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(nMBangY)  Investigation of the epitope in chondroitin G-sulphate chains

recognized by monoclonal antibody WFG and its applications
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Tnsams3on dhinafme3mseim Inseed s unsgumaAves chondroitin sulfate-
C (€8-C) finlfjTen 1 fumonoclonal antibody WF6 (MAB WF6) inznisii lassyndld

naAnumn Insaerfernnsoi 18 Tnon 13 14te0 chondritin sulfate-C vINNIZgREOY
vemaw Inel4ibu lanl chondroitinass ABC unzuondu Taonms 1§ inn chromatography
WilA Bio-Crel P6 LBZ FPLC system 1A0149 Mono-Q column 182 HPLC UARSHIUYES
oligosaccharides fuan 1l mameufivgumniAfiu MAb WFs #1698 ELSA unz micro-
array analysis Tl i@niganmuseinlfisen1d uﬁmmﬁumﬁmﬁnﬁnqn
Tromaiin MALDI-TOF mass spectrometer IiBE novel oligosaccharide sequencing Taomud
1710 oligosaccharide AAMIGATeTIARY MAb WES Swnnantiuibwin & i unsfimsides
seamethmaidu Ap-ccC

Wimaiueuwed WE6 unidedluennaisadie entIndn MAb WF6 vimiu

e nriBondeuuenuTaqnt 1asTE Thiophilic gel chromatography eV TALTENS
ATIv TS uve1 WF6 epitope TAon 11 shark Al-proteoglycan fraction ihuerumagu
sl 3Ensivann EdudmormFne udfuve smudan® unzTradm 9 o Jo
Fnury Seidon uozuzdariinne 0 usnsimfudnl U immuso-bistological

staining Endi1m
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This project was concemed sbout the analysis of the epitope of chondroitin 6-sulfate of
monoclonal antibody WF6 and its applications.

The commercial shark chondroitin sulfate C as a source for the subsiraic subjected (o the
chondroitinase ABC and fractionated by Bio-Gel P6 chromatography, FPLC system with Mono-
Q and HPLC. Then each fraction was tested against monoclonal antibody WF6 using ELISA
technique and microarray. The positive fraction was then further analysed for the molecular
weight using MALDI-TOF mass spectrometer, and @ novel oligossccharide sequencing. It was
found that the oligosaccharide which rescted with monoclonal antibody WF6 was octasaccharide
mdhdwmmﬂn-{:{{.

The hybridoma cell line, WF6, was retrived from the storage and grown up by in vitro
ﬂummtm:.Theypminhwu':DHEM[lﬂﬁFﬂB}mdmﬁu-nﬁmummuf
hpqmﬁuufmmnduﬂnﬁbudmﬁﬁuphﬂhﬁ:&uﬂnnqﬁywuﬂhpuﬂ?ﬁh
antibody and then used as for the developinent of ELISA for quantitation of the WF6 epitope by
mmalmmmmﬂmummmmﬂuﬂmwm
normal snd various diseases’ ssmples such as rheumatoid arthritis (RA), ostecarthritis (OA), and
cancers. Furthermore, this monoclonal antibody WF6 was applied in immuno-histological studies.
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ﬂq;milnhmﬁi'u uszA ARG vetgm

fivoTihmafinniionad i monocional antibody AB38 Tuiaganyiin
proteoglycans U polysulfated polysaccharides FudAmrzfnSyguen flszme
semande denduumbanuihminododod il WRivyusnmamg Ty devinsfnng
Seomafitne uoz WmsRmenTinansaeiama¥a Tungoyila bysluronan $1lu
Tnssns il 1M nTsHAR monoclonal antibody #9 shark proteoglycans SailAmduwis uaz
s Widudaddglumsisnniinnsidelolandaiden1d

snnsiinAant1s 111K monoclonal anbibodies §numuinn dawilsudumudu
£ hybridoma cell line Byl ewiinfisoni1 WF6 il monoclonal sntibody il 1gM Furiloehu
vuiufly antibody Afnrmdumedemeni Tudnnsnwiianilifia chondroitin 6-sulfate ne
diadnrmiancunisasaeia TaoEmadiamagiifufuinm (ELSA) wuheumsodan |
rﬂumnidi{mrknr] womsiitelindedenld

sd1alsfini swneonu it uer WWlszrunisel medh o luegesiia
chondroitin 6-sulfate (CS-C) TRuigmized 19839 InnIzqnesulnanty (shark cartilage
proteoglycans) fin13(3698 2481 oligosaccharides Tiimiloufiu cs-¢ fiwy 1 lunszqneey
vl

unzeina 19NN 15H moclonal antibody ¥R WE6 fitn Tufowssinndang
ihhszyndudenimnnnasnitedolinld s landeidou uns Trnusdaneyiia
it ovarian cancer w3po Wil T segndTumafinuriiemefu extracelluler matrix
protesglycans #ﬂ“ﬂuﬂnﬂumﬁmfﬁuhmum 4:|ﬂu1fw1|1ml'.r=mmjs]u LA WF6
By monoclonsl antibody i NToNARTY 1Aies vInn1T3E0 uaewann hulszmane Hada
figumnAfmndahlonidegud lufemam

ﬁiﬂin‘ﬂmh:mﬁﬂwﬂ‘l monoclonal antibody WE6 ﬁ"hl!]'l::qnﬂmiqn‘ﬁﬁﬂw
TaoszRenimsAnuifuRuiauh I epitope 964 chondroitin sulfate (thuru lnethanida
TamhnsfimmmTnzaeds uasnm@afaves oligosccharides unzvindoynftWonio
i uszneulunshmdmaiseds T sy an saniifiehmasatinidasde
Joynsne q vl Drmuulludashims oy do AR aoudaey uasdunnu]
i oligosaceharides nlafiimifumaed (marken) naziuffugnudelthlzzgnd
unsiavwi 19 luemsidons il
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MumsieAugnafeinsziman nbiuied wed Ty Tu Tnaven ueudued i
mtueueuRusRed Wisegndld Tumaies uesnm3iedeTsn msfmmnenml #
ifviaveausvRusAdiaf TnwdRgundefivethWzgndidenssaivddasdhy

mafse T lumuinm

suilm3i Hnnosnanimaons
mranonesledlnusanilsden aounoafv Samvin

WlesnluTulnouse usufuediinlfAin ifunsuntesiu s-Famn finfu @
fududsausnmaledlnuyamlsd sinneunsoniu s-davin wedisnmsd Amdoyldvn
proisoglyeans  wInmizgnesutlamaty  msfnuimuisodii 1A lasmindnen  chondroitin
sulfite-C 11908A98 chondroitinase ABC ufmiumwandnf RiuuumovnTael§iims
" gel filmtion chromatography (Bio-Gel P6) uazilwdnz finction FuonTumanoy
S WF6 antibody iniiuniueitauves fraction ﬂﬁﬂl‘n’ﬁi‘m‘lﬂrﬂmnﬁu'{m‘i
strong smion exchange chromatography 1A Mono-Q FPLC system
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113_1 SnuueaTumnanTIend vonBURTEORY 6
Sin fignesvAoiBulenl chondroitinase ABC 1ag
11 1EnedulannTan T fwaviin Bie-Gel P6 (T

AN

e fraction # 7 wsnuignine Tauns Himatinna ion-exchange
chromatography 'Iﬁu'lﬁn'ha FPLC Ut Mono<0 column chromatography Tan
¥ tithium percholate Shimivesindnie’ld oligossccharides BENYIN column
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Fraction mo. (1 mi/ffraction)

:p]ﬂ_: HNAIRUEAIAYE oligossccharides fraction 6 tijeton TnonTy
14 Strong Anion Exchange Mono Q column chromatography
(FPLC system) (SAX)

neamInaned wudidiotenmeves nounseniu Jont Wivim
ifinaariiu clicosaccharides Taons 14181 ) chondroitinase ABC suTITUDN
M oligosaccharides Milvwianie 4 (ulRTaonld BioGel P-6 column
chromatography 1mﬂu111m1uﬁn=thuﬂuan1ﬁimﬂﬂﬂu’im§ﬁn Taona 14
AN ion-exchange FPLC chromsiography #3911W1% olicosaccharides fi
fmoinlffinldfy TuTuleaues weudueR wre Filinswd Tulu
Trausa usuRued WFs o nfAIm1ATY  chondroitin  &-sulfae
oligossccharides  WvTa  unsiliondnuaiveq  sulfatation pattern  WBIEW
oligossccharides @4 Aurna 13 luplfiuon1Alae Mooo-Q FPLC  column
chromatography 3 Tuvaiziiedauring faction A hiweinl§Azen 1éfy Tuly
Truen noufuer TihbimsimrsinInsewuszdunlzneudos Mas

Spectrometry Alszmmiiju

B sudfpanrfic ®
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mInssereun L TaNE uasd il sneuves dissccharide @10 SAX-subfraction (6A-6E)

iievhinsasEeufinIuT N ives oligosaccharide Auon 1A Strong Anion
Exchange chromatography (MonoQ) & 418un Fraction 6A-6E Tae3Bnafail

S Xesuhiractions (6A-GE |

1 desalting

Quantify amount by Carbazole assay

10 pmol, / \mlmml.

Purity checking Disaccharide composition
{2AB labeling & paper chromatography) {(CSase ABC digestion, 2AB labeling
& paper chromatography)

1

HPLC

Chromatogram YBIUADE SAX-subfractions (6A-6E) uaRaRagit 1 Taoeunse pd
v Ue, mamnBen uas ¥iinwes dissccharide fillunsmlszneunnndlumsiai 3

@1313f 1 The amount , percent purity and disaccharide compasition of SAX-subfractions

BAX Amourrt __Disaccharidas form (%molar retic)
Subiraction {rmiod) Purity (%' Unaaturaied

CaA 82 B5.6 ADHOS (12 J+ ADHES [ T8 J+ ADH4S (10]

ChB 2B.4 408 ADHDS (1 oSS (82 ) ADES (1T

Ceo 535.0 807 AD-BS (B8 1+ ADI4S [ 12)

C80 458 535 ADHES { B0 J+ ADIAS [ 103 - ADI-SD [ 14)

CEE 220.0 -+ ADHDS [ 2.8 +ADHSS (55 )+ ADH4S (28 +ADHSD (17

* The percent purity was calculated based on the difference of the major and minor peak ares on
HFLC chromatogram.



HPLC analysis

7UR 3 1451M8 purity checking chromatogram Y84 6A-6E subfractions 16 73 2AB-labeling b
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ioBudusnnRunzE THIUNTIgNIAY sulfate Y81 oligosaccharide subfractions 1AM
ariina=v Tae 3T MALDI-TOF MS Ammmadiniduai

Oligosaccharide (10 pmol, each)
l Dry up

Mix with 10 pmol basic peptide (Arg-Gly)s . MW 3200
and 10 ug mairix  gentisic acid)

l

Apply to MALDI-TOF MS plate
with total vol. 2 uL

£

33T aer Tt MALDI-TOF MS 484 SAX subfractions a7 1Ranatefl 2 nae
MALDI mass spectra 84 fraction 6C-6E uermslugud &6 (6A unz 68 hifl chromatogram
uermariioanin fnrmduduussdaonoios Toh I hilidyg o)

4 2 : :
A171371 2 LTAIYUIAYESEID oligosaccharide ¥BAUADE fraction

SAX
Subiraction Found" Assignment

ChA no signal -

C6B no signal -

CaC 18433 B-mer 45

CaD 1842 E-mer 45
1942.2 B-mer 58

C6E 1918.5 8-mer 55
2016.1 B-mer 65

* The masses of the components found, exclude the basic peptide mass
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Mess (Peptide + Matrix): 3221.63

Exclude Mass (Peptide + Matrix):
5061.03-3221.63 = 18394

Mass (Peptide + Matrix); 3218.43
Exclude Mass (Peptide + Matrix):
S057.05- 3218.43 = 1838.62

Exclude Mass (Peptide + Matrix):
5057.05- 3218.43 = 1937.48

Ilﬁis WarRd MALDI mass spectrum Y84 C6D
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2 Mass (Peptide + Matrix): 3221.54
f Exclude Mass (Peptide + Matrix);
5142.57- 3221.54 = 1921.03

Exclude Mass (Peptide + Matrix):

Iy
H 5242 42- 3221,54 =2020.88

‘jlﬂiﬁ Uil MALD] mass spectrum Y84 C6E
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mistEng 7uon nEznIMMIBoaiIveammmavem o cligosaccharide
LINHANTINATOY inhibitory activity A8 MAb WF6 W1 fraction 6C-CE 1inn

positive TunTmaneatl Sk idAuYes dissccharide Riflusafilsznevves

oligosaccahride fraction 6C-CE uAriessnuuAes fraction ﬁa'l:iu?qnfmnna Tafeading

4
subfractionation W8 1A PA-03 HPLC column (B1S0N81 major component uTiIIEHIA WY

disaccahride iﬂ‘ﬁnﬁﬁmﬁﬂ
SAX oligosaccharide fractions (6C-6E)

1 Dry up

Suhbfractionation by PA-03 column

l

Sequencing the major subfraction

5315 Tun B 1R U dissccheride itpafilsEnauwe D oligosaccharide Tu
manaaned 1K145E 248 Inbeling and Enzymatic digestion Aaumufiiuaasdmunn

A—.-l—l.-i-ﬁ-ﬂ

CSaxe ABC Digeciion - Chzes ACH Dépeation

AO® +AO-AOCE A®+AO+A-CD

w."!‘m —F““'““ |

A-@m: A-0-AOm
| A-0M@ A @M + A-0-

HPLL l
(Stap B)
WAC
(Bimp D
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Snudnvifludsl mnaRasainme oligossccharide WA reducing terminal
Zapmadeauma ZAB (2-aminobenzamide) ¥amrusoAnnu AR 0 Fluorescence detector 1é
Jimsdeeme  oligossccharide  RoBw TwiFadumizeInniousn  (excenzyme) &a1Aurl
chondroitinasse ABC, chondroitinase ACI Unz chondroitinase ACII UBZTIN activity Wed
exoenzyme AINENINUT1 Chondroilinese ABC — 92@MNI0tBomt  2AB  lsbeling
oligosaccharide M1 1Ma10 non-reducing end Whaneunsehafa tetrasscoharide 248 tiviiu
unzer Tiemnsodeosn 188 d2u chondroitinase ACI LBy ACH sumranzofivzdessu'ld
disaccharide-2AB ot MN1IRARAIN  product ﬂ'liunﬂﬁﬁim {disaccheride) unzrirlyl
SiRTYi#0 HPLC Tan@ar 1y anion exchange PA-03 column fisufi 2-AB disaccharide Wie
3AB fetrassccharide standard Nee I mInsilaunsdadiu (moke maojinsdifvves
disaccharide fitusaflznau1d

Sequencing chromatograms ¥OAUADY major subfractions umadluguit 7 unzatrn
H'{ﬂilﬂﬂﬂ!ﬂﬂﬂ“'ﬂ 3

gnnﬂg__*jl‘mm n1m1ﬁ1rni' %) oz wtIzneuvea C6C, C6D and C6E subfractions

SAY Amount Dissccharides form [ Smoler ratio) posaible
Subtraction inmof)  Purfty {%)" Unsatursied ssguance
| CBCpa £3.8 a5 ADHES [ 100 ) ACCLL
| CaDp 7.0 100 A0HES (100) ACLCC
CBEpa.1 9.4 100 ADFES (T8 J+ ADSo (| 24) APICE
CEEp2.2 8.5 i ADES [ B1 e ADRSg [ 18)
CHERS 10.0 58

