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Abstract

Project Code : BRG5180012

Project Title : Characterization of monoclonal antibodies against human
chondrocyte surface antigens
Investigator : Mr. Prachya Kongtawelert, Chiang Mai University

E-mail Address : prachya.kongtawelert@gmail.com
Project Period : 3 years

Chondrocytes express a number of cell-surface molecules that mediate cell-cell or
cell-matrix interactions. Identification and full characterization of new chondrocyte surface
molecules will lead to a better understanding of the function of the chondrocyte. Researchers
used primary human chondrocytes as an immunogen, and various monoclonal antibodies
(mAbs) were generated using standard hybridoma technology. A monoclonal antibody named
5D2 was selected for further characterization. The antigen recognized by 5D2 mAb is
expressed by primary human chondrocytes, primary synovial fibroblasts, synovial fibroblast
cell lines (SW982), primary skin fibroblasts, and osteoblasts, but not expressed in blood cells.
Biochemical analysis revealed that the 5D2 antigen is a protein with a molecular weight of
approximately 25-35 kDa. Protein identification by mass spectrometry and molecular cloning
revealed that 5D2 antigen is identical to the Thy-1 molecule. Furthermore we confirmed this
specificity of the antibody by the isolated and cloned Thy-1 gene to the COS-7 and probed it
with the 5D2 antibody using Western blot analysis. We examined the role of the Thy-1
molecule in arthritis models and tissue; one was papain-induced rat arthritis, the other was
immunohistological staining of osteoarthritic (OA) human articular cartilage. OA cartilage
showed a higher expression of Thy-1 as compared with normal tissue in all experimental
approaches. The in vitro studies showed that the inflammatory cytokine interleukin—1B up-
regulated Thy-1 molecule expression in the cartilage tissue. It can be concluded that the Thy-
1 might be a potential biomarker for cartilage pathogenesis, degradation, and metabolic

turnover.

Keywords : Monoclonal antibody, Chondrocyte surface antigen, Osteoarthritis,

Thy-1
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Executive summary

The limitation regeneration capacity of articular cartilage is ascribed to its lack of
vascularization, its low number of cells embedded in matrix and their limited mitotic
activity in vivo. A newly developed cell-based therapy to enhance cartilage regeneration
relies on the transplantation of autologous chondrocytes into the cartilage defect. When
cells forming the transplant are harvested from cartilage biopsies, additional defects at
less loaded site of the same joint have to be generated to obtain sufficient cells for
transplantation purposes. To avoid such new cartilage defects, mesenchymal stem cells
were considered as starting material for cartilage repair protocol. Human mesenchymal
stem cells derived from bone marrow have been shown to be able to differentiate into
adipocytes, fibroblasts, chondrocytes and osteoblasts in vitro, with a preference of most
progenitor cells to develop into the osteoblast-like phenotype. Human adult and
embryonic stem cells have the potential to differentiate into different cell types in the
body and many research groups world-wide are engage in identifying and characterizing
stem cells and their partly and fully differentiated progeny. The methods currently used
in this research are imperfect and the relationship between stem cells of different source
remain unclear. It has become recognized by many groups that stem cell niches are
important in determining stem cell phenotype and fate determination. The niche
constitutes the environment surrounding the cell, which determines the local signals that
guide cell behavior. It thus involves the extracellular matrix (ECM) surrounding the cell
and much of the way a cell interacts with the ECM results in a pattern of cell surface
expression of glycosylated isoforms that characterize the cells current state and future
fate. There is preliminary evidence that CS-epitopes at the cells surface are modulated
in expression during changes in cell state and fate. This relates back to the original
1990 observations on these epitopes in development and the use of techniques being
developed in Thailand Excellence Center for Tissue Engineering, Chiang Mai University,
Thailand provide the tools which will enable this concept to be carried forward and a raft
of new approaches to be developed for recognizing, characterizing and monitoring the
fate of human stem cells and this will be particularly important in relation to new
research and applications in regenerative processes.

Measurements on the protein level using biochemistry or immunohistochemistry
have the advantage that it provides an overall result of synthesis and breakdown of
matrix components form the past. An antibody that recognizes a cell surface marker

would enable us to directly assess cellular phenotype.



The possibility to discriminate between differentiated and dedifferentiated cell,
would be of the great help to find the optimal isolation of the cells with the right
phenotype before implantation could be established with such cell marker if we apply
this antibody to the cell sorter (FACS) or bind it to magnetic beads. At the present,
various chondrocyte surface molecules based on their actual and potential relevance in
cartilage biology have been discover and named systematically as cluster of
differentiation (CD) antigen. By the latest Human Leukocyte Differentiation Antigen
(HLDA) workshop, CD1-CD339 has been designed. Some sets of cell surface
molecules which are selected based on their actual and potential relevance in cartilage
biology which are; 1) martrix associated surface makers; CD 26, CD44 2) integrin;
CD49a, CD49c, CD49e, CD49f, CD51/61, CD151 3) adhesion molecules; CD58, CD54,
CD106, CD166 4) stem cell associated; CD 90, CD10, CD105, CD140a and 5) receptor;
CD221, CD119, CD130, CD95, Cd120a, CD14.

However, biochemists still believe that several chondrocyte surface molecules
are still awaiting to be identified. Identification and fully characterization of new
chondrocyte surface molecules will lead to a better understanding of the chondrocyte
function and differentiation. This finding may also be applied in the development of new
strategy or reagent for induction or engineering of cartilage tissue quality.

We have produced and characterized monoclonal antibodies (mAb) against
chondrocyte surface molecules for use as a research tool and biomarker for cartilage
degradation. We used primary human chondrocytes as an immunogen, and various
monoclonal antibodies (mAbs) were generated using standard hybridoma technology.
One of these is considering the practical applications of mAb 5D2. The 5D2 antigen was
identical to Thy-1 molecule and showed a higher expression in OA cartilage as
compared with normal tissue.

A monoclonal antibody named 5D2 was selected for further characterization.
The antigen recognized by 5D2 mAb is expressed by primary human chondrocytes,
primary synovial fibroblasts, synovial fibroblast cell lines (SW982), primary skin
fibroblasts, and osteoblasts, but not expressed in blood cells. Biochemical analysis
revealed that the 5D2 antigen is a protein with a molecular weight of approximately 25—
35 kDa. Protein identification by mass spectrometry and molecular cloning revealed that
5D2 antigen is identical to the Thy-1 molecule. Furthermore we confirmed this specificity
of the antibody by the isolated and cloned Thy-1 gene to the COS-7 and probed it with
the 5D2 antibody using Western blot analysis. We examined the role of the Thy-1



molecule in arthritis models and tissue; one was papain-induced rat arthritis, the other
was immunohistological staining of osteoarthritic (OA) human articular cartilage. OA
cartilage showed a higher expression of Thy-1 as compared with normal tissue in all
experimental approaches. The in vitro studies showed that the inflammatory cytokine
interleukin-1B up-regulated Thy-1 molecule expression in the cartilage tissue. It can be
concluded that the Thy-1 might be a potential biomarker for cartilage pathogenesis,

degradation, and metabolic turnover.
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nU 5D2 mAb las¥inns transfer 1Us@uannudn gel VLSLI;j nitrocellulose membrane #&3
ATTUIWNNS transfer ¥iNNNT block membrane @38 5% skim milk 114 TBS A& UNaN84
0.05% Tween-20 (TBST) us1391i lulvin §Asenn 502 mAb twasn 1 Taluiiansy
AT &19 3 ATIeY TBST wa¥i b incubate $7WAL horseradish peroxidase-conjugated
secondary antibody (1:2000) taATUIANRNS 3 908 TBST WA 1w lUIAUNS
ANNFNWIZNU 5D2 mAb latld enhanced chemiluminescence plus detection system

