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Bﬂmamau (Osteoarthritis, OA) ﬂE]Iiﬂ'UEmWUN’m‘Y]ﬁGl mminuw‘lmwnmwu‘luauwamaamiaﬁmm
ammumuans.ﬂnaau Taw 1L1B uaz TNFOL fugnwuindu cytokine winfilApadasiunmsiauasmsdiiwly
vaslsail uanmnuulsﬂamnmnm%mwLﬂuanﬂwmammuo firalwAalsatodonls Woludefsuiminuas
Forlilasuiwiin Tag adepokine Tifindululsndaudanils fa leptin dsuamnuawlaenufistesiulngan
wazlsndaiFon

lumsdnwiinaues leptin 71 pathological (100ng/ml) W38 supra-pathological (10Ug/ml) staldies wia
Tuanzswiy IL13 @ammmu'uauuawannwnaam gninunlulsTueailoide nazgnaauny uaznalnenag
wiamssidy g luisadas nnﬂnwﬂutfﬁaans*ﬂnaauwwu (HACs) uanmnmma,mn’nﬂnmwamaq
nyaliuwlidudoiia EPA uss DHA donsdiudoms ammlaomamans*maauwnnnrmuanmﬂ

Leptin (10 pg/ml) \AsethaidsmTeluanziawiu L1 mmsnns.mumsamwmmaman*mm
sauld ud leptin nmmwwummm"lummmnsmu"lﬂ Tmmsm'vmuwuaa leptin \iasuNINIzgUIYYIN
muluwsd 1durd NFKB and MAPKs fia ERK, JNK uss p38 m"lﬂamsnsvmumwawaaLau"lfnu MMP3, MMP13
W8z ADAMTS4 aanmmmfﬂaa HACs uanannu muFSunives leptin sia R[S donalddnInszeu
Lau"l‘num 3 wmwumnuwu memsmm qwﬁmnm'zmmmumsnvmuammm NFKB usz JNK mu'luunaa
HACs fifingn Lﬂunmau‘lﬂn oeBs myalaiuwlisudsfia EPA uar DHA Sumunsndufinauas leptin uaz
IL1B Idrmns Fudemssednynnosiu NFKB uaz INK vilimindsnes ADAMTSS aasg

Iﬂun’mi’mmsﬂnuﬁﬂﬁuwua’l WNIT supra-pathological concentration 283 leptin Lmuunnsmums
amumaomaLuansvﬂnaau"lei‘lummvw pathological concentration uu"l,ummmn's*w"lﬂ UBNAMNIH  leptin
14fmuwwumnmwuasuqmnu 1P 'lumsmmumsammuaLUanm"@maau"l@anmu Wufvhaulainms
Lasuqﬂmnnuum‘lmmunmhw‘luaum'nu@ EPA uaz DHA uanmnumwammwwﬂaqumummnumw
fuiuves leptin ualsndoifion nIsvmsAnWIWRTBY leptin VEREL) fmuwmnmamammswﬂnaaummn
ldnngiaslsndaiFauman gaze:

Ad@1AT : Osteoarthritis, leptin, interleukinibeta, n-3 polyunsaturated fatty acids
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Abstract

Project Code: TRG5880040

Project Title: Effect of omega-3 polyunsaturated fatty acid on leptin- and/or interleukin-1-beta
induced osteoarthritis

Investigator: Miss Thanyaluck Phitak
E-mail Address: thanyaluck.phitak@cmu.ac.th

Project Period: 2 years

Osteoarthritis (OA) is the most common form of arthritis and is characterized by an
imbalance in the degradation and synthesis of articular cartilage. IL1[3 and TNFQ, were found to
be major cytokines involved in OA progression. Obesity has been believed as an important risk
factor for OA development and progression not only load-bearing joints but aiso others non-load-
bearing joints. The increased adipokine, leptin, was focused as a link of obesity and OA.

The effect of pathological (100ng/ml) or supra-pathological (10lg/ml) concentrations of
leptin alone or in combination with IL1[3 was investigated in porcine cartilage explant. All involved
mechanism and intracellular signaling were examined in human articular chondrocytes (HACs).
Moreover the inhibitory effect of EPA or DHA on cartilage damage was also investigated.

Leptin (10 Lg/ml) alone or in combination with IL1[3 could induce cartilage destruction but
lower concentrations used in the study had no effect. Leptin activated NFKB and MAPK cascades
ERK, JNK and p38 in HACs led to the induction of MMP3, MMP13 and ADAMTS4 secfetions. The
combination effect could further induce those enzymes through the additive effect on activation of
NFkB and JNK. Interestingly, both EPA and DHA could inhibit cartilage damage induced by leptin+
IL1{3 by reduce the activation of NFKB and JNK led to the decrease of ADAMTS4 secretion.

Altogether this study found that only supra-pathological concentration of leptin could induce
normal cartilage destruction whereas pathological one could not. Moreover, only this level of leptin
showed additive effect with IL1B on the cartilage damage. This combination effect was inhibited by
n-3 PUFAs, EPA and DHA. To understand more about the link of leptin and OA, the effect of
different level of leptin on metabolism in many states of OA cartilage should be further investigated.

Keywords : Osteoarthritis, leptin, interleukin1beta, n-3 polyunsaturated fatty acids
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1. Tsatia1don (osteoarthritis, OA)

lsadaifion (OA) Lﬂ%lﬁﬂﬂwuvlmmnnaﬂ‘lm*uummmmma'mma wazdulsafidusing
mwvl,uammmﬂswmnsmlan muana'lmnmm‘lmwﬂsmmmn’lun'mnm darmsialia
mamamwumnwlsam} mua@mmnwummaoﬂsz‘mnmmm:ma nguszTIng TsasmfiAndu
Bouy mssnm'luﬂawuummes‘lwm msﬂsmﬁauqummm wazmsrdedsuds udlay
sniflumsnmauainis(] daskwmsvanismsinsmienstlasiulsadedan Saduiirauls
WRTABINTIIDENILTIGIN |

anumvmumaﬂsﬂmalaau fe mstaauamn‘uaammnaawnmﬂmnmw"luamamaams
R ﬂ’]iaa’lﬂ‘ﬂa\‘ll‘l«lalﬂaﬂiwﬂﬂaﬂu laofinsashe catabollc factors l@un (1)inflammatory
cytokines Gl’ld‘] losiawiz IL-1beta uaz TNF-alpha (mmnsu receptor Ll,a’a“n’llmnﬂn’lin?@m
FYYIUEIU MAPK Uaz NF-KB), (2)Lau"lmwuauammuawans*mnaau loun Lau"lbnﬁ'lunau
matrix metalloproteineases (MMPs) uas a disintegrin and metalloprotemase w1th thrombospondin
motifs (ADAMTSs) mm‘ﬁaanimnaau lagmyate catabolic factors umﬂmumnm’m’ﬁai’m
anabolic factors valmm extracellular matrix molecules (ECM molecules) madn?@naauﬂmﬂmﬂa
type Il collagen, aggrecan Waz hyaluronan (HA) m'lmuawan?mnaaumomﬂﬂnﬂ ERYNERHEPR
soofuusanszunnldinilouluaniizund Shioidoeveslse oA u"l@mmuﬂwa ﬂawmﬂmamwm
ﬂEJ lsndu Iﬂﬂlsﬂauuuum:mnL’ﬁm'lulummmaomim@lmmaLaaumww A lavawisdaiisy
sin ldud dein wia douh Fagetwnnszunnlutedefivniuezieliiiomssuay uas
mwamamsmmmlwmmaaumum[z -4] agdlafiony wuihlugtholsadudomuiiymassdade
Suaililsdefsutimin wu Tefiafle wiadalia[5) mLUumamaﬂvlu"lmuu'mumaﬂ Fosmdaiu
Fvaulainnnae a'muuma"lu"lﬂnsmumsmmlw OA lawizfiviniu uAFINNIONTZGU  systemic
oA 1& Tauiladpfivihesfivatasin aniu cytokines ftAngulunnslsadau 19u leptin (Dudu

2. Adipokine i@ leptin uazaasnwsnulsazatdon

Leptin fazasluuauia 16 kDa ﬁnna%‘wmmmmaé'lmﬁu (adipocytes) v
AILANAINBLING TN Llavm's'l,’nwaaa'm[S] 1ag leptin unusmunawu'lulaamawmff[m 8U[7]
Leptin azaafymlasn1s§uiy receltor Ada1 OB-Rb I@umn?@ummmwmmmu JAK-STAT,
PI3K, NF-KB, PKC, usat MAPK[8] Imwmﬂu‘numms knock out leptin Yl#iAans
meifiasannng muﬂmmwvl,uvl@[S] lag leptin mmmnmmumﬂ‘ﬁ‘wmmumaoswmﬂ loun

NMINILAX neuroendocrine communication, reproduction, angiogenesis and bone formation[9, 10]



msdnmneuniiinudiszduues leptin u synovial fluid (ihluda) uasly plasma oy
funusluiamafiortuiud BMI  wazfawusnda leptin nnaﬂa'lm'ml.uama@m sjmﬂuaaﬂ
Usznauvastadauas leptin °naﬁamnma@aumaLﬂumwumm'lw,nﬂmsl,wu%umaamu leptin
luiRan[11-15] wananduianuin leptin fFanszguliioasnizgnaen (chondrocytes) #3149 IL-1beta,
MMP3, MMP9 uaz ADAMTSs @3iilu pro-inflammatory cytokine uat catcbolic factors 7Rt Taaiy
mnﬁmkﬂ%téaﬂﬁmz 13]

uanmnuuwmsswmmn leptin - a1unInnszgumsdniaululueans: @naauuuwmwn
Idnngdthy 0A Aifinsade IL-1beta gaaguan I@]uwmwmmmmmummma iNOS, PEG2,
COX2, IL6, uaz IL8 ¢ T@mLﬂuﬂmaulmﬁqmmnmwaa leptin uunnuumvlﬁ’[m INK inhibitor,
PKC inhibitor W&z NFKB inhibitor uanmnuugawnqummnumwmw leptin E9RUNIOLES NN
IL-1beta 'lumsns:@j’umsamwadL&mﬁam:@ndauﬁnﬁwn6] Foiuaraudwlilédn reptin anafl
cross-talk signaling fiu IL-1beta 16 lasiawiz MAPK (UNK) waz NFKB wadolifinenwieniu
cross-talk signaling 184 cytokine ﬁv‘aaawﬁﬂlumaﬁm:@ndau

3. HAVBY omega-3 polyunsaturated fatty acids (n-3 PUFAs) Giamita.auam&maa
nszqnaanlnlsadaidan

nialudusfia omega-3 (n-3 PUFAs) ﬂanm"lwu'«a'uﬂumawuwfﬁmaﬂmumnmms
it Luaamnswmwumﬂumminmmﬁmwml,aavl@ fimsfinsuazenuanantiezng
mrmﬁ'lumsﬂaanukﬂwmwummnmmaanuma:amamiasa wu  lindaiden 15 Crohn's
disease (udu(17] laowuignisumsdniaures n3 PUFA  SuAGRINANNEINATOUES
Tulun3aansaing eicosanoids Wz cytokines ﬁLﬁua'ﬁaoﬁ’unwsﬁnLaumwﬁmn8] WONININ
Suiinfusssdulumssemsduwmsmay dur aslunga resolvins Snee[19] fufisin
alonnfifn1Imewin n-3 PUFAs 7fia DHA uaz EPA aun3ndusoms activation 89 IKK-
NFKB signaling ‘luvnaammnaaumnmmu'lmLnﬂmianLauIW IL-tbeta 16 d9maliiinniaa
n'maauamwaons*@naaumnmmumsJ IL-1beta 1620, 21] wdflufnsdnslaroan
gnives n-3 PUFAs mamsmauamwaommnaaumnnsmu‘[m leptin %38 IL-1beta+leptin

uanmnu gaiimITeuin EPA usz DHA saniaflesiunizdiu uazawnsnas
uwunmaamv\uua aufiinzdnlai22] i n3 PUFAs fnauvmnmmmNaﬂmammfrkﬂma
Fay Lm.lsﬂam o19azdamumannlumsiudiihiodenloswesia 2 Tsa de leptin o drariu
'lummnmmamﬂnﬂswmﬂLwaa zna&auin  leptin mmmnsmummmwaomamammnaau
wie SNNTOLESNONENY IL-1beta 'Lumins.,mummmmJaomamam:@naau"lﬂmavlu uae mnvlﬂu
nalnwia molecular mechanism 231184 cross-talk signaling at9ls uanan uuma:ﬂnmm n-3
PUFAs i@ EPA usr DHA ﬁqniﬁumsﬁu5&mn§auamUmaanszgndauﬁgnnszﬁuﬁam«m
cytokines G9nN&1INI2 bai
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1. To investigate the effect of pathological concentration of leptin (100 ng/ml) and suprapathological
concentration of leptin (10000 ng/ml) on cartilage degradation and additional/synergistic effect of
those concentrations of leptins and IL-1beta on cartilage degradation and to investigate involving

molecular mechanism

2. To investigate effect of n-3 PUFAs, EPA and DHA, on leptin- and/or IL-1beta-induced OA in
cartilage explant and chondrocyte culture models

3. To investigate cellular signaling induced by leptin and/or IL-1beta in chondrocyte and effect of n-
3 PUFAs, EPA and DHA, on that signaling pathway



1. Tissue/Cell cultures and treatments
1.1 Procine cartilage explant
LuaLuanswmnaaunnmmumnmamu metacarpophalangeal mamuﬂumm wi 20-24 I

L&JaLl,zmaanmI@ULYlﬂuﬂﬂaaﬂmaLLm m‘lﬂtwumm'lu serum-free-DMEM Ym 200 units/mi
penicillin Was 200 mg/mI streptomycin Wuasddsznay uaziwz LaﬂdluﬂLWW Lam‘nu 5% CO2
anmnu 37°C Luawammnaau N3 explant mnmamlu serum-free- medla Wuwan 24 ’ﬁﬂm
mamunmmumtm LamuJu day0 media LL&'JYI’II‘I’]SU&JI%W]LW’I Lammlmwme]maams
nagey laun 10ng/m| IL-1beta uaz/wia 0.1-10 Wg/ml leptin Lwamaaumﬂumsmmu
msamwaamamansmnaau waz 1-10 MM EPA/DHA LWE]Y]G]EVEJUE]YIITI%HW?UUUdﬂ’]iﬁa’w
’IJ?J\‘]L%E)LEJE)ﬂLGmE]EIH Lﬂunm 8 ma 28 m Iﬂﬂﬂ’m’]ﬂﬂﬂﬂu%’]m’htaﬂ\‘lLl.ﬂ Lﬂ‘Ul‘WJWﬂ 4, 7
(%58 8), 14, 21 L&JE]LT‘IIJLL&’)W‘ILW’W“LEIUG‘YN‘V\SJW\]»OHLHUYIEIRMIIN -20°C i]%ﬂ?"ﬂd%’lll’]')l,ﬂi'l“‘ﬂ
Toshnzidnailaa: zanilUSianeinilSina  sulfated- -glycosaminoglycan  (sGAG)  uaz
hyaluronan (HA) ‘nnnamuaanmmmuaLﬂanimnaaumaﬂluml.m Lﬂﬂ\‘l uanmnuu‘lmua@
mumaamnww LamLuawani:@naaumnmnmm m"lﬂnau Lwam"lﬂuﬂﬁ"%mﬂimm uronic
acid ﬂmaaaﬂlul.uamanv@naau