CEEpE 118 100 ADRES ( 65 1 ADHS | 26 HADRS: (17) ACADD

* The percent purity was calculated based on the difference of the major and minor peak area on
HPLC chromatogram
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NTIUEND THEBEYET CHC

Subfractionation O6C fraction chromatogram A28 PA-03 HPLC column 1 major
subfractions 1#4!‘51 CoCp3 subfraction

7 7 MIEn subfraction C6C Tl PA-03 HPLC
pITeeeun LT mud SnonnSanadszum 94.9 % unzm dissccharide
compostion Y84 C6Ep6 subfraction mrinlszneudan Adies amn

0
g
; 949% ¥
5 \ $
/ :
TR
51l 8 Purity checking Y89 C6Cp3 31 9 Disaccharide composition 484 C6Cp3
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mammadoafavenimelidves fraction C6Cp3
Chromatogram AMuSBUAAA product 7| 1R NN 13880 2AB labeling oligosaccharide
e iiounas chromatogram i 188 nnsAnsnIn 2AB 7 18vndrnded Bnndamils

CBase ABC Digestion
Adi 65
g AC-C
ﬁ £ E/i/tﬁn‘mﬂiﬁu
=
J HJ\ 8- lﬂil :
Piiiiiiidiids Far, B OF RahaATEe
5 = :
CBase ACI Digestion K
Adi 65 Adi 65

plﬁ 10 NIHINTIIT0AA 1964 C6Cp3 1AUTT 2AB labeling UAT enzymatic digestion
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(ilav 1113690 2AB labeled C6Cp3 oligosaccharide A8 chondroitinase ABC Uazfin
351w 1 PA-D3 HPLC column W17l 2AB tetrasasccharide MaA 1M reducing terminal
FintuABa fraction iRt uaziilevhimiRnanIBAAS IR0 248 W dissccharide N
dhurdin Adiss usnimiunavesmsina ey product 5 1R e1nM3tooRa0 chondroitinase
ACIURZ ACT fiwuifies disaccharide ¥ AdisS iRvayiimferfitluesilseney deviun
32ufiU disaccharide compasition T30 I0ATY sequence ¥E CCp3 aligosaccharide 13ty
Ac-cc¢

Subfractionation C6D fraction chromatogram %38 PA-03 HPLC cobumn W major
subfractions 1/#891 C6Dp1 subfraction

n‘uﬁmwui‘qﬂfﬁ; 100% WRT9IN disaccharide composition snalysis Wuilinmie
Adiss yiiminoTiiusifszney Fninsihy faction Alssflssnouofudiu coces A
MU sequence rewmiiiuda T 1A hmefigniTaensRanoineme oligosaccharide C6Dp1
ez C6Cp3 A0 2AR uazRAATY PA-03 column (Co-chromatography) frwull fraction ii'lmnn
iinawiimiAm $aerq1 1491 CsDpl une CoCp3 viudhy fraction Mefu oD sequence (i
Acccc

2]

11]1‘] 11 C6D subfractionation A78 PA-03 HPLC il 12 Purity checking W04 C6Dpl



nli'l. 13 Disaccharide composition 84 C6Dpl 1‘11"]' 14 C6Cp3 LinE CoDplCo-chromatography

ATILENGINEBOYDY C6E fraction chromatogram A 30 PA-03 HPLC column 1A major
subfractions 11891 C6Ep6 subfraction

m.tﬂmwuiqm"’ﬁa 100% Uaz9 N disaccharide composition anelysis WUl
disaccharide iuBadtlazneuedmuiin fle Adiss: Adies : Adis, Tudinnido 2:1:1

rInm3teofay 248 AAnnaInf C6Ep3 #78 chondroitinase ABC IBEARRAMBAATS
#10 2AB WU dissccharide MR reducing end meawtine Adiss une Adids unzeinms
f8vA 0 chondroitinase ACTI W1l dissccharide 7 non-reducing end e Aln Adiss Sohmam
¥iiAuB4 ietrasaccharide WA non-reducing #i 1A1NATI0B0AIY chondroitinase ABC fiat
1171 co-chromatography fitl A D-C tetrasaccharide standard Wyt msdIeg D
tetrasaccharide standard Q) elute BBAUININ column fawnmiaRmiu HIF musomam
sequence Winhwziiu Ac-A-Dc wenomiulugi  S11Avhn1sBubu sequence T

A3 co-chromatography U AC-A-D-C oligosaccharide stand
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CHEpé sequencing
Chromatogram STUSULAAY product 71 19 INN17080 2AB Isbeling oligosaccharide
upzmad iy iiieunnd chromatogram A 18T NN IARSATN 248 &vindudedBrnfmil

Lia

Adi 45

Miﬁﬁ:i
F
-]
-
]
EEEE I

...... RO 7 ¢

qUfl18 C6EpS sequencing TAU7TE 2AB labeling and enzymatic digestion
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CSase ACI Digestion i

CSase ACII Digestion

lﬂ‘ﬂlﬂﬂiEpﬁuqum:ina 1t 2AB labeling UOZ enzymatic digestion




p!ii 20 co-chromatography Y84 standard tetrasaccharide A D-C fiu
ChondroitinaseABC digesied product fl label 51428 2AB

11]ﬂ 21 AC-A-D-C standard co-chromatography fiu
CHEpf oligosacchande
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ammasuninljiierees subfractions fuanlduwm strong anlon exchange (SAX)
chromatography v Mab WF6

¥INNT391 Strong Anion Exchange chromatography (MonoQ) WU 5 subfractions AD
fraction C6A-C6E #21Minimaneufu mAb WF-6 Tau38 oligosaccharide microarray

o W a
assay INBVATBYT fraction 1a 711 A10YBY chondroitin sulfate Al i epitope ¥E4 WF-6

Fraction C6A-C6E (1 nmol)

|

Derivatized with the Finorescent amino lipid (ADHP)

|

Remove the excess ADHP by Thin Layer Chromatography (TLC)
lﬁpm onto Nitrocellulose membrane

Dligoaaccharids microarmay sy toward WF-6

w1 Hifibe fraction C6E Ml uaman positive fi mABWE-6 Tuvaedl faction
s o negative control s ADHP Tieransognend 1A lao WF-6

o ‘ —» CSE with positive band
without WF-6 with WF-6

11]1'1 22 umAmnveIn1IinlgiTe1ved oligosaccharide UABE fraction U Mab WF6
Tao78 oligosaccharide microamay
il fraction OSE Szl fraction Ao chondroitin sulfae Rl epitope V04
WE-6 C6E Sagminnuony3qnienii Tno anion-exchange chromatography (HPLC) 4wyl
csE nszneu U205 major suofractions
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e fisenamrouh subfraction Talu fraction C6E 8 epitope ves WE-6 Taolévn
derivatized subfraction COEp2.1, p2.2, p4, p5 ues p6 s ADHP unzwameu reactivity
fiu WF-6 Tne7 oligosaccharide microarray assay dswinnvmnasimuiinn subfraction
marseinliifer 1A WF-6 enifu subfraction C6Ep6

ADHPpZ.1p22pd pi pé ADHP p2.1 p22p4 p5 p6

701 23 urnanaveamsnIGATEves oligossccharide UARE fraction M Mab WES
TroTe oligosaccharide microarmay

&1iu SeerwaseryiWh epitope ves WE-6 viwsBunn wils epitopes
MIMnIEsIRIve I mhmaYea CSE major subfraction

iofivswdwuns@oefaveniwnlume chondroitin sulfate Wiy epitope unzhi
#flu epitope vss WF-6 fisglu fraction C6E

Sequencing Y84 C6Epl.1

winnawndnlsenevves dissccharide muh CEEp2.1 dwdu muh Mummiwnsdl
fivinm octasaccharide fhiveneul1fan Adi6S 3 wiseunr AdiSp 1 win usefl % purity
tlseam 95 % uszwuh nifni reducing terminal furhznouTdfan AIGS 3 wize fnfuls
mishnainiRaderfognisdu non-reducing terminal fio AdiSp $amq/1#1 sequence ves
C6Ep2.1 fin AD-C-C-C

C6Ep2.1 pusity ~95% | CAEp2. 1(ZAB) digested with CSase ABC

I'I.l'ﬂ 24 WA chromatogram Y84 C6Ep2.1




C6EpZ.1 (ZAB) digested with CSase ABC—# 2AB labeling

E

AT BTEOE e

e e S N

:plﬁ 25 Noa-reducing end Uszneulifae Adiss uaz Adis, sthaaz 1 mit
TuwnusHma# 1 reducing end A8 tetrasaccharide flizneudas Adiss 2

MU

C6Ep2.1 (2AB) digested with CSase ABC (protease free)

F
LR S o o o e A B

71 26 chromatogram HEAAIN IR reducing end Yszneudae Adiss 3 i




Sequencing vs: C6Ep2.2

wurh CsEp2.2 nhizneuTifan Adies 3 wiao oz Adis, 1 wian uazdiesh
1T co-chromatographed C6Ep2.1 une p2.2 AanfiuTae ¥ HPLC ufy wud CsEp2 1 i co-
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CS6EpS (2AB) _
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Summary

Objective; This study assays were developed for a native chondroitin sulphate
epitope, WF6 and an unsaturated chondroitin sulphate epitope, 383(+) and hyaluronan
(HA) in human serum samples. These were applied to the analysis of serum from
rheumatoid arthritic and osteoarthritisc: patients and healthy controls in order to
evaluate their potential as biomarkers for joint diseases,

Methods: Human serum samples were obtained from age matched normal, RA and
OA patients. A competitive immuncassay with the monoclonal antibody 3B3 was
developed to analyse human serum after digestion with chondroitinase ABC to detect
3B3(+) epitope. Human serum samples were difuted and assayed by a competitive
immunoassay with monoclonal antibody WF6 that recognises native epitopes in
chondroitin sulphate chains. Serum HA was also determined using an ELISA based
assay using biotinylated hyaluronan binding proteins.

Results: Assay conditions for human serum samples were developed for chondroitin
sulphate epitopes using monoclonal antibody 3B3 and WF6 and for HA using HA
nding proteins (HABPs). The analysis of serum showed that the concentration of
HA wus increased in many RA patients, but not in OA patients in agreement with
previous studies. The mean level of 3B3(+) epitope was very high in RA serum, but it
was also well above normal in OA serum. WFS epitope also showed the increases in
serum of patients with joint diseases. It was most increased in OA serum and less
mncreased in RA serum.

Conclusion: The serum concentrations of HA, n;tivt. chondroitin sulphate epitope
WF6 and unsamrated chnndroitin sulphate epitope 3B3{+) showed a different pattern

in OA and RA in comparison with normal. The assay of 3B3(+) epitope appeared
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more sensitive than HA in showing elevated levels in RA and it also showed a
significant increase in OA. The WF6 epitope was more increased in OA compared
mmmmmmnfmﬂa,ammwwmmimmmmmym
thtpﬂimtﬂamphﬁmmbimﬁmnﬂhmmmwmmmy
provide useful tests for diagnosis and monitoring in joint diseases.

Key words: Chondroitin sulphate epitopes, Hyaluronan, Osteoarthritis, Rheumatoid
arthritis
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Introduction
Dmmﬂniﬁs{ﬂmiaadeMﬁdenfdiaﬂhmdwjniumﬂmmw
imvolve bone remodelling, osteophyte formation and frequently leads to cartilage
hu'.mdinmnﬁaisgmmﬂybamdupuncﬁ:ﬁmlmdmdiugmphinclmgmm
umxinih:lalnmgﬂnfth:dhm:.mmi:mﬂmhlninminiduﬁﬂ&ng
b:mcﬁwﬁafmdiagnnﬂsmﬂmﬂhudsfmmﬂnimhgdimmmﬁvitymd
progression as such methods would not only enable earlier diagnosis, but would be
important ols in the development of better treatments®. Measurement of the release
of cartilage macromolecules into synovial fluid of OA joints have been investigated to
follow the process of cartilage damage and destruction’. However, the sbundance of
components, such as aggrecan, in synovial fluid progressively decreased with cartilage
loss and was not distinctive of OA. Studies of experimental canine OA cartilage
revealed that early in disease there were distinctive changes in the chondroitin
sulphate (C5) chains of cartilage proteoglycans with changed patterns of sulphation
that could be detected with antibodies to native CS epitopes long before there was any
cartilage destruction’. Changes in the sulphation of chondroitin sulphate were also
reported in the proteoglycan fragments found in human OA synovial fluid. There is
therefore some potential in measuring cartilage metabolites such as a native
chondroitin sulphate epitopes in synovial fluid of patients with arthritis™®, However,
there is limited access 1o synovial fluid and if characteristic changes were identified in
serum they would have much wider application,
In the present study we have established assays for the investigation of
chondroitin sulphate epitopes in serum samples of patients with joint disease. A novel
monoclonal antibody {WFEj, which recognises a native epitope in chondroitin
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Materials and methods
CLIMICAL SAMPLES
All subjects gave their informed consent before participation.

Joint diseases subjects. Serum samples were from individuals {Table 1), who

_ has been previously diagnosed with OA and RA according to Rheumatology criteria;

suffering from unilateral or bilateral knee pathology according to criteria of the
American Collage of Rheumatology''.

Heaithy subjects. Serum samples were collected from 20 apparenily healthy
individuals, age 41-75 years. All subjects were checked to be free from diseases of the
Jjoints, bones, liver, endocrine system, or other chronic disorders. None was currently
teking any medication known to modify arthritic diseases or influence joint
metabolism.

Serum were stored at —20°C before examine.

mEAn{Er-rr OF HUMAN SERUM SAMPLES

Prior to competitive immunoassay with monoclonal antibody 3B3, the samples
were digested with chondroitinase ABC [equal wvolume of 0.1 UWml (of
chondroitinase ABC buffer: 0.1 M sodium acetate, Tris-HCI, pH 7.3)], incubated at
3T°C for 16 h (overnight) followed by heating at 100°C for 10 min, The digested
samples were centrifuged in microfuge for 10 min and the supernatants were collected
and kept frozen until they were analysed.
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A COMPETIIVE IMMUNOASSAY TECHNIQUE USING MONOCLONAL
ANTIBODY 3B3

A quantitative ELISA was modified from an assay in synovial fuid™ for the
epitopes recognized by monoclonal antibody 3B3. The standard used was porcine
aggrecan core protein (chondroitinase ABC-digested porcine laryngeal cartilage
aggrecan’) at various concentrations (4 — 2,000 ng/ml) in TE buffer (0.1M Tris HCI,
pH 7.4, containing 0.15M sodium chloride, 0.1% Tween 20 and 0.1 % BSA) and
supematants from chondroitinase ABC-digested human serum samples were added to
1.5 ml plastic tubes containing an equal volume of monoclonal antibody 3B3 from
ascetic fluid diluted (1:10,000 in TE buffer). Samples in triplicate were incubated at
37 °C for 1 b, added to & microplate coated with porcine aggrecan core protein and
blocked with 1%BSA and incubated at 37 °C for a further | h. The wells were washed
and peroxidase-conjugated anti-mouse IgM antibody was added (100 pliwell of
1:1,000 dilution in TE buffer) and incubated at 37 °C for further 1 h. The bound
conjugate was detected by adding o-PD (o-phenylene diamine) substrate (100 pliwell
m 0.05 M citrate buffer, pH 5.0). The reaction was stopped with 50 pliwell of 4M
sulfuric acid and the absorbance was determined using a microplate reader at
492/690nm. The amount of 3B3(+) epitope in supematant samples was calculated by

reference to the standard curve.

