEe] T2, APZE, dye
B3te} e qEE 3

AEe] 71" BHEME collagens?} proteoglycan®] T5
o]&t}. ztzte] collagen typedt Lo W& 544 o=
7t} Collagen®] type 1> W o} FFeo] =g Aol
collagen type 12] £4bo] dojubs W& W7t Fegle]l ¥
sah ZES ol5AT)e Agolth . RA/OA 414 7
$- collagen type I°] cytokine?] Interleukin(IL-1), IL-6,
tumor necrosis factor-a(TNF-a1) 5= -+E3H}>. Collagen
9] type I =9 FAECIH 249 collagen type IX,
collagen type XI7} Q&g ©|FX ok olgist AEE0]
g zAQro g Fdle] REA st AFo] ¢l HE
T AEE o dZo AIE collagen fragment,
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protoglycan2} W&o] o]FA™. collagen type U fragment
7} OA/RA®] 75 Hegzod Fa¢ F8S At
Ut Elw Aol ] collagen type 1T fragmemte] 23
& FELEE ¥ e 5 collagen type 11 £4E 29|n|
3 o Lot §o] APAHTE U 4= e shie] ol
o}, 0AY RAS] #4174 Moskowitz5 02 8ol A
Garneros?"& AWHollA collagen type I fragmentZ} 5715}
= Roz Buss

K9F51H, type 11 collagenS HFol| BolHo| 714 &
53k G Fol7] wiFo] SF 83 2 AWM type II
fragment2] &2 OAY RA 3ojre] dF HaYvg
238 F de FU st ARey AR B A

7} AAFAE etk

o
=]

MMPs2} TIMPs

Matrix metalloproteinasestMMPs) = 3 # 2] #-(wound
healing), o184 (embryogenesis), 2% *d (angiogenesis),
8] HAIE Aol(tumor metastasis)t 2+ of#7z] W)
AE)H ol Zlo] B-AE] i, o] vl Ea g A=
71749} (basal membrane)? 17 M| (connective tissue)ys -3l
3l AlEe] 71 (extracellular matrix)®] &34 (homeostasis)
Aol B4 A8 g MMPE] ot EA4ol) of
W syl @A H9 multiple sclerosis, Alzheimer's disease,
3 72 wWol Yeh g3 sjH dFe] 8-S 9
#ghc}. Plasminogen®] THld Rl ZHE] AlZtElE MMPL
243t #9-2 proMMPEHE E43lE MMPE AJ1ksiA
3l ol3jg B33 dAle 5T 843t 223 A0
o)sle] ZAHER L U, MMPE A|X2] 7|8 F2&E 7)
3 MR olF, dMEe] AHA, |3 WaI Ao Feke

gsta ek

MMPs= ool 9&2Q] peptide #EZN MMPs2)
T3EH AEe @ orAke] 5 sequenceE zH 9tk
. @ 842 proenzyme®] FE|E Fu|HEc} @ whuis)
Faof ofsf &do] Hoh. @ 8RS FY Zng S}
A Zn9t Cad 2EC| RS MASA717] ) Hasio)
® 438 MMPsi= TIMPsol 28] %4 pHZZIA &
‘gol SlAjEth Hg Ca MR 7|Ho] PAXRE ¥
&t st = dasicl dAl Hag 18707} wE A
Ao 729t 71 e Holddl we} IA sToR ¥
F& ¢ Jl®. & collagenase(MMP-1, MMP-8, MMP-13),
gelatinases MMP-2, MMp-9), stromelysinstMMP-3, MMP-
7, MMP-10, MMP-11, MMP-12), membrane type(MT)-
MMPs(MT1-MMP, MT2-MMP, MT3-MMP, MT4-MMP),
Z2lal ol £3Hx] % MMP(MMP-18, MMP-19, MMP-
20, MMP-23, MMP-24) 528 2F& + Ut}

MMP:= S22 aHdlah gl ggo) pfloA ofF &

AL Uth BE MMPE o AL goz wdgEnt
cytokines(IL-4, IL-10), growth factors(EGF, TGF-c, bFGF,
TGE-B1), 12j3l Mxe}t ME, &2 AEo} 714 ete] A5
8o oJsle] W¥o] FUHEL) iEES] MMPE 84S 7t
2] e Al (zymogen)®] HE)Z FH|E=d o] ATA
= 8 Sl R g sl 9]te] cystein residue?t S
H3 (catalytic site) Atole] F-FAg o] Aoz Eoji
w3 71Eo] wrg-ElA "ok MMPe] ©wia Raizrge
o2-macro-globuline?} «1-antiprotease$} 7+ H]Eo]3]
FH B3 gAY Eo]AE zh= tissue inhibitors of the
metalloproteinases(TIMPs)ol] 2]3}e] AA) =1, TIMPs= &
A 4FF(TIMP-1, -2, -3, 28|30 47t dEA e 84
slel MMP2] §402H8-8 AASHE Ao MMPY 243}
WAL Aslshs F7EA AARES 25 ot