1 = Aa A o 1 Aa =
nstvuanivaiazadlaanafisunizaalalulaanaa uantuad
d'l ] =S a A ) 1 a a (2 ad

Wedsvanfisrfiavasluianansuwizdalululasuaauanvad d2187%
. .. . L% dl v 6 6 o o aaa 1 o
immunoprecipitation laan3ld lyasate NlaaniaananlasladinluidfAsansuny
cyanogen bromide-activated Sepharose bead S'fiogﬂmﬁauvﬁﬁ”m 5D2 mAb 1 4 83¢

LA ETINAY NRIINNRIGI PBS ¥inns elute LUs@uea8 1X sample buffer (10%
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glycerol, 1% SDS, 0.1% bromphenol blue, Waz 0.0625M Tris- HCI (pH 6.8) ¥iInn1Tiean
Tuseuinlddalagss SDS-PAGE ¥in1sea gel assdunispasllsdunduuia 35 KDa
W& gel AidAaanuNans 2 A3IY 50% acetonitrile (ACN) 11 25mM NH,HCO, buffer
(pH 8.0) USu1917 200 I ﬁqmugﬁﬁaa 15 Wi uaz #1980 1 A3 100% ACN
U51na3 200 i wasaniussinlatauasdosdaoionlamnidu udaseinlusae

1@ Q-TOF UltimaTM mass spectrometer (Micromass, Manchester, United Kingdom)

n1slaands Thy-1 121 1d1w COS-7 cell-line

¥m3ana total mRNA anurasnanlasled ufrasaseiidn cDNA nasaniin
S9ANUSHIme Thy-1 cDNA @283 RT-PCR vinmslaauduaas Thy-1 w@'lulu plasmid
pcDNA3.1 @396 Un1h BamH1 uaz EcoR1 restriction site Wi1i1n17 transfect 1N giwaa
COS-7 FUUSNTINMITLALITAREIUWIN 1-3 x 107 LTRRIHINWALILTARIUA 35 VY. UAD
NN transfect lagld Geneduice reagent Woasunan 8 Falusvinmaasuenmsiaes
wasudaesaelusn 48 Falug Wensuianriimisuanaasudsialuseneinis
IW§adaanvad Thy-1 1a8/3% Western blot

) & A ]
ﬂ']sﬁﬂﬂ'lﬂ']suaﬂ\jaaﬂ?.la\j‘[&llaf!a Thy-1 sl%l%alﬂaﬂsg@lﬂaa%
= g A ' '
ﬂ']iﬂﬂ'lfﬂﬂ']ilal’a@\‘]aaﬂTaGINLﬂQﬂ Thy-1 1%LuaLUaﬂ§$@ﬂaauLLU\1Lﬁu 2 N3
A o egd o o o =2 & A
N[NNI 1uﬁ(§lqﬂgﬂﬂi$@lu1%LﬂuI§ﬂ°ﬂa LLRSNIIANINITILLRAID NV DN Thy-1 luLuaLﬂla
' (d' 3
ﬂiz%ﬂﬂau&]%ﬂﬂﬂl,ﬂuiiﬂma

msnsxﬁunw‘lﬁlﬁuﬁmﬁaLéaufmﬂ‘l%'taulﬁafﬂﬂtﬂu

nmsdanszduananuinadainiimm 3 sasroewliduinnutudi
4% (wiv) Nazanelu normal saline Twiufl 1, 4 uaz 7 ﬂé’dﬁ]’]ﬂﬁ@ﬂi’%g@ﬁmﬂsu 10 Wi
nIAAY LLﬁm‘"@meummLﬁaLﬁaﬂs:@néaumﬁﬂmi fix @38 4% paraformaldehyde
dudn ud21inl embedded 1w parafiin - wasanniuseinludaswitalidanunmn
Uszanm 5 wa dwited e lusend hematoxylin and eosin (H&E) uaz Safranin-O

ﬁw%unmgndauﬁﬂukm'faL?{Iawnaaugwﬁua:m:gﬂa’aumam%ﬁ'mz@ﬂﬁlﬂu
lsadoLFo0aN¥IN13ANBINITURAI8DN VS Thy-1 mgumﬂﬁm""sas;i’m%mf:amﬁ;j
NI2UIWNNT deparaffinized LL&T’sﬁw%uﬂsz@ﬂéauvlﬂsiawhmauvleﬁﬁ Chondroitinase ABC
uan 15 wfi uai b incubate i 3% H,0, 1uiian 10 Wi %18931n¥iNANT block

@28 with 3% BSA L&) ﬁ,’]‘ﬁum:g}ﬂvlﬂ incubate @28 5D2 mAb TNNAWN 4 DIALTALTUR

¥NMI819 3 A3IA28 PBST uatinludause sheep anti-mouse IgM (WL chain specific)
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peroxidase conjugated 181 1 T2 LN4 LIBATULIANYININNTANS 3 ATdea8 PBST wa)
i luvinliiAe&aae diaminobenzidine substrate

v

nsfnsImMsuaasaanzaslaiana Thy-1 luigasaeulaslodiiognnazan

9

ae Interleukin-1B

Lﬁaﬁi%ﬁﬂmmnmmaanmaﬂmaqa Thy-1  ¥msisaimadaanlaslodond
Uszan aemase3=annh 80% VBIITWALILTAS Fmsanenmis 24 T lualasiassluaimns
\Reaiwas DMEM  #liddunauwos FCS Lﬁamuﬁmu@ﬁﬁﬂ’]smz@jmﬁma{éhal
interleukin-18 fiauiduds 10 ng/mL faan 0, 24, 48, waz 72 Falud udvmIuan
\maReY 1X sample buffer Wiaas lysate e lUuandas 12% SDS-PAGE ufaviin1s
transfer 1U36wlUe3 nitrocellulose membrane ¥ block membrane ¢78 5% skim
milk Tu TBST Afdwnauwos 0.05% TBST udailvnlfAsensu 502 mAb 7 4
DIALTALTERTINAY §19 membrane 3 A39A28 TBST WaLAY Horseradish peroxidase-
conjugated secondary antibody (dilution, 1:2000; Amersham Biosciences) incubate‘ﬁ
gauniiviad 1 77139 uidianziniuaadeanvadluana Thy-1  lasld enhanced

chemiluminescence plus detection system

13



HANIINA[DI
= ¥ . .