A COMPETIVE IMMUNOASSAY TECHNIQUE USING MONOCLOMAL
ANTIBODY WFé

A quantiative ELISA was modified from a previous study for the epitopes
recognized by monoclonal antibody WF6. The standard used was shark cartilage

aggrecan (A;D, fraction) at concentrations (19-10,000 ng/mi) in 6% BSA in TE
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buffer. Dihd:;dhnmumumnmp}ﬁﬂ:iinﬁ%ﬂ&ﬂ-ﬁ buffer) were added to 1.5
ml plastic tubes containing an equal volume of monoclonal antibody WF6 ( cell
supernatant, 1:200 dilution in TE buffer). The plates were incubated at 37 "C for 1 h,
(1:2,000) was added (100 pliwell; in TE buffer). The plate was incubated at 37 °C for
another 1 h. The detection of bound conjugate with o-FD substrate and plate reading
were carried out as described above. The amount of a WF6 epitope in samples was

calculated from the standard curve.

AN ELISA BASED ASSAY FOR HYALURONAN USING BIOTINYLATED HA-
BINDING PROTEINS

Human serum samples, or standard HA (Healon") at various concentrations
(19-10,000 ng/ml in 6% BSA-PBS pH 7.4), were added to 1.5 ml plastic tubes
containing an optimal dilution of biotinylated HA-binding proteins. The mbes were
incubated at room temperature for 1 h. and then samples (100 ul) were added to the
microplate, which was precoated with umbilical cord HA (100 pul/well of 10 pg/mi)
and blocked with 1% BSA (150 ul/well) and the plate was incubated at room
tempmnﬁlnrlhmmumthmumhdmdmﬁdmﬂ-uunjumdm-
biotin antibody (1:2,000 dilution,100 uliwell in PBS) was added. The plate was
incubated at room temperature for a further 1 h. The detection of bound conjugate
with o-PD substrate and plate reading was carried out as described above. The amount
of hyaluronan in samples was calculated from the standard curve.
STATISICAL ANALYSIS

Quantitation was achieved by reference to a standard curve, using the

DeltaSoft II software. The concentration of serum components in the samples were
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determined by using the absorbance values falling between 40-50% inhibition of the
standard curve. The ELISA data were analyzed using Student’s unpaired r-test. In all
cases, p values less than 0.05 were considered significant. All results compared are

from assays performed at the same time and carried out at least in triplicate,
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Results

ELISAs were optimized 10 quantify the epitopes recognized by the monoclonal
antibodies 3B3 (+) and WF6 in human serum.It was able to determine the epitope
conceniration in a small volume of serum sample (175 ul) by using these assays.

The treatment of the human serum samples by chondroitinase ABC digestion
was initially optimised in order to give maximum detection of the epitopes recognized
by the monoclonal antibody 3B3 in the competitive immunoassay (results not shown).
The optimal concentration of chondroitinase ABC (0.05 U/ml) showed high recovery
of added standard. Using this digestion method it was found that the intra- and inter-
assay variation were 8§ % and 10 %, respectively. From the standard curve it was
found that the sensitivity of the assay was in the range 10-500 ng/ml of porcine
aggrecan core protein which was generated by chondroitinase ABC digestion. The
detection of epitope in the assay was 92.3 % of the expecied amount, when a known
amount of this standard was added to a pooled buman serum sample.

The competitive ELISA with monoclonal antibody WF6 was tested with CS-C
{predominantly chondroitin 6-sulphate) and CS-D (predominantly chondroitin 2,6
disulphate), which 50 % inhibition with 100 pg/ml and 1.10 pg/ml, respectively. Other
(GAGs, CS-A (mainly chondroitin 4-sulphate), CS-E (mainly chondroitin 4,6-
disulphate), CS-B (dermatan sulphate), hyaluronan (HA) and keratan sulphate (KS)
showed no significant inhibitory activity,. The WF6 ELISA was also testied with
aggrecan-related CS-PG including shark cartilage A,D; fraction (shark-A;D;) and
porcine cartilage aggrecan core protein (chondroitinase ABC digested porcine
laryngeal cartilage aggrecan). Shark- A;D; gave 50 % inhibition at 60 ng/ml. In

contrast porcine aggrecan core protein gave no significant inhibition. The result
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showed that antibody WF6 reacted with u:mmt chondroitin sulphate proteoglycan
(shark- A,Dy) much more strongly (~200fold) than with free chondroitin sulphate
chains (CS-C).

Monoclonal antibody (WF6) recognizes an epitope present in native
chondroitin sulphate chains. It was used to determine this epitope in human serum
with shark aggrecan (A;D; fraction) as standard. A simple assay was developed by
incubating at 37°C instead of two steps of incubation at 4°C and 37°C. In order to
remove non-specific binding, that gave a high false positve reaction in undiluted
human serum it was found necessary 1o dilute the human serum samples five folds
with 6% BSA (in TE buffer). The intra- and inter-assay was found to be £ % and 15
%, respectively. The recovery of epitope was 104 % when a known amount of
standard was added.

The assays developed using these two monoclonal antibodies [3B3{+) and
WF6] were used to investigate chondroitin sulphate epitopes in OA, RA and normal
serum (Table 2). Analysis of 3B3(+) epitope (Figure 2) showed that serum levels were
significantly higher in OA (80 + 38 ng/ml) and RA (164 + 135 ng/ml) than in normal
serum (14.41 + 14.15 ng/ml) (both p = 0.001). Analysis of WF6 epitope (Figure 3)
showed that it was significantly higher in OA (2,73 £ 2.63 ug/ml) than in normal
serum (1.18 + 0.81 pg/ml) (p = 0.012), :mﬂ it was also significantly higher in RA
serum (2.29 + 1.70 pgfml) (p = 0.006).

To determine whether the changes in level of the two CS epitopes were
correlated with each other, the concentration of the 3B3 (+) and WF6 epitopes were
Immpqnd in Iihclmdiﬂdl_m serum samples. There was, however, very little comrelation
{data not uhﬂ;wn]. suggesting that the levels of these CS epitupes varied independently

of each other.



vl ] :‘T!,‘%,-:':'I-' T
: : :-_1-; ::_j-__ b HE :

=

T ta ;
Py

49

A simple assay for determining HA in human serum was developed using
biotinylated HA-binding proteins, This method showed a high comrelation coefficient
;::-D.E]ndthﬂummmemiaﬂymmﬂahhki:meAWijmm Kit).
Using this ELISA based assay for quantitation of HA in human seram (Figure 4) it
was found that in the RA serum the mean HA concentration was significantly higher
than normal (p = 0.003), but there was no significant increase of HA in OA serum

samples (p = 0.720).



Discussion

The assay developed with 3B3 monoclonal antibody was applied to human
serum samples that were digested with chondroitinase ABC. This digested chondroitin
aquhﬂnnhﬂmandmﬁu:mmmmdmimlm,ﬂhismunglrmﬂdm
mmﬁmn:tmmim]m“smmmmqmdewhrmm
antibody 3B3°. However as 3B3 is an 1gM, it is most reactive o polyvalent antigens.
If the epitopes are on single chondroitin sulphate chains or oligosaccharides, or on
lasger, but monovalent antigens, they are poorly competitive in the assay". However,
if they are present on chondroitin sulphate proteoglycan fragments with several chains
attached and they form polyvalent antigens with many epitopes, they are strongly
competiuve in the assay. The 3B3 antibody also reacts with the corresponding
saturated terminal structure (without chondroitinase ABC digestion), but this epitope
is present infrequently in native chondroitin sulphate chains" and chandroitinase
ABC digestion increased the detectible epitope by 20-100 fold in serum samples
mnl};mdinﬂﬂamdylh:myﬂﬁh:uphupe,whhmdﬁmnmuhﬂn&mm
digestion, are distinguished by denoting them 3B3(+) and 3B3(-), respectively * . The
assay of 3B3 (+) epitope after digestion with chondroitinase ABC is therefore a
measure of all chondroitin sulphate-proteoglycans in serum that contain 6-sulphated
stuctures, but with & bias to polyvalent structures. The assay may reflect the clearance
from many tissues of chondroitin sulphate proteoglycans into the circulation.
Hnm,uwd:gmdaﬁﬁnmﬂmmybcmmﬂmﬂdymhc
polyvalent, the detection with 3B3(+) may selectively provide a measure of
catabolism in cantilaginous tissues, such as in the joint. The circulating level will be a
hlanuufu;ruﬂﬁnm: their release from the tissues, their uptake within the
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lymphatics and their removal from serum by the liver once they have entered the
circulation.
The analysis of HA in serum of patients with joini diseases has shown

increases particularly in those with RA™ and in patients with knee OA a higher value

at onset was predictive of a more rapid progression'?, In this study many RA patients

had high serum HA, but few OA patients. These results are thus compatible with
previous results amongst clinically defined patiemt groups. The higher levels in RA
may reflect the systemic inflammatory component of rheumatoid arthritis, which
causes. increased mobilisation of tissue HA and which is largely absent from
osteoarthritis. There was considerable vanation in serum HA amongst the RA
putients, which may reflect the extent of the disease in different patients, or the degree
of disease activity' and inflammation at the time the blood was sampled. The results
with the newly developed assay for serum hyaluronan were thus in agreement with
previous results’, which suggested that serum HA provides a measure of the
inflammatory component of joint diseases.

In view of the results with serum HA, it is interesting to compare them with
the results with the chondroitin sulphate epitopes. The 3B3(4) cpitope may provide a
measure of the mobilisation of tissue proteoglycans containing chondroitin 6-sulphate,
which imay parallel the release of HA. The results showed that indeed many RA serum
contained very high levels of 3B3(+) c.-prtnpu, suggesting that like HA, it may reflect
the systemic release of tissue chondroitin sulphate proteoglycans, However, there was
no significant correlation between serum HA and serum 3B3(+). They thus varied
independently of each other. The OA sera also contained levels of 3B3(+) epitope
ﬁpiﬁmﬂyﬁmmm,mﬁ&dmmmﬂmmmmm

IB3(+) epitope in serum may also be contributed to by a greater turnover of joint
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tissue chondroitin sulphate proteoglycans, such as aggrecan as note above. The native
chondroitin sulphate epitopes detected by monoclonal antibody WF6 were also raised
on average in RA serum and indeed the levels were significantly above normal.
However, the mean WF6 epitope was even more elevated in OA serum than RA
serum. This may reflect the increased expression of the WF6 epitope in OA, or its
preferential release into serum associated with OA. The investigation of another
chondroitin sulphate epitope (B46), which is suggested to reflect an increase in
synthesis, has been reported to be highest in serum of early RA patients with slow
disease progression'®. If an increase in WF6 epitope also reflects an anabolic
response, it may identify those patients with a better prognosis and distinguish them
from the group of OA and A patients with low serum WFo. The present results may
be contrasted with the assay of 3B3(-) in serum (i.e. without chondroitinase ARC
digestion), which showed levels lower than normal in early RA'” and in this study a
native chondroitin sulphate epitope detected by monoclonal antibody TD4** also
showed lower levels in serum in early RA.

Although the 3B3(+) and WF6 epitopes are assayed within the chondroitin-6-
sulphate oligosaccharide component, their concentrations in serum were not closely

correlated. So, the expression of the WF6 epitope in chondroitin sulphate varied

. independently of the detection of 3B3(+) afler chondroitinase ABC digestion. There

was also little correlation between either of the chondroitin sulphate epitopes and
hyaluronan in serum.

Whilst mean serum concentrations of 3B3{+) and WF6 epitopes were raised in
mmmmﬂmdimhﬁmnfhvdsﬁmdwmhrmmmﬂudndmym
mcmrmﬂmp.Th:ﬂmuﬁmnﬂeufdmhuyﬂmhndﬂuminﬂd It is possible that
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detailed longitudinal study,

The determination of the chondroitin sulphate epitopes 3B3(+) and WF6 in
wumnhnwinnmmin:mupsufhuﬂlﬂhmdkﬁpuﬁmmdﬂuymﬂﬂefmu
mwmm&wmmmnfﬁmm.mm
nfthﬁtmnkminﬂumﬁuufmmwuﬁnmmnhuHMnmﬁ
synthesized polysulphated polysaccharides and alternative medicinal treatment
(acupuncture) are under investigation.
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I & Legend to the Table and Figures :
I'..'". 3 Table 1, Details of the patients and normal subjects
1] I.i:
| B
L ~ Table 2. The concentration of hyaluronan, native chondroitin sulphate epitope, WF6

and unsaturated chondroitin sulphate epitope 3B3{(+) in human normal,
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osteoarthritis, and rheumatoid arthritis serum samples.

Figure 1. Characterization of mAb WF6,

Figure 2. The distnbuiion of the concentration of unsaturated chondroitin sulphate
epitope 3B3(+) in human normal, OA, and RA serum samples.

Figure 3. The distribution of the concentration of native chondroitin sulphate epitope
.I WF6 in human normal, OA, and RA serum samples,
| e
I-.. -E: 1,
I 1 Figure 4. The distnbution of the concentration of hyaluronan determined by ELISA
I
based assay using biotinylated HA-binding proteins in buman normal, OA,
I and RA serum samples.
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Table 1 Details of the patients and normal subjects

# .
a

o
e
-

LT

OAgr.  RAgm Mormal  Significant level
No. of patient (female/male)
HA 57 9% 20 NS
(45/8) (20/6) (13/7)
IB3(+) 40 31 . 20 NS
(30/10) (27/4) (137
WF6 49 56 20 NS
(38/11) (52/4) (13m
Age ()
" HA 63.1 49.6 60.3 NS
(42-74) (24-73) (41-75)
II 3B|3(+}” 63.0 52.3 60.3 NS
40-75)  (30-70)  (41-75)
WF6 632 504 603 NS
(42-82)  (30-75)  (41-79)

Values are mean (range). NS denotes no significant differences between the group.

(t-test, p > 0.05).
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unsaturated chondroitin sulphate [3B3(+) epitope] in serum samples of

l i normal, ostecarthritic, and rheumatoid arthritic patients.
B
I HA 3B3 (+) epitope WF6 epitope
. (ng/ml) - (ag/ml) (x19° ng/ml)
I:._ ' Mormal 130.09 + 82.53 14.41 + 14.15 1.18 + 0.81
l:. ¢ (20)° (20) (20)
7 Osteoarthritis 16030 + 135.66"  106.29 +112.87" 187+ 1.77°
[ - (57) (40) 49)
' Rheumatoid 20733+ 21848¢  10541412338°  1.56+1.30°
arthritis (96) (31) (56)

Significant value (compared to normal):

* = sample number
a; p=0.331, b; p= 0.004, ¢, p=0.088, d; p= 0.011, ¢; p=0.017, £ p= 0.214
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Figure3 Serum concentration of the WF6 epitope. Comparison of the value
obtained in normal human serum (n=20), osteoarthritic serum (n=40) and
rheumatoid arthritic serum (n=31). Boxes represent median and the
interquartile ‘range, between 25" and 75" quartile with error bars.