1.2 Human articular chondrocytes (HACs)

nsmna’aumaaﬂuﬂnaﬁvlaiﬁmié‘nLanaxnmﬁumnﬁﬂayTiﬂﬁ"l@T%'umﬁﬁadfﬂhLﬂuIiﬂ flat
pad syndrome luTsawmmaumﬁwmwmlv\u laggihannneldduluuseuauilasums
oUNAMINAMENIINMIIS B TTING ‘m'n 1 AmsuNNBamEas um’mm&m*‘ﬁm‘lm (Ethic
approval code: ORT-2557-02717) ‘[@mmaammnaau (chondrocytes) 3z nmmnmmuamamu
andan Iﬂﬂmiuaymmauvlw trpsin ﬂanmnu 4% Wunathadin aniudesdoiowls
collagenase wamvmu 4°c (Jua 3 'n'ﬂm maanmmaanmLLa‘“meumuLW'\“Lama UERN
M8 PBS waziwnz mm‘lu 10%FCS-DMEM Lilaynmsusnoiaas Lfﬁaanaﬂ'lu passage fia 2N
mmlﬂumswﬂaaa I@Ua~nan1~Lauaaune 80% confluence mnuummitwvtam‘lu serum-
free-DMEM (Juiaa 24 mI&Nnaummsunlnmmmmmm 0.05 ng/mi IL-1beta WLaz/M30 0.1-
10 Ug/ml leptin fluama.muma"lw 1-10 UM EPA/DHA 1iluiaan 30 wafinia 12 nie 24 T
mnuumm‘smummn Lamma cell lysate lu lysis buffer Lwamn'mmswvv\m signaling
molecules (p38, ERK, JNK, IKB, IKK, p65 m'luEﬂ phosphorylated-form uag total form lagl
beta-actin 1w loading control), J=@U gene expression U84 COL2A1, COL1A1, ACAN, MMP3,
MMP13, ADAMTS4 Usz3zeiuMIuadeansed MMP3, MMP13, uaz ADAMTS4 proteins lat5%

western blotting



2. 3591A 512 (Analytical methods)
2.1 N13A T2 cytotoxicity
HAC viability mnnmmswmauiﬂmﬁ MTT lagiadsiuin 1x10° cells ITPNIZ sianalun
96-well-plate wazHMIIWIHABIT AN ntwimsuluiwnz8eei 0.05 ng/ml IL- 1beta

-

LLﬂ“‘/VﬁE) 0.1-10 Ug/ml leptin uanzfiivelid 1410 UM EPADHA Huen 24 Falus anitu
agambiwnziAssfia dimaduslnaifis 10% 289 5 mgimi MTT (3,[4,4-dimethy thiazol-2-yl]-
2,5-diphenyl-tetrazolium  bromide) a:gnﬁwmﬁuﬁumazﬁﬂunm 4 "H’JI&NLLEI"’@I@WN WaN
formazan fiintulwrasfizendine: zonazaolasi@in 200 W DMSO asuwmiwas aniuans
oF mUau'zonvlﬂmnnuwvlﬂ'zmmwmnauumﬂﬂ’nuU'nﬂau 540 nm uar percentage of cell

viability ’«Jwgnu’lmmmu Iﬂﬂl’ﬁzgm [OD of sampie x100}/OD of control

2.2 Mshanzvd3an sGAG
U sGAG ﬁgnamﬂmmfzaLfianszg}naanm‘luﬁwwazt'gmngnfﬂﬁw%‘ﬁ' dimethyime-
thylene blue (DMMB) assay lasold chondroitin sulfate C 1% standard lasansgzany DMMB
W nmmwua"waunumamd DMMB 2 919unNy sGAG m'l,v\mamnﬂanumwmnauumn
mmimﬂ‘l@nmmmaﬂau 620 nm ﬂ'nummau‘uaoma:nw:gnmvlﬂmmmﬂuﬂimm
sGAG lasufivuiy standard curve IRz percentage of sGAG change ﬁ):gnﬁ’lmutﬁuuﬁu
untreated control Iﬂﬂ‘ﬁ"g@ﬁ {(Day3 medium — Day 0 medium)/ Day 0 medium} x 100

2.3 m3ansvdTanm HA

UJSunm HA 1uﬁ1twm§ma:gn‘?ﬂmzﬁ%ms competitive inhibition-based-ELISA n&1alagge
175 W v83iiagunia HA standard sxgnldlunasanaassainiudn biotinylated-HA binding
protein (B-HABP) USu1m4 175 Wi mnﬁuﬁuﬁamwnﬁﬁauﬂunm 1 Falus Twamedt B- HABP
WITIUNY HA ludlatnsalu standard mnuumswammnm"lﬂmulu 96-well-plate vmn
\ARBUAIY umbilical cord HA Wa uunamﬂnwaotﬂuwm 1 Holws win HA 1umamwmn
311D B-HABP u3UU coated umbilical cord HA uu plate USanautas lunienduiumin HA
ludataiiauszinde B-HABP an3uiy coated umbilical cord HA U plate YSunman Lfiaa”'m
RVIEIULAUBONUED anti-biotin antibody ﬂnnwaunmau"lsnu peroxidase ¢ nmﬂuad"lﬂ aﬁnuu
uuwam%nwauﬂunm 1 Folug naummsmomsmumuaan wazviinadu o-phenylene-
diamine (OPD) substrate #nasfiAaduazulaiuassduiudSuno: HA Afluenadng andiu
mngadfitoeae 4 M H,SO, LLavﬁ’mﬁ’i@msmnﬁuumﬁ OD 492/620 nm U3am HA
'I,umamw*nnmmﬂﬂumﬂunu standard curve W8z percentage of HA change % nnmmu
WSUNY untreated control I@Ul’ﬁﬁm {(Day3 medium — Day 0 medium)/ Day 0 medium} x 100



24 mﬂmﬂmﬂ‘smm uronlc acid remaining 1%&%6Lﬂani“ﬂnaau
mamansyﬂnaauwnnmumomnmsm'l Lam‘luam’svmoﬂmnnﬂaﬂmmauvlmu papain
mnuuﬂimm uronic acid nn’mIﬂU colorimetric method lagld m- -hydroxydiphenyl uazld
glucuronic acid lactone tflu standard nm'ﬂmﬂae‘l’mm\nm *R17 standard ‘-u“nnmm!,ml 300 LU
sulfuric acid- blrate reagent LLa‘*mm'iim“nam%nu 100°c (Juiian 10 w1 mnuumlmuumﬂ
ammwv\ao il'muummsmu carbazole solution (50 mg cabazole T 40 mi ethanol) wazyinms
u'uwanwmu 100°c dwiaan 10 wif complex U843 uronic acid Lz m- hydroxydlphenyl awlWe
TUNLAY ‘ndmmsnﬂ@nauumvl@ﬂ 540 nm lag percentage of uronic acid remaining Luamﬂunu

U

untreated control a.gnmmﬂm‘lmgm {UA(Day treated)-UA(Day3 control)}X100

D.

2.5 RNA extraction W8z N1353tA312W U504 gene expression
Total RNA a:gnaﬁﬂmn cell lysate @78 RNA extraction kit U84 lllustra RNAspin Mini RNA
Isolation Kit mu3TmIvesya kit 21N%U 500 ng total RNA a:gmﬂﬁ'ﬂmﬂu cDNA lagld Revert
AidTM H minus first strand cDNA synthesis kit mnf?uv‘iwmﬁmmmamaan’uao COL2A1,
COL1A1, ACAN, MMP3, MMP13, ADAMTS4 gene expressions 10#3% Real-ime PCR @an
Sensi FAST™ SYBR® Lo-ROX Kit uazlfinies 7500 Fast Real-Time PCR (ThermoFisher

_— . . as - AA
Scientific) uazaUIUIETAUMILIAIBaNVEIEY lapdT 2 ~CT

2.6 Protein extraction waz western blot analysis

nasnvuluanizeng qmu‘l'«mm maaavnnmamn ice-cold PBS uaz cell lysate 3:qn
wnulu 300 M 2483 0.5 M Tris-HCI contammg glycerol, 10% SDS and 0.1% (w/v) Bromophenol
Blue ml 0.1% mercaptoethanol L&lamn’mnut‘naﬁﬂﬂﬂ scrapper Wazliy cell lysate lu buffer
GINa12  cell lysate a'vnnmuumuw,ﬂunm 10 WA sz vortex TuLIM 2-3 WAl
newiludumsned 15 000 g uam 10 Wil usr supemate nmmm -20°c
AUNTIYINMINATEA anmwm‘lums ammmﬁsmml.auvlsnu MMP3, MMP13 uac
ADAMTS4 14 conditioned media 1% media ‘ngnmu wasnnmaiNszgnihwinlidudueae
Amicon Ultra-40 (Ultracel-30kDa) miauvinnisdiasizy cell lysate %38 concentrated media
argniumSinalus@udau3% Bradford assay wazdesnsrwe 50 ug gmihluGiamet
wSinalsiuiiaulasde westem blot de'ly

mamwvnnm"lﬂ@uwammw 95°c Wum 5 wif newiluuenlus@uaiess electro-
phoresis Iﬂﬂl’ﬁ 10%SDS-PAGE mnuumviﬂ‘mu‘lﬂa nitrocellulose membrane WREVIMT block
#18 5% nonfat dried milk mnuummmmﬂﬂuunu primary antibody mafﬂsmuwaulaw 4°c
dunmdwdn e antibody futiusanuaildyuny secondary antibody fidauy
horse-radish peroxidase ﬂamv\nwauﬂunm 1 $alus mnduunulsiuiiaulees sonvi i



678 ECL detection system lagvnstiuiingdnmlesldinies Gel Doc System (BioRad) uas
AwInaMunIIzadnaulysdiudie Scion image analysis software
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1. WAZDJI leptin WAZNILEINNGVDS leptin Aa IL-1beta ‘lumsns:éfumsamuwaatﬁmﬁa
nIzanaak

]
=

Faldnanlulusrmvasuminiy ﬁ‘swmui’rgﬂw‘[méwamﬂ’nﬁmmmmumnmwm%’au
‘uaans:@maiauimmwwzﬂ'ﬁaﬁ%'uﬁmﬁn 1 Tt wiadawn fafamsdniauiiiesan mechanical
force mmssuLmﬂmnnJunmmum’lmn@mﬂaammwaamamanrmnaau‘[umauuq T
windudeilileuimin 1w defle wiedefaflafiRamudonduiy Samisnavludomanil
liisnazifinan mechanical force Stiu3efimsidoulssms oytokine wwugwu'luﬁwLaamm:lumvlm
Jovavgthulingiu fa leptin 'J'wmaﬁmnﬁ:mﬁaaﬁ’umsﬁnLmJ'naaﬂﬂ”asha gl Tasdauwind
vl@umﬁwmuwamao leptin @1amsn?@umsmanamwaomamans*ﬂnaau[12 13] uazmMILasy
qniveq leptin ¢ig IL- beta Saflu cytokine ﬂanmﬂumw\maﬂmmamau TumInszdumsdniay
Az msmauamwaamaLﬂansmnaaun6] atnelsfianu Lﬂunmau’[mwmmwwuﬂ‘l'ﬁ‘lums
maammummumnmlm:'lmmwL‘uwuﬁmnniwﬁwua’%aluﬁwvlmiamaa@TﬂauT‘sﬂﬁau (supra-
pathological concentration, XMNT1 100 ng/mi) lasfnsmenuitenudutuvas leptin Awulu
ﬁﬂm’z‘famadgﬂaUIsmTaLéawﬁuﬁﬂawutﬁuiusvmiwo 4.4-28.5 ng/mi 23, 24] ﬁo&uﬁatﬂuﬁmaulmh
pathological concentration 283 leptin (<100 ng/ml) %%NNG@BHW?KGWU‘UBJLHBLﬂaﬂiwﬂﬂE)auLLau
FWIOLERNONE Y IL- fbeta mdeld Seimsfinwgnives leptin demsaansvavifiaife
ns:@naauua:mnmuqnma IL-1beta luluiaa porcine cartilage explant uaz@insnalnuasqnt
danalu human articular chondrocytes (HACs) lagld leptin inanuiduts 100, 1000, waz 10000
ng/ml (0.1, 1.0, 10 Wg/ml) lawl# 100 ng/ml leptin 1Judunuzes pathological concentration a4
leptin Waz 1000, 10000 ng/ml leptin \Judunuvas supra-pathological concentration

1.1 HAZDY leptin KATNITLESNANEVDY leptin @D IL-1beta lunsnszaunisaatnuns
iaiia nsvandaululuiaa porcine cartilage explant

Lwaﬁnmwamnm’n cartilage explant le.ﬁlnaamnﬂ'ﬁad’m metacarpophalangeal 283"y
I@Umﬂﬁﬂﬂaam%aLLa%hmLWﬁ‘*Léua‘Iuﬁumegmﬁﬁ 0.1, 1.0, 10 !.Lg/ml waz/mIn 10 ng/ml IL-
1beta 1namn 8 Ju NTWIINITIa ECM molecules mmaau’lmual,ﬂammnaau leuri uronic
acid (3U1A) uaz nnnaawaanuﬂumm s loun HA (51] 1B) uaz SGAG (3U 10) lawannz
m\‘lfm'l"ﬁ”luuwaﬂamnwumwmmauau"lw LDH aanmammmmm ugadIiiIAuIgAMEaANe g
T "I.wwamamsmmlaomaammnaau'lumaman‘mm ( data not shown) wmw"luummumnma
amauummﬂmmaa?ﬂu uronic acid remaining sEWinedetnIRIRNe uaalWRwI MIwzEn
nsmnaau‘lumtww IR gaana lilinauandFaausasnainisagues uronic acid luiia
wani"mnaau (qU1A) aslsfianaminfasanfionisasny ECM molecules WU IL-1beta &11130
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WRUMIENET0IMI HA URr SGAG aanmamn.wn Lamamauuumﬂmwamnunu untreated
control IﬂULanwluduﬂ 4 'nadmiwn Lam (51] 1B, 1C) @&W1e supra-pathological concentratron
284 leptin (10 [Lg/ml) Lmuunmmsnns:mumsammaa SGAG Tlusuft 8 vasmsmziies (U
1C) u§ pathological concentratlon vlummmnsmu‘lﬂ uanmnuumwm’lmwm" supra-pathological
concentration 184 leptin Lmuu‘nmmimaqumnu IL-1beta 'lumsl,wums FR18183 HA u\ae
sGAG 9 nluian cartilage explant l¢ atnslsfiony muaSugnives leptin uaz IL-1beta W3
ns:ejumsammlaaLf':aLﬁam:gndauﬁﬂ'ﬂﬁmmmLﬁuuwhﬁ'uqn§maa OSM uaz IL-1beta Gaiilu
cytokines TilEuuNlUNNTIN889 OA model