1. NNIRANITAKKY (Immunization)

o a 2 o a [ 6 o (o o

mMIdanszgduruaunig Balb/c inalily 811 6 §a1 S 2 67 lasving
VURInanda 7 % KNNILAULREa pre-immunization 300-500 pl NILFWLRDAGILTLIA
Uangnnsg LLé”aV‘hmia@m:@;TuﬂkmwﬁaoﬁaoﬁafJmaﬁaauim"lmﬁugmﬁ (primary human

. 6 o qq/’ 1 g 1 >

articular chondrotyte , passage 2 5-10 x10 LTAR 31WI% 3 ATILALLARTATIAAWIING 2
§UaW INULReANY 300-500 pl MalFuRaaduTMAEn  wdinmsAnsIzal

a ad a g v ad
LOUALBANLNNTWAILID Flow cytometry

8 8 S,
| Negative control Positive contr&l ™ 1  Pre-immunized
| 7
(72} | 3
£ £ | 2 31 M
= 2 I = S
8 8 8 1
4! /M1
o o . o = H‘"*—-:qa-,—-F‘ﬁ |
100 10" 102 103 10¢ 100 10" 10 103 10* 10? 10! 10° 10°
FL1-H FL1-H FL1-H
8. S 4 S
™ § Post--immunized i Post—imfijunized ™ ] Post--immunized
3 serum 1:50 1 serum 1200 4 serunr,‘lzsoo
o3 I. A 60
i ) = TR é 4 2\
I Jwmif i
o _3 Sl Nty o jl"*“"!‘"""'ﬁ“"'r'm_ﬁﬁ M O ki ;
109 10! 102 108 104  10° 10! 102 103 10* 100 10! 102 103 10%
FL1-H FL1-H FL1-H

A A % Y & & & a a ! . a
3UA 2 LL&@NNaﬂﬂiﬂﬂﬂiz@qlu%H’@’JElL‘ﬁﬂﬂﬂﬂ%I@]ivL‘ﬁ&l&JkLHﬂ WIsuINeUIEnINInauaa
LATARIAAIATNEHALALAT Flow cytometry

. =} v 6 v .
Negative control A8 galLTRIRAIL Immunoglobulin
Positive control fia SaulTaaeaLawALadda CD147
= AV v a v A o a A & &
mﬂmiﬂﬂmwkm"l,mumm@m:@uumiaﬁou,amma@@]aLsnaaﬂauimvlm

u‘pqmai' Tagrariuananuussuasuanduadil titer LYinnu 800

2. nsuaalalulaanaatandvuadlaald Hybridoma technique
mIndalululaaneataudvedlasis Hybridoma technique  LT#WanA1s N1y
o e o A a & = o
MunusaTaanauauivadluny uazimaduziis Myeloma  lagld Polyethylene
glycol BRINTTLIUMTAGLEEN LAz MM limiting dilution INLaUALaANNER laNInua
v A Aa AadAA ° =2 an A '
ledanlululaanasuanduadnga 5D2 mmmiﬂﬂmqmauwaw]@lavlﬂ Tasannns
ATLALAUAT ELISA WUT1 5D2 mAb 1% mAb wfia IgM 1WalANUSunas mAb ¥inlaw
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dany Balb/c Lwendy a1y4 1faw 13U 3 62 FIBLTAA hybridoma MIWAa 5D2 mAb 117

NITeIDIVBINUINONER ascitic fluid WWa LT ln1Inaaadaa bl

Primary human chondrocyte

Negative control Positive control 5D2
o [=1

Bl
80

Events
Events
Events

Cell number

Fluorescence intensity

U7 3 usaIna flow cytometry 289 502 mAb istwznvlaanauuAsisadnaulas oy

lag positive control fia CD147 mAb, negative control fa Immunoglobulin

3. msdnsinisuaasaanvaslaanafiridjisendunizau 502 Talulaauaa
LABALDA LBLBARBHAG
o v 6 A 1 v a a ad . .
msdauisasriadnsgeis 502 lululaauaauandved lasdd indirect
immunofluorescence LazATIANATIZHALAL flow cytometry NANNIANEIWLTN I&JLaqaﬁ‘ﬁﬁ

Ufisenduwizny 502 Tululesusauandued Insusasasnun Aawasnanlaylsd

1gund (primary human chondrocyte) Lénaa’LﬁamTa (synovial fibroblast cell-line: )

® q
6 =

LﬁﬁaamLNLﬁai_ql?Ta (SW1353) LIARAIRIN (skin fibroblast) a2 osteoblast (hFOB19.2)

1 6 & A a 6 a 6 aqfv 1
Taglunwunisugasaanlwrasiaiiaaunosie Wulwlaviuazaulnlay wananigslany
mMsuaasaanlunasuziSudaiianuwia Daudi, U937 uaz K562 LazeIwuan 31 lany
luana 502 lwaasuziiinizgnda imaauzii9al (hepG2) uaz  human embryonic
kidney cell ( HEK 293 cell)
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1. Blood cells

Lymphocyte

g, Negative control Positive control g 5D2

Cell number

Fluorescence intensity

Monocyte
: .. Negative control & Positive control # 5D2
'E ]
2| |

g ; g w § ut
2| \
& I \
Q W, ALY o\

{ L AN o 10° 10' 1 e 10° S ¥

Fluorescence intensity

é: 2 Negative control 2 Positive control 2 SD2
£
=
= '
=
)
o / >
Fluorescence intensity
Daudi
;5 Negative control Positive control sD2
) 2 1) T
: m
= £ ] w
= £ 2
Fluorescence intensity
U937
;; &, Negative control . Positive control M SD2
el 3 =
£
= g g |fh
= § E
)
o ——' o o e

Fluorescence intensity

UM 4 usAINS flow cytometry 283 blood cell dialutanafisiiwiziy 502 mAb las

positive control fia CD147 mAb negative control fa Immunoglobulin
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2. Bone and cartilage

Human synovial fibroblast

Negative control Positive control 5D2
2

Cell number

P

Fluorescence intensity

Chondrosarcoma (SW13S53)

Negative control - Positive control . 5D2
¥

o} AN L. - \
10° 10 10°  10* 10t 0w 10° 18!

Cell number

Fluorescence intensity

Synovial fibroblast cell line (SW982)

s Negative control . Positive control R sD2

T W LCLRIE O L
LI [

Fluorescence intensity

Everts

Cell number

° Everts
=
".

Osteoblast cell line (hFOB1.19)

Negative control = Positive control g sD2

Cell number

Fluorescence intensity

a‘ 6 3 - 1 ci o %%
3N 5 UgAINA flow cytometry yadiaanwuluda (joint cells) @aIwLaqameW’lzﬂu

5D2 mAb lag positive control fa CD147 mAb negative control Ao Immunoglobulin
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3. LEARTHADN 9

i Human skin fibroblast

) Negative control Positive control 5D2

a 3 X 2

£ / \ | ﬁ

= | i) -

=1 j \ "l fL 1 .\

U oFr t\ N ) °L"£“-—L‘~:W— n_“‘L;’L"_\*V—!