Statistically significant difference (p<0.05) relative to the median of the
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Abstract

Ovarian cancers have been reported to accumulate the extracellular matrix
components, chondroitin sulfate proteoglycans (CSPGs) and hyaluronan (HA),
associated with tumor growth and cell migration. In this study the presence of these
components in serum has been investigated as possible biomarkers of pathology in
ovarian cancer and disease. Serum CS epitope was determined by a competitive
immunoassay with two monoclonal antibodies (mAb), which recognize different
structures an CSPG. In serum a pative CS epitope was determined using a mAb,
WF6, and a CS epitope created by digestion with chondroitinase ABC was
dﬂtﬂm'mduingmﬂh,ﬂm‘inaddiﬁmﬂmmmmnwumuﬂnﬂby
an ELISA-based assay with a biotinylated affinity probe specific for HA. The resuits
showed that the concentration in serum of WF6 epitope and CS epitope (3B3+) were
highly increased in all types and stages of ovarian disease (p < 0.001). Serum HA of
ovarian cancer was significant higher than in normal (p<0.001). Furthermore, high
serum HA was associated with cancer of poor prognosis, clear cell and mixed type,
and with an advanced stage, but it was not increased in serum from patients with non-
cancer ovarian disorders. These results may reflect changes in ECM metabolism in
progressive ovarian cancer, which cause an increase in serum of CS epitopes and HA.
Therefore, serum CS epitopes may provide useful markers for cancers and other
disorders of the ovaries. The measures of serum HA are complementary and help

distinguish between ovarian cancer and other ovarian diseases.



Imiroduction
Dwmﬂmmhunmjmhmmmrmmmmmnfjsm

represents the fifth most common type of women's cancer and the second most

cmmfhn:hmpmduﬂiw:mru.mmghmnmﬁtymﬂfmmimmh
dn:mihunlinhﬂsympmnfﬂlisdimwhichmnﬁmwgu:mdmapmiﬂn
during its early stage and typically it goes undetected and untreated until an advanced
sr.ugu’.Iﬂﬂiﬂ]diﬂﬁ:almﬂmﬁunnfﬂ:mptumillimiudhynhcknuﬂywdlabh
Iabmumytsmmimagingmdﬂiﬁn,mE}muInMthi!muﬂlydmu
tumor development when it is at a late stage, when the risk of metastasis is already
high. Therefore, simple, cost-effective, specific and sensitivity methods are needed for
early diagnosis and monitoring of this disease. Early detection would enable better
clinical intervention and would significantly improve patient morbidity and mortality.

Various cell surface proieoglycans are important in cellular recognition and
aﬂnﬁmuThymymmmmndhuimhyhindingmumdhﬂarnuﬂxmmﬂs
or by forming direct ligand-receptors interactions between cells. Structurally, CS-PGs
consist of & core protein that modified depending upon the cell type and the core
protein, by the addition of either heparan sulfate (HS) or chondroitin sulfste (CS),
which are linear, anionic glycosaminoglycans (GAGs). They play several roles in the
normal physiology of animal tissues, regulating cell migration, cell recognition,
growth factor binding and tissue morphogenesis. HA, is a high molscular weight linear
polysaccharide, which is a ubiquitous component of extracellular matrix and cell
associated matrices in most body tissues. It is essential for growth and motility of
both normal and transformed cells. A family of large C5-PGs bind to HA forming
large supramolecular assemblies, which contribute to ECM properties. Animal studies
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have shown that HA is synthesized and tumed over in the body at the mate of about
15g/day *,

There are many published reports of elevated CS-PG levels in tumors, when
compared with the tissue in which they originate and attemnpts have been made to
establish a relationship between tumor glycosaminoglycans and umor-cell properties
=% Currently, there is evidence to show that CS-PGs are synthesized by the ovarian
carcinoma cells and are involved in cell-matrix adhesion to interstitial matrix °. In
addition, several malignant ovarian tumors are reported to accumulate HA, which may
relate to a possible role in the invasiveness of ovarian tumor cells '’, These
observation have led us 1o speculate that increased matabolism and clearance of these
matrix proteoglycans and HA in the circulation may provide potential markers for
these types of cancer.

There is a previous study reporting an elevated level of HA in urine and serum
correlated with advance cancer !'. There has also been a few previous investigations
on the detection of serum CS-PG epitopes and HA in ovarian cancer. HA
concentration in body fluids were determined by He, W., ef al. ', who reported an
elevated level of serum and urine HA in malignant compare with benign ovarian
turnors. In this study serum HA and CS epitopes have been investigated in patients
with ovarian cancer aml:l with non-cancer gyvnecological disorders. We have
established assays for the investigation of chondroitin sulfate epitopes with a novel
monoclonal antibody (WF6) which recognizes a native epitope in chondroitin 6-
sulfate and a well characterised monoclonal antibody 3B3, which recognizes
unsaturated terminal chondroitin 6-sulfate after chondroitinase ABC digestion
(3B3+)*M Serym HA was detected by an ELISA based assay with biotinylated

affinity probe a specific for HA.



Materials and Methods

Cell enlture and Antibodies Reagents., Hybridoma cells synthesizing mAb
WF#6, a mouse monoclonal antibody (IgM) raised against shark aggrecan, were grown
using a standard hybridoma technique as previously described ',

Serum samples. All subjects gave their informed consent before participation.
Blood from healthy women were collected from the Clinic of Gynocologist, Maharaj
Nakon, Chiang Mai Hospital (Department of Obstetrics and Gynecology, Faculty of
Medicine, Chiang Mai University, Thailand. Serum samples from healthy women
used in this study were collected from 30 women, average age 46.8 years (range 19-
70 years). Each healthy donor provided recent medical history and was subjecied 1o a
physical examination and were reported to be free from articular, bone, liver,
endocrine, or other chronic disorders.

Serum from patients with ovanan cancer (n= 37) and non cancer
gynecological disorders (n= 39) with average age 53.1 (range 18-85 years) and 41.5
years (range 12-70 years), respectively. Patients with ovarian cancer were classified
as having International Federation of Gynecology and Obstetrics stage 1, 1, T or IV
disease at the time of laboratory analysis and tumor reductive surgery as shown in
Table 2.

Treatment of human serum samples. Prior to competitive immunoassay
with menoclonal amibody 3B3, the samples were digested with chondroitinase ABC
{equal volume of 0.1 U/ml (in chondroitinase ABC buffer: 0.1M sodium acetate, Tris-
HCI, pH 7.3), incubated at 37°C for 16 h followed by heating at 100°C for 10 min.
The digested samples were spun in a microfuge for 10 min and the supernatants were
collected and subjected 1o analysis.
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A competitive immunoassay technique vsing monoclonal antibody 383, A
quantitative ELISA was modified from an assay in synovial fluid'® for the epitopes
recognized by monoclonal antibody 3B3. The standard used was porcine aggrecan
core protein (chondroitinase ABC-digested porcine laryngeal cartilage aggrecan) at
various concentrations (4 - 2,000 ng/ml) in TE buffer (0.1M Tris HCI, pH 7.4, 0.15M
sodium chloride, 0.1% Tween 20 and 0.1% BSA) and supernatants from
chondroitinase ABC digested human serum samples were added to the 1.5 ml plastic
tubes containing an equal volume of monoclonal antibody 3B3 (1:10,000 dilution in
TE buffer), Samples were incubated at 37°C for 1 h, added to the microplate coated
with porcine aggrecan core protein and blocked with 1%BSA, incubated at 37°C fora
further |h. The wells were washed and peroxidase conjugated anti-mouse IgM
antibody was added (100 plwell of 1:1,000 dilution in TE bufier) and incubated at
37°C for a further 1 h. The bound conjugate was detected by adding of 0-PD substrate
(100 pliwell in citrate buffer, pH 5.0). The reaction was stopped with 50 pliwell of
4M sulfuric acid and the absorbance was determined using a microplate reader at
492/690nm. The concentration of 3B3(+) cpitope in supernatant samples was
calculated from the standard curve.

A competitive immunoassay using monoclonal antibody WFe. A
quantitative ELISA was modified from a previous study " for the epitopes recognized
by monoclonal antibody WF6. The standard used was shark cartilage aggrecan (AD;
fraction) at concentrations 19-10,000 ng/ml in 6% BSA in TE buffer. Diluted haman
serum samples (1:5 in 6% BSA-TE) were added to 1.5 mi plastic tubes containing an
equal volume of WF6 (cell culture supernantant, 1:200 dilution in TE buffer). They
were incubated at 37°C for 1 h, and then added to the microttre plate, which was
previously coated with shark aggrecan (A, fraction), and blocked with BSA. The
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plates were incubated at 37°C for | h. and the wells were then washed and peroxidase
conjugated anti-mouse IgM antibody (1:2,000) was added (100 pl/well; in TE buffer),
The plate was incubated at 37°C for another 1 h. The detection of conjugate antibody
with o-PD substrate and plate reading was carried out as described above. The
concentration of WF6 epitope in samples was calculated from the standard curve.

An ELISA based assay for HA using biotinylated HA-binding proteins. Human
serum samples, nrﬂaﬁuﬂﬂamnlm“]nvuimnwum{lg—lﬁ,ﬂﬂﬂ ng/ml
in 6% BSA-PBS pH 7.4), were added 1o 1.5 ml plastic tubes containing biotinylated
HA-binding proteins (1:200 in 0.05M Tris-HC] buffer, pH 8.6). The tubes were
incubated at room temperature for 1 h. and then samples were added 1o the
microplate, which was previously coated with umbilical cord HA (100 pliwell of 10
pg/ml}) and blocked with 1% BSA (150 pl/well) and the plate was incubated at room
temperature | h. The wells then were washed and peroxidase conjugated anti-biotin
antibody (1:2000 dilution), 100 pL/well in PBS was added. The plate was incubated
at room iemperature for a further | h. The detection of conjugated antibody was with
o-PD substrate and plate reading was camied out as described above. The
concentration of HA in samples was calculated from the standard curve.

Statistical amnalysis. Quantitation was achieved by reference 10 a standard
curve, using the DeltaSoft 11 software. The concentrations of the serum components in
the samples were determined by using the absorbance values falling between 40-30%
inhibition of the standard curve. The ELISA data were analyzed using the statistical
program SPSS 11.0.

The Marm-Whitney U-test was used for comparison of different serum
components. In all cases, p values less than 0.05 were considered significant. All
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results compared are from assays performed at the same time and carried out at least
in triplicate.
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Resu'ts
Ovarian cancer and ovarian disorder patients have higher serum CS epitopes

We have investigated CS epitopes; both native (WF6) and unsaturated (3B3+)
in serum samples from a group of healthy women (normal), patients with ovarian
cancer and from a further group of similar age with non-cancerous gynecological
disorders. (Figure 1, Table 3) The serum concentration of WF6 epitope in healthy
women was 106.1 + 122.5 ng/ml. In contrast, patients with ovarian cancer and non-
cancerous gynecological disorders, the serum levels were much higher, 11389 +
645.6 ng/ml and 1674.7 + 1269.8 ng/ml respectively. For 3B3+ epitope the serum
concentrations were also increased from 51.4 + 77.8 ng/ml 10 648.3 + 1547.3 ng/ml in
ovarian cancer patients and to 405.2 + 673.4 ng/ml in non-cancerous gynecological
disorders. These results indicated that serum WF6 and 3B3+ epitopes were markedly
increase in ovarian cancer pateints and non-cancer ovarian disorders. In each case the
difference was highly significant when compared to healthy serum.
Serum HA level was markedly elevated in ovarian cancer patients

Serum HA was determined using a biotinylated affinity probe specific for HA
ina ELISA-based assay. Results showed that serum HA of ovarian cancer patients
(933.5 + 1368.9 ng/ml) was markedly elevated (-8 fold, p= 0.001)) above normal
(118.5 * 89.1 ng/mi), (Figure 1, Table 3). In non-cancerous gynecological disorders
serum HA (104.1 + 137.9 ng/ml) was much lower than in ovarian cancer patients , (p
< 0.05) and was not significant higher than normal. The results were analysed further
based on the histological characterisation of the cancer in order 1o establish if high
levels of the CS epitopes and HA were distinctive for particular forms, However, the
serum CS epitopes, both WE6 and 3B3+ and HA were significant higher in all types

of ovarian cancer,
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Serum HA in epithelinl ovarian cancer was correlated with poor prognosis.
Epithelial ovarian cancer (EOC) represents the most common type of ovarian
cancer. Based on histological grading of EOC (see table 2), we found that serum CS
epitopes, both WF6 and 3B3+ gave high level in all types of EOC compare to healthy
normal serum (Figure 3, Table 5). The highest average serum HA was also associated

with EOC of poor prognostic types, particularly in clear cell and mixed cell types.

High Serum HA was associated with advanced ovarian cancer.

In a prospective study of 36 patients with ovarian cancer of Intemational
Federation of Gynecology and Obstetric (FIGO) Stage 1-IV, we categorized stage | as
carly disease (n= 19) and stage [l and IV as late disease (n = 15). There was no
difference between the concentration of serum CS epitopes in carly and late disease
although both groups were significant higher than normal. In contrast, the average
serum HA was higher in the late stage of ovarian cancer compared to the early stage

group (Figure 5, Table 7).
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Discussion

Ovarian cancer is the most common female reproductive cancer and leads 1o
mumdnﬂthsdmmrm“mmnflh:fmﬂuqmdmﬁwwm.[umm
murtnlityismd:mm:brlﬂ:diammﬁnmhismm:dimiucﬁnimﬂy
sﬂuﬂiﬂﬂmmﬂyﬂﬂguud:ﬂﬂﬂmmmlyappurlﬂ:hﬂmdiﬂﬂtmu.nm
isﬂmﬂummimpmﬁﬂnudfnthrrpm?edMMfwcuiydimmmr
monitoring subsequent therapy and for predicting outcome. Ovarian cancer is
classified as a solid neoplasm, which depends on an extracellular matrix for physical
coherence and biochemical support and also requires vascular channels 7, Dynamic
tumover of the matrix is involved in the processes of tissue invasion and metastasis.
The changes in GAG metaholism of the matrix is therfore likely to reflect essential
aspects of tumor biology '%.