Wmasananlddn pathological concentration w849 leptin liswsnnszqunissanges
Luawans*ﬂnaau‘lﬂ uafv"lummsmawqﬂﬁnu IL-1beta mamiammuawansmnaau"lm Tuwmedi
supra-pathological - concentration uummmmeqmmmmumsamU’uaatuaLuansvﬂnaauuaw
\3NGNBAY IL-1beta lumInszdunisamovesnszgnaanld

1.2 nalnzas leptin ‘lumsn?mumsamﬂmawan?mnaauummsqunsnu IL-
1beta‘lumins“mumsamﬂmaLﬂanivmnaau

Lwaﬂnmm supra- pathologlcal concentration Y84 leptin mmmmmumsamwadmawa
NITQNEOU URTRIANTOEINONIAY IL-1beta mamsamvmnmﬂ@mUnavlnlﬂ HACs fiugnldain
Luawam:g]naauugwﬂnm:gnmmwazmmlumtwmamm 0.1 (pathological concentration)
8z 10 Wg/ml (supra-pathological concentration) leptin Waz/w3a 0.05 ng/ml IL-1beta tJuian 3, 6
uaz 12 4alua Lﬁ"aﬂnwnﬂ?{wuﬂawaﬁ:ﬁu mRNA expression U84 anabolic factors ®38 ECM
molecules lauri ACAN gene F99z encode 1{lu core protem 2839 GAG Tla aggrecan Foiluwiia
ﬂwuu'm“naﬂluni”ﬂﬂaau W COL2A1/COL1AT ratio ‘Hd COL2A1 3CON encode Tondu alpha-
chain 183 type Il collagen muﬂumwwumn'lummnaau &% COL1AT 3zgn encode Vlmﬂu
polypeptlde ﬂkﬂuadﬂﬂivnaumad type | collagen ‘IN COL2A1/ COL1A1 ratio Ylaﬂa\‘lil.yU\‘)‘litlJ
msmawuaatfnaansmnaauwmmmasw collagen wanlaaaaius 319 collagen mmaumﬂmmu
uanmnuummsmmnmmaanmaa catabolic factors 'l@in MMP3, MMP13 Wy ADAMTS4 ‘IN
Huewlaiwdnfiaans Ecm molecules 'lw.uawam:gmaau 1éuni collagen uas proteoglycans @1
§19UM37 real-time PCR (3Y 2, 3)

NMINA8BINUTY IL-Tbeta fiNa8a COL2A1/COL1AT ratio atafitindrdyiiiofouy
control ueilifinadan1Tuaasaanvas ACAN gene v 2) ufivinauluin pathological concentration
leptin "luuwamammamaanmaom 2 fiu LL(ﬂ supra-pathological concentration leptin a’lm‘mtwumi
LLamaan’nao ACAN & uanmnuuwm’lm supra-pathological t8s patholo-gical concentration 284
leptin WURANTILEINONEAY IL-1beta lUMIAAMILAAI88NTBS COL2A1/ COL1A1 ratio 'l&
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Fananaleinns 2 anudiuduzed leptin Inadomsane anabolic factor PoTAANITzANGeU lay
wwizmaasuudasriiaves collagen

A 180
160
1 ¢
120

100

80 l

% Uronic acid remaining

1O ng/mi IL-1f - o+
10 ng/mlOSM - - R .
Leptin (ug/ml) - - 0.t 10

8007 o, control
= 10 ng/ml 1L-18
T 0.1 pg/ml leptin

700 7}

600 1 0 1.0 ug/ml leptin
0 10 ug/ml leptin
500 o IL-1f+0.1 ng/ml leptin
o TL-18+1.0 ug/ml leptin
© IL-1B+10 ug/ml leptin

@ IL-1B+ 10 ng/inl OSM «

% HA release

100

[0 N——

C. 1000

900

800

9%sGAG release

iy 508
Day 4 Day8

il]‘fl 1 UEAIWAUBY leptin UAL/W3D IL-1beta @amsamm1aamawammnaau’luhma porcine
cartllage explant lag explant 32 nmam'luam's L6 sjnlunm 8 ’JuI@]Ullm'imULLa Lﬂaﬂu
sz Bosluiud 4 uas 8 v09mImesss USam uronic acid ﬂmaaaﬂ'lw,ua!,uanvﬂn
aam*nm@mn explant mnu‘lmuammumaamﬂww 809 (A) Uaz HA (B), SGAG (C)
mnamyaanmmn Luawammnaamvnm@lumtww s8osluSud 4 uaz 8

°

#: LLGIﬂ@l'NE]U’NNHUﬂ’IﬂlyL&JGLYIUUﬂiJ control (#. p<0.05, ##: p< 0.01)

°

* - uanevedeiinuidylaifisuniy IL-1beta treatment (*: p<0.05, **: p< 0.07)
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lusauwes catabolic factors WU IL-1beta ST ILRAIBBNTBI W MMP3 uaz
MmP13 ldadnsfiiuidy (nndr 10 wiidlafisuiu control) wdlimunsniingn ADAWTSS Is
(31] 3) Iﬂﬂ'ﬁa supra-pathological Was pathological concentration 8+ leptin mm‘smﬁ'ummam
panvasbu MMP3 1§ udialdilonnt IL-1beta (lounin 10 windlafiouy control) T@uﬁa@%ﬁ
NRABNNIURAIBDNDEY ADAMTSS UALaN supra-pathological concentration Lﬁﬂﬁuﬁaﬁu’ﬁntﬁu
mmamaanmawu mmpP13  ldudiRslditonnin IL-tbeta 1gufiu 5 meamﬂunu control)
uanmnuumwmnawwv supra-pathological concentration 284 leptin m’mmmmsmaimmﬁnu
IL-1beta lunisnszdunsuaasaanuesburia 3 16 sswuiimaves leptin lumsnszdumsusasaen
"IJE]GEJWIJE]\‘ILEMV[‘ITNYIG 3 ldmaendasfiunalu cartilage  explant filawz  supra- pathological
concentration Lmuu'nmmsnnsmumsamﬂ’ummamansmn“l@] Gntudarfudunalaonisia
seduanlods 3 oiia Vmaaaanmammm,ammmﬁ western blot

Taoymamisdss HAGs 'I,uam’a:mas]tﬂunm 24 Filue answdAnihmnzdsafe
FoUSinanewlod™y 3 wiiadau3s western blot (30 4) WU IL-Tbeta NIRLRNMIRAIE
iewlod MMP3, MMP13 us: ADAMTS4 'ldathefiuindalasiamz active-fomrs (foifiauiy
control (31 4A, 4C) Hudivinaulain pathological concentration leptin lisnansafiunswasues
MMP3 uaz MMP13 ¢ Lwimm _supra-pathological letin whifuﬁ'mmsnMumméwaomuvlmu
mﬂvlmammuﬂmﬂm UBNAINUUNI 2 m’mwwwao leptin ENNIOLRNNINES 89 ADAMTS4
vlm i‘l.l 4B, 4C) ‘lumwaomsmsquﬁnu IL-1beta uuWU’NLQW'l" supra-pathological letin Lmuu
firansn i@ ugnany IL-1beta elamsnsvmumwawaam 3 tonlmaile

Wawnsnagllah (1w mvps nnnswmu"lﬁ”[@nm pathological W8z supra-pathological
concentration U84 leptin aoNa'l,vmmmmsnsmun’rsuamaanmaa active-MMP3 ¢ Imﬂmsnsmuuvlu
mmmnsmu"lmmum’mu IL-1beta, (2)21% MMP13 nnns*mu‘l@mmawv supra pathological
concentration Va3 leptin lfiAansdannest active-MMP13 aanmamm'\ B89 udagelsfany
anbiiay leptin WifiBuirty IL-1beta Iunu, (3)8u ADAMTSY vlllﬂﬂﬂ%(ﬂ%f[ﬂﬂ"nd pathological
k8 supra-pathological concentration 284 leptin Lmnauwm’ﬂumm’mamm 2 ANUTNTUYD9
leptin mmmns:éfummﬁwao active-ADAMTS4 [fifituiviniy IL-1beta §ati leptin a1afikaiien
ToeaiumIaIugunsEasvaanlsl active-ADAMTS4 ¥inl¥ wihiinmanuauluszauiuudd
S“QUIﬂmu‘nm%‘u 4 (4)L1Ju71mau'|,=nmn WWIE supra-pathological concentration wa4 leptin
AUNIESNONEAY IL-1beta lumsnszdumsusaveanvasfiuia 3 salufesedultsauaas pro-
MMP3, active-MMP13 uaz active-ADAMTS4 let

Foiu IL-Tbeta mmmnsmumsamwmmawanmnaauT@Un15ns~munwsaswaLauvl,énu
MMP3, MMP13 Waz ADAMTS4 (25, 6 uaz 4 windafisuiy control, @nua'mu IG‘!UWU’J’] patholo-
gical concentration U84 leptin mmmniwqumwmtaﬂ‘ﬂu ADAMTS4 (4 meamzmnu control)

13



>

10
P
o)
=
3 11
P
£
2 _ 0.1
£ =
2 o0
5= 0011
~ s control
= o 0.05 ng/ml IL1B
S o 0.1 ug/ml leptin g
_%’: 0.001 ; a 10 pg/ml leptin ++
= ¢ IL1B+0.1 ug/ml leptin >l<":+
J & IL13+10 pg/ml leptin *
< 0.001
c
o 4
Z
=
O
b
53
. )
g -
50
e
v
ot
S 0
=z

UM 2 uFAINAYY leptin Unz/wia IL-1beta dansusasaanvesBufitinatasfiv anabolic factors
lun38319 ECM molecules Tu HACs 'lefurt msuaasaanuadfu COLZAT/COL1AT ratio (A)
L8z ACAN (B)

# : wandwagnldddnillafivuny control (#: p<0.05, ##: p< 0.01)

°

* s uandvadlisidyiliafiouny IL-1beta treatment (*: p<0.05, **: p< 0.01)
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>

© 100000 7

« control
© 0.05 ng/ml IL1B

0.1 pg/ml leptin
10000 4 2 Y-1.18 P!
© 10 ug/inl leptin
© IL13+0.1 ug/ml leptin
1000 4 @ IL1B+10 pg/ml leptin

3 expression relative to GAPDH

E
2 100.
50‘)
=
10 |
& 1
5
B 0.1
10000 -

MMP13 expression relative to GAPDH
{Log scale)

0

ADAMTS4 expression relative to GAPDH
3

3h 6h

3UN 3 uEAINATAY leptin Waz/W3a IL-1beta domIuFAvaNVoIBUNIALITOINY catabolic factors

figany ECM molecules I HACs laun nisuaaveanvadiiu MMP3A), MMP13 (B) uaz
ADAMTS4 (B)

°

# : uanavad NNy Ay laeuny control (# p<0.05, ##: p< 0.07)

o Qs

*uandvegeiiiuddyilialfivuny IL-1beta treatment (*: p<0.05, **; p< 0.01)
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MMP3 ¢~ 54 kDa

«— 60 kDa
MMP13

B-actin

005 ng/ml IL-1B . + . - ¥ +
Leptin (ug/nl) - - 0.1 10 0.1 10

B.

ADAMTS4

B-actin

0.05 ng/ml IL-1§ - + - - + +
Leptin (ug/ml) - - 10 0.1 10 0.1

MMP3/B-actin density

0.05 ng/ml
14 - IL-1p - + - - + +
) Leptin (ug/ml) - - 10 0.1 10 01

Ze

Q2

2 =

2
0.05 ng/ml
IL-18 - + - - + +
Leptin (ug/ml) - - 0.1 10 0.1 10

31]‘?; 4 UFAINATDY leptin Waz/MTe IL-tbeta @ansnivvasiewlsd MMP3, MMP13 (A) uas
ADAMTS4 (B) 310 HACs aanmg&xfnwm‘gm Tae band density vasiawlming 3 ONUFAY
1w bar graph (C)

#: Lmnvmadwaﬁﬁuﬁnﬁmfimﬁuuﬁu control (#: p<0.05, ##: p< 0.01)

' Lmn@iwazmﬁﬁuﬁwﬁtytﬁmﬁuuﬁu IL-1beta treatment (*: p<0.05, **: p< 0.01)
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ﬁ’]l%wlﬂjtﬁU\‘)WE)GiEm’liﬂi“‘ﬁunﬁiﬁa’lUL&BLﬁaﬂi”ﬂﬂEiEm lwwmzfi supra-pathological concentration
84 leptin mmmmmummawauauvl.ﬁnum MMP3, MMP13 uaz ADAMTS4 I&) (10, 5 uaz 4 ¥
ooy control, audIRL) TesanTanse mumsamwaeLuaLuan'smnaauvl@um'lwaﬂmw IL-
1beta mumwmmsn‘lumsm*"mumsmwaal.au"lsnu‘"l@uaymw uae 'l.uamv‘nu supra-patholo-
gical concentration 984 leptin 39UNY IL- 1beta wmﬂmmmnimummawaa MMP3, MMP13 IL82
ADAMTS4 169 45, 12 uaz 14 i1 dlafoudy control, muddy waaslifiu leptin &u1TD
\3UONIULY synergistic AU IL-1beta 'Lumsmmumsvmwauauvlsnum 3 gilald mlwidadinns
e mmnsmnaau’luamamum leptin WAz IL-1beta m'lmmsamwaaLuawansmnaaumn
niudemnsdsdluaslesmmidafivietade

2. HaPBY n-3 PUFAs 7#a EPA uaz DHA Giamssfl'ui?amsamummtﬁmﬁam:qna’auﬁgn
n3zaulag IL-1beta uaz leptin

21 wawes n-3 PUFAs zfia EPA uar DHA sanisdusinisaaiszasiioiie
ns:@ndauﬁgnnszﬁ’u‘[ﬂﬂ IL-1beta uaz leptin Twlaiaa porcine cartilage explant

InfildnantraduwinimsfnsAuesaunivansin n3 PUFAs 59 EPA uas DHA ®u130
ﬁu&umsé’umulut&aLﬁanswﬂndauﬁﬂﬁaﬂmmmmjaaLf:al,i‘iaé'amiwvlﬁ uagslaiimsdnwnian
Wil n-3 PUFAs mﬂuma@ammmwaamaman?mnaaumnmmumu IL-1beta Uaz leptin
lewseld lummanesiissrinmssanuaunsnes n-3 PUFAs Yl\‘lﬂIﬂUl‘H cartilage explant model

explant Qnu’m’ltwmtamluﬁnﬂ:ﬂu 10 ng/ml IL-1beta 48z 10 LLg/ml leptin luam'mm
wioldd 1, 10 UM EPA uaz DHA fluaan 28 *Yuimyﬁﬂmnﬂ?z'wua iuimnadsdluiud 4, 7,
14, 21 uaz 28 st dansimSanm HA Uaz SGAG mnamuaanm Taganaz ena9ils
lidnademainmnasvesiawlss LDH aanmamn.ww Lamuam'l%mmmm'rmo6] wlaigua
mamsmwaumanngnaaulmuamans:@n ( data not shown) WUI" IL-1beta W& leptin 13150
NITAUNMIEALYEY HA (3U 5B) Uaz sGAG (3u 68B) aanmmmf‘:mﬁam:@ndau Idadefitodndny
UAZWUI 10 UM DHA s usnaamsaaisvas HA & (Day7, 14 [31 5C)) ) Twmue i EPA "l.&immm
anld lnsenaidunaiitosainit 10 um EPA azmmmmmmmmumiamwaa HA I8 Twwmedi
DHA lifiua (U 5A) wonaniiluduas sGAG WU EPA Waz DHA mmmnummmmu'ﬂaa
sGAG lduuy dose dependent manner lagminRirsanlugaonsn vesnisinnzians (Day4) wui
pHA ldwadufedinir EPA (U 6C) lay BSA complex #lfie3uu PUFAs 1 2 wfia
'I,nuNamamsamwaamv@naau (3U 58, 6B)

mmmmmﬂvlmw 9 EPA Uz DHA ummmmm’lummummsamwauuamansmn

=

soufignnizaueas IL-1beta Uz leptin Ias DHA fansadudildninnin EPA Ssarafiaiosan
EPA Losgansanszgumaameaas HA 16 landeluazrnmsfinsnalumsiiufonas n3 PUFAs
niguluiaa HACs
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1000