Fluorescence intensity

o

Negative control s Positive control

”\

Cell number

Human embryonic kidney 293

SD2

Cell number

0 10
Fluorescence intensity
Hepatocellular carcinoma cell line
g, Negative control Anti-CD147 5D2

Fluorescence intensity

U7 6 uaAINa flow cytometry BadLTaRTadU Y daluianafduwizny 502

positive control fla CD147 mAD, negative control fa Immunoglobulin
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=

17199 1 usasnIuaasaanvadluanafivhufiseduwiznu 502 lululaaues
wowAvadluiTaariadig g

5D2 molecules

Positive Negative
1. Blood cells
Primary cells v
* Monocyte v
* Lymphocyte
Cell lines v
- K562 v
* Daudi v
* U937
2. Bone and cartilage tissue
Primary cells
* Human articular chondrocyte v
* Human synovial fibroblast v
Cell lines
* Chondrosarcoma (SW1353) v
» Human synovial fibroblast (SW982) v
* Osteoblast (hFOB1.19) v
3. Others
* Primary skin fibroblast v
* Hepatocellular carcinoma cell (HepG2) v
* Human embryonic kidney 293 cell (HEK293) v
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4.  n@nsramaatanediadvaslaanaidunizny 502 lululaauaa
LaWAVBA

A A A o an o Aa a '

Wafliziuguguautfuszanuinnzvatlululaaoaueudved 502 e
Imaqauuﬁ’;maa(

X wn A ~ Ao (%
mﬂmiﬂﬂmﬂmaummamLﬂumaﬂmaqawmmw:ﬂu 502 lululeanaa
a A ad - . L% 6 6 1
woudvad lau3T Immunoprecipitation lault cell lysate vasizadnaulaslad wuiiluna
UnRasnawlas lrgnawizny 502 lululaawaatanduadiuuwialszinns 35 kDa
=y 1 A . - a dy v AN o
lasannsfinsldanansniaz immunoprecipitate lutanaziiaitldann cell lysate 7ld
NNITAs HepG2 waz SW 1353 as3Ufl 7 uannnfidimaninnazananuluiana 502
Y 2’ t:? (d' 2 ;:? 6 6 v & 0

"LmnﬂmLamLsﬁaawvl,ﬂmmﬂmsl,ammaaﬂaﬂmvlmﬂu,aml%mmﬂuLaqa 5D2 &1417D

A [ A [ o
m:gﬂ@@mamaaaﬂmmmsﬁaﬂ@

A IP (5D2) Medium
o
[\ w
o € = o
< ) < <
= = » =
Lane 1 2 3 4

35 kDa

-
-

B ‘ HAC ) HepG2 . SWI1353

10
10
10

107
107
107

102
102
102

10!

10°

v

5D2

3N 7 wseanfnmgusnd@niuadvesluananduwiziu 5D2  Tulu
laauaawauduad (A) Han13dnslasds western blot fAldurannisvin
immunoprecipitation lagld 5D2 lululaauaauwauduadain cell lysate vadivasnaulas
leel: Human articular chondrocyte (lane1), HepG2 (lane2) uaz SW1353 (lane3) LLaz
= T & & & =2
MIANIINTUERdIBan iAo TaanawlaTboe (laned) (B)  WRAIHANITAAMIANT
ugasnanvadlalana 502 DUALTAd nazandan, HepG2 Uaz Lad SW1353 lasaT flow

cytometry
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5. msﬁnmﬁaﬁgaﬁ%ﬁﬂwaafmaqa 5D2

msﬁnmﬁammﬁmm‘[maqa 5D2 lauld3% Mass spectrometry wudnluiana
5D2 fianumilaununuluans Thy-1 lagiSuuifisugayaain NCBI protein database
wudnlaana 5D2 Jaunlan 100 %LﬁaLﬁUUﬂUUI&ILaqa Thy-1 BaIuys
(AAB26353), Snnuinilan 80% Lilaifisuniy CDY0 284 Sus scrofa (CAM58077) uaz &
anunian 69% Lilafisuny cDYO VBI%YU (AAR17087)

f131492 NamaamsmawﬂmLaqaiﬂﬁ’ﬁ‘ Mass spectrometry

Band Identified Identification %Cov No. of matched MW
no. Protein name NCBIID Accession by scores (MS. MS/MS) peptides pl (kDa)
(MS. MS/MS) (MS. MS/MS)
Thy-1 (cell surface antigen)
cl MS. MS/MS 55,49 31,18 4.2 8.96 18.17
[Homeo sapiens] gi[339683  AAA61180

Thy-1 (cell surface antigen)
c2 21339683  AAA61180 MS/MS NA 71 NA. 18 NA.2 896 18.17

[Homo sapiens]

Thy-1 (cell surface antigen)

c3 gi[339683 AAA61180 MS. MSMS 63,134 31,18 4.3 896 18.17
[Homo sapiens]

Thy-1 (cell surface antigen)

c4 21339683  AAAG1180 MS/MS NA 34 NA. 8 NA.1 896 18.17
[Homo sapiens]
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LﬁaﬁazﬁuﬁuwaﬁnﬂmsﬁﬂmiaUfi'ﬁ‘ Mass spectrometry Jvihmsas plasmid
vector 178 pcDNA 3.1 Tdgufiimuanisas Thy-1 ud2vims transfect wngLmad
COS7 vséi'omﬂﬂﬁ?uﬁﬁmiﬁnmmmamaaﬂ"uaﬂuLaqa Thy-1 lwimas cos7 las3d
wester blot lagld sD2lululaauasuandved anndnsaanIndugildiluana
5D2 iiluluiana Thy-1

=~ Tranfection

& Mock
“ COS-7

Lane

35 kDa mel

su 8 WEaINANlaunT clone S Thy-1 TAinsuaasaanluiaas COS7 wazianng

uraIaanvallsAnlasis western blot

= [ {
6. nIAnEINUEAIaanaslatana Thy-1 Tulsadaiies

Waflizfinmnisuaasaanvasluana Thy-1 lulsadaizan neamzgrinnaide
"Lm“’l,ﬁm@amamwmnﬁ1ﬁ§'Uﬂ3$@Iu1ﬁLﬂuIiﬂ°ﬁaLﬁaaﬂ@ﬂmicﬁm el wnaiu
WUTH 4% (wiv) MEIuSaatatnysnnges 20 pl $1uiu3asd lasluudazasavinany 3
7% LaAAATULAR Wvﬂ%kbaﬂ 7 ’S'uuﬁaﬁwmm'mkké'@memaaﬂi:@ﬂa’aum fixed @28
4% paraformaldehyde TNABUEIIN AR section lTiaunun 5 Tadwuas LaNae
Ynsdneeialy

di d' = >3 6 a = [ ] : tﬂl U di

WanazAnmansuzressasilIoifisunuznitedunszaniduliadaiien

uazTunIzgnuUn@ Sevihinsdendunszgnaini H&E ANMIANHINUINTRSADWLAT Lere]
e aa a o A a A o o 2 A o A A a o

lusunszgnindiimaesinunalaifiounusunszgnidulsadaiiauinaiiodivas

6 6 o 1 o A [ 1l S A % A [
LsﬁaaﬂauIm"Lsﬁwaﬂum:Lm:ﬂquﬂumLﬂuaﬂwm:ammmwwu"l,@“l,ukﬂmaLaawmgﬂ
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Normal cartilage OA rat cartilage
7 s e

v
a

v :2’ v a a a R 1 :2’ a
Ell 9 LLﬁ(ﬂx‘iﬂ’]iElE]&l"]j%ﬂ5$ﬂﬂ@nUﬁ H&E LﬂﬁﬂfUL'ﬂEl‘]Jﬂ%i$‘1ﬁ’)’]\1°1i%ﬂ§$Qﬂﬂﬂ@lLLﬂ$°ﬁuﬂ§$@ﬂ

Miwlsatalzon

Lﬁaﬁazﬁnmé’nwm:mn?}auamwaaﬁmﬂ?wLﬁuuﬁ'm:mwa%uns:@ﬂﬁl,ﬁu
Iiﬂ“ﬂ”al,ﬁaml,a:%um:@ﬂﬂnﬁ ’fmﬁﬁmsﬁau%um:@ﬂﬁmﬁ Saflanin O AafazAn®w
ﬂ'%mrwuao‘[ﬂima"lﬂmmuluéum:@n wudw%uﬂs:g\ﬂﬁLﬂuIiﬂfaLﬁawﬁmmmuvlﬂmaa
mﬂumjuiﬂsﬁiavlﬂmmmfiaLﬁﬂuﬁ'u%yuﬂsz@ﬂﬂﬂa