Many previous studies have described ECM markers in ovarian cancer tissue
with synthesis and accumulated of CS-PG ” and HA '"* for mediating cell adhesion,
cell motility and metastasis. In contrast, there are few reports describing these
components in the circulation (or bodily fluids) for possible use as a biomarkers 2!,
The present study we investigated serum (GA(Gs as biomarkers in patients with avarian
cancer and non-cancer gynecological disorders. The initial results showed elevated
level of two serum CS epitopes (native and unsaturated CS structures) in both cancer
and non-cancer gynecological disorder patients. The accumulation of CS-PG
especially chondroitin 6-sulfate proteoglycan, may be synthesized by the tumor cells
themselves and may be correlated with previous immunohistochemical localisation
with mAb 3B3 of extracellular matrix of ovarian cancer tumors %, CS-PGs have been
identified on tumor cell surface and have been suggested to promote tumor invasion

by reducing interaction of cells with the interstitial extracellular matrices 2°, whilst
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pmﬂﬁqmmbmwmmmhmfmmmhumpm,th:degmhﬁnnnf
GAG:mhuvmimmhmaaﬂlahdemﬂSmwmmwufull
surfaces PGs involved in mediating cell adhesion °. cell motility and invasion '
Uvminnmﬂuﬁ:lhmﬁkalrhheﬁgmﬁmﬂmudmmdﬂﬁ-?&mdm
contribute directly to elevated level of CS epitopes in serum.

Ovarian cancer cells and several other human cancer tissues have been shown
mwmﬂmnhghlwﬂuf%wﬂ:hmnhmﬂmdn&mmndhmr
pmgmuim”.HAlncummmmnyﬂmuf&thmmmllsmpmtmﬁnulﬂhm
mmmmmmmcmmmmmmmumm
lewhwmﬁglﬁﬁcmﬂyﬂwmndinnwﬁmmuwpaﬁmmandthninmm
mﬂuﬂwﬂhﬂwmnluimmdﬂnngmm’?mnfﬂuem.mg finding is
comparable to previous reports of elevated level of HA in urine and serum correlated
wid'nl.‘-u:w"‘n.Themﬂmuhnhlemnfimmamﬂnismmiuh}rth:
tumor cell and local tissue cells in response to tumor invasion®* | In this context it is
imﬂmiullhuinmﬂﬁudinpumexprua&mufthchﬁlmsmﬂuugm
tranfected into cancer cells enhanced their anchorage-independent  growth,
fumorigenicity and metastatic potential %577,

lumnn]uﬁmﬂ:is:tudyism:ﬁmrﬂpnnnfsmmﬂﬂepimpmmdﬂﬁh
patients with ovarian cancers and non-cancer ovarian disease, Serum analysis of C8
epitopes and HA demonstrated that patients with ovarian cancer have elevated level of
Hﬁmdﬂﬂepimpmumdtmd“dmﬁnﬂmﬁ:ﬂfmmdmg: of cancer. In
addiﬁun,ﬂmmﬂﬂmunﬂnﬂ&ntﬂmrudmﬂ!melwuﬂdmﬂﬁep&hpﬁmdm
level may provide minmiwmuthndsfﬂrlhcdiagmsiamdpmgmsisiupnﬁmn
with ovarian cancer and other gynecological disorders.
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Table 1 Data of the study population

Statistic Control ~ Ovarian cancer  gynecological disorder
with non cancer
(N=30) (N=37) (N=39)
Patient age Mean 468 +164 531+150 41.5+13.5
Range 19-70 18-85 12-70
Percentage 28 35 37




Table 2 Clinicopathological characterization of the subjects

Variable n Percentage
Group
[Normal 30 28
{Ovarian cancer 37 35
(Non ovarian cancer 39 37
Type of ovarian cancer
Epithelial 31 84
Germ cell 3 B
Metastatic type 3 B
Epithelial Tumor
Serous cystadenoma 8 26
Mucious cystadenoma 14 45
Endometrioid cell 1 3
Clear cell 3 10
Mixed type 5 16
Stage

Early stage 19 56
(FIGO Stage I)

Late stage 15 44
(FIGO Stage [I+IV)

Type of non-ovarian cancer

Benign cystadenoma I 26
Dermoid cell 8 20
Endometrioma 4 10
Myoma uteri 12 3
etc. 5 13
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Table 3 Analysis of biomarkers for healthy, patients with ovarian cancer and
gynecological disorder with non-cancer.

HA WF6 IBYN+)

(ng/mi) (ag/mi) (ng/mi)
Normal (»=30) 1185+ 89,1 106.1 + 122.5 514+778
(median) 943 633 29.3
Ovarian cancer {n=37) 033.5+ 1368.9* 1138.9 + p45.6%* 648.3 + 1547 3
{median} 268.1 1024.1 2234
non-Ovarian cancer (=39) 104.1 + 137.0* 16747 + 1 269.8** 405.2 + 673 .4+
(median) 31.08 1468.2 197.4
Significant value (compare to normal)

*p< 0,05, **p <0.001
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Table 4 Analysis of biomarkers for healthy and patients with ovarian cancer.

HA WF6 3B3(H)

(ng/mi) (ng/ml) (ng/ml)
Normal (n=30} 1185+ 89.1 106.1 + 122.5 514+ 778
(range) (20.6-360.8) (4.4-627.8) (3.9-416.0)
Epithelial cell type (n=31) 986.8 + 1465.5* 1157.0 + 638.9** 6143 + 1603.0**
(range) (3.12-5087.9)  (142.1-2668.2)  (24.1-8977.3)
Germ cell type (n=3) 7078+ 7628  1280.4 + 884.5%  1229.7 + 1940.3¢
(range) (3.12-1521.1)  (552.3-2264.7)  (72.4-3470.3)
Metastatic type (n=3) SO82+808.8  BI1.0+637.4* 6483 +419.5%
(range) (62.4-1528.6)  (237.3-1497.1)  (135.9-899.9)

Significant value (compare to normal)
*p<0.05,**p <0.00]



Table § Analysis of biomarkers for healthy and epithelial ovarian cancer patients

HA WF& IRM+H)

{ng/mi) (ng/mi) (ngml)
Normal (n=30) 1185 + 89.1 106.1 +122.5 514+778
{range) {20.6-360.8) (4.4-627.9) (3.9-416.0)
Serons type (n=8) 386.8 £ 4694 1061.9 £ 701.5** 262.8 + 171.9%
(range) (26.9-1290.7) (273.2-2477.3) (123.3-607.4)
Mucinous type (n=14) B27.7+ 15196 11728 + 469 5%+ 9142 + 2331 64+
{range) (3.12-5087.9) (552.3-2264.7) (24.1-8977.3)
Endometrivid cell (n=1) 334 510.2 1843
(range}
Clear cell {n=3) IT30.7 £ 12726 11438 + 1337.8* 417.5 + 419.5*
{range) (464.3-3009.5) (369.6-2688.2) (94.2-262.7)
Mized type (n=5) 21258 +2087.3*  1402.7 + 625.1%* 695.1 + 8825
(range) (254.9-4887.9) (700.6-1996.2) (140.9-2261.7)
Sigrificant value {compare to normal)

*p<0.05, **p < 0.00]




Table 6 Analysis of biomarkers for healthy and gyncological disorder (non-cancer)

patients .
HA WF6 3B3(+)

{ng/ml) (ng/ml) (mg/ml)
Normsl (n=30) 118.5+ 89.1 106,1 + 1225 5144778
{range) (20.6-360.8) (4.4-627.8) (3.9-416.0)
Cystadenoms (n=10) 1160+ 1178 2050.7+2037.3%*  307.1 +342.5%
{range) (3.1-284.3) (367.9-7030.3) (39.2-1232.3)
Dermold cyst (a=8) 65.1+135.1 10754 + 700.1**  1045.0 + 1331.9*
{range) (3.1-396.1) (292.8-2312.8) (8.9-3509.3)
Endometrioma (n=4) 181.4 £ 1708 21484 + |0684% 4279 +487.2°
(range) (3.1-412.2) (1245.5 - 3667.9) (95.0-T27.0)
Myoma uterd (n=12) 1000 + 154.0 1805.7 + B96.5%%  |87.0+ 112.9%*
(range) (3.1-507.3) (511.1-3022.6) (14.3-458.8)
others (n=5) 118.5+909 1187.9 & 284.6** 162.8 + 43.5%
(range) (3.1-67.5) (366.8-1491.1) (124.8-224.3)
Significant value {compare to normal)
*p<0.05, **p < 0.001
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Table 7 Analysis of biomarkers for healthy, patients with early and late stage of

OVArian cancer
HA WFeé IB3(+)

(ng/mi) (ng/mi) (ng/ml)
Normal (n=30) 118.5+89.1 106.1 +122.5 514+778
(range) (20.6-360.8) (4.4-627.8) (3.9-416.0)
Early stage; | (n=19) 303.7 + 8194% 12196 +643.1** 8784 +2105.3%*
(range) (3.12-3505.7) (142.1-2688.2) (24.1-8977.3)
Late stage; ITl - IV (n=15) 1544.9 + 1285.3** [102.4 £ 670.5** 402.9 + 533.4%+
(range) (36.5-5087.9)  (237.3-2477.3)  (94.2-2261.7)

Significant value (compare to nornmal)
*p <005, **p <0.00]
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Fignre 1 Serum concentration of the biomarkers. Comparison of the value obtained
fromm healthy women (pn=30), patients with ovarien cancer (0=37) and
patients with gynecological disorder with non-ovarian cancer (r=39). Boxes
represent median and the interquartile range, between 25 ™ and 75® quartile
with error bars. Statistically significant difference (p<0.05 and p<0.001
shown with an asterisk and double asterisks, respectively) relative to the
median of the healthy women.
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Figure 2 Serum concentration of the biomarkers. Comparison of the value obtained
from healthy women (n=30), patients with ovarian cancer: Epithelial type
(r=31), germ cell type (n=3) and metastasis Eq:n: (n=3). Boxes represent
median and the interquartile range, between 25 ™ and 75 quartile with error
bars. Statistically significant difference (p<0.05 and p<0.001 shown with an
asterisk and double asterisks, respectively) relative to the median of the
healthy women.
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Figure 3 Serum concentration of the biomarkers. Comparison of the value obtained
from healthy women (n=30), patients with epithelial ovarian cancer: serous
cystadenoma (n=8), mucinous cystadenoma (n=14), clear cell (n=3) and
mdw&n%}.ﬁmmmmimmddnhtﬂquﬂhm
between 25  and 75" quartile with error bars. Statistically significant
difference (p<0.05 and p<0.001 shown with an asterisk and double asterisks,
respectively) relative to the median of the healthy women.
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Figure 4 Serum concentration of the biomarkers. Comparison of the value obtained
from healthy women (n=30), patients with gynecological disorder with non-
ovarian cancer: benigh cystadenoma (p=10), deromid cell (n=8),
endometrioma (n=4), myoma uteri (n=12) and others (n=5). Boxes represent
mﬁdiannndthnhnetqumﬂcmnﬂe.h:munls“mﬂ?i"qumﬁl:“ﬂhmr
bars. Statistically significant difference (p<0.05 and p<0.001 shown with an
asterisk and double asterisks, respectively) relative to the median of the
healthy women.
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Figure 5 Serum concentration of the biomarkers, Comparison of the value obtained
from healthy women (n=30), early stage; stage | (= 19) and late stage; stage
M-IV (p=15), Boxes represent median and the interquartile range, between
25 ™ and 75™ quartile with error bars. Statistically significant difference
(p0.05 and p<0.001 shown with an asterisk and double asterisks,
respectively) relative to the median of the healthy women.
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Tindoniinidennanlsndoiiloy  (osteoarthrosis) uoz lsnfidmmhmevesnsegneey
(cartilage destruction) Uuiiluilgwimedmmeagylsnils iesn Sl efudun
unzithimmmidfguosmaggiomadang unzimsugfn

Tsndioiiow ( Osteoarthritis (OA) ) li'!u'Imi'uﬁnumnﬁn11i1nmwm:gnduumu1uin
(articular cantilage) (i Tapfiny 1‘ﬁtll.‘l'ﬁ.{[ﬂ wud hesszyinshifiownnnds 755 nh 6o % veidy
Tsnii oo Tsndordautsinrumisa urtnenyiluvasiduTsneziinsnAnaag
voanszgnEBunaznIzgn 1ANTEQNEBY (subchandral bone) WASIBBYRD (synovial membrane) WTE
futinvealsnseiiWnszgnoenludeidly lingufonmmumuninusinssimouen i
At uasA TS nuvesde

eudiednimy ( rheamatoid arthritis (RA) ) dhunshaomuiy (progressive destruction)
veanzzgnasunuRmiuldeoy  didvlnsinsfnvaunsinagninmevssmmm-
Tungn  (macromolecule)  Fufluvsftliznouveinszgndon  Tnonausnsenvealilsilelofin
(proteclytic cleavage) |m=ﬂ11-.15111'?'m1mu'n‘Iumqmmiﬂfuqnﬂriuuanﬂunjﬁﬂmiu (synovial
fluid) Taowuilmaiimovosiamihinszgnesuysadonio (articular cartilage surface) unenszansdoy
Facrnsaivers Wennmdieony-sd vordefieifamiivemnirgneeuy (carilage surface) iinx
aaurianszqneeu (cartilage matrix) win'll uii'qqmﬁirnuuﬁumﬁﬁﬂwﬁrﬂu&imm
unsfinduiiuvoslsnTihnnufa fafunniiiinsetehfimunsofiosarivmouds um Taann
TamawizTus@lendouny (proteoglyean) o misBufidusadlsznsuvenszgndouvedosin
(articular cartilage) figmldsossnnluszozusn 4 vosmsduiiulon dounedhutszTomflunm
Tiedn rneasuemnsofvsAamumsduiiy veslanlussoze o 14

ilvpiuds hifinndsdefiiwmedulsndadon  uinsanviamifnusesliile
nfouny nnetud e TusATendonn  TaeimzndeTnniTundouny (glyeosaminoglycan)
annsoi 1A Taedimagifuiu TnoldTuTuTnoues weudvedifomnioiuRetefmefuiy
drvesTlsA Tonfounumnsmsfidhuosiilizneuvsanszgndon Sovhiinmoyiia Tullagi
TafimandnunsirnngifuiuluTuTnouen (monosclonal antibodies) Tumansanda wosumu
Fid (keratan sulfate) 1hiIng, AourseoRu Faiia (chondroitin sulfate) &7 Tml, Taorg Tsuuu
(hyaluronan:HA) unzaeisma ¥ 1ifuiu Tululaauen uaelUsAuifen®uy (binding proteins)
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fiflwdnmamuReafuTemsinreyisuy Tusefund 1B TafEe ( enzyme-linked immunosorbent
assay (ELISA) )
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1. mandraddeuialah fedaluTulsouss uBuAUDAINE neuRTOUIY 6-Samin

mskdaluTulnousa uouRvedinensunsooiu s-Famin vilnofiany Babic Aae
T Tondounu mmnmqwi"liﬁnm*gnauuﬂmnnma 180U (embryonic shark cartilage
proteoglycans) nnuummnﬁwmmun'lﬁi’hmmm]‘u unzAsIvroufrIiinndas
uoufuedd denountesAu  Sadn  TilsE lenAouau wideuiusnduzavia s lash
(myeloma, X63-Agg.653) lufasidou 5 -1 mnﬂumnnﬂﬂ:ﬁuﬂunmmﬁmﬂﬁ 1sTo
iy {Hypanndum} oxiiuenmeiu (Aminopierine), unznilu (Thymine) ufiy Byl
WAREABY (culture supernatant} NWITOMT (screen) INOU (clone) AndisusuRueiids
nounsooAy 6-doiin TneiEeuladn 8lad Gndiecr ELISA) Taon114 nounsesdy 6-$nivn
dludmseany H‘%'mﬂuuuuilwﬁmEwinuﬁuumnmmnmmﬁmmﬁﬂ11¥‘Hnu1m1rnnﬁ
namey Suhivadion"a lmhfedluemmfousndifumiWihuwnd@or Tnonsshnsiess
uuuhnn Qimiting dilution) five¥ W AmnatidfnuuzihluTulnoy (monockone) iSonnguves
wodii wre Taemuhidhuriia IgM, eeumihh (Kappa-light chain)
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TuluTnouon  usuRus@dR 1ddinaneeszeglupives usuRuBRGNOUPRAFUEL
lan] (enzyme conjugated antibody), Tulod TunmueuRusfd (iotinylated antibody), wg Terymmnd
WBUAVBAS (fluorescence antibody), UOURLBAITIARSD INAWEVIALITURTIH (radicactive labelled
antibody), UBURUBAFIARRAINAIMEY (gold labelled antibody) un:i"un"'m'lmhum}uwa
ueuAvoRENGImegEmTAR IOz 1 Fudmeoul8nms 18t lad wiemsmiidauon