800

600

J%HA release

400

200

acontrol
oIL1P

10 uM EPA
210 uM DHA

800

700

600

500

400

300

THA release

200

100

1200

1000

600

FeHA release

400

200

Da_S

Scontrol

alL1f

810 ng/ml leptin

oIL18+10 ug/ml leptin

a]L1B+10 ug/ml leptin
+BSA complex

800

Day7

Dayl4

Dayl4

- Day21 Day

Dav2§

gceontrol

oIL1B+leptin i
olL1f+leptine]l M EPA
all1f+leptin+10 uM EPA
oILip+leptin+ ! pM DHA
PILIB+leptin+ 10 uM DHA

o

28

3UN 5 usAINAEY EPA WAz DHA @amsiudiniiaay HA Nniltaiianszgnaeuiignnizgudae
IL-Tbeta uaz leptin luluiaa cartilage explant lay (A) us@INaYES 10 UM EPA uaz DHA
@an1I@any HA, (B) UaaINAUad BSA complex Gan1saane HA, LAz (C) LRAINATDI. EPA

WAz DHA damIguganisaans HA

# : uandwetdRpdayliafiuuny control (#: p<0.05, ##: p< 0.01)

*: uandwagwlRuidyilaifisuny IL-1betatleptin treatment (*: p<0.05, **: p< 0.01)
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160

- —_
14 4
(=3 (=3

—
=
<

%sGAG release
3

acontrol
olIL1B

o 10 uM EPA
8 10 uM DHA

250

200 |

150

%35GAG release

Day7 Dayl4 DaZl Day28 B

acontrol

2ILIp

& 10 pg/ml leptin

ailif+10 wg/mi leptin

GIL1B+10 pg/ml leptin
+BSA complex

250

200

150

%sGAG release
>
>

50

Day21 Day28

3
Day4 Day7

acontrol

a IL1B+leptin
oIL1B+leptin+] uM EPA

o [L1B+leptin+10 uM EPA
a [L1B+leptint] uM DHA
2 11.1R+leptin+10 uM DHA

UM 6 usAINATEYI EPA usr DHA @an3fiuiinmIaaiy sGAG nnilaianszgndaufignnizdu

7Y IL-1beta uaz leptin 1ululaa cartilage explant lay (A) ugaINawed 10 UM EPA uaz
DHA ¢amIgany sGAG, (B) WaAINATEY BSA complex @amsaat sGAG, Was (C)
URAINAVEY EPA Uz DHA dan3iguginsaans sGAG

#: uanensageiity
*uanaveg vy

1
o -]

CRRRITEY

'
o Qs A

fAYL

aLiBUNY control (#: p<0.05, ##: p< 0.01)
ALNLUNY IL-1beta+leptin treatment (*: p<0.05, **: p< 0.01)
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]
~

2.2 na‘ln’lumiﬁ‘u5’0miamm'ffaLﬁani:@‘ndaungnm:ﬁuﬁw IL-1beta WAz leptin
299 EPA Waz DHA

Aewmmasaunalnionuals  HACs anuiuisvasannizani gieslFlumsmnsifes
iradazgmhanaseuindufivee HACs wiald dw3% MTT law HACs ﬁ):gnl,wsm,gmluama:
#ifl 0.05 ng/ml IL-1beta Uz 10 UM leptin luanazAifiuazlaifl EPA usz DHA Huwm 24 $alus
nawimiasey  wuin r;nama:'?;l'ﬁ”lajﬁﬂ'lﬁm'magsa@mamjaa'ﬁann’h 80% fleifinuiy
control (31 7) me’imnam'azvlmﬂuﬁmia HACs

140
120,
100 -
80-
60 -

404

% cell viability

20

0-
0.05 ng/m! IL1B
10 pg/ml leptn
BSA complex
EPA (uM)
DHA (uM)

3N 7 usnINaUas IL-1beta Uaz/MIa leptin uaz EPA wia DHA daniuagsanuas HACs Hiia
a3 MTT lay HACs rgnizidluanza unm 24 Flusnewinmsianw
08 30AVBILTAL

Ansurmsianavas 1, 10 UM EPA Uaz DHA damsuaadaanuadduns anabolic factors
léuri COL2A1/COL1AT ratio uaz ACAN uas catabolic factors furi & MMP3, MMP13, uaz
ADAMTS4 #2035 realtime PCR uanmnuu’mwamamwawaaLau"lsnummuwﬂaanma
WIWzBadt35 western blot lan HACs 4z anwIe Lam'l,uanw*mas]munm 24 mIm
nawmMInagay I@lwan’l‘mﬂamwmﬂumu‘uao anabolic factors uu IL-1beta uae leptin 8107130
80 COL2A1/COL1AT ratio |dadnfiviudy udlifinafaauiunisuanseansas ACAN waziy
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EPA uaz DHA lifinadadoramsugaseanses COLZA1/COL1AT ratio sz ACAN \ilaifiny
fuanziwziapslu IL-1beta was leptin (3U 8) lugauvey catabolic factors Wuin 10 UM EPA
atmtﬁmﬁNa‘lumsni:ﬁummamaan'uaoﬁu MMP3, MMP13 uaz ADAMTS4 vl@'ﬁfimﬁﬂuﬁu
control agiiiudAy (2, 6, uaz 1.8 LmLuamuunu control, mumﬂu) U 9) waiaRanyon
fszduionlmifnaseanuwuin 10 UM EPA fiusansanss mumwawawaatwm MMP13 ua
ADAMTS4 ualifinadaiausde MMP3 (31 10, 11) ama"linmumins ﬂuwuaa EPA A Liifisuiiniy
N384 IL-1beta LAt leptin vnmmsnn?mumwawaa MMP3, MMP13, waz ADAMTS4 'lédy 50,
8, Uz 4 LYih MNEIGU LLam'lﬂmum EPA Laammmmmummmumaamawansmnaau‘lﬂmu
MINTEGUeUlTIaINET ud DHA uuuwanimummawaa MMP13 & 3.5 iniiaifisuiy control
meumsni*muu"lumlﬁmﬂmmmwaqLuawans"ﬂnaauamwunmamlu‘[uma cartilage ex-
plant

Luamminsmun’mtamaan’ﬂa\‘l catabolic factors YN 3 7028 IL-1beta LLan. leptin WU
Y3 EPA ua: DHA vlmmaaﬂmsn?mummamaan"uaamuu MMP3 uaz MMP13 ‘nnnns"mumu
IL-1beta uaz leptin (31U 9) Fonazanndostumimasvadiowles MMP3 usz MMP13 (3U 10, 11)
Wudviaulanfs EPA uaz DHA uInRanIugeIeonvesin ADAMTSS wnnnsmuvlmmu IL-
Tbeta Unz leptin 16 g 9) Finamoandosuszdummasvssawlas ADAMTS4 aamniwm,vn~
B9 (3u 10, 11)

nnmnaaasdaansaagylaluannie :Un&f HACs lignnszdueas  cytokine i EPA
mmmn?ﬂumsamwaaLuawans~@1naauvls‘i'[mmsmmumsaﬂwaotau"lenu MMP13  uaz
ADAMTS4 (3.5 uas 1.8 meamuunu control ANUFGL) LLm‘*ﬂumsnsmuuummm IL-1beta
uaz letin nzeuwld (8 uaz 4 windeifiuuiy control mummu) Tusaus DHA laifing uanmnuu
Tusnzi HACs ONNIEAUAIY IL-1beta UaE leptin WU EPA uaz DHA sansadufinaues
cytokines mmamsni‘*mumsasn ADAMTS4 m'l.m*wuuuum‘[ﬂmuamouuuéwm ua n-3
PUFAs maawumvluwauummsmmumsaﬂuauvlfw MMP3 uwaz MMP13 l&t mmzumwmm‘m
183 EPA uaz DHA lumwummsamwaaLuawansmnaaumam@lmaamnmwmm*snlnms
:J‘Utlc]msm‘w ADAMTS4 ‘nnnﬂi’(ﬂ‘umﬂ IL-1beta uaz leptin uLEN Tag lntracellular signaling
Ylmﬂ’z‘lladnlmdNﬂn’ﬁLﬁi&lqnﬁ‘lJad leptin U IL- Tbeta mamsmmumsamwaamamansmnaau
W8 intracellular signaling mnmmaanumwumqmmad IL-1beta Waes leptin 283 EPA/DHA
gnfinwde lluluias HACS
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005ng/mlIL1B -  + -
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EPA (uM) - - -
DHA (uM) - - -

Eﬂﬁ' 8 WFAINAUBY EPA W8z DHA diantsuaaioanvebuiiiiuadaeiy anabolic factors twmyaine
ECM molecules 14 HACs ﬁgmm:"l&ignm:@fuﬁw IL-1beta uaz leptin laun nsugadaan
28954 COL2A1/COL1AT ratio (A), Wz ACAN (B)

+ Lmn@mazmﬁﬁuﬁwﬁngLfial,ﬁuuﬁ'u control (+: p<0.05, ++: p< 0.01)
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1 10
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U7 9 uaAINaL8Y EPA LAz DHA damsuaasaansasfiufiiinadasiy anabolic factors lunzaing

ECM molecules 4 HACs Agnuazlignnizduen IL-1beta wa leptin laun mIugasaan
1898U MMP3(A), MMP13 (B) uaz ADAMTS4 (B)
+: uandvesniiipdayliaisuny control (+: p<0.05, ++: p< 0.01)

]
-1

* - uandnvagalis@ddaifisufiy IL-1beta treatment (*: p<0.05, **: p< 0.01)

# : uanevetsinsdaeudafiaun

a

D

ar =l

a

o

U IL-1beta+leptin treatment (#: p<0.05, ##: p< 0.01)
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ADAMTS4 |

B-actin

0.05ng/ml IL1pB -+ -+
10 ug/ml leptin
BSA complex
EPA (uM) - - - - - 1 10 - - 10 -
DHA (uM) - - - - - 110 - 10 -

+
+
+ + 4+
+
+
+
+

3UN 10 u§AINADEY EPA Uaz DHA danmndssasiewlmifiifisadasiunisasiy ECM molecules |
HACs fignuazlignnizduds IL-oeta uaz leptin swldun owlesl MMP3, MMP13 ua:

ADAMTS4 495alas3% western blot
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11 URGINR band density vadewlmi MMP3 (A), MMP13 (B) uaz ADAMTS4 (C)
lusiiwizidps HAGs N0NNIneIy EPA uaz DHA 'luama:ﬁgnLLa:"l&ianszefu@Tw IL-
1beta Uz leptin

o a s

+ : uandvadniitudayliafiouny control (+: p<0.05, ++: p< 0.01)

Y uanande eIl
# : uanevaEIUNed

9 & e

LB ABUTTY IL-1beta treatment (*: p<0.05, **: p< 0.01)
Qs 0 Vm I Qo

Walisuny IL-1beta+leptin treatment (#: p<0.05, ##: p< 0.01)
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3. Intracellular signaling 1w HACS mnﬂ'nlmnumﬂzﬁ&lqwﬁuuu synerglstlc 239 leptin fa
IL-1beta LAZHNAYDI EPA Uaz DHA Glamim.lm intracellur signaling ‘HM

3.1 na'lnn'mawqwsmaa leptin @9 IL-1beta mumsnsxqu intracellular signaling n
HACs

lums@inil HACs vlﬁgﬂﬁ'm’lLW’]:Lgﬂdluﬁﬂ’nzﬁhd giiluiaan 30 wifl nawimsiAy cell
lysate WREATIINIITAUNIURAIDENVEY intracellular signaling molecules leun IKBQL, IKKOL[3 p65
smuluimana‘nmmnumsn'smu NFKB pathway Uz ERK, JNK, p38 mtﬂufmanamnmnumi
nimu MAPK pathway Imlmmim’m’mm active form 3@ phosphorylated from L8z total form
‘Mm 2 signaling pathways Lﬂunni']unum’lmm"ua\‘mumini:qu catabolic factors 14 ‘]lu HACs
lagwuin  IL-1beta ifummsnm:@fu NFKB pathway ﬁaa:wumnmmaanﬁgaﬁumaaﬁv'a p-
IKKOL, p-p65 (13 Lvinuas 6.8 windadisuiiu control AWAGY) Uaz 10 Pg/ml leptin NENuN3D
NIz pathway dananldiswmdsiuudléiosninfafiouiv IL-1beta (4 wihuaz 4.2 ety
MU control awdeiy) (3u 12) Taswuindorinmsviniiuiuszning IL-1beta uaz leptin Wuin
leptin ENNNTOLEINONTRE IL-1betalumInszqu NFKB pathway o FrzmwihdmaAutuves p-
IKKOUR uaz p-p65 &9 20 uaz 7.8 iindlaifiouiiu control

ludauvas MAPK pathway Namsmaaotﬂuvlﬂ'lunﬂmaLﬂmnu fa IL-1beta aNANTANTZAU
¥ p-ERK, p-JNK U p-p38 16 (1.5, 24 uaz 5 windedisuiy control) (31 13) uaz leptin nmmsn
n3zqu signaling molecules ¥ 3 s leiTui Lm'l,uammuamw IL-1beta (1.4, 4.3 uaz 2.5 il
Wguny control mum@m) WREWUI leptin uummsmaiquﬁm IL-1beta Tun1nszduiamiz p-
INK s (42 windlaifisuiu control) ugliwulu p-ERK waz p-p3s mumommmmﬂmﬁ
supra-pathological - leptin mmmnimum NFKB uas MAPK pathways 1oiguidenny IL- 1beta
uilussdufidnnin uas leptin nmwwu‘uumnm’smmsmmuqmnu IL-toeta TumInszdu
NFKB pathway Waz MAPK pathway W14 p-JNK msqunﬁmmNa'l.mmsns..wmsaﬁa
catabolic factors ﬂqumulu HACs &

(]
S

3.2 nalnm 38Uy intracellular signaling 289 EPA uas DHA 1w HACs flgnnIzqueaay
leptin UaZ IL-1beta

INHAMINANBINUI leptin mmsma’%qu%‘@ia IL-1beta luminszdu NFKB pathway
K% p-IKKAB uae p-p6s (20 uaz 7.8 windeifisuiu control) uag wasuqmmsnsmu MAPK
pathway HWM p-JNK (42 wiileifisuiy control) iufivihaulain EPA uummsnuummsns"w
09 IL-1beta WAz leptin H1% p-p65 LAz p-JNK ldedaiiludiy Tasawizfinauidudu 10 um (6
uaz 30 e WuURL control) Wwftaty DHA finnandudu 10 UM lagwudaansnannis
N3z p-p65 Uaz p-JNK inile 6.8 uas 36 winderflsuiiu control (3U 12, 13)
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w8z DHA @an1InszduaInan Taumawizians HACs uan1azeng uduraa 30 wifinaw
MIasaialasds western blot: (A) n13N3ze% NFKB pathway H1w IKBQL, IKKOL[3, p65
iz (B) band density 484 signaling molecules AINET?