Normal cartilage OA rat cartilage

;Jﬂ 10 Ltﬁﬂdﬂﬁigauﬁuﬂizglﬂﬁﬁﬁﬁ Saflanin O L]J'%'ﬂuLﬁnuﬁ'm:mwa%um:g]ﬂﬂnﬁua:
A a v A
muﬂs:gﬂwLﬂuI‘sﬂmaLaau
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iWWafazdnsinisusaseanvadluiana Thy-1 wWisuiisunuszniedunizgni
dulsadaimonuaziunszanind vnsdansunszgnlasld 502 lululaauaaueniued
v aa . . = & ~ o A &
@835 Immunohistochemistry nMIdnswuidunszgniiidulindaizesisasnanlas
&l a A & A A o & Py
"l,sﬁwmmamaanmwugwumaﬂmaqa Thy-1 LammmmfuLmaaﬂauiﬂs"lsntﬂumuns:gﬂ
Un@

Normal cartilage OA rat cartilage

v

= a a . | a ) ‘ a
31] 11 LLﬁ@NﬂWSﬂﬂH’]ﬂ’]iLLﬁ@GﬂﬂﬂﬂlE]\‘lIﬁJLﬂf‘]a Thy-1 Lfl.]iil‘]JLﬂﬂﬂﬂui$1ﬁ?10°ﬁ%ﬂ5$@ﬂﬂﬂ@l

e ~ o A
LLﬂt?juﬂiz?‘]ﬂ‘ﬂLﬂ%Iiﬂ‘llaLﬁalllu%hL

A A A A A & o A Y
Lwam:ﬂuwwamma@aaanwtwugamumaaIuLaqa Thy-1 lulsadaiiend laan
Iumamam‘k}mn ﬁaﬁﬁmsﬁnmmmamaanmaﬂmaqa Thy-1 ’Lu%uﬂs:g]nugwﬁﬁtﬂu
% di ad . . =3 ' Aq/ ' ni %
Isadaiianlasdd Immunohistochemistry ﬁnﬂmsﬂﬂmwmwum:gnaaumLﬂuiiﬂma
Lﬁauﬁamwmiv‘hmwauu’%nmfmﬁangnhmLsﬁaﬁﬂauimivlmﬁﬁnWSLnﬂzmjuﬁ'wm:ﬁ
A A & A A o & ' A
mmamaanwqugwumaﬂmaqa Thy-1 Walnsunufunszgndeulnd
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3 12 LLammiﬁnmmimeaaﬂmaﬂmaqa Thy-1 UJ%'mJLﬁﬁuﬁ'mzm’m%ungmﬂﬂﬁ
(A) wazgunszgniidulindaiiien (B) vasuyw

7. m3dnsimsuaasaanzaslatana Thy-1 lwizadnaulasludiliagnnszduwais

Interleukin-1 B

&aa a

Wasanlalalasindanufeitesnunszuiumssnisuldunuindagdaniine
lsadaidon nMeamzdianislariinsfinwinazas Interleukin-1 damsuaasaanaas
lutana Thy-1  lwaadaeulasloduywd Aszozoadisg mnmsdnsinoding

a A a & o v o
LEa98aNVad Thy-1 In1IuaadeaniiingIdunenasnnnisnszdueis Interleukin-1[3
= v & Aa o A a A &
FaugasliiAauirluana Thy-1 Adnsuaaseeanlulsataifeniinfiasanisadnanlas

ladnnnazduday Interleukin-1f3
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Hours

3UN 13 miusasaanvadluians Thy-tioadnenlaslaoduyed  waInInszdudas
interleukin-13 Tuszeziaandnag uarvinnisenalusduwnieluioss uazdnwinis

WEAIDaNUYaY Thy-1 #2835 western blot (A) 108ANULTNVBILUUG Thy-1 1 normalize

de B-actin wzaslugd B n:Uaad mean £ SD. ¥, p < 0.05; **, p < 0.01.
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f3uazivnsnluanimanas
=S < 1:? o a a A Aa 6

lunsfinmasol fnsndalululaaussuendveddaluanavuiaioadneaulas
loduuwd laolululaauassiiaitizedn 502 mAb Saflanudnmizianzaanuldsdund
2110 25-35 KDa fiwuiimiuaasaanluisadanaiosiia 1iu imadaaulaslsd, wwadidoy
o, LTARAIINTZAN Uaz asAInid lasn1sdienzildinaiia mass spectrometrywuin
luianaziiaiifa Thy-1

Thy-1 duluanandvuie 25-37 KDa (duldsduuufizadinadlu
immunoglobulin-like supergene family (1) wuassuwsniduluanafiisatasiunsaiugu
thymocyte differentiation luny (2)  wufinsusaseanlumasnaanaissiialaun
fibroblasts, endothelial cells, neurons, LaZ chondrocytes ninNvad Thy-1 WUINAANY
WNEITRINUNTZUIWANT T cell activation (3, 4), neurite outgrowth (5), apoptosis (6, 7),

. o A & & & A o
Wz tumor suppression (8) ludawuinisusasaanlwaasaaulaslsd, iadidayta, uaz
mesenchymal progenitor/stem cells #¥Awas Thy-1 Ansuaasaantudags ldidun
NIULUTA Hsnunudinisuaataanvadluiana Thy-1 Jauauwusny
chondrogenic potential lagwuinsasnaulas kogng chondrogenic potential ﬁgdﬁ]:ﬁﬂ’]‘i
» Yo P &
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Characterization of Monoclonal Antibodies Against
a Human Chondrocyte Surface Antigen

Theerawut Chanmee, Peraphan Phothacharoen! Visith Thongboonkerd,?
Watchara Kasinrerk® and Prachya Kongtawelert'

Chondrocytes express a number of cell-surface molecules that mediate cell-cell or cell-matrix interactions.
Identification and full characterization of new chondrocyte surface molecules will lead to a better understanding
of the function of the chondrocyte. Researchers used primary human chondrocytes as an immunogen, and
various monoclonal antibodies (MAbs) were generated using standard hybridoma technology. A monoclonal
antibody named 5D2 was selected for further characterization. The antigen recognized by 5D2 MADb is expressed
by primary human chondrocytes, primary synovial fibroblasts, synovial fibroblast cell lines (SW982), primary
skin fibroblasts, and osteoblasts, but not expressed in blood cells. Biochemical analysis revealed that the 5D2
antigen is a protein with a molecular weight of approximately 25-35kDa. Protein identification by mass spec-
trometry and molecular cloning revealed that 5D2 antigen is identical to the Thy-1 molecule. Furthermore we
confirmed this specificity of the antibody by the isolated and cloned Thy-1 gene to the COS-7 and probed it with
the 5D2 antibody using Western blot analysis. We examined the role of the Thy-1 molecule in arthritis models
and tissue; one was papain-induced rat arthritis, the other was immunohistological staining of osteoarthritic
(OA) human articular cartilage. OA cartilage showed a higher expression of Thy-1 as compared with normal
tissue in all experimental approaches. The in vitro studies showed that the inflammatory cytokine interleukin-1§3
up-regulated Thy-1 molecule expression in the cartilage tissue. It can be concluded that the Thy-1 might be a
potential biomarker for cartilage pathogenesis, degradation, and metabolic turnover.