2. winluiuinousa usviveddds nounisofv s-damalugthintos ( ascitic Muid) uo =
snuAnuvedThing iy {serum free-medium )

maninluTuTnouen ueuAueRiviin wrs VSinannnmunson 18 Trenniaadyis
wF6 # 1Asnnsmanluds | Wl ludnaleany Batbe  THnfsdaemawimny (pristane)
duu 0.5 wo, Aeumfdizina | Fan iniurlseni 2 dlan wrzifaniTeany (ascitic
fuid) FaveTuonAuoRsae aounseoiu 6-Famnogituinimunn

dnminnluensRsundi UGSy (serum free medium) mATONIA REAITT
w0 WF6 TiRtaluennmBousndid 10% i?uuuiuﬂummﬁmﬂ?mmi?ummEa 5% 1%
0% 441uunminﬁuﬁrﬂnﬁmuunmmwﬂiﬁimmﬁm?uufuufn‘lﬁlﬂuummfmnnﬁﬁ
TidnafidfuTamame sl Renmfoarndi sy uiluendusadidess Suamnse
asreinnmutiA 1A

3. mAmnguonifives lululaouse ueviivsddyiia wrs Tno3% 8lavh (ELISA)

3.1 foumen (Maxisarp, Nunc) A28 TU3A Tandouny (frction Al, aggregate form of
shark proteaglycans) T1nnazgnenuann iy unsfinyedae 1% BSA

32 WiouuBIHINLEUSY (inhibition mixture) fitlznoulifae Tululnnuen usudueds
wiin WF6 unzmsfidosmantasindiiom niedpanIasenmueuiRniawdy
dudn 9 fu haBnwsfoidu Tunesrnminin siminildeudt 37 % dhaan |
L,

33 !h'.m-mm.u?:'uu:ﬁn'iuu'ﬁli'ummnnﬂmﬁuuhuﬁiuﬂw11]1i'[nnﬁmu Al vB4
Annan (shark Al-fraction proteoglycans) B i toud 37°% una 1w,
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34 Samomdomhndraman  (PBS-Tween)  $TuTumhunia ud AR IoUBUR-IgM
uuuiuaﬁ-lmﬂuﬁnuugmﬁ'mﬂui'uuﬂimn (peroxidase conjugated anti-mouse [gh
antibody) ufinirTleui 37 'y dhuaet 1 v,

15 ﬁ'ulnnnﬂﬁmfmﬁmnmﬂwmmnf*q udnAudoFumnTn ToRA (OPD substrate)

5 nnduis i ufidadszna 15 wi T odensadodindudy 4 Tudr uda
il nsganfuursil 4927620 wlumms Taelgmdoss i luTasonam (microplate
reader)

3.6 Wminganfunmivsaudnsdrediandeniunududuveifasdiantoms
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vimounsetiy s-ame inTousinnazqnesuainnnaminisseed ol Te)
0l nBUATANAIE (chondritinase ABC) auihudulviifesdnmsneunineiy
-dniln nonifluriou q Falifnvuesdiuviou q vsamreneunsesiu Fanta Tedln
wgamlsd TasszTnlmofwnilddsnuuzdhiuszdfmmoeanfuum18f 232

ui sy

vhiewnniag v nnidooneuRooRy 6-Fama Radulviiolid nounsee O
yhinsuon Ine1Emaiiamalann Tansniidoienyiin Bio-Gel P6 il W iAo
2

Wundmwdnuuzvenifuon B Taousnanminn  Semnmsodaiiu 1y
10 gy udainis 10 :hu'ﬁmﬁflﬂnﬁuiu_|_tﬁf'inn11umu1:nﬂ|=ﬁ1llﬁﬁ:'m1ﬁu
Tululnouen uouduedd wes TrevinvuRoufeuduiidne st Inusam i
daulaidminl§isen ki wre umtfm#ﬂﬂﬁim'lﬁfu i ThumToosadiu
pinls Tasimisdnnuonfunevemnsaylaln (oronic acid) vsauABz AN
Ui 14 50 % w3oondn 1050 (Inhibition concentration at 50%) i’m:m‘lﬂu;dﬁ 3
Fmuhdfidunounseoiu Farln TodTruramlsd Afirnmeinifinifed
Wu Sudnd 1 - s Suindt 6 § mahivosnuErvesnhnima 812 1w

{octasaccharides ~ dodecasaccharides)
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van-exchange chromatography) Tavl$indo4 FPLC uns Maono-Q ﬂuﬁuﬂﬂmf[nﬂnrl"r'l
Tae ¥R ummes Tnion (lithiom percholate) (Tuimmeiindecie1aTod Tnusnm 1sd

canwmnmedu i 1T AR Mg 4

ewnRamInAnes nuhdsosemousd revaTeodu sama  Iivundnaadiulediln

uwnnt 1A Taons iy Teliedld aoursoofug ousousnteTed Tnusmat lsaniviama 4
18 Taoms 1neduniTann Tnns vinilnaeiia Bio-Gel P6 (BioGel P-6 Solumn chromalography)

uazdistiieudassnduon Wi Wiigniselaens Wmntinms FPLC TasanTansmist
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unnszy (ion-exchange FPLC chromatography) o118 oA Tnuwam 13 ﬂiqmiﬂﬁﬁm"lﬁ‘
fulululnoues uewdvedd wrs Wildnawd Tululrouen ueuRushd WF6 o
UfitorIRiunounovay e-dnoda Tof Tnuwnmlsd 131 unzihendnucivespimunimiumg
FFoirn (sulfatation pattern) ¥paeeTod Inuwnn11ad dalAuema1ilugifuen 18 Tao Mono-Q FPLC
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mennmaaivoutiode {histology staining) Frufesudumimsfion
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BBNTIAT (peroxidase conjugated anti-Tgh)
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The memorandum of understanding for patent application in Thailand
of monoclonal antibody WFG

It Is acknowledged that those named below are co-discoverers of the monoclonal antibody
WFB and have confributed to its characterization, As 2 result thoss named have cwnership
rights in the intellactual property protectsd by the patent application. By signing this
documeant, those named are agreeing that the Thalland Research Fund (TRF) and lis
represantative can fila the patent application in Thailand.

Wf?.. . fﬁd..:?L__

{(Prachya Konglawelart, Timothy E Hardingham,
Chiang Mai University, Thailand) Victoria University of Manchester, UK)

jﬂ .
fp S
| -
—_—

l(tl P

{Kazuyuld Sugshara,
Koba Pharmaceutical University,

Japan})

Eotvacrn-cer, Fo
{Peraphan Pothacharoan,

Chiang Mai University, Thailand)

(Siriwan Ong-chai,
Chiang Mai University, Thalland)

e
ﬂa{f

o

LY
{Natthachai Teingburanathum
Chiang Mal University, Thalland)
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Patent 11:
United Kingdom Patent Application, Date : August 18, 2004, Title : Antibody




MARKS & CLERK ' e e 6-66 riv fons

Intellectual Property Eﬂp@mdem“;:r: Aomeps  CB2 1LA
Establizhad 1887 Tel +44{0) 1223 245520
Fax: +44 (0)1223 365560
Emaill: cambiidge & mafs-cari s
hitpifwes. marks-clark, com
Dr Prachya Kongtawelert
of BioChemistry
Faculty of Medicine —
Chiang Mai University P e GOW/ss/GBP290245
Chiang Mai
Thailand 50200 your reference
dute 18% August 2004
Dear Prachya
RE: New United Kingdom Patent Application

[ﬂﬂlmﬂf“ENlﬂﬂﬂilmCﬂmﬂlﬂfw

Further to our previons discussions, | confirm that we have now filed a Patent Application for
invention relating to the WF 6 Antibody against Chondroitin Sulfate with the UK Patent

your
Office, The Application should receive the filing date of 18 August 2004, We will not
receive the Filing Receipt for another week or two, but we will forward this to you as soon as

we can.

Y ours sincerely
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M&C Folio: GBP290245

FIELD OF THE INVENTION

Th:p:ﬂemimenﬂunmlﬂtﬂmmmﬁbcdynndmm:ﬂm&:fmmmt
mﬁbndy.hmmnftheinmnimumrehmmdiagmaﬁcmﬂnda,uﬂﬁm,md
pharmaceutical compositions using the antibody. More particularly, the antibody of the
present invention is an antibody to chondroitin sulfate.

BACKGROUND TO THE INVENTION

Juhlﬂmmmxﬂﬁngﬁmnuﬂmﬂﬁﬁamdumuﬁmﬂhhﬂgguﬂm
mcﬁnnnfmﬂngcmmmunfmminmdmlmndmhemnﬁdnﬁdu
major health problems (1, 2).

Ustmmh:iﬁsmuhsfmth:d:m‘idmimnfnﬁcm-mﬁlm It is estimated
thmupmﬁﬂﬁiafﬂ::pupmﬁmqndnwr?ﬁrwsﬂidmﬂ'uﬁ'mnthiadimﬂ}.m
lﬁlcauseofmtmﬂrﬂuitiaisﬂiumkmnnhnmmempnmmmﬁmﬂmwhﬂeﬂﬁn
Mﬁ%lmmammmmwmw
snm:ch&ngﬂﬂ.ﬂmpaﬂmgmﬁinﬂfﬂﬂ:dimmduﬂf&cmdwﬁ]m:hhm
resistance (o outer impact and also the clasticity and smoothness of the joint.

Whﬂerh:mnﬂmidadhﬁtisisnpmgrtssiveﬂmuu:ﬁmﬂfthucuﬁhgcﬁmﬂwm
mtmanhﬁﬁs(ﬂthaﬁmﬂmﬂ‘mingﬁmnrhﬂmmmmhiﬁsmmmma
tearing and destruction of macromolecules which are major components of cartilage by
pmmulyﬁ:clenvngc;ﬂtedngmdminnpmdmmmﬂwnmlﬂmdmhmm
The degradation of the surface of articular cartilage and cartilage thickness can be
assessed by x-ray diagmsimfﬂrufﬁmtudjuinu,hrtﬂ:iswiﬂml}rh:uppumaﬂﬂa
luugpnﬁudnfﬂ:ﬁedim.whichmuﬂmhemlﬂ:ﬁrummﬂ.i}.

Provision nfmnlmlﬁ?ediagumﬁcumﬁ:ruﬂniﬁnmﬂuroﬂuunihm
dmhﬂmmﬂdmmubmﬁnimmnﬁm.hwﬁaﬂmdﬂmﬁmnf
cnﬁjag:d:gmdaﬁmpmdumJMHMViﬂﬂ:ﬁdmemainhth:dnﬂmmnuf




146

diagnostic tests which allow disgnosis at an early stage. Such a test may also assist in
monitoring the disease and as a prognosis marker at the different stage of the diseases.

There is an existing test for diagnosis of degenemmtive joint diseases (6).
Quantitation of proteoglycans and their fragments, especially glycosaminoglycans, can
be done by an immunoassay using specific monoclonal antibodies to the proteoglycan
fragments and other biochemical markers in the cartilage. Monoclonal antibodies have
been produced against proteoglycan fragments such as anti-keratan sulfite peptides
(KS-peptides) (7), chondroitin sulfate epitopes (CS-epitope) (8, 9), and hyaluronan
(HA) (10). Using these antibodies and binding proteins in immunoassays, especially,
ELISA-based techniques, can allow a quantitative test of these biomolecules to be
performed.

Furthermore, certain types of cancer are known to over-produce these and
related biomolecules. Furthermore, cancers can produce many enzymes that deprade
biomolecules in connective tissues surrounding them. So, proteoglycans containing
chondroitin sulfate can be a useful marker indicating the existence of cancers and can be
a potential marker for a prognosis or treatment of disease activities,

SUMMARY OF THE INVENTION

The present inventors have created a hybridoma cell line which produces a
monoclonal antibody specific for a particular chondroitin sulfate epitope. The antibody
ﬁdﬂipnhd“ﬁ.andﬂ:ﬁﬂiiuhnabﬂmdspuﬂmdﬁiﬂiﬂuﬁmﬁimﬁpﬂﬂnlm
Collection (ATCC), under accession number PTA-6157. The cell line will be refierred to
herein as “the WF6 cell line”, while “WF6" alone will refer 1o the antibody. The
Mhﬁmhﬂmﬂﬁﬂym&aﬂﬂulmﬂmaﬁm
comprising chondroitin sulfate, and in particular an epitope including at least one
chondroitin 6-sulfate unit. A chondroitin sulfate chain consists of a repesting
disaccharide unit, D-glucuronate and N-acetyl-D-galactosamine-sulfate linked ina f§ 1-3
linkage; the chondroitin sulfate oligosaccharide comprises multiple chondroitin sulfate
units. Chondroitin sulfate is found in a number of forms, the main ones of which are
chondroitin 4-sulfate (also referred 1o as chondroitin sulfate A, CSA), chondroitin 6
sulfate (or chondroitin sulfate C, CSC), and chondroitin sulfate D, CSD.
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According to & first aspect of the present invention, there is provided a WF§
mﬂbodypmd%brmﬂﬁmﬂﬁ,manmﬁhodyhaﬁngnqﬁvﬂmtm&hymﬂm
WF6 antibody.

Thhmﬁmﬂmmpﬁu@umldnivﬂimufmmhmmﬁhudnwﬁnh
show the same specificity. Functional derivatives include Fab, Fab' and F(ab),
&ngumu;shngl:nhninmﬁhndi:s;mdﬁmcﬁunalﬁngmmﬂmimdhydmﬂﬂ]w
mz;rmﬁcclmvamnrﬂtmﬁbudrmwlmﬂuﬁuluﬂulmﬂhu&mhmm
ﬁsﬂayﬂhﬂqm.ﬁmﬁ:ﬂ:ﬁhndiumﬂmimhﬂuﬂvﬁthinlh:mnflh:
invention. The invention further comprises labelled antibodies and functional
derivatives thereof Labelled antibodies include enzyme conjugated antibodies,
biotinylated antibodies, fluorescently and radicactive labelled antibodies, gold labelled
mn'budiﬂ.mdﬂl:hlikhﬁ:skﬂkdpnmnuﬁllhcnmufnihhlumhﬂ{mh
may be achieved using the techniques detailed herein which were used to determine the
WF6 antibody specificity.