-] HEollM AF &8 AAsks A2E MMPs
ot TIMPsE F83 H%E& 319 MMPS TIMP Ale]e]
@&o] 714 MMP7} %ol AAEOZEH QAciAe] dF &
< RACIA ] SEMIZE Eslsiciy daA o oeizt
A AR MMP7F AM o] BEj 8] St 7lo]
Hodsls Zo2 HAEo|, 19908 MacNauls2e ol
F7} collagenase®t stromelysing HH| 3otz YL,
Brinckerhoff*s= MMP mRNA$} hiizo] #d 2o &)
T FHIAT. MMPE 589 BEsAtola dhiEgle
3 199410 Ellise*& MMP AIAE AMgge ey d=
o S E o ¢ AT AL} G| Ee] alae) F
gtk 42zl MMPEE M collagenase(MMP-1, -8,
-13), stromelysin(MMP-3), 28]3l gelatinase B(MMP-9)
So] Ut} o]eist AAELS aggrecan?] Asn™'F Phe’? A}
ol& Aty dEA Uk gofshd. A uw A%
(OA/RATIA ] MMPYR] Z3o] dH o el Ad X
X, 5 AF dEAA2 AL §837} opdv) 3 AL o}
2 wWHslA gow, MMPY ol SEI7F (active,
proenzyme, 22 complexed to TIMP) YA&o= 744

Beo] Al WAk At
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Lectin

Lectin® Z&]ZH o) E (glycosylate)F A7 Eo]Hl &
Be e AEA dEdent 83 whde] A o
o] o] & 7| o]4e] oligosaccharide glycans
gk e 2SR5, N-glycan® F4579] &% ohaz

=
(2 =3) AR %) heterogenousdt AE)® Ex) 5}

i =
™, ol2fgt o]f=2 WA Wl do] complex-type glycanit
e geiae REelskedle And 7)so) "adh o

b YRR O R glycan TS AH3R=HE lectin affinity
chromatography ©|83 4 3lom, Hol ] £& whHo
2% affino- immuoeletrophoresis(AIE)?] 2]&F #hHo] <l
o ool23 i EL A S Ao A 9]
= whyolt}t, FAd A9l lecting o838 o] lectin



off o3 SolHoR A4 5= glycan +RE HET & 9l
o ORRE AY 2E 4 wild 2 g3 vl B
Ho] deon, Ago] ghygh ¢ o] e A=

2 Wyl A7l d & W RAQY A% 1gG2) Fe 919l
UE GEFY MY W 219 galactose”t A3}
Aoz dvix vt AW 1gG KA FEA HH 3}
FHAAE 2AE] HEiME BHoA 1gGE B3t
7)o R R B4 3T Hart Aok 3 9
BA §7] @l AL Feld F gGE A F,
galactose, GlcNAc, fucose 59 FEAl EolA4-S Yehf]
+ lectint]l RCA 1, BSA II, UEA B o]&3le] 2%
FFEhHE E4siY. 1 49 {97 98 SRRy
IgGoll M= galactose®t GlcNAce] W& o] ol Haw)
R gkt fucose?] 9= 248 HAE Zrlste Ao
YERRTHS,

B gl AFoA BEE o FulElae GY
glycosylations} #&o] £ Zo= UejA yom, o] uj
ol W2 A7oX 1gGEA F-2HE galactose?] WE TS
Ax= sl ZAPLE sz Kk SR F2dle galactose
Hole fucose’t FAFY FE EFR oz vl gl
Fucose®] 4& UEA [ lecting ©]-€3 blottingol] <J3}
s AFE 4 don, RAJNMNE 1gGF9 fucoseo)
B3 B FTkeke AR Buse) . gdgdHe 1)
Fol7le sht 1gG AT EXEA e W (gGEAt
2] 2-3%), o1& thgFel 23 glycosylation?] Halel ¥y
S Bolxe] AWste] AEAY tisiM e HESojof §
th & 1gGel Asn-297 7)ol FAshs O] Tz
36577F don, B 106Gl ARole °olF RS 671
o] F8 glycan®] 60% °©]’dS XTI} B18o] 1pGE)
15-30%< Fab $1*]oll THEF7} N-linked 50 2= Ao=
Baso] 2tk Glycoform galactose #717F &= 440,
1, 2o whel GO, G1, G2& FEAIEH 1pGY) Feoll 2-3Hg
oligosacchrider= HPLCE o]8-3fo] H&]g 4 U™