Introduction protein expression pattern of these cells can influence the
normal matrix homeostasis. The identification of differentially
expressed proteins can help us identify new markers in OA

r I 1 HE CHONDROCYTE IS THE ONLY CELL TYPE found in artic-
progression and better understand the underlying disease

ular cartilage, which synthesizes and secretes extracellular

matrix (ECM) molecules such as collagens, polysaccharides, and
proteoglycans to ECM.!)’ The major degenerative pathology
associated with joint and cartilage, which affects the chon-
drocyte, is arthritis. Arthritis can be subdivided into two major
classes: rheumatoid arthritis (RA) and osteoarthritis (OA).

Osteoarthritis (OA) is a group of chronic, painful, disabling
conditions affecting articular joints, which occurs from vari-
ous risk factors such as aging, obesity, and trauma.*™ The
initial stage of inflammation plays a major role in cartilage
degradation leading to osteoarthritis, especially the released
interleukin-1p (IL-1B) and tumor necrosis factor alpha (TNF-
0).®) These cytokines act in an autocrine manner, stimulating
their own production and inducing chondrocytes to produce
proteases, chemokines, nitric oxide, and eicosanoids to drive
catabolic pathways, inhibit matrix synthesis, and promote
cellular apoptosis.®

Chondrocytes regulate the balance between anabolism and
catabolism of the extracellular matrix. An alteration in the

processes.

We have produced monoclonal antibodies (MAb) against
chondrocyte surface molecules for use as a research tool and
biomarker for cartilage degradation. One of these is consid-
ering the practical applications of MAb 5D2. This paper re-
ports (1) the biochemical characterization and cloning of the
chondrocyte surface molecule that is recognized by this an-
tibody and (2) its expression level in normal and OA cartilage.

Materials and Methods
Cell culture

Human articular cartilage was obtained (with full informed
patient consent) from the arthroscopic diagnosis of a flat pad
syndrome patient at Maharaj Nakorn Chiang Mai Hospital
(Department of Orthopedics, Faculty of Medicine, Chiang
Mai University, Thailand [approval code 070CT111016]).
Chondrocytes were isolated by overnight trypsin digestion at

1Thailand Excellence Center for Tissue Engineering and Stem Cells, Department of Biochemistry, Faculty of Medicine; 3Department of
Clinical Immunology, Faculty of Associate Medical Science, Chiang Mai University, Chiang Mai, Thailand.
2Medical Proteomics Unit, Office for Research and Development, Faculty of Medicine, Siriraj Hospital, Mahidol University, Bangkoknoi,

Bangkok, Thailand.
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4°C and a subsequent 3 h digestion with collagenase (type IA,
Sigma-Aldrich, St. Louis, MO) at 37°C. The cells were washed
with PBS and then cultured in DMEM containing 10% FCS as
high-density primary monolayer cultures until confluence.
Cells were passaged after becoming confluent using 0.05%
trypsin/0.02% EDTA.

Generation of monoclonal antibodies against
chondrocyte surface antigen

The BALB/c mouse was immunized intraperitoneally
three times at 2-week intervals with primary human chon-
drocyte (1x107 cells). Spleen cells were isolated and fused
with mouse myeloma P3-X63Ag8.653 cells by standard hy-
bridoma fusion techniques using 50% polyethylene glycol and
HAT medium selection. The immunoglobulin isotype of the
MADb was determined using an isotyping ELISA kit (Sigma-
Aldrich).

Flow cytometric analysis

Human chondrocytes, human synovial fibroblasts, human
skin fibroblasts, lymphocytes, monocytes, chondrosarcoma
cell lines, SW-982, Daudi, U937, K562, hFOB 1.19, and HepG2
cells were pre-incubated at 4°C for 30 min with 10% human
AB serum. Thereafter 5x10° cells were stained with 5D2
culture supernatant at 4°C for 30 min. After washing twice
with 1%BSA-PBS, the binding of antibody was detected by
using FITC-conjugated anti-mouse immunoglobulin anti-
bodies. Cells were incubated with conjugate at 4°C for 30 min.
Then, cells were washed three times with 1% BSA-PBS and
analyzed by flow cytometer.

Labeling of cells and immunoprecipitation

The primary human chondrocytes were washed with PBS.
The cells (1-5x107 cells/mL) were incubated with 5mM
sulfo-NHS-LC-Biotin at 4°C for 1h. The biotinylation was
quenched by washing once with 1 mM glycine in PBS first and
twice with PBS. Then, labeled cells (1 x107) were solubilized
in 1mL lysis buffer (5 mM iodoacetamide, protease inhibitor,
1% NP-40, Tris HCI [pH 8.2]) at 4°C for 30 min. The lysate was
collected by centrifugation at 10,000 g, at 4°C for 20 min. The
lysate was mixed with the 5D2 MAb coated CNBr Sepharose
beads at 4°C overnight. After immunoprecipitation and SDS—
PAGE, biotinylated proteins were transferred to nitrocellulose
membrane. The membrane was treated with 5% skim milk in
TBS containing 0.05% Tween-20 (TBST) followed by incuba-
tion with 5D2 MADb in TBST and subsequent incubation with
horseradish peroxidase-conjugated secondary antibody
(1:2000 dilution; Amersham Biosciences, Piscataway, NJ) in
TBST. The protein was visualized using the enhanced che-
miluminescence plus detection system.

Purification and sequencing of 5D2 antigen

Primary human chondrocyte cell lysate was incubated with
cyanogen bromide-activated Sepharose coupled with MAb
5D2 overnight at 4°C. After extensive washing with PBS, the
bound proteins were eluted with 1x sample buffer (10%
glycerol, 1% SDS, 0.1% bromphenol blue, and 0.0625M Tris-
HCl [pH 6.8]). The eluted fractions containing the corre-
sponding MAb 5D2 antigen (determined by immunoblotting)
were pooled and separated by SDS-PAGE. The visualized
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protein bands were excised, washed twice with 200 pL of 50%
acetonitrile (ACN)/25 mM NH4HCO; buffer (pH 8.0) at room
temperature (RT) for 15min, and then washed once with
200 pL of 100% ACN. After washing, the samples were ex-
tracted and digested with trypsin. Trypsin fragmentation
products were analyzed by the Q-TOF Ultima™ mass spec-
trometer (Micromass, Manchester, United Kingdom). Peptide
sequences were compared using the MASCOT search tool.

Molecular cloning of 5D2 molecule

The total mRNA was isolated from the primary human
chondrocyte. Thy-1 cDNA was generated by reverse tran-
scription from the isolated mRNA, and the amount of cDNA
was increased by RT-PCR. Thy-1 cDNA was cloned into
pcDNAS3.1 plasmid by using BamH1 and EcoR1 adaptors. The
c¢DNA encoding Thy-1 was transfected to COS-7 cells by us-
ing a transfection reagent. 1-3 x 10° cells were plated in 35 mm
dish, and then added with 1 pg of DNA to GeneJuice reagent/
serum-free medium mixture by adding the entire volume of
mixture drop-wise to cells in the complete growth medium.
The transfection mixture was removed after 2-8 h of incuba-
tion and replaced with complete growth medium. After 48 h
of cultivation, cells were harvested and the expression of the
Thy-1 molecule was detected by indirect immunofluorescence
and analyzed by a flow cytometer.