Anmrdingmnfmﬂzraspectnfﬂminvmﬁmgihﬂ:ismﬁdnduhybddm
cell as deposited with the American Type Culture Collection (ATCC), under accession
numbuﬂhdlﬁ?.mmmmmﬁuﬁmﬂdﬁmufm%
ﬂmimduivudndluwhichﬂmmndmmmmblcnfpmdudngamihndlmhﬁng
lhemntapuiﬁﬁwuﬂ:WFﬁmﬁhudy.Th:immﬁmﬂmprwidumlmibndy
produced by said cell, and functional derivatives of such antibodies,

Ahmwnfth:invmﬁunpmviﬂmnmmhmlmﬁbudywhinh
mammmi@omuﬁmﬁmsmm
hﬂmﬁlﬂqﬂlﬂmmmm&m&mmhﬂnﬂrmm
&Mﬂemhiaﬁahnﬂnﬂmﬂmﬁcnnfmeepimisahnﬂﬂdhydiﬁmuf
the oligosaccharide with 6-sulfutase, and also by digestion with 4-sulfatase. The epitope
is also therefore believed to comprise at least one chondroitin 4-sulfate unit We believe
mmmlmmmumnmccmmmhymmmwmmm&
sequences may also be detected.

According to a further aspect of the invention, there is provided a method of
mmmmmmmhmmﬂaumm
with the American Type Culture Collection (ATCC), under accession number PTA.-
Eli?innuuihﬂ:numhnudimn,mhyhidnmnmllnpmdmingmanﬁbodyhnﬁm
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qmmmimm&wsmm;mmmwmmm
Aﬁuthmm:dndufpmdminnmmlnmianﬁbndjm,hnmwdmwﬂhth:
hvmﬁm,mmpﬁmhﬂmﬁnghytu‘idﬂmndhﬁﬁpoﬁmdwiﬂlﬂuﬂmﬁhmﬁp:
Culture Collection (ATCC), under accession number PTA-6157, or hybridoma cells
producing an antibody having equivalent specificity to the WF6 antibody, into the
mwumm;mmu.mmmmmmﬁc
ﬂuidﬁnmih:hmtmmunal.ﬁemﬂ]mdmayﬁuﬂnmuqﬁuﬂumpufprhningﬂ:
host mammal pﬁmminjmﬁnumpmdtmmﬁhdﬁ;fmmple,hym:
injmﬁmﬁclmmmmmnlinpmfnnblyamn—humnmmnmhmmpmﬁmbhra
rodent, and most preferably a mouse, The host mammal is also preferably of the same
type, and optionally also of the same immunological background, as one of the cells
used 1o create the hybridoma. For example, when the cell line X63 Ag £.653 is used to
ereate the hybridoma (as is the case for the WF6 cell line), the host mammal is
preferably a Balb/c mouse.,
Th:h‘nmﬁunﬁmh:rpmﬁdﬂamﬂhﬂdufpmduﬂngmhnlmﬂbuﬁu.
mmpﬁsingum&nguniﬁnﬂnidﬁmuhﬂ:mmmﬂhningnhmnduﬁﬂﬁm
hybridoma cells as deposited with the American Type Culture Collection (ATCC),
under accession number PTA-6157, or hybridoma cells producing an antibody having
equivalent specificity to the WF6 antibody.
Aﬁmhernspmnfﬂa:prﬁunimmﬁmuﬂntﬁmnmuﬂm&nfdiugmui:uf
diseases of connective ﬁm.mcmnhndmmmiﬁngm:sqmufnbuiningulnnple
ﬁumumﬁmtwnﬂ:ﬁmhumpl:ndthﬂﬁmﬁhuﬂypmﬂmﬂhym][ﬁmmm
an antibody having equivalent specificity thereto, or a functional derivative thereof: and
detecting binding of the antibody to the sample. The antibody will allow detection of
degradation products of cartilage or other connective tissue which includes fragments
having a chondroitin 6-sulfate component.
Thmﬁ:myh:mkmﬁamﬂmﬁﬂﬂuld,uﬂnuﬁmmid,m
sputum, tissue samples, tissue culture media, cartilage or the like.
The step of contacting the sample with the antibody may take place in vive or in
vitro or in situ. '
Thadﬂmﬁunmmnymmmiumymnmﬁmﬁﬂmﬁmmfmnmﬂn
ELISA, indirect ELISA, competitive ELISA, sandwich ELISA, radioimmunoassay,
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fluorescent  immunoassay, chemiluminescence immunoassay, immunoblotting,
immunobistostaining, immunochromatography, immunodiffusion, flow injection

The detection step may further comprise quantitating the levels of antibody
binding in the sample; this can allow a prognosis of the disease 1o be obtained.

The disease of connective tissue may be selected from the group comprising
ogteoarthritis, rheumatoid arthritis, cancers of the connective tissue including sarcomas,
cervical and ovarian cancer, and cancer of tissues which produce chondroitin sulfate-
confaining proteoglycans.

The present invention also provides the use of a WF6 antibody produced by cell
line WF®, or an antibody having equivalent specificity thereto, or a functional derivative
thereof, in the preparation of a medicament for use in the diagnosis of & disease of the

A further aspect of the present invention comprises a method for diagnosing
diseases of comnective tissue, the method comprising detecting the presence of
chondroitin sulfiate oligosaccharides comprising at least § sugar monomers, &t least one
of which is chondroitin 6-sulfate, in a sample. The detection is preferably carried out
using a WFb antibody or an antibody having equivalent specificity thereto.

The present invention further provides a method of detecting chondroitin sulfate
oligosaccharides comprising at least 8 sugar monomers, at least one of which is
chondroitin 6-sulfate, in a sample, the method comprising contacting the sample with
WF6 antibody produced by cell line WFS, or an antibody having equivalent specificity
thereto, or a fimctional derivative thereof; and detecting binding of the antibody to the
sample. ‘

A further aspect of the invention provides a test kit comprising a WF6 antibody
produced by cell line WF6, or an antibody having equivalent specificity thereto, or a
functional derivative thereof. The skilled person will be aware of suitable protocols for
the detection of binding of the antibody to a target; for example, various protocols are
described herein. The kit may further comprise one or more reagents suitable for the
detection of binding of the antibody 10 a target.

Also” provided by the present invention are pharmaceutical compositions
comprising WF6 antibody produced by cell line WF6, or an antibody having equivalent

i




150

specificity thereto, or & finctional equivalent thereof, and a pharmaceutically acceptable

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects of the present invention will now be described by way
of example only with reference to the accompanying drawings, in which:

Figure 1 shows inhibition of WF6 antibody activity by various chondroitin
sulfates;

FlmnzshManahmrbanmpmﬁlnnf&miumnfnﬁgmamhnﬁdum
chondroitin 6-sulfate from chondroitinase ABC digested CS5-C cluted by column
chromatography;

Figure 3 shows the level of uronic acid in each fraction from Figure 2 showing
IC50 against WF6 antibody using competitive ELISA;

Figure 4 shows the column profile of fraction 6 from Figure 2 analysed by ion
exchange FPLC;

Figure 5 shows the effect of sulfatase digestion of the substrate on the reactivity
of WF6 antibody;

Fhmﬁnhnmhmmuﬁﬂmmﬂfhmﬂhﬁmwﬂimuingwﬁu
primary antibody;

Figure 7 shows uronic acid content of cartilage from an animal model of
cartilage degradation;

Figure 8 shows levels of WF6 epitope in samples from the animal model over
time;

Figure 9 shows the level of WF6 epitope in serum of human patients with
osteoarthnitis and rheumatoid arthritis;

Hgmiﬂshumthuffmtuf:himmpulmfﬂeunlwﬂsHWFﬁepimma
dog model of cartilage degradation;

Figure 11 shows levels of WF6 epitope in cartilage explants induced by retinaic
acid; and

Figure 12 shows levels of proteoglycans containing WF6 epitope in serum from
cancer patients.
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DETAILED DESCRIPTION OF THE DRAWINGS

L. The production of hybridoma cells which produce an antibody against
chondroitin 6-sulfate.

Purified proteoglycans (AIDI fraction) from embryonic shark cartilage were
umduunﬁgmﬁrﬂ::iudmﬁmnfmimmmemmm'mﬂdhfnmimﬁphmmﬂa
from mice which gave a high titer of antibody to chondroitin 6-sulfate (chondroitin
sulfate C; CS-C) were fused with myeloma cell line X63 Ag8.653 in the ratio of 5:1.
mﬁﬂdhmmhmﬂmmﬁqmmwm
thymine. Cell cultures were then tested for the production of antibodies by ELISA
unhniqmmiu;ﬂmndmiﬁnﬁ-mﬂﬁm{dmndmﬂinmlﬁmmmmaﬁngmﬁmh
paositive cell line was isolated as a monoclone using & limiting dilution technique. The
resulting cell line which produced antibody specifically against chondroitin 6-sulfate
was called WFS, and it was found that the isotype of this antibody is Ig M, with Kapps-
light chain. The cell linc has been deposited with with the American Type Culture
Collection (ATCC), under accession number

2. The production of monoclonal antibody against chondroitin 6-sulfate in
ascitic fluid and serum free-medinm.

The mass production of this monoclonal antibody WF6 (MAb WF6) can be
performed using hybridoma cells injected into the intraperitoneal cavity of Balb/c mice
which have been primed by injection with 0.5 ml pristane one week before. Ascitic fluid
samples can be obtained after 2-4 weeks which contain a large quantity of MAb WF6.

ﬁnnhmuﬁwtmluﬂqu:fmmmpmducﬁnnmkuuuufmgn—ﬁumndim
The hybridoma cell WF6 can be cultured in 10 % fetal calf serum Iscove’s modified
Engle'smﬂdimﬁiﬂlgmduﬂmduﬂjmnfhpmmg:ufwmiﬁlﬁruﬂﬂ%
along with an increase in commercial serum-free medium. The final medium should be
100% serum-free media which has been formulated with growth factors. The cells were
cultured in 5%CO02, and 95% humidity and 37 degree C. The supernatant of this media
mwhﬁnﬂummlnmdfumﬂhndyxﬁvhybyﬂlﬂﬁmhﬁqmmdpu&ﬁndﬂm
using ammaonium sulfate precipitation and chromatograpny.
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3. Characterization of the monoclonal antibody WF6 by ELISA

3.1 Coat plate {polystyrene, Maxisorp Nunc®) with proteoglycans (fraction Al,
aggregated form of shark cartilage proteoglycans) and block with 1% BSA

3.2 Prepare the imhibition mixture containing the optimal dilution of MAb WF&
and inhibitor, or standards or unknown samples in equal volume (175 + 175 pL each) in
plastic fubes (1.5 mL tubes), then incubate at 37 degree C for | hour.

3.3 Add the inhibition mixture from 3.2 to the coated and blocked plate at 100
pLl/well, and triplicate per sample (three wells), then incubate at 37 degree C for 1 howr.

3.4 Wash plate with washing buffer (PBS-Tween 0.05%) three times and dry
before addition of 100 pL per well of peroxidase conjugated anti-Ig M antibody, then
incubate at 37 degree C for | hour.

3.5 Wash plate with washing buffer three times, and dry before adding OPD
substrate (100 pL/well), incubate for 15 mimutes in the dark, and then stop the reaction
by adding of 4 M sulfuric acid (50 pL/well). Absorbance of the plate was then measured
492/690nm by microplate reader.

3.6 The inhibition graph was plotted showing concentration of inhibitors (or
standards) against absorbance (see Figure 1). A range of iest compounds were used,
being chondroitin sulfate A to E, and the A1D] proteoglycan fraction.

It was found that the monoclonal antibody shows reactivity (measured as
inhibitory activities) only 1o chondroitin 6-sulfate (CS-C) and CS-D. It was later
determined that the CS-D standard compounds contained some chondroitin 6-sulfate
units, such that we believe the WF6 antibody shows specificity for chondroitin 6-sulfate
containing compounds having & specific pattern of sulfation.

4. Specificity of momoclomal antibody WF6 against oligosaccharides
containing chondroitin 6-sulfate.

4.1 Chondroitin 6-sulfate (CS-C) from commercial shark cartilage (Sigma-
Aldrich Chemical) was digested with chondroitinase ABC which cleaved the C8-C into
small oligosaccharides at various sites. The cleavage products have a double bond at the
non-reducing end of the products which has maximal absorption at 232 nm.
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42T‘h=prnducmﬁummz}meﬂig¢ﬂﬁmmaapﬂmmdh}rmhm
chromatography using a BioGel P-6 column. The absorbance of the column fractions
was measured, giving the profile shown in Figure 2.

4.3Th=pmdu¢l3canh¢diﬁd=diﬂulﬂﬁtﬁmsuﬂnwninﬂmlm
fraction was pooled and concentrated by freeze drying, and the reactivity against MAb
WF6 was determined using the method described in section 3. The reactivities from
mhﬁtﬁunmm“byulmhﬁmufﬁemﬂcmﬂmﬁtuﬁtbm%
inhihiﬁmﬂﬂiﬂ;inﬂﬁﬁm:mmuﬁunmﬁmﬂﬂ:rmuunfwhi&nmm
Figure 3. Percentage inhibition can be calculated by % inhibition = 100 [((A(sample) —
A (blank)) (A{control}- A( blank)) x 100)] where A = absorbance.

Hmfnundﬂluih:nﬂgnmhqdd:ﬁmﬁmswhﬁﬁﬂdilphﬂdiﬂlhim
mﬁﬁﬁsm%ﬁuﬂslhﬁ.mﬂh}'mnmdmmhlmm&mm
Ihﬂiﬁ.w:dﬂumhndmuﬁmﬁunnumbuﬁlhmudmhnﬁmhlﬁdahm
8-12 sugar units (octasaccharides — dodecasaccharides),

4.4anmnberﬁnf:hen]igmdmﬁdmmhthﬂnuiﬁudlﬁnghyiun-
umhnngcnhumumhrmiugFPLEmﬂMmo—lemmnhmmﬂngrq:hym
IiﬂimmPemhnhtcuelnam.ThcuhmhwdmlmpmﬁkisdnmlnFigm:l.

Fmﬂmmpuinmﬂumﬂmmmitmﬁﬂnﬂmmﬂ:numm&um
plﬁhuﬁmmnﬂﬂdufmspmiﬂnfchmdmiﬁnﬁwﬂunﬂanmmm
dmuumﬂmth:mwudnnﬂm‘bndyﬂﬁrmmoﬂm
umuin‘mgnhnudmiﬂnﬁ-aulfamﬂmhwlspmiﬂpmmnfﬂﬂﬁtﬂiunuihnmin
the fingerprinting of Mono-{) ion-exchange FPLC,

iﬁiuﬁhmpltwtﬂnnﬁhuigliﬂunhrmrﬂnllphﬂ
monoclonal antibody WF6

5.1 The oligosaccharide fractions d, e and f from the column profile shown in
Figure 4 were subjected to digestion with 4- and 6-sulfatase.