+: Ltﬂn@iwaﬂnﬁﬁnﬁwﬁmﬁaLﬁuuﬁu control (+: p<0.05, ++: p< 0.01)

o Lmn@mamaﬁﬁfuz%wﬁ:yLﬁatﬁwﬁu IL-1beta treatment (*: p<0.05, **: p< 0.01)

#: Lmn@haadwoﬁﬁuﬁﬁwﬁmﬁwﬁu IL-1beta+leptin treatment (#: p<0.05, ##: p< 0.07)
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gﬂ’v’; 13 UEAINATBININTTAH MAPK pathway lag IL-1beta uaz/m3a leptin wazmstiuiaves EPA
L8z DHA danmInszduainan Taumaiwnzided HACs luannazdng guiuiian 30 wrfinau
msanaialasis western blot: (A) M3N32G% MAPK pathway W% EPK, JNK, P38 Was
(B) band density 284 signaling molecules @Ina1?

+ ucﬂn@hdaﬂwaﬁﬁuﬁwﬁryl.fial,ﬁuuﬁu control (+: p<0.05, ++: p< 0.01)

[l
A

*: wandwagnlduddylafivuny IL-1beta treatment (*: p<0.05, **: p< 0.01)

@

'
s A =l

# : wandnadninp@ayiliaisuny IL-1betatleptin treatment (#: p<0.05, ##: p< 0.01)

a
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‘amimua'*mﬂ ARNIINAIDY

lsndaidan (osteoarthritis, OA) ﬂaT,Sﬂmanwumnﬂaﬂu,a~mmsnnnuo’n"lﬂmnﬂ'nu'luauﬂa
numaomsasﬁma”msamuLuamam*@maau[zs 26 'luam%‘[mmamauuu mwamwa Az
\TANIZANSOUEINIOFIN inflammatory cytokines lefur IL1PB usz TNFO. Ta0lUfla chemokines
uaz inflammatory mediators @39ld lasaursnaranuUSinmfiRuiwsesssmaiilwinlets
VoIK18[26] Tmmimmﬁmmmm:ﬁu activate stress-induced UWaz inflammation-induced
signaling, transcriptional, and posttranscriptional events ‘ﬁl’alztﬂummqmadmnﬂsﬂuuﬂad‘lﬂmao
phynotype w8Inzandan vinliiAia apoptosis kaznITUALULYRINTUFAIVEIE UGN g5 lUBeEud
A Ta9NUMISIEY 19w catabolic genes laur MMPs uaz ADAMTSA4, 5[27]

Tiﬂa"augnt'faiwLﬂuﬂﬁuLéuaﬂﬁnmaamnﬂukﬂﬁaLéauu,a:ms@'hLﬁu"lﬂmaakﬂﬁaluiaﬁ
Sudwinuasliledzusimn uanmmnnnﬂmnﬁﬁ@iaﬁamn%u 13 adipokine Avdulunszug
L&]E]GI‘IJENNH’JUISﬂa’J% uaziRnTaeny symtemic_ inflammation mawmmmmaanumsnswmums
amwaamamam anlalauasi[2s] leptin Sa1ilu adipokine Tianiie "lmummau'hamammma
mmmaonumsmawadnsmnaau T.ﬂmewummuquawu'lumm"lwamawﬂw OA (4.4-28.5
ng/mi)[23, 24] Ll.a"'l.w&l s~@mawu'lw,aawawﬂw Rheumatoid arthriris (RA) (24.86+ 26.41 ng/dl)
[29] uam]'muu v\mﬂcjmawalumnwa vlmm synovium, osteophytes, meniscus WAz niwﬂnm
ASORNMIFIATIZN leptin WAL receptor VoI (OB-Rb) l@8neu[30-33]

MNMIAnEReww A DN AT leptin wuin 1wl 2007 Simopoulou URTAM S8
71 100ng/ml leptin EINNIONITGUNIIULEAIBANTES MMPY Uz MMP13 "lﬂm'lwnaam“ﬂnaauw
u,zmannns"@maauﬂnmua*mnwmUISﬂmaLaaw[30] Tunsaseiuda Tul 2011 Amy Luszamewy
71 1-100ng/ml leptin BEM9LEEILRLIITIUTL IL1P "luuwamamsamwaomawam:@naau Tem
Anwlunszqnaauny(34] uszlull 2009 Katrina V uazAtizAganudnin leptin a8 uazg
iy LB swnsonszdunsaine NO, PGE2, IL-6, usz IL-8 mnmawammnaauuuwumﬂu

(Y
(9

Isadoianle[as) uanmnuu’[uﬂ 2011 Wang Hui UWRZADZEITIBNUIN leptin H90EnILGDIUALINS
Pawmy L1 mmmm:qummmwamaammuaanmmuamans:@naamﬂ@ Tamaifia
collagenolytic Waz gelatinolytic activity WawWu31 leptin Alefanududui 25Ug/ml Fafioiniu
supra-pathological concentration[36] 61’01%% leptin '7; supra-pathological concentration ag1nfsuas
SRR ETU IL1B u'mvﬁwan?ﬁummmﬂmaaLf'zmﬁamvmndau atndlsAany wavas pathological
concentration leptin (4.4-28.5 ng/mi) nIgNaIINNY IL1B @amaLEJan‘imnaauuﬂuﬂaﬂmumi
Anw Ltamannnsmmmvluaamﬂaaanumamm"lﬂmnmmauauama leptin ALAnEITUTDILTAR
nsmnaaun”lmmnmmﬂnaanmmy enzyme treatment WAz LmaansvﬂnaauwaU'lul,ual,yans~@1n
aaunnnmauaaﬂﬂmmuamammnaau WaNINIH T2 ~maoISﬂmaLaaumaqmaammmmﬂnmn
919 NA u,azmstwm,auomama"lmwuﬂuan*nwmmavlw serum NBNIFINALTUNU  TINH
species madﬁaazhaﬁLmnei'mﬁ'uﬁawdaNa‘lﬁ”lﬁwammﬂaadﬁtmn@mﬁ’uvﬁuﬁu
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Lemansv@maaumnnswmmwmmamaanmao receptor 181 leptin (OB-Rb)[37] Faiulu
msﬂnmmmwmmmnm’l.umawanvﬂnaauvm loofinsmavas  leptin - 91 pathological
concentration (100ng/ml) LLR“Y] supra-pathological concentration (1-10 Llg/mi) mamsamwaoma
wansuﬂnaauluam's AW Beefilig serum uanmnuuna‘lmtawmsmammwmmu‘lmfnaamnm
waomnnﬂnmlm‘naansmnaauuuwwLwn"lmwnns*ﬂnaauﬂnm WamInaseuwuil  10Ug/m
289 leptin azmmmuaﬁluamrswnu L1 mmsnmvmumsamwaamawansmnaau"lﬂ w@dn
leptin finranduduauniitlifing Tmuwaﬂvlmuuwmmaﬂm’m IL1p amommnm‘luamwsw
My osM snsanszule lugruwesnalnwudn leptin # 100 ng/mi mm‘mnsmummmmauau
1o ADAMTS4 vlmmwmmmmmuvlmwana@lamsamwaaLuawammnaau luwnisft supra-
pathological concentration ( (10Lg/ml) uua’lminm”ﬂumwawmtaﬂﬁmm MMP3, MMP13 1534
ADAMTS4 ldsanalimunsoameiiodionss @naau"l@ E]U’NVLSHGI leptin wmmwwuummmu
nmsamgaanszgneewldasndt IL1B uananil leptin 7 10pg/ml fmansaigiugniny |L1B
‘luminsmum'samwaaLuamaniyﬂnaauvl,@ﬂ@umsmumsmwm MMP3, MMP13  ua:
ADAMTS4 mnmiﬂnmunl‘wmmmnaauvmua LmaatuaLuans~@naauﬂu wuin nalulufieng
WG dadusananldiadang species nmmmnauluama advaiu (uiidide non-0A) azlw
wama leptin lufiamadoatiu Sdmsnenuindafons: @1naamlaawﬂw‘[sﬂmataauunumnwu
awm:ao OB-Rb[38] muumam\msmnaauwmmukﬂwamawﬂLmnsmnumwauauama leptin
"lé’lmw@mmanu ImnLfnaansvﬂnﬂnmmmﬂauauaavlmua:mﬂ“nLﬂuTsﬂmaLaau ugatnalsfanu
fingamwwuinssdnszandeudndisansanauauside leptin "lﬁ‘lusmmqmnmn‘naansv@naauﬂ
Lmn"lﬂmnwmyIsawamau[Sﬂ wanniuludnmendds fwuiwazas leptin  @anMINEITDILOW
lod MMP13 aniaadnszqnaeuiudsduiy BMI P39S naadandan[39] dasulunwu
vxmﬂi‘]wzJmrmaowamimummauauama leptin VBITASNIZANE AU

ludmsasmsssdygrunmeluesadin Wi 10 Lg/ml leptin mmmm"ﬁuﬁy’a NFKB and
MAPKs ‘léun ERK, JNK uaz p38 vlm'nummnu IL1B Tag leptin mmmnsmu‘lé‘lmmunmmﬁ
IL1P uanmnuumwmwmsqummao leptin éi8 IL1[3 iAarumsIESuN IR Y MU NFKB
uaz INK 289 IL1B Sariouniilfinsmes i leptin mmmni:mumwawaaLau"l,fnu MMPs mu
MINTzau STAT1, STAT3, STAT5, MAPK (INK, ERK, p38), Akt uaz NF-KB[36] uanmnuunauu
f931897431 INK inhibitor iwlsianansodudnanas leptin 'I.umsnsvsmmmawaa MMP13 "lmsm"lu
aaﬂﬂaaonuwamsmaam'lmaom

ilasnndaunihdimsinmatnouninasfonanodues 59 EPA usr DHA lawudn
EPA uar DHA mwninaanmsuaasuunluszauiuues ADAMTS4, ADAMTSS5, MMP3, MMP13,
COX-2, IL-10, IL- 18 uaz TNF- 'lul.‘naanr@naammnnnsmum:; L1 "lﬂ[40] UBNAINUU n-3
PUFAs 19 2 w@mnnswmmwmmmyummmmmlaaLuaLuanswﬂnaamamnmmu@w IL1B
16141) etiwlsfnazas n-3 PUFAs wfla EPA waz DHA ﬂamsmumsamumaamamammn
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aau‘nm‘*@mmu leptin+IL1[3 mvlumu"lmun'm’wmumnau lumsénmadeilisvimmaereuuas
Wui1 1910 M EPA uaz DHA mansndufamanssdunissedygnoiinn NF-KB uaz JNK 284
|eptm+|L1[3"lﬂmwa'lvmﬂmwawaau.au"l,‘nu ADAMTS4 udliisunsoaamanasvadowlasl MVP3
waz MMP13 1¢ agnslsfaamaiiuasis EPA uaz DHA YnlWanansnaaseunamstiufnisaas
°uaomawanswmaau1uTummuawan'rmnaauv\ﬁl@ agalsnd lusgruveinszes 10 UM EPA
mamsamwaaLuamans"@maauum #9937 Luaamnuummmm*s\umwawaaLau‘lfnu
MMP3 uaz ADAMTS4 l¢ vilwifian1ssanuas GAG mmuaman?@naau‘lﬂ Forioumhiidnns
Wit 10 uM EPA suliadaunianuiduduiiasni 0.1, 1 pm) Tumstiufamssainues
Lﬁatﬁans:@ndau Faiuualinme EPA waz DHA a:ﬁwalumsﬁu5’0msamwau&mﬁ'ans:gnéau‘lﬁ
i afiminzaulumsldasdasldrunmsdnmatnefidaudeld

CEH)

WaVdd pathological W8 supra-pathological concentrations Vad leptin agadgInIaIINny
iL1p @amiamwaaLuawani‘“@naaumvl,mﬂuwm’mu,wm lunsénmnitlagld porcine cartilage
explant LAz L‘namuamam*@maaumu,zmvlmwnns*ﬂnaauﬂnm wuiramInasesraandasinlur
2 luiaa nandia 10 g/ml leptin mmmnsmummmU'uadns%maau"lﬂmum'sn?muammm
NFKB uaz MAPKs cascades ¢uri ERK, JNK uaz p38 "l@mawa'lmnﬂminsmumwaamaotau"l*ﬁu
ammuamansmnaau ldurd MmP3, MMP13 usz ADAMTS4 wona N supra-pathological
concentrations Va4 leptin U\‘lmmimmmmﬁnu IL1B 'lumsamUn?@ﬂaau"l@munm,amqm
mMInTduFYYIU NFKB uaz JNK RS mmssvesawlodie 3 Wudeiu Wufiauledn n3
PUFAs Tl EPA uaz DHA 1 mansadussqnioes leptin $aufu IL1B umInszdumssm
Li{al.f'ianizgmdauvlﬁ Tasfufriunmndsasanles ADAMTS4
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Abstract

Osteoarthritis (OA) is the most common form of arthritis and is characterized by an
imbalance in the degradation and synthesis of articular cartilage. IL1(3 and TNFa., were found to
be major cytokines involved in OA progression. Obesity has been believed as an important risk
factor for OA development and progression not only load-bearing joints but also others non-
load-bearing joints. The increased adipokine, leptin, was focused as a link of obesity and OA.

The effect of pathological (100ng/ml) or supra-pathological (10ug/ml) concentrations of
leptin alone or in combination with IL13 was investigated in porcine cartilage explant. All
involved mechanism and intracellular signaling were examined in human articular chondrocytes
(HACs). Moreover the inhibitory effect of EPA or DHA on cartilage damage was also
investigated.

Leptin (10ug/ml) alone or in combination with IL13 could induce cartilage destruction
but lower concentrations used in the study had no effect. Leptin activated NFkB and MAPK
cascades ERK, INK and p38 in HACs led to the induction of MMP3, MMP13 and ADAMTS4
secretions. The combination effect could further induce those enzymes through the additive
effect on activation of NFKB and JNK. Interestingly, both EPA and DHA could inhibit cartilage
damage induced by leptin+ IL1P by reduce the activation of NFxB and JNK led to the decrease
of ADAMTS4 secretion.

Altogether this study found that only supra-pathological concentration of leptin could
induce normal cartilage destruction whereas pathological one could not. Moreover, only this
level of leptin showed additive effect with IL1[3 on the cartilage damage. This combination effect
was inhibited by n-3 PUFAs, EPA and DHA. To understand more about the link of leptin and
OA, the effect of different level of Ieptin on metabolism in many states of OA cartilage should be
further investigated.