Papain-induced arthritis

Three Wistar rats were injected with a 4% (w/v) papain
saline solution into the right knee of each rat on days 1, 4, and
7 of the experimental period. Seven days after the last injection
of papain, the animals were sacrificed. The cartilage samples
were removed from the tibial plateau in the right knee. The
samples were fixed in 4% paraformaldehyde overnight and
embedded, then cut into 10 um thick segments. Some sections
were stained with hematoxylin and eosin (H&E) and Safranin
O. Animal usage conformed with international and national
guidelines for ethical conduct on the care and use of animals.

Immunohistochemical analysis

The expression of Thy-1 was studied during papain-
induced OA. The papain model is characterized by a
proteoglycan depletion of the articular cartilage. After being
deparaffinized, the sections were incubated for 15min with
Chondroitinase ABC and then incubated for 10 min in 3%
H,0,. After blocking with 3% bovine serum albumin in
phosphate-buffered saline (PBS), sections were incubated
overnight with the monoclonal antibody. Each slide was
stained with sheep anti-mouse IgM (i chain specific) peroxi-
dase conjugated for 1h. The color was developed using dia-
minobenzidine substrate.

Interleukin-1f induced human articular
chondrocyte culture

To determine the expression of Thy-1 protein in cultured
human chondrocytes, a Western blot analysis was performed.
After the cells had grown to 80% confluence, cells were serum
starved for 24h before stimulation with the inflammatory
cytokine interleukin-1 (IL-18, 10ng/mL). Cells were col-
lected at 0, 24, 48, 72, and 96 h after treatment. The cell lysate
was analyzed on 12% SDS-PAGE and transferred to a
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TABLE 1. FLow CYTOMETRY SURFACE EXPRESSION
oF 5D2 ANTIGEN ON VARrIous CELL TYPES
OBTAINED BY FLOw CYTOMETRY

Primary cell
Chondrocyte
Synovial fibroblast
Skin fibroblast
Lymphocyte
Monocyte

Cell lines
Chondrosarcoma (SW1353)
SW 982
Daudi -
U937 -
K562 -
hFOB 1.19 +
HepG2 -

I+ + +

—+

+, Markers staining positive in more than 98% of cells; —, markers
expressed in less than 2% of cells.

nitrocellulose membrane. The membrane was treated with 5%
skim milk in TBST containing 0.05% TBST, followed by in-
cubation with the 5D2 MAb in TBST and subsequent incu-
bation with horseradish peroxidase-conjugated secondary
antibody (dilution, 1:2000; Amersham Biosciences) in TBST.

CHANMEE ET AL.

The expression of Thy-1 protein was visualized using the
enhanced chemiluminescence plus detection system.

Results
Cellular distribution of 5D2 antigen

We characterized the molecule recognized by 5D2 MAb
on various cell types, including human chondrocytes, hu-
man synovial fibroblasts, human skin fibroblasts, lympho-
cytes, monocytes, chondrosarcoma cell lines, SW-982,
Daudi, U937, K562, hFOB 1.19, and HepG2 (Table 1) by the
indirect immunofluorescence method. All peripheral blood
mononuclear cells and hematopoietic cell lines, including
lymphocytes, monocytes, Daudi, U937, and K562, were
negative stained with 5D2 MAb. The analysis of cells, which
were found in bones and joints including primary human
chondrocytes, primary synovial fibroblasts, synovial fibro-
blast cell lines (SW982), and osteoblast cell lines (hRFOB1.19),
was strongly positive stained with 5D2 MAD. Its expression
was also found in primary skin fibroblasts. On the other
hand, neither chondrosarcoma cell lines (SW1353) nor
HepG2 cells were recognized. These results indicated that
5D2 antigen is expressed in the cells associated with bones
and joints, including human chondrocytes, synovial fibro-
blasts, and osteoblast cells.

A IP (5D2) Medium
o
i
3 3‘1 = v
-« <
= - & =
Lane 1 2 3 4
35 kDa

B HAC 3 HepG2 " SW1353
8 S 2
Y = Y
1 1 b
1 B -4
:0- o
=]
2
10° 10 100 10*

sD2

FIG. 1. Biochemical characterization of cell surface molecule recognized by 5D2 MAb. Western blot analysis of immuno-
precipitates obtained with either 5D2 MAb from lysates of surface biotin-labeled HAC (lane 1), HepG2 (lane 2), and SW1353
(lane 3). (A) The culture media of HAC was subjected to Western blot analysis using 5D2 MADb (lane 4). (B) Flow cytometric
analysis of 5D2 molecule expression on HAC, HepG2, and SW1353.
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TABLE 2. MASS SPECTROMETRIC IDENTIFICATION OF 5D2 MOLECULE

=
=

(kDa)

pl

MS,/MS)

No. of matched
peptides (MS,

%Cov
(MS,

MS/MS)

MS/MS)

Identification
scores (MS,

Identified by

Accession
Protein name NCBI ID no.

Band
no.

18.17

55, 49 31, 18 4,2 8.96

MS, MS/MS

AAA61180

51339683

Thy-1 (cell surface antigen)

cl

18.17

MS/MS NA, 71 NA, 18 NA, 2 8.96

AAA61180

gi|339683

[Homo sapiens]
Thy-1 (cell surface antigen)

c2

18.17

4,3 8.96

31, 18

AAA61180 MS, MS/MS 63, 134

gi|339683

[Homo sapiens]
Thy-1 (cell surface antigen)

c3

18.17

MS/MS NA, 34 NA, 8 NA, 1 8.96

AAA61180

gi|339683

[Homo sapiens]
Thy-1 (cell surface antigen)

c4

[Homo sapiens]

NCBI, National Center for Biotechnology Information; %Cov, % sequence coverage [(no. of matched residues/total no. of residues in entire sequence)x 100%]; NA, not applicable.

Thy-1

100% identities with 5E10 antigen [Homo sapiens] gi|13195770 (AAB26353).
80% identities with CD90 protein [Sus scrofa] gi|224697007 (CAMS58077).

69% identities with CD90.1 [Mus musculus] gi|38325830 (AAR17087).

Thy-1

Thy-1
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FIG. 2. Molecular cloning of Thy-1 molecule in COS-7 cell.
Expression construct for Thy-1 or mock expression vector
(pcDNAB3.1) was used to transfect COS-7 cells. After 48 h of
transfection, cells were harvested. Western blotting utilized
primary antibody to Thy-1 followed by HRP-conjugated
secondary antibody and enhanced chemiluminescense for
visualization of Thy-1 molecule.

Biochemical characterization of surface molecule
recognized by 5D2 MAb

Biochemical studies were performed to characterize the
molecule that is recognized by 5D2 MADb using an immuno-
precipitation technique. As shown in Figure 1, researchers
were able to precipitate a 35kDa protein from the lysates of
surface-biotinylated primary human chondrocytes using 5D2
MADb coupled with cyanogen bromide-activated Sepharose,
whereas the antibody did not bind to any protein in cell ly-
sates of HepG2 and SW1353 cell lines (Fig. 1A). These results
were confirmed by flow cytometric analysis (Fig. 1B). Fur-
thermore, it was found that the 5D2 molecule can be detected
in the culture medium of primary human chondrocytes (Fig.
1A, lane 4).