SlmmﬁmmmMumzymmﬁmmﬂnmﬂﬁ:ﬂmﬁﬁw
against MAb WF6 using competitive ELISA technique as described in section 3.

Sjmmmufﬂummﬂﬁﬁesinmmmm}mﬁngnpm-ﬁmwd
sample, is shown in Figure 5. It was found that the sulfate group on the oligosaccharides
15 required for reactivity against MAb WF6,
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Conclusion

When taken topether, the results described in sections 3 to 5 above demonstrate
that MAb WF6 has reactivity against oligosaccharides and polysaccharides of at least 8
sugar units containing chondroitin 6-sulfate. Furthermore, this reactivity of MAb WF6
requires the functional group of 6-sulfate at the terminal residue becsuse the 6-sulfatase
recognises this position. And 4-sulfate needs to be an accessory group, including the
specific sulfating pattern along with the oligosaccharide chain.

6. The use of monoclonal antibody WFé in immunohistostaining of tissues

6.1 Skin tissue samples from the pathological laboratories which had been
processed by routine procedures in tissue staining were selected for this study.

6.2 The optimal dilution of MAb WF6 in PBS (for example, 1:500 from ascitic
fluid, and 1: 100 tissue culture media) was used s primary antibody in the staining
procedure after the tissue section was fixed to the slides.

6.3 Excess antibody was washed from the slide with washing buffer and re-
stained with peroxidase conjugated anti-lgM antibody.

6.4 Excess conjugates and non-reacted antibody were washed from the slides,
and insoluble substrate added.

6.5 The enzyme reaction was stopped with acid and excess colour washed out;
the sample was then observed under light microscope as shown in Figure 6.

7. The application of monoclonal antibody WF6 for the evaluation of
cartilage degradation in an animal model

7.1 The animal model was run as previously reported (Kongtawelert et al, 1989)
for the induction of cartilage degradation by intra-articular injection of hydrocortisone
(Solu-Cortef®). The rabbits wer= divided into two groups : the control had normal saline
solution injection, while the experimental group had hydrocortisone injection of 200mg
in every week for up to 12 weeks. Each week before mjection the animal was bled for
serumn preparation.

7.2 The serum samples from each week were assayed for the level of WF6
epitope using the method described in section 3. In addition to this study, the MAb 3B3




155

(Caterson et al, 1990) has also been used as & biosynthesis marker in cartilage as
previously reported.

7.3 At the end of the study, all animals were sacrificed and the articular cartilage
were collected for analysis of proteoglycan contents as uronic acid per dried weight of
cartilage. This data is shown in Figure 7.

7.5 The level of the WF6 epitope and 3B3 epitope in each week were used to
calculate the percentage relative change of each epitope each week. The results are
shown in the graph of Figure 8.

It was found that the monoclonal antibody WF6 can be used or applied to use in
the technique of immunoassay (competitive ELISA) for quantitation of proteoglycans
containing the chondroitin 6-sulfate epitope, and this assay indicates that it can be used
as a marker for degradation of cartilage. Figure 8 shows that the WF6 epitope was
found at significantly higher levels in hydrocortisone treated animals than normal saline
treated animals, and the Figure also demonstrates the early indication of discase activity.

8. The application of MAb WFé for quantitation of biomarker in disgnosis
of osteoarthritis (OA) and rheumatoid arthritis (RA)

8.1 Human serum samples from patients with OA, RA and healthy patients were
collected to analyze the WF6 epitope. The samples were diluted 5 folds with 6% BSA-
PBS to reduce non-specific binding.

8.2 All serum samples were subjected to analysis using competitive ELISA as
described in section 3 using shark proteoglycan fraction Al as relative standards.

8.3 The age of volunteers in each group was not significantly different.

8.4 The level of WF6 epitope from individual samples were plotied as a scatter
graph as shown in Figure 9.

It was found that the MAb WF6 can be applied to use in a quantitative assay
using immumological method for diagnosis of OA, and RA. However, there were still
overlapping of the value in some samples of each group, which might be from the
varintion of the disease stage, and the treatment of the individual person. In addition,
this might be interpreted as showing that the level of WF6 epitope can be used to
monitor the discase activities and prognosis as well.
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9. The application of monoclonal sntibody WF6 for monitoring of
treatment in an animal model

9.1 Cruciate ligament transection is used to induce the degradation of cartilage
(OA) in 6 dogs by surgical operation at the hind leg (see Batiste et al, 2004).

9.1 These dogs were divided into 2 group (3 each group), one group were
injected intramuscularly with normal saline solution snd the other group injected with
chitosan polysulfate, which is a potential anti-osteoarthritis agent, at the dose of Img/kg
body weight. The injection was given every week for eight weeks,

9.3 The third group of dogs was not surgically operated upon. and was injected
with chitosan polysulfate intramuscularly 8t 3 mg/kg body weight.

9.4 All of the animals were observed and cared for by a veterinarian. Blood for
serum preparation was collected to use for the determination of WF6 by the method
described in section 3.

9.5 The relative changes of all experimental animals were averaged in each
group and the graph was plotted against time of the study as shown in Figure 10.

It was found that the MAb WF6 can be used in the method of quantitation of its
epitope in animal model and can be applied as a marker for monitoring the treatment of
the disease, like cartilage degeneration.

10.  The application of monoclonal antibody WF6 in the monitoring of
cartilage degradation in tissue culiure model of cartilage explaats

10.1 Porcine cartilage was sterile cut into small pieces and cultured in serum-
free media under 37 degree C, and 5% carbon dioxide.

10.2 Retinoic acid was added 1o the culture at the conceniration of 10 uM for
stimulation of cartilage degradation.

10.3 The media were collected every other day for four weeks for determining
the level of WF6 epitope using the method described in section 3.

10.4 The level of WF6 epitope from each week was plotted against time (days)
of culture as shown in Figure 11.

It was found that the MAb W76 can be used for monitoring the degradation of
cartilage in vitro by a well established technique vsing the induction of retinoic acid
when compared with the control. This demonstration showed the applicability of MAb
WFé as a research tool for the cartilage degradation in vitro.

’!IL
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11, The application of the monoclonal antibody WF6 for the quantitation of
a biomarker in ovarian cancer serum samples

From previous reports (Nash et al, 2002), it was found that there were increased
levels of chondroitin sulfate biosynthesis in cancer tissnes compared with normal
tissues. Furthermore, the cancer cells can produce some kinds of enzymes that can
degrade the comnnective fissues swrrounding them. These would make cancer cells
intrude through the tissue and metastasize to other areas. We therefore suggest that
MADR WF6 could be used for diagnosis of this pathogenesis including the tumour
tissues.

11.1 Serum samples were collected from normal patients, patients having a
tumaour (non-cancer), and patients with ovarian cancers. This study was approved by the

11.2 All serum samples were tested for the determination of WF6 epitope level
nndmmdh:tnmmupafnunanﬂnm{m)mdm.Thﬂmﬂu
are shown in Figure 12

It was found that the WF6 epitope can be used as a biomarker for the cancerous
(ovarian) condition in human.
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CLAIMS:

I. A WF6 mtibody produced by cell line WF6, or a functional derivative
dﬂmf,mmmﬁbodymﬁmcﬁnnﬂdmhﬂiwﬂmmfhnﬁn;mﬂwlﬂw.ﬁﬁtym
the WF6 antibody.

2. A hybridoma cell as deposited with the American Type Culture Collection
{ATCC), under accession number PTA-6157.

3. An antibody, or a functional derivative thereof, produced by the cell of claim

4.M.ﬂihﬂdy,ur&fmﬁunulduiﬂﬂvclhﬂmf.tﬂlinhmmnisﬂl
ool sl ol haride ei ising 8 the ani
including at least one chondroitin 6-sulfate unit.

5. The antibody of claim 4, wherein the chondroitin 6-sulfate unit is the terminal

E,Thnmﬂ{bnd}rnfduimdmi,whﬁuinﬂuqaﬁupcﬁuﬂﬁmmpﬁmnlﬁm
one chondroitin 4-sulfate unit.

7. A method of producing antibodies, comprising culturing hybridoma cells as
deposited with the American Type Culture Collection (ATCC) under aceession number
PTA-6157 in a suitable growth medium, or hybridoma cells producing an antibody
having equivalent specificity to the WF6 antibody produced by the cell line PTA-6157:
and harvesting growth supernatant to obtain antibodics.

B. A method of producing monoclonal antibodies comprising injecting
hybridoma cells as deposited with the American Type Culture Collection (ATCC)
mﬂmnmmiannumhuﬂA—ﬁlS?.urhyhﬁdumandhpnﬁuhgm:mihu@hwing
equivalent specificity to the WF6 antibody produced by the cell line WFS: into the
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pmiumufuhmmi:aﬂmdugammmrmdﬁﬂnp;mdMnguﬁﬁc
fluid from the host mammal,

9. The method of claim 8, wherein the host mammal is a rodent,

10. The methed of claim 9, wherein the host mammal is a Balb/c mouse.

Il.Am:thudufnmmgmnmdmmlmﬁbndiu,mﬁﬁngmﬁnguﬁﬁc
Mﬁmnhﬂnmnnﬂhﬁngamdnﬁnﬂﬁmhﬂﬁdmmnﬂhuduwmd
with the American Type Culture Collection (ATCC) under accession number PTA-
ﬁlST,whybﬂmﬂapﬁuﬁngmmﬁbndyhﬁngaqﬁﬂlmtmﬁﬂdﬂrmm
WF6 antibody produced by the cell line WF6.

12. A method of diagnosis of diseases of comnective tissue, the method
mmpﬁﬂingﬂumufobuhﬁngnmmpl:ﬁnmnpaﬁmtﬂmh:ﬁnntham;ﬂeﬁihn
WF6 antibody produced by cell line WF6, or an antibody having equivalent specificity
to the WF6 antibody, or a functional derivative thereof;, and detecting binding of the
antibody to the sample.

13. The method of claim 12, wherein the sample is taken from synovial fluid.

14. The method of claim 12, wherein the detection step is selected from the
mMMMMME&.W&wMM@Em
radioimm . f . g T ; .
immunoblotting, and immunchistostaining,

15. The method of claim 12, wherein the detection step further comprises
quantitating the levels of antibody binding in the sample.

16. The m ‘thod of claim 12, wherein the disease of connective tissue is selected
from the group comprising ostecarthritis, rheumstoid arthritis, and cancers of the
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17. The use of a WF6 antibody, or an antibody having equivalent specificity to
the WF6 antibody, or & functional derivative thereof, in the preparation of & medicament
for use in the diagnosis of a disease of the connective tissue.

18. A method for diagnosing diseases of commective tissue, the method
compriging detecting the presence of chondroitin sulfate oligosaccharides comprising at
lmﬂmg'mummkﬂtun:nfwﬂchianlmdmiﬁnﬁ-nlﬁm.hnmmﬁe,

19. A method of detecting chondroitin sulfate oligosaccharides comprising at
least § sugar monomers, at least one of which is chondroitin 6-sulfate, in a sample, the
m:ﬂmdmnisin:mucﬁngﬂunmplcmiﬂ:uﬂﬁlﬂihudy,m-mmﬁbudfhnﬁng
equivalent specificity to the WF6 antibody, or a functional derivative thereof: and
detecting binding of the antibody 10 the sample.

20. A test kit comprising a WF6 antibody, or an antibody having equivalent
specificity to the WF6 antibody, or a functional derivative thereof

2]. A pharmaceutical composition comprising a8 WF6 antibody, or an antibody
having equivalent specificity to the WF6 antibody, or a functional derivative thereof,
and a pharmaceutically acceptable carrier.
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Eigure 1 Graph showing the characteristics of monoclonal antibody WF6 reacting with
various chondroitin sulfaies
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Figure 2 The column profile of oligosaccharides containing chondroitin 6-sulfate from
chondroitinase ABC digested CS-C on BioGel P-6 gel filtration
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Figure 3. The level of uronic acid in each fraction of oligosaccharides from BioGel P-6
column chromatography which gives reactivities against MAb WF6 at 50 % inhibition
(1C50) using competitive ELISA. The number shown in the graph is the amount of
wronic acid in microgram.
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Figure 4 Graph demonstrating the column profile of fraction 6 (from BioGel P-6) on
Mono-() ion-exchange FPLC
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Figure § Graph demonstrating the effect of sulfatase enzyme on the reactivities of
oligosaccharides digested with 4- and 6-sulfatase against MAb WF6
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Figure 6. The immunohistostaining of human skin tissue section with MAb WF6 as
primary antibody,
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Figure 7 The proteoglycan content (as uronic acid) in cartilage from the animal treated
with intra-articular injection of normal saline solution and hydrocortisone
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Figure 8 The level of WF6 epitope as catabolic marker and 3B3 epitope (anabolic
marker) in the animals treated with normal saline solution and hydrocortisone group




169

..-E-
-
2 :Ei"- T

i

L

. (N = 20)
_ = f 1Y 273 +263%
(N = 49)
e 22 +1.70%
. (N = 56)
il

JFigure 9 A scatter graph showing the level of WF§ epitope in serum of normal (N =
20), OA (N = 49) and RA (N= 56), the significant level is p < (.05 using student 1-test.
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Figure 10. Comparison of the effect of chitosan polysulfate on the level of WF§ epitope
and normal saline solution in the cruciate ligament transection in dog model, The
relative change is determined by percentage of the level against the pre-treated period
(week 0),
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The release of CEPO ONFE epitops) from cartilage explant inducsd by RA
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Figure 11 The level of WFé epitope in cartilage explants culture which have been
quantitated by competitive ELISA using monoclonal antibody WF6 for the monitoring
the degradation by retinoic acid induction
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Figure 12. The level of proteoglycan containing chondroitin 6-sulfate WF6 epitope in
serum from normal, ovarian cancer group and ovarian non-cancer (tumour). The
significantly difference between group shown as p < (.05 by student t-test.
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Hybridoma Cell Line WF6 Deposition :
Cell line deposition for patent st American Type Culture Collection (ATCC)
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AMERICAN TYPE CULTURE COLLECTION

10801 University Blvd.
Mannssas, VA 20110-2209

Telephone: 703-365-2700
Fax: 703-365-2745

FACSIMILE
Date: August 17, 2004
Te: Prachya Kongtawelert
Chisng Mai University
Fax Number: 66 53 894188
From: ATCC Patent Depository Number of pages: 1 (Including this page)

REFERENCE:Patent Deposit

Description:  Hybridoma Cell Line from Balb/c monse fused with myeloma X63 Ag8.653: WF6
nesigned PTA-6157,

Date of Deposit: August 11, 2004

The ATCC Certificate of Deposit will be forwarded to you within 30 days. Your VISA sccount will
be invoiced as follows:

Total Fees for PTA-6157 5 2,500.00
(Storage/informing/viability testing)

Marie Harris, Patent Specialist
ATCC Patent Depository

The infermatisn coatained in this faesimvile o miended osly for ta seeof the bndividosl or entity numed sbove. I the resider of s mevoge &
nif the |otended reciplent, yoe sre satifed that sny dissemisation sr dishributen, 1o lbe Inicnded reeipiend of this cummunication, i
prohibied. 10 yom Rivs Feceived thin commuslestion in error, please call ws bmmesdladely ol the telephane aumber Boed above.
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