Key words: Osteoarthritis, Chondrocyte, IL1f3, leptin



Introduction

Osteoarthritis (OA) is a most common disability of the musculoskeletal system found in
elderly people worldwide. The cost of OA treatment worldwide is very high. Nowadays average
age of global population increases and many countries are entering aging society. Thus incidence
of OA is higher according to the increase of elderly population. Moreover, not only elderly
population, but increasing obese population is also a cause of high incidence of OA. Nowadays
OA can be treated in many ways for example using anti-inflammatory drugs, behavior
modification, or joint replacement surgery (1). However, the new and more efficient treatment is
still needed.

The characteristic of OA pathogenesis is an imbalance of synthesis and degradation of
extracellular matrix (ECM) molecules in cartilage tissue including type II collagen, hyaluronan
(HA) and aggrecan. An increase of catabolic factors including protease enzymes especially
matrix-metalloproteinases (MMPs) and a disintegrin and metalloproteinase with thrombospondin
motifs (ADAMTSs) is a major cause of cartilage destruction. It is well documented that all
catabolic factors are induced by pro-inflammatory cytokines, mainly IL1 B, TNFo and IL6.
There are many risk factors for OA including overweight condition. The load bearing joints of
obese patients such as knee are commonly found to have OA condition. It is believed that the
overweight induces mechanical force in the local joints especially weight-bearing joints (2-4).
However, it had been reported that obesity was also a risk of OA in others non-load bearing
joints such as in fingers and hands (5), which cannot be explained by the increase of mechanical
force. Thus it is possible that obesity is not only a risk factor for local OA but also systemic OA.
Cytokines, which are systematically increased in obese condition might be involves.

Leptin is a 16-kDa hormone that synthesized from adipocytes. It is responsible for food
intake and energy expenditure (6). It binds to its receptor (OB-Rb) and induces cellular responses
through JAK-STAT, PI3K, NF-xB, PKC and MAPK (7). The circulating level of leptin was
found increase in obesity and the increase level correlated with body mass index (BMI) (8). The
increased leptin level in obesity failed to control food intake and energy expenditure due to the
leptin resistant condition in hypothalamic regulatory area (9). Not only circulating leptin, but
leptin level in synovial fluid also correlated with BMI. Interestingly, not only adipocytes,
chondrocytes and others tissue in joint including synovium, osteophytes, meniscus and bone
could also synthesize both leptin and it’s receptor (OB-Rb) (10-13). Moreover, many studies had
strongly suggested that the sensitivity to leptin in peripheral tissues was differently regulated
than in the hypothalamus (13-15). In choncrocytes, leptin seemed to induce inflammation and
pushed balance toward destruction. Leptin had been found to induce the production of pro-
inflammatory factors and catabolic mediators acknowledged in the pathogenesis of OA, such as
IL1B, IL6, IL8, vascular cell adhesion molecule-1 (VCAM-1), NO and prostaglandin E2 (PGE2)
by articular chondrocytes (11, 16, 17). Moreover, in 2011, it had been reported that leptin with
supra-pathological concentration (10 pg/ml) alone and in combination with ILIJ enhanced
production of MMP-1, MMP-3, and MMP-13 in human OA cartilage (18). However, in the same
year, another group reported that leptin at concentrations 1-100 ng/ml had no effect on the
breakdown of cartilage tissues (19). Therefore, concentration of leptin in synovial fluid might be
important to indicate the effect of leptin on chondrocytes. Moreover, the studies that measured
the level of leptin in synovial fluid of OA-affected joints found that the mean/median
concentration was lower than 100 ng/ml (4.4-28.5 ng/ml) (10, 20-22). Thus the effect of
pathological concentration leptin on cartilage metabolism or on IL-1f induced cartilage
destruction is still imprecise. The recent study compared the effect of pathological concentration



(100 ng/ml) and supra-pathological concentration (10 pg/ml) of leptin on cartilage metabolism.
Moreover, the effects of those leptin concentrations on IL-1f induces cartilage degradation were
also elucidated.

In recent years long chain polyunsaturated fatty acids n-3 (n-3 PUFAs), such as
eicosapentaenoic acid (EPA; C20:5; n-3) and docosahexaenoic acid (DHA; C22:6; n-3) has been
interested for many researchers because of their beneficial properties on human and animal
health. EPA and DHA had been reported to have protective effects in many types of chronic
inflammatory conditions, such as: rheumatoid arthritis, asthma, Crohn’s disease and psoriasis
(23). The anti-inflammatory actions of n-3 PUFAs are connected with their ability to decrease
production of pro-inflammatory eicosanoids and cytokines, in detail, n-3 PUFAs compete with
arachidonic acid for prostaglandin and leukotriene synthesis at the cyclooxygenase (COX) and
lipoxygenase (LOX) level (24). Moreover, they are substrates for synthesis of other lipid
mediators, such as anti-inflammatory protectins and resolvins (25). Interestingly, the anti-OA
effect of EPA and DHA had been shown in both IL1B-induced chondrocyte (26) and cartilage
explant (27) models in the mechanism which the IKK-B/NF-kB pathway induced by IL18 may
be inhibited. Moreover, they were also found to have a role in prevention of obesity. In animal
and human studies had shown that EPA and DHA supplementation may be protective against
obesity, and might reduce weight gain in already obese animals and humans (28). It was
moreover observed that treatment of obese subjects with n-3 PUFA led to reduced circulating
levels of pro-inflammatory cytokines and acute phase proteins (29). Thus because of their
beneficial effects on both OA and obesity progression, in this study the effect of EPA and DHA
on cartilage degradation induced by IL-1 {3 and leptin was also investigated.

Materials and methods
1. Reagents

Tissue culture medium and related reagents were purchased from Gibco (Grand Island,
NY, United States). Recombinant human IL1f and leptin were purchased from Peprotech (NJ,
US). EPA, DHA and fatty acid free BSA were purchased from SigmaAldrich® (Missouri, US).
An RNA extraction kit was purchased from GE Healthcare (Buckinghamshire,UK). A Tetro
cDNA™ gynthesis kit and 2x Sensifast™ SYBR Lo-Rox mix was purchased from Bioline
(London, UK). The antibody against MMP3 (ab53015) antibody was purchased from Abcam
(Cambridge,UK). The antibody against MMP13 (MAB3321) was purchased from MERCK
(US). Antibodies recognizing the MAPK pathway and NF-«kB signaling were purchased from
Cell Signaling (MA, US). Cocktail proteinase inhibitor and phosphatase inhibitor were
purchased from Roche (Mannheim, Germany). SuperSignal ECL Chemiluminescent Kit was
purchased from Thermo Scientific (IL, US). Other reagents were purchased from Sigma-Aldrich
and Invitrogen.

2. Porcine cartilage explants culture and treatment

The metacarpo- and metatarso-phalangeal joints from 20-24 week-old pigs were dissected
for the articular cartilage explants model (30). After dissection, the explants were incubated with
100 U/ml penicillin, 100 U/ml streptomycin for 30 minutes. Then they were cultured in serum-
free-DMEM at 37 °C and 5% CO; overnight. Ten mg/each of three explant pieces were randomly
selected and cultured in a 24-well culture plate for 24 h and the media were collected as Day0
media. The explants were then cultured in media containing 0.1-10 pg/ml leptin and/or 10 ng/ml



IL1pB for 8 day. The conditioned media were collected and changed on Day4 and Day8. All’
conditioned media were stored at -20°C for HA and sGAG analyses. The explants were collected
and digested for measurement of uronic acid remaining.

For investigation of EPA and DHA abilities to protect cartilage degradation, the explants
were cultured in media containing 10 ng/ml IL1p+10 ug/ml leptin in the presence and absence of
1-10 uM EPA or DHA for 28. Fatty acids were prepared as fatty acid-BSA complex using
defatted BSA. The 200 mM fatty acid stocks were prepared in ethanol and mixed with 1.4%
defatted BSA in DMEM to get the 5:1 fatty acid:BSA ratio. All solutions were warmed at 37°C
before they were mixed together and the mixers were further incubated at 37°C for 3 h a brief
pulse of vortex every 10 min. After incubation and the solutions became clear, they were filtered
through Millex-GS Syringe Filter Unit (0.2 um pore size) and used freshly (27). The conditional
media were collected and changed on Day 4, 7, 14, 21 and 28. The explants of untreated control
condition were cultured in serum-free-DMEM. BSA complex was prepared as same as the fatty
acid-BSA complex except ethanol was used instead of fatty acid solution. It was used as a
vehicle control. All experiments were performed in triplicate using tissue from one animal donor
and also experimentation was repeated three times independently.

3. Human articular chondrocytes (HACs) culture and treatment

Normal human articular cartilage was obtained with full informed patient consent from
the arthroscopic diagnosis of a flat pad syndrome patient at Maharaj Nakorn Chiang Mai
Hospital, (Department of Orthopedic, Faculty of Medicine, Chiang Mai University, Thailand).
The ethical approval was approved by the first ethic committee of Faculty of Medicine, Chiang
Mai University, Thailand (the approval code was ORT-2557-02717). HACs were isolated by
overnight trypsin digestion at 4 °C and a subsequent 3 h digestion with collagenase at 37 °C. The
cells were washed with PBS and then cultured in DMEM containing 10% FCS as high-density
primary monolayer cultures until confluence. The HACs at Passage 4 were maintained in serum
free DMEM for 24 h prior to incubated with conditional media for 3, 6, 12 and 24 h to collect the
cell lysates for measurements of mRNA expressions, for 24 h for the levels of MMP3, MMP13,
ADAMTS4 releases into cultured media and for 30 min for the expression level of intracellular
signaling molecules.

4. Measurement of Hyaluronic acid (HA) level

To quantify concentration of hyaluronic acid (HA), competitive HA ELISA was used as
previously described (31). The maxisorb plate was coated with 100 pl/well umbilical cord HA at
4 °C overnight. After unbound solution was washed out, 1% BSA was used to block the plate at
room temperature for 1 h. After washing, mixture between standard (Healon 0-10,000 ng/ml) or
sample with Biotinylated-HA-Binding Protein (1:500 in B-HABP buffer) was added into the
well for the binding step at room temperature for 1 h. After incubation step, the plate was washed
and incubated with 100 ul of mouse anti-biotin-conjugated with peroxidase solution (1:2000) at
room temperature for 1 h. Then, 100 pl of peroxidase substrate was added and incubated for 5-10



minutes to develop yellow color. The reaction was stop by 50 pl/well of 4 M H,SO4 and the
absorbance was measured at 492/620 dual wavelength by microtitre plate reader.

Percentage of HA release was calculated using the following formula: %HA release =
[(HA DayX-HA DO0)/HA DO ]x100.

5. Measurement of sulfated-glycosaminoglycan (sGAG) level

The level of sGAG revel was determined using the dimethylmethyleneblue (DMMB) assay as
described previously (32) where shark cartilage chondroitin sulfate C (SigmaAldrich®, US) was
used as the standard. The DMMB solution was added to the diluted sample, standards and
appropriate blank solutions prior to absorbances being read at 525 nm by micro-plate reader
spectrophotometer. The percentage of sGAG release was calculated using the same formula as
used for HA level.

6. Measurement of the level of uronic acid remaining in explants

The uronic acid content in the cartilage explants were analyzed according to the release of the
monosaccharide from glycosaminoglycan in ECM by acid hydrolysis, and the reaction with the
carbazole reagent was detected at the maximal adsorption at 540 nm in a microplate reader
spectrophotometer (33). The papain-digested samples or glucuronic acid standards were
hydrolyzed with the sulfuric acid-borate reagent at 100°C for 15 minutes and cooled down in an
ice bath. The carbazole reagent was added, and the reaction took place at 100°C for 15 minutes
and then was cooled down in an ice bath. The absorbance was measured at 540 nm by a
microplate reader spectrophotometer.

7. Cytotoxicity test

The viability of chondrocytes in explants was investigated by measurement of LDH level
in cultured media [5a]. Briefly 100 ul samples were mixed with 625 ul of 1.6 mg/ml B-DPNH in
phosphate buffer (PB) and 375 pl 2 mM pyruvate in PB and incubated at 37°C for 30 min.
Pyruvate substrate was catalyzed by LDH in sample to lactate. Remaining pyruvate was reacted
with 1 ml of 20 mg/dl 2,4-dinitophenyl-hydrazine in 1N HCI at room temperature for 20 min.
The reaction was stopped by adding 10 ml of 0.4 N NaOH. The absorbance was measured at 450
nm. LDH level in media that more than 500 U/ml indicated cell death.

HAC viability was tested using the MTT assay. Cells (1x10* cells/well) were plated in a
96-well plate (triplicate) and incubated overnight. Then cells were treated with 0.05 ng/ml IL1B
and/or 10 pg/ml leptin in the presence and absence of 1 and 10 uM EPA or DHA for 24 h. After
incubation, culture media were discarded, and new culture media containing 10% of 5 mg/ml
MTT were added and incubated for 4 h. At the end, 200 ul of DMSO was added into each well
to solubilize the formed formazane crystals. The absorbance was measured at 540 nm using a
micro-plate reader spectrophotometer. Percent of cell survival was calculated as
follows: %survival= [OD of sample/OD of control] x100



8. Measurement of mRNA expression by RT-real time PCR

After treatment, cell lysates were collected using 1% B-mercaptoethanol in lysis buffer.
mRNA was extracted using Illustra™ RNASpin Mini RNA Isolation Kits (GE Healthcare). Five
hundred ng of mRNA was converted to ¢cDNA using a Tetro cDNA Synthesis Kit (Bioline).
Interested genes were amplified using primers shown in Table.1 and 2x Sensifast™ SYBR Lo-
Rox Mix (Bioline) with a 7500 Fast Real-Time PCR System (Applied Biosystems). Reactions
were performed for 40 cycles with 95°C for denaturation, 60°C for annealing and 72°C for

extension. The data were collected and the fold changes in gene expression were calculated using
the 2724 method (34).