Mass spectrometric identification of 5D2 molecule

The analysis of 5D2 molecule by mass spectrometry re-
vealed that the 5D2 molecule was significantly matched with
Thy-1. Sequence homology search in the NCBI protein data-
base revealed that Thy-1 is 100% identical to the 5D2 antigen
[Homo sapiens] (gi|13195770) (AAB26353); 80% identical with
the CD90 protein [Sus scrofa] (gi|224697007) (CAM58077);
and 69% identical with the CD90.1 [Mus musculus]
(gi|38325830) (AAR17087) (Table 2).

To confirm the identification of 5D2 molecule in which
the structure has been revealed by mass spectrometry, the
cDNA of Thy-1 was inserted via EcoRI and BamHI into the
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FIG. 3. Histologic analysis of papain-induced osteoarthritis in the knee joints of Wistar rats. Right knee joints were injected
with papain solution. The non-injected left knee joints served as internal controls. Sections of articular cartilage from the knee
joints of control or OA rats were stained with H&E to visualize cell morphology (A,B) and stained with Safranin O to detect
proteoglycans (C,D). Expression of Thy-1 molecule was examined by immunohistochemistry (E,F). H&E staining in normal
knee joint (A) and after papain injection (B). Safranin O staining in normal knee joint (C) and after papain injection (D). Thy-1
expression in normal knee joint (E) and after papain injection (F). Average optical density of reaction products was tested by

image analysis (G). Statistical significance, **p <0.01.

pcDNA3.1 vector and transfected into the COS7 cells,
which were subsequently tested for binding of the 5D2
MAD. The transfected COS7 cells expressed Thy-1 mole-
cule, which was observed by Western blot analysis (Fig. 2),
demonstrating that the 5D2 antigen is indeed a determinant
of the Thy-1 molecule.

Expression of Thy-1 in osteoarthritis

The Thy-1 expression was investigated in the rat model
of experimental arthritis using papain-induced arthritis

by immunohistological staining. It was found that carti-
lage in the control rat had a normal chondrocyte struc-
ture, showing an intact surface and typical staining of the
matrix with Safranin O (Fig. 3A,C). This contrasts with
the OA group, which showed marked morphologic
changes and the loss of matrix components (Fig. 3B,D). A
further investigation of the Thy-1 expression in normal
and OA rat cartilage by immunohistochemistry used
MAD 5D2, and it was found that the expression of Thy-1
was significantly higher in OA than in normal cartilage
(Fig. 3E-G).
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FIG. 4. Thy-1 expression on human normal (A) and osteoarthritic cartilage (B). Normal and osteoarthritic cartilage sections
were stained with 5D2 MAb, which detected the stained antibody by using sheep anti-mouse IgM (p chain specific) per-
oxidase conjugated. The color was developed using diaminobenzidine substrate.

Researchers further assessed the expression pattern and
determined the precise immunolocalization of Thy-1 in nor-
mal and OA human articular cartilage tissue samples. It was
found that there was a complete loss of cartilage and chon-
drocyte aggregation in arthritic lesions in OA samples. In OA
tissue samples, clusters of chondrocytes showed strong im-
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FIG. 5. Expression of Thy-1 protein in cultured human
primary chondrocytes. Cells were serum starved for 24 h and
incubated with the inflammatory cytokine interleukin-1p (IL-
1B, 10ng/mL). Cells were lysed with sample buffer at 0, 24,
48, and 72h after treatment. (A) Western blot analysis was
performed with 5D2 MADb. (B) Densitometric analysis of
Thy-1 expression.

munoreactivity with 5D2 antibody compared with normal
cartilage (Fig. 4).

Because a number of inflammatory cytokines play an im-
portant role in osteoarthritis, we then studied the effect of IL-
1B on Thy-1 expression in a human articular chondrocyte
culture. It was found that there was an increased Thy-1 ex-
pression in the cell lysate at 24 h after treatment with the cy-
tokine interleukin-1 (Fig. 5), which was demonstrated by the
Western blotting technique.

Discussion

In the present study, monoclonal antibodies were pro-
duced against the primary human chondrocyte surface anti-
gen. A MAb named 5D2 was selected for further
characterization. It was found that 5D2 antigen was a 25-
35kDa protein that is expressed in many cell types, including
chondrocyte, synovial fibroblast, osteoblast, and skin fibro-
blast. By using a mass spectrometry analysis and cloning
system, it was proven that the 5D2 antigen was a determinant
on the Thy-1 molecule.

Thy-1 is a 25-37 kDa GPI-anchored cell surface protein that
belongs to the immunoglobulin-like supergene family®
originally described as a marker for thymocyte differentiation
in mice.”” Thy-1 was subsequently found to be expressed
in various cell types, including fibroblasts, endothelial cells,
neurons, and chondrocytes. Thy-1 has been reported to
function in T cell activation,®® neurite outgrowth,(lo) apo-
ptosis,**? and tumor suppression.® In joint tissue, Thy-1 is
also expressed by synovial fibroblast, chondrocyte, and
mesenchymal progenitor/stem cells."* The precise biological
function of Thy-1 in joint tissue is not clear. It has been re-
ported that the expression of Thy-1 in chondrocyte was cor-
related with its chondrogenic potential. The chondrocyte with
higher chondrogenic potential showed the lack of Thy-1
expression.(15) Interestingly, the expression of Thy-1 was in-
creased during monolayer culture, which referred as de-
differentiation of the chondrocyte.*® There is increasing
evidence that interleukin-1B induced chondrocyte dediffer-
entiation by reducing type II collagen expression.®'*'”) This
event played an important role in OA development.

In an in vitro study, the inflammatory cytokines interleukin-
1B and tumor necrosis factor-o. up-regulated Thy-1 expres-
sion in vascular endothelial cells."®'?) In the present study,
we found that interleukin-1p induced Thy-1 expression
in human chondrocytes. This demonstrated that Thy-1 was
up-regulated in human chondrocyte cells in response to
interleukin-1p.
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In OA, the production of pro-inflammatory cytokines,
such as IL-1B and TNF-o, are increased by articular chon-
drocytes. The current study was designed to study the ex-
pression of Thy-1in OA disease. The expression of Thy-1 was
studied in papain-injected rat joints and compared with
normal knee joints using immunohistochemical methods. It
was found that in the cartilage of normal knee joints hardly
any expression of Thy-1 was observed. After injection of
papain, the expression of Thy-1 was enhanced. Similar re-
sults were observed in human osteoarthritis cartilage. This
result indicated that Thy-1 was increased in OA, which was
the outcome of the inflammation cascade. Secreted forms of
Thy-1 (sThy-1) have been found to be significantly elevated
in synovial fluid of patients with RA.?? Synovial fluid
contains cytokines, matrix degradation products, enzymes,
and other factors. The expression of sThy-1 may be induced
or enhanced under these conditions and the membrane-
bound Thy-1 is shed or cleaved from the cell surface to the
synovial fluid.

In summary, the up-regulation of Thy-1 by the inflamma-
tory cytokine interleukinl-p in articular chondrocytes and the
increase of Thy-1 in two experimental arthritis conditions,
including papain-induced rat arthritis and osteoarthritic hu-
man cartilage, suggest that Thy-1 may be a good marker for
investigating OA disease.
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