uk
w5

8 o rfr me

Cytokines

0A AN E IL-1a, TL-18, TNF-0} 78 cytokine?)
&7t SFEoA S7keh P, ghate] dala el AZAlary)
o= MMP-1, MMP-7, stromelysin-13} 7+& &9 F&7}
&5 "t Cytokine AfroME, UM, <sjalE
oA os RlEHMA, &35 42 SYAE, DY X,
synoviocytes type A, type B 5-& B2 ko] cytokineZ
A2etel. Helper TA (Th)e IL-2, IL-6, IL-8, INF-y$}
72 cytokineZ H¥|E1H, o]2i& cytokineEo] M EZEAL
HIZ8 pget 7158 223 |k o]F cytokine?] )
% AFgo] AEAT BAUE Y& F e AR FYPH)
Thl H2e IL-2¢ INFyE A48, Th2 AlZe 14,
IL-5, IL-6, IL-10, IL-138 AJ2F3ic}®,

IL-1, tumor necrosis factor-oTNF-o), 212 Thol|A] &
HE= IFNE 83 YAz o 2 THE 88

FE - olB - o)FE

308 g - 2 - F

=3, THES Al cytokined 1|t ZHEIAAME
o] F23 THE &S oS AstAzich RASY 7249, 4
o] ¢ste W IFN-ye] Aol IL4 2 1L-109 F7}e) 7
& cytokinettH]9] Wsh} #AEE Aew AR Yok
H IL45 @8 SPll AR FARE A$olls E5fdo)
#o3= proinflammatory cytokine2] A4S A S o= B
J% 9tk cytokineS F2 Ho) EAjst] WIS 2
bz 7h8Ad BAelY, IL-13F TNF-o8k 2+ cytokineS
9] proteoglycan aggrecan?] #Zo| #BAF7|% o).
A7 SF 9] L6 sIL-62 AFx2A9 #alo)] HAods}
A A HEHFE F2 collagenasedl] 2JF X Em
2 collagenase@d & AAlsh= HajAle) Adat tEo] #
Ao fao) FodE= cytokined] ZHEI1HL Sl
2 713E 28 F Ae FEE FE AYo] Fasidy
e 4 Ak
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T3¢ WA 7 ) (horse sports)e] FAR= 71997 68910 F
Aed ST, o 2R 2o g8e Adshie ksl
W sl wESlT, D) BEE FYAks olg3dt 3t
3] ZTh (lameness testy SR8l YAl 59 4
S Yol Hojgit) olejdt D Rintrien WAk Ak
W, IEWA, EF 2ol dgE A e s ol
o8 ¥rt A wE Agr|Ee] o] 44w ¢l
AL, olzlgh ey e o) g ehls 2o e
o} of7ke] APYFEE U4 = UAT FEr Anjd Iy
oL}, MU A (preclinical lameness sign)2] 127¢] =4ko))
= SpFAolete AE & Yue Aol AFnle] A
kAo ThE Fokg do] Fe-ole g AlAdsol kA
3] ZYER] 9 AelollA Fo] AzEy] wiie] AthE
o8 HHAS ol =& A3l Xl AT 28
B AFuie] FEIPFL Axle B2 a5 €} ol
g EAEE efdsle] B o] QEis 2o Edold =
2adg sty flsted 2oy 7hEsin, A 23 Hand
Indicator7t AiH o2 HQ 3 Aot} 53] HAHAHEY
o] 7 RIMgk A1 AFe wu)g el 2js] SolF
o2 Wshs $AHES g9 @ o AFEA HE2
T A o] e 8] AFd SAlgt & 5= ot o]
H3gk HollA] Ei1ol &3k HA, GAG, Collagen, MMP,
TIMP, Lectins 12| Cytokine 53 708 #daslo) H¢
g QA EALe] W% ZABALS HEY 9 Pz
A - BAFe A FaEgeze Aygdie B
B 23 FE(severity)E PlE] IV 4 9lon, yoprt
By 2349 (arthropathia deformans)© 29 X188 it
g 4 QS Ao AlgHrt 39 o)2d A3t ks
B3 $EATS Jehies 22 wE A7) Awglo gy
AEuE FFEA $A FEI) HYyPEgo s o)k
E8xEg oA Hsks AAE 2 A7F S48 H

as]

B ¢ glon, 3 FaEde] aqle] e wE o8
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