Table 2.1 The primer sequences used in HAC

Gene Primer sequences

F: 5'-AGGGCTGCTTTTAACTCTCGT-3'
GAPDH

R: 5'-CCCCACTTGATTTTGGAGGGA-3'

A‘CAN F: 5’-ACTTCCGCTGGTCAGATGGA-3’

R: 5’-TCTCGTGCCAGATCATCACC-3’

F: 5-GGTGGCTTCCATTTCAGCTATG-3'
COL241

R: 5'-TTGCAGTGGTAGGTGATGTTCTG-3'

F: 5'-CAGCCGCTTCACCTACAGC-3'
COLIAI

R: S"-TTTTGTATTCAATCACTGTCTTGCC-3’

F: 5-TTTTGGCCATCTCTTCCTC-3'
MMP3

R: 5'- TGTGGATGCCTCTTGGGTAT-3'

F: 5'-“TCCCAGGAATTGGTGATAAAGTAGA-3'
MMPI3

R: 5'- CTGGCATGACGCGAACAATA-3'

F: 5’-GCAACGTCAAGGCTCCTCTT-3’

ADAMTS4
R: 5’-CTCCACAAATCTACTCAGTGAAGCA-3’

9. Protein extraction and western blot analysis

After HACs were treated with different conditions, the cells were washed with ice-cold
PBS, then cells were collected with 250 ul of RIPA buffer (1M HEPES, 10% (v/v) NP-40, 0.5%
(w/v) sodium deoxycholate, 4M NaCl, 0.5 M NaF, 100 mM sodium orthovanadate, cocktail
proteinase inhibitor and/or phosphatase inhibitor) followed by standing on ice and put into the
vortex every 15 minutes for 4 times. The cell lysates were centrifuged at 14,000 x g, 4 °C for 10
minutes. The supernatants were collected and protein level was estimated using the Bio-Rad



protein assay based on the Bradford method. For determination of MMPs production in
conditioned media, the conditioned media were concentrated using Amicon™ 10 kDa cut-off
membrane centrifugation (MERCK) by centrifugation at 3,500 x g, 15 °C for 20 minutes.
Concentrated media or cell lysate supernatant (10 pg protein) was subjected into 12% SDS-
PAGE. After electrophoresis, samples were transferred to a nitrocellulose membrane (MERCK)
with a glycine buffer (20 mM Tris base, 0.2 M glycine, 20% (v/v) methanol) by semi-dry
blotting. The membranes of conditioned media were blocked with 3% BSA in PBS while the
membranes of cell lysate were blocked with 5% skim milk in PBS. Then the proteins of interest
were probed overnight at 4 °C with specific antibodies against MMP3 (1:500), MMP13 (1:500),
ADAMTS4 (1:500) and B-actin (1:1000) in PBS-containing 0.05% tween-20 or MAPK signaling
molecules [ERK, p-ERK, JNK, p-JNK, p38, p-p38] (1:1000) or NFkB signaling molecules
[IkBa, p-IkBa, IKKap, p- IKKap, p65, p-p65] (1:1000) in 1% skim milk in PBS. After
incubation with each primary antibody, the membranes were washed with PBS containing 0.05%
tween-20 and incubated with secondary antibody (horseradish peroxidase-conjugated goat anti-
mouse IgG (1:1000) or horseradish peroxidase-conjugated goat anti-rabbit IgG (1:1000)) for 1
hour at room temperature. The specific bands were detected by usign a SuperSignal ECL
Chemiluminescent Kit (Thermo Scientific) and exposed in a Gel Doc Universal Hood II
(BioRad). Band density was calculated using TottalLab TL20 analysis software.

10. Data and statistic analyses

The results of all experiments were expressed as mean+SEM of triplicate independent
experiments. The statistic types used in this study were t-test and One way ANOVA for multiple
comparisons; Turkey’s multiple comparison test or LSD. The differences were considered to be
significant at P values less than 0.05.

Results
1. Effect of pathological and supra-pathological concentrations of leptin on cartilage
metabolism and on IL1B-induced cartilage degradation

To investigate the effect of pathological and supra-pathological concentrations of leptin
on cartilage metabolism and on IL1P induced cartilage degradation, the porcine cartilage
explants were used as a model. The porcine explants were treated with 0.1 pg/ml (pathological
concentration) or 1.0-10 ug/ml (supra-pathological concentrations) in the presence or absence of
10 ng/ml IL1p for 8 day. The conditioned media were collected and changed on Day4 and Day8
of experiment and the level of HA and sGAG releases in the media were measured to indicate
the level of degraded ECM molecules. Moreover, at the end of experiment the explants were
collected and the uronic acid remaining in the explants were also measured to indicate the level
of GAG remaining in cartilage.

It was found that all conditions used in this experiment had no toxic to the cartilage tissue
as shown by very low level of LDH release in conditioned media (data not shown). For uronic
acid remaining, there was no significant difference between all conditions (Fig.1A). As expected,
IL1B could significantly induce HA and sGAG releases from the cartilage tissues when
compared to the untreated control (Fig.1B, 1C). Interestingly, only 10 pg/ml leptin (supra-
pathological concentrations) could induce the release of SGAG on Day 8 of experiment, but



others concentration could not (Fig.1C). Moreover, only 10 pg/ml leptin showed additive effect
with ILIP induction of HA and sGAG degradations. Although the combination effect of 10
pg/ml leptin and IL1{3 was lower than the effect of the combination of IL1{3 and oncostatin M
(OSM) which has been observed in inflammatory diseases such as arthritis and multiple sclerosis
and its role in arthritis is its capacity to synergize the action of otherinflammatory cytokines: e.g.
IL-1, TNF-a, IL-17 and LPS (35).

Therefore from this experiment, it was found that pathological leptin concentration could
not induce cartilage degradation and could not show additive effect with IL13 on the induction
of cartilage degradation whereas supra-pathological leptin concentration could.

2. The mechanism of leptin on induction of cartilage destruction and on synergy with IL1f
on stimulation of cartilage degradation

For this aspect, human articular chondrocytes (HACs) were used as a model. HACs were
treated with 0.1 and 10 pug/ml leptin in the presence and absence of 0.05 ng/ml IL1f for 3,6,12 h
to investigate the level of mRNA expressions of interested genes. The expressions of anabolic
factors including COL2AI, COLIAI and ACAN which encoded for core protein of the most
found proteoglycan in cartilage, aggrecan. COL2AI encodes alpha-chain of type II collagen
which is the main type found in cartilage and COLIAI encodes type I collagen. Specific
phenotype of chondrocyte can be indicated using the ration of COL2A1 and COLIAI expression
in which decrease of the ratio means loss of specific phenotype of chondrocyte. Moreover,
catabolic factors including MMP3, MMPI3 and ADAMTS4 gene expressions were also
investigated by real time RT-PCR.

As shown in Fig. 2, ILIB could significantly reduce COL2A1/COLIAI expression ratio
when compared to the untreated control but it had no effect on the expression level of ACAN.
Interestingly, 10 ug/ml leptin could induce the expression of ACAN while 0.1 pg/ml leptin had
no effect on both ACAN and COL expressions. Both concentrations of leptin showed additive
effect with IL1{3 on the reduction of COL2AI/COLIAI expression ratio but not on ACAN. Thus
both pathological and supra-pathological leptin concentrations could affect anabolic factor of
chondrocyte metabolism especially on change of collagen type.

For catabolic factors, as expected IL1R could significantly increase the expressions of
MMP3 and MMP13 genes when compared to the control (more than 10 times to the control), but
it could not significantly increase ADAMTS4 expression (Fig.3). Both 0.1 and 10 pg/ml leptin
could induce the expression of MMP3 gene, however, its ability was less than IL1f3 (less than 10
times to the control). Moreover, they had no effect on ADAMTS4 expression. For MMP13
expression, it could be significantly induced by 10 pug/ml leptin and the induction level was also
lower than that induced by IL1B3. Only 10 ug/ml leptin showed additive effect with IL1f3 on
induction of all 3 gene expressions. The ability of leptin on increase cartilage destruction and on
synergy with IL1f on induction of cartilage degradation might involve with its role to induce
those enzyme expressions. The levels of those enzymes released in condition media were then
investigated. '

HACs were treated in previous described conditions for 24 h prior to conditioned media
were collected for western blot analyses. As shown in Fig.4, IL1f significantly increased the
releases of MMP3, MMP13 and ADAMTS4 especially active form (25, 7 and 4 folds compared
to the control respectively). Though 0.1 ug/ml leptin could increase the expression of MMP3
gene but in protein level it could not induce both MMP3 and MMP13 release into the media.



Only 10 pg/ml leptin could significantly induce the releases of both enzymes (10 and 5 folds for
MMP3 and MMP13 when compared to the control). Moreover, both 0.1 and10 pg/mi leptin
could increase the release of ADAMTS4 into media (Fig.4B, 4C). For the additive effect with
IL1B, only 10 ug/mi leptin showed this effect on the releases of all 3 enzymes.

Altogether, IL1B could induce cartilage destruction by increase the releases of MMP3,
MMP13 and ADAMTS4 into cultures media (25, 6 and 4 folds when compared to the control
respectively) through induction of all 3 gene-expressions. Pathological leptin concentration could
induce only the release of ADAMTS4 (4 folds when compared to the control) and this ability
seemed to not enough to induce ECM degradation in cartilage. Whereas supra-pathological
leptin concentration could induce the releases of all 3 enzymes although in the lower level when
compare to the ability of IL1{3. This ability was enough to degrade the cartilage molecule as
shown in Fig.1. Interestingly, in the combination of supra-pathological concentration of leptin
and IL1pB, they showed additive effect on induction of the releases of all 3 enzymes (45, 12 and
14 folds when compared to the control respectively) leading to substantially degradation of
cartilage tissue.

3. The inhibitory effect of EPA and DHA on IL1f and leptin-induced cartilage degradation

To investigate the effect of n-3 PUFAs, EPA and DHA, on cartilage degradation induced
by IL1pB and leptin, the porcine cartilage explant model was used. The explants were cultured in
conditional media containing 10 ng/ml IL1{3 and 10 pg/ml leptin in the presence or absence of 1
and 10 uM EPA or DHA for 28 day. The media were collected and changed on Day4, 7, 14, 21,
28 of the experiment. All conditions showed no toxic effect to the cultured tissue as indicated by
low LDH release into the media (data not shown). The levels of HA and sGAG that released
from the cartilage tissue were measured in the conditional media. As shown in Fig.5, the
combination of IL1f and leptin could induce the releases of HA and sGAG from the cartilage
into the media (Fig.5B, 6B). 10 uM DHA was found to be able to inhibit the effect of IL13 and
leptin on induction of HA release on Day7 and 14 of the experiment (Fig.5C) whereas EPA was
not able. Moreover, 10 uM EPA alone could induce HA release from the explant (Fig.5A). For
SsGAG release, it was found that both EPA and DHA could inhibit IL13 and leptin-induced
sGAG degradation in the dose dependent manner (Fig.6C). BSA complex that used as vehicle
control for fatty acid-BSA complex preparation had no effect on cartilage degradation (Fig.5B,
6B).

Therefore both EPA and DHA had ability to inhibit cartilage degradation induced by
IL1R and leptin. However, EPA alone was found to be able to induce HA release from the
cartilage tissue. Next the inhibitory mechanism of both fatty acids was investigated in HAC:s.

4. The inhibitory mechanism of EPA or DHA on IL1f and leptin-stimulated cartilage
destruction

HACs were treated with 10 ng/ml IL1{ and 10 pg/ml leptin in the presence or absence of
I and 10 uM EPA or DHA for 24 h. The toxicity of all treatments were inestigated by MTT
assay. As shown in Fig.7, all treatments had no toxic effect on HACs.

The mRNA expression level of both anabolic and catabolic factors were measured by
real-time RT PCR. Moreover, the released level of catabolic enzymes including MMP3, MMP13
and ADAMTSS into conditioned media were also examined by western blot. It was found that

for anabolic factors, IL13 and leptin significantly decreased the expression of COL2A1/COLIAI
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ratio (Fig.8A). EPA or DHA alone showed no effect on COL2A1/COLIAI expression ratio and
on IL1@3 and leptin reduced COL2A1/COLIAI expression ratio. However, 10 uM EPA alone
could significantly induce the expressions of MMP3, MMP13 and ADAMTS4 genes (2,6 and 1.8
folds when compared to the control) (Fig.9). When considered the released levels of those
enzymes, only MMP13 and ADAMTS4 released were induced by 10 uM EPA but MMP3 was
not (Fig.10, 11). 10 uM DHA was also able to incude the release of MMP13 into media (3.5
folds). Nevertheless, these inductions by EPA and DHA were much lower than that of the
combination of IL13 leptin which could induce MMP3, MMP13 and ADAMTS4 releases 50, 8
ans 4 times when compared to the control, respectively. The ability of EPA to induce MMP13
and ADAMTS4 releases might lead to its ability to induce cartilage destruction in the cartilage
explant model.

EPA and DHA were unable to inhibit the combination effect of IL13 and leptin on
inductions of MMP3 and MMP13 gene expressions (Fig.9) or the releases of both enzymes into
media (Fig.10, 11). Interestingly, EPA and DHA significantly inhibited the release of
ADAMTS4 from HACs induced by IL1{ and leptin (Fig.10, 11). Altogether, EPA alone could
induce cartialge degradation throug its ability to induce MMP3 and ADAMTS4 relases.
Eventhough DHA could also slightly induce MMP13 relase but it did not show induction effect
on cartilage degradation. Combination of IL1( and leptin could significantly induce those
enzymes releases much higher than that of thoes n-3 PUFAs. EPA and DHA significantly
inhibited the expression of ADAMTS, but not MMP3 and MMP13, induced by combination of
those cytokines both in mRNA and protein levels. This ability might involve with its role on
protection of cartilage destruction. Next the intracellular signaling in HACs involved with the
additive effect of leptin and IL1[3 as well as involved with inhibitory effect of EPA or DHA on
cartilage degradation were studied.

5. Intracellular signaling in HACs involved in the additive effect of IL1f and leptin and
“the effect of EPA and DHA on inhibition of those signaling

IL1PB activates the expression of a number of genes in HACs including MMPs and COX-2
through the activation of four signaling cascades upon binding to its receptor, IL1RI (36-39). The
best-characterized signaling cascade involves NFkB, the 3 other cascades activate the terminal
MAPKs, ERK, INK and p38 (40, 41). Thus the activation of those signaling cascades were
investigated. ' '

HACs were treated in several conditions as described previously for 30 min. The cell
lysates were collected and the expression levels of intracellular signaling molecules including
IkBa, IKKaf, p65, ERK, INK, p38 and their phosphorylated forms were examined by western
blot analysis. It was found that IL13 could induce the activation of NF«B pathway as shown in
the increases of p-IKKaf3 and p-p65 (13 and 8 folds to the control, Fig. 12). 10 pg/ml leptin
could also activate NFkB cascade however in the lower level compared to that of IL13 (4 and
4.2 folds for p-IKKaf and p-p65 compare to the control). In the combination of those cytokines,
they showed additive effect on the activation of NFkB cascade as shown in the induction of p-
IKKaf} and p-p65 for 20 and 7.8 folds compared to control.

For MAPKs, as expected IL1{3 activated ERK, JNK and p38 (1.5, 24 and 5 folds to the
control, Fig. 13). Interestingly, 10 pg/ml leptin could also activated those signaling cascades.
The activation of leptin was lower when compared to that of IL1{3 (1.4, 4.3 and 2.5 folds to the
control). IL1$3 and leptin showed additive effect to activate only JNK (42 folds to control) but
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not ERK and p38. Thus supra-pathological leptin concentration could induce the activation of
both NFkB and MAPKSs cascades as same as IL1{3. However the activation level of leptin was
much lower than that of IL1{. Interestingly, IL1{3 and leptin had additive effect on the activation
of NFxB and JNK cascades. This additive effect might involve with their abilities to extremely
induce MMPs and ADAMTS4 expression.

For the effect of EPA or DHA, it was found that 10 uM EPA could inhibit the activation
of p-p65 and p-JNK induced by combination of IL1 and leptin (p<0.01) (Fig. 12, 13) as well as
10 uM DHA (p<0.05 for p-p65 and p<0.01 for p-JNK). Altogether the combination of IL1{ and
leptin showed additive effect on the activation of p-p65 and p-JNK in which those activations
could be inhibited by 10 uM EPA or DHA.

Discussion

Osteoarthritis (OA) is the most common form of arthritis and is characterized by an
imbalance in the degradation and synthesis of articular cartilage, as well as remodeling of the
subchondral bone. In OA condition, synovium and chondrocytes produce the inflammatory
cytokines especially IL13 and TNFa, chemokines, and other inflammatory mediators which can
be measured in the synovial fluids of OA patients (42, 43). Those mediators can activate stress-
induced and inflammation-induced signaling, transcriptional, and posttranscriptional events that
may cause phenotypic shift, apoptosis, and aberrant expression of inflammation-related genes,
including catabolic genes such as several MMPs and ADAMTS-4 and 5 (44).

Obesity has been believed as an important risk factor for OA developmént and
progression not only load-bearing joints but also others non-load-bearing joints. Thus besides
mechanical force, adipokines that their systemic levels correlate with BMI and contribute to the
low-grade inflammation in obese patients may directly affect cartilage metabolism (45). Leptin
has become an interesting adipokine involved with OA progression. It was found that leptin level
was increased in both synovial fluid of OA (4.4-28.5 ng/ml) (10, 20-22) and in serum of RA
patients (24.86x 2641 ng/dl) (46). Moreover many tissues in joint including synovium,
osteophytes, meniscus and bone could increase the synthesis of both levels of leptin and it’s
receptor (OB-Rb) (10-13).

Many reports have been focusing on the effect of leptin or its combination effect with
IL1B on the cartilage metabolism. In 2007, Simopoulou and colleagues reported that 100 ng/ml
leptin could induce the expression of MMP9 and MMPI13 expression in both chondrocytes
isolated from normal and OA human cartilage (10). Controversy in 2011, Amy L. and colleagues
reported that 1-100 ng/m leptin alone or in combination with IL1f had no effect on porcine
cartilage destruction (19). In 2009, Katriina V and colleagues found that leptin alone or in
combination with IL1 could induce productions of NO, PGE2, IL-6, and IL-8 from human OA
cartilage. However, the concentration of used leptin was very high (10 pug/ml) (16). Moreover in
2011, Wang Hui and colleagues found that Leptin, either alone or in synergy with IL-1,
significantly induced collagen release from bovine cartilage by upregulating collagenolytic and
gelatinolytic activity. Again the leptin concentration used in their study was supra-pathological
concentration (25 ug/ml) (47). Altogether it seemed that the supra-pathological leptin
concentration alone and in combination with IL1 had an induction effect on cartilage destruction.
Though the effect of pathological concentration leptin (4.4-28.5 ng/ml) on cartilage metabolism
or on IL-1B induced cartilage destruction was still imprecise. The differences between the
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various studies including this study might be attributable to the response of enzymatically
isolated chondrocytes versus chondrocytes that are intact in cartilage tissue with extracellular
matrix, moreover, the arthritic state of the used tissue might also involve. Besides the culture
condition with and without serum and the differences between species of tissue sources might
also involve with the conflict results.

Porcine chondrocytes was reported to express the Ob-Rb leptin receptor (48). Therefore it
should be activated by leptin. In the current study the porcine cartilage explant was used as a
model to study the effect of leptin both pathological concentration (100ng/ml) and supra-
pathological concentration (1-10 pg/ml) on cartilage metabolism in the condition of free serum.
The involved mechanism and intracellular signaling were investigated in normal human articular
chondrocytes (HACs). 10pg/ml leptin alone or in combination with IL13 could induce cartilage
destruction but lower concentrations used in the study had no effect. Those effect were lower that
the effect of IL1{3 alone or in combination with OSM. Mechanism investigation in normal HACs
found that pathological concentration of leptin (100 ng/ml) could slightly induce ADAMTS4
expression but this ability seemed to not enough to induce ECM degradation in cartilage.
Whereas the supra-pathological concentration (10pg/ml) could induce the expressions of MMP3,
MMPI13 and ADMTS4 led to the observable degradation of cartilage. However its induction
degree was lower than that of IL13. 10pug/ml leptin showed additive effect with IL1(3 on cartilage
destruction by further induction of MMP3, MMP13 and ADAMTS4 expression. Our results
studied in normal porcine cartilage tissue and in normal HACs were consistency. Thus using the
same state of tissues or cell sources might provide the consistent result. As reported that human
OA cartilage shows elevated expression of the leptin receptor Ob-Rb (11), thus different OA
state of tissue or cell sources might response to leptin in the different degree in which cells with
advance OA state might be able to response to low level of leptin whereas normal cell might not.
Nevertheless normal chondrocytes was found to response to leptin (100ng/ml) in a higher degree
than OA chondrocytes (11). Moreover, in another aspect, the effect of leptin on MMP13
production from chondrocytes was reported to be dependent with the BMI of donor (14).
Altogether there are many factors that might involve with the degree of response to leptin in
chondrocytes.

For the involving intracellular signaling, 10 ug/ml leptin could activate both NFxB and
MAPKs, ERK, JNK and p38, cascades as same as IL1{3, however the activation level was much
lower than that of IL13. Moreover, the additive effect of IL1{3 and Ieptin found to occur through
the activation of NFkB and JNK cascades. It had been reported that leptin induced MMPs in
bovine cartilage through the activation of STAT1, STAT3, STATS, MAPK (JNK, ERK, p38),
Akt and NF-kB signaling pathways (47). As our result the combination of leptin and IL1f was
found to further activate NF-kxB and JNK pathway when compared to either leptin or IL1b alone.
Although it had been reported that JNK inhibition had no effect on leptin induced MMP13
expression or leptin plus IL-1-induced cartilage degradation (47).

In addition recently the protective effect of n-3 PUFAs especially EPA and DHA on
cartilage has been widely reported. n-3 PUFAs including EPA and DHA was found to reduce to
mRNA expression of ADAMTS4, ADAMTSS, MMP3, MMP13, COX-2, IL-1a, IL-18 and
TNF-a induced by IL1a in bovine chondrocytes (26). Moreover, EPA and DHA were reported
to inhibit the bovine cartilage degradation induced by IL1{3 (27). Nevertheless their inhibitory
effect in cartilage or chondrocyte induce by the combination of leptin and IL1{3 had not been
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investigated. We thus had examined in this study. Both 10 uM EPA and DHA could inhibit the
activation of NF-xB and JNK pathway induced by the combination of both cytokines. However
they could only significantly inhibit the expression of ADAMTS4 but not MMP3 and MMP13.
Although their inhibitory effect on cartilage degradation in porcine cartilage explant induced by
leptin+IL13 was still detectable. Nevertheless it needed to be concerned that 10 uM EPA alone
could significantly induce the expression of MMP13 and ADAMTS4 led to the degradation of
GAG in the cartilage tissue. It had been reported that the high dose of 10 pM EPA and DHA
were less effective that the lower doses (0.1, 1 uM) on inhibition of cartilage degradation (27).
Therefore even through EPA and DHA seemed to be able to protect cartilage degradation, the
approximate dose needed to be concern.

Conclusion

The effect of pathological and supra-pathological concentrations of leptin alone or in
combination with IL1[3 on cartilage metabolism was contradictory. This finding used porcine
cartilage explant and normal human chondrocytes as models. The results from both models were
consistency in which only 10 pug/ml leptin could be able to induce cartilage destruction through
the activation of NFkB and MAPKs cascades including ERK, JNK and p38 led to the induction
of MMP3, MMP13 and ADAMTS4 releases. Moreover, only this supra-pathological
concentration could show additive effect with IL1[3 on induction of cartilage damage through the
additive ability to activate NFkB and JNK. Interestingly, n-3 PUFAs including EPA and DHA
were able to inhibit the combination of leptin and IL1[3 induced cartilage degradation by
inhibition of ADAMTS4 secretion.
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Figure.l The effect of IL1B and/or pathological and supra-pathological
concentrations of leptin on cartilage degradation in porcine cartilage explant
model. The explants were cultured in several conditions for 8 days. The
media were collected and changes on day4 and 8. The relases of HA (A) and
sGAG (B) from the cartilage tissue into media were measured. The
remaining of uronic acid in the cartilage explant was also measured (B). The
bar graphs show mean+SEM of three independent experiments.

#: significant difference compared with the control (#: p<0.05, ##: p<0.01)
*: significant difference compared with the IL1{ treatememt (*: p<0.05, **:
p< 0.01)
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Figure.2 The effect of ILIB and/or pathological and supra-pathological
concentrations of leptin on the mRNA expressions of anabolic factors in
HACs including (A) COL2A1/COLIAI ratio and (B) ACAN. The bar graphs
show mean+SEM of three independent experiments.

#: significant difference compared with the control (#: p<0.05, ##: p< 0.01)
*: significant difference compared with the IL1@ treatememt (*: p<0.05, **:
p<0.01)

19



>

® 100000
. control
c 0.05 ng/miIL1IB

= 0.1 nug/mi leptin
10000 a 10 png/ml leptin
@ IL1B3+0.1 ug/ml leptin
= IL1P3+10 png/mi leptin

APDH

Ji

1000 -
=
;, 100 . t+
3

0.1

10000 -

SAPDH 00 mups expression relative to €

S 1000,

<

%)

2 -

=

= & 100

]

Z e

=0

Z 3

5

T

=

o

(5]

e,

-

=

C. o

<
= 60
=
= 50-
5 40-
= 30+
@
£ -
S 20.
ES
10
=
=<
fen) Q sy e
ha

3h 6h

Figure.3 The effect of ILIB and/or pathological and supra-pathological
concentrations of leptin on the mRNA expressions of catabolic factors in
HAC:s including (A) MMP3, (B)MMP13 and (C) ADAMTS4. The bar graphs
show mean+SEM of three independent experiments.

#: significant difference compared with the control (#: p<0.05, ##: p< 0.01)

*: significant difference compared with the ILI{ treatememt (*: p<0.05, **:
p<0.01)
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Figure.4 The effect of IL13 and/or leptin on the releases of protease enzymes from
HACs treated witn indicated conditions into culture media. (A) MMP3,
MMP13 and (B) ADAMTS4, The densities of protein bands were shown in
bar graph (C) which indicate mean+SEM of three independent experiments.

#: significant difference compared with the control (#: p<0.05, ##: p< 0.01)
*: significant difference compared with the IL1f treatememt (*: p<0.05, **:
p<0.01)
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Figure.S The effect of EPA or DHA in inhibition of IL1(3 and Ieptin induced cartilage
degradation in porcine cartilage explant model. The explants were cultured in
indicated conditions for 28 days. The media were collected and changes on
day4, 7, 14,21 and 28 . The relases of HA from the cartilage into media was
examined. (A) the effect of EPA or DHA alone, (B) the effect of a vehicle
control, BSA complex and (C) the inhibitory effect of EPA or DHA. The bar
graphs show mean+SEM of three independent experiments.

#: significant difference compared with the control (#: p<0.05, ##: p< 0.01)

*: significant difference compared with the IL13+leptin treatememt (*: p<0.05,

**: p<0.01)
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Figure.6 The effect of EPA or DHA in inhibition of IL1f3 and leptin induced cartilage
degradation in porcine cartilage explant model. The explants were cultured in
indicated conditions for 28 days. The media were collected and changes on
day4, 7, 14, 21 and 28 . The relases of SGAG from the cartilage into media
was examined. (A) the effect of EPA or DHA alone, (B) the effect of a
vehicle control, BSA complex and (C) the inhibitory effect of EPA or DHA.
The bar graphs show mean+SEM of three independent experiments.

#: significant difference compared with the control (#: p<0.05, ##: p<0.01)
*: significant difference compared with the IL1B3+leptin treatememt (*: p<0.05,
**: p<0.01)
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Figure.7 The effect of IL1P and/or leptin in the presence and absence of EPA or
DHA on HACs viabilities. HACs viabilities were examined by MTT assay
after treated in those conditions for 24 h. The bar graphs show mean+SEM of
three independent experiments.
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Figure.8 The effect of EPA or DHA on the mRNA expressions of anabolic factors in

HACs induced by IL1R and leptin. (A) COL2AI/COLIAI ratio and (B)
ACAN. The bar graphs show mean+SEM of three independent experiments.

+: significant difference compared with the control (#: p<0.05, ##: p< 0.01)
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Figure.9 The inhibitory effect of EPA or DHA on the mRNA expressions of catabolic
factors in HACs induced by IL1B and leptin. (A) MMP3, (B) MMP13 and (C)
ADAMTS4. The bar graphs show mean+SEM of three independent

experiments.

+: significant difference compared with the control (+: p<0.05, ++: p<0.01)
*: significant difference compared with the IL1{ (*: p<0.05, **: p<0.01)
#: significant difference compared with the IL13 + leptin (#: p<0.05, ##: p<
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Figure.10 The effect of EPA or DHA on the releases of MMP3, MMP13 and

ADAMTS4 from HACs treated with combination of IL1f and leptin into
cultured media. The figure was a representative of results from three

independent experiments.

27



>
[,
N
o

)
=t
R R
o= £
3 E
S E 100 -
= 9
L2 O
fan JER)
:
5]
Sz
£ =
_— D -
= = 50
R
-,
B.
159
P
zZ
'z =
< 2 10
E @
-
s 2
2
= =
Tt 2 B
= = 5
=
c. °
50 4
oy
= 4.0 4
=
[
=z
= =
= 2 3.0 4
23z
h =
i =
i~ 5 20 4
= 2
< =
=
- 1.0 |
0

0.05ng/ml IL13
10 ug/ml leptin
BSA complex
EPA (uM)
DHA (uM)

Figure.11 The effect of EPA or DHA on the releases of MMP3, MMP13 and
ADAMTS4 from HACs treated with combination of IL13 and leptin into
cultured media. The densities of protein bands were shown in bar graph: (A)

MMP3, (B) MMP13 and (C) ADAMTS4. Bar graphs indicate mean+SEM of
three independent experiments.

+: significant difference compared with the control (+: p<0.05, ++: p<0.01)

*: significant difference compared with the IL1{ treatememt (*: p<0.05, **:
p<0.01)

#: significant difference compared with the IL1f + leptin (#: p<0.05, **: p<
0.01)
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Figure.12 The activation of NFkB cascade induced by IL13 and/or leptin and the
effect of EPA or DHA on that activation induced by IL13 and/or leptin. (A)
the expressions of IkBa, IKKaf, p65 and their phosphorylated forms

examined by western blot using 3-actin as a loading control, (B) bar graphs
of protein bands densities. The figure was a representative of results from
three independent experiments and bar graphs indicate mean+SEM of three

independent experiments.

+: significant difference compared with the control (+: p<0.05, ++: p<0.01)
*: significant difference compared with the IL1[3 treatememt (*: p<0.05, **:

p< 0.01)

#: significant difference compared with the IL13 + leptin (#: p<0.05, **: p<

0.01)
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Figure.13 The activation of MAPK cascades induced by IL1{3 and/or leptin and the
effect of EPA or DHA on that activation induced by IL1@3 and/or leptin. (A)
the expressions of ERK, JNK and p38 and their phosphorylated forms
examined by western blot using 3-actin as a loading control, (B) bar graphs
of protein bands densities. The figure was a representative of results from
three independent experiments and bar graphs indicate mean+SEM of three
independent experiments.

+: significant difference compared with the control (+: p<0.05, ++: p<0.01)

*: significant difference compared with the IL1f3 treatememt (*: p<0.05, **:
p<0.01)

#: significant difference compared with the IL13 + leptin (#: p<0.05, **: p<
0.01)
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