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Nifrotyrosine and Apoptosis in Articular Cartilage of Human
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Orthopaedic Surgery, 'Ansan Jungang Hospital, Soonchunhyang University Hospital,
and *Ewha Womans University College of Medicine, Seoul, Korea

Background : Matrix metalloproteinase (MMP)-1 and 3 are the most important degradating
enzymes of the chondroid matrix. Chondrocytes may undergo apoptosis under various stim-
uli including nitric oxide (NO). We studied the expression rate and zone of MMP-1, MMP-3,
nitrotyrosine, a marker of NO release, and apoptosis in the articular cartilage of human
osteoarthritis. Methods : To investigate the role of nitrotyrosine and apoptosis in the degra-
dation of the chondroid matrix in human osteoarthritis, immunohistochemistry was done for
MMP-1, MMP-3, and nitrotyrosine; and the terminal deoxynucleotidyl transferase mediated
nick end labeling (TUNEL) method was performed for apoptosis using a total of 93 articular
cartilages from 12 femoral heads and 17 knees obtained from total joint arthroplasty and 7
normal articular cartilages. Results : In the normal control group, the expression rates for
MMP-1, MMP-3, nitrotyrosine, and apoptosis were very low; and their expression zones
were confined to the superficial layer of the articular cartilage. Their expression rates were
low in the early stage of osteoarthritis and were moderate to high in the late stage (p<0.05).
Their expression zones were confined to the superficial layer of the articular cartilage in the
early stage of osteoarthritis and were expressed throughout the whole layer in the late stage
and those of MMP-3 and nitrotyrosine were statistically significant (p<0.05). Their expression
rates and zones were significantly correlated with the grade of osteoarthritis (p<0.05). Con-
clusion : The expression rate and zone of apoptosis and nitrotyrosine correlated well with
those of MMP-1 and MMP-3. Therefore, NO and apoptosis may be related to the progres-
sion of human osteoarthritis.
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o] ok FAAANAME olget JRE0] o 71A] 9
off 93] #3¥+=d, I Fol+= matrix metalloproteinase
(MMP), tissue inhibitor of metalloproteinase (TIMP),
plasmin activator @ plasmin activator inhibitor 7|, cathep-
sin B B D 5 og] 7}A] 247t Aefshes Aow delA Aok

MMPAE o8 Z2F7F 9o} o] = F5 2182 s1= Zo]

T

MMP-1 (collagenase) ¥} MMP-3 (stromelysin)©]® MMP

of oA = %3 3k= Zlo] TIMPelth. MMP$F 11 ojAA <l
TIMP= w93 % dhjyga} 268 A 29718 RS wafAl
71E ok oEA AaEAM =dAAY Wk Fo3 9P
g’ F2e] A B tﬂre'ﬂ JW‘M AF FFES ol

Sk AFol| A A 1811 4 MP 3% 2 TIMP
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Blanco 5°& 574 A 2 AZAE wjkdol A nitric oxide
(NO)ell :=ZAF S W] AlEAEAH apoptosis) 7F R H U=
s 01, Hashimoto %7% A EHE FHAZAEY
HjFHell A Fas SHZE A2l & AZAEATE doful=
FAESA 7|9 ARErH o2 FA5Th Farrell 5
AHF} FriEelE #HY Shxe] gl oA gk N
AEIGOH, Amin T FAAY A 9T 5F
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NO9| s%of H#ste] MMP A<
Bt NOE ¥1717F B 5ol =] RoHR QA LH°1
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Ao T3l wel MMP-1, MMP-39] @l g 2 9 195

S 213l W3}9} nitrotyrosine 2 A EAPEALS] W&
g ke B8 nlwsted, A FHEAe] el nitrotyrosine
A} NEAGAE PR 98 YolH Al & A5 A3

AT

THEABNES AP 1299 FAZRE A YEEFF 12
o B SWEAATES AFg 1579 IANEREH A EHH
ZA 179 (282 45 A%kES Al E ATUdeRE St
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sejde] TujE 2AE 4 um FAZ A% A Qe
ZA probe on plus &&}o|=(Fisher, US.A. 0]] a5l
Aol ARgetth LRl ] I TS 59 F xylenel



FREAM nitrotyrosineZt MZXFZEA; 321

Fig. 1. Microscopic findings of normal articular cartilage: Intact surface and ordered arrangement of cartilage columns is seen with pre-
served chondroid matrix (A, HE; B, safranin O).

2 gepis s AASATE AE ¢ILE FFAN T 2 ok Wl ststase] e AAet] flske] 3% Iitkst
A g AdYE =ol7] $18k] retrieve-all buffer £ T g0 A

(Signet, MA, US.A)el ¥3 wle]aZgo]H 2 E(Pelco, H[ 5ol vhe-& WAsl] st 3% A WY O
USA)RE 258 0CE 4AHA FAAA 1087+ A L0EZE MESAIZ T 80128 A | & A& A& 2
oA 1A17F ot WHSAIAATh YAk A EE anti-human

Table 1. Histologic/histochemical grading of osteoarthritis*
gic g 9 mouse monoclonal MMP-1 antibody (Oncogene, MA,

Category Score' US.A.) ¥ anti-human mouse monoclonal MMP-3 anti-
Stﬁlucturﬁ . body (Oncogene, MA, US.A)S 72} 1:1000.2 )45}
ormal ) - A
Surface irregularities 1 AHESISIEE PBS 0 AlA3E 5 o]z} A9 strepta-
Pannus and surface irregularities 2 vidin biotin complexES HoJrEe 1587 ARol|A Wk-A]7]
8:923 IO “?_S'l“ona' zone i ¥ PBS ¢34 AIHaISIth o] F streptavidin peroxidase
efts to radial zone _ R o
Clefts to calcified zone 5 £ 7o} 1587 WHeAIRl & o7 AT, WA
Complete disorganization 6 amino-ethyl carbazole (AEC)® 3-5&7F WFS-A]71 & 90l

Cells o2 AHste] Mayer s hematoxylin® & thFgM3s}3 Crys-

Normal 0 ] )

Diffuse hypercellularity 1 tal mount®(Biomeda, CA, US.A)E 23t A gz

Cloring 2 REO 9 9 RUREOlSA BEY 24S AR
3

orrposeluary 4 YEEES A%} A B4l PBS 9502 thalslel @
° A35ich 94 BES AAse Q) ABAEI 0%019 &

Normal 0
Slight reduction 1 A, 1-30%0H AL, 31-50%°]H 5%, 50% o]Ato|d 1
Moderate reduction 2 T2 SgS Urgen Ars 18, 2ELRE 24, I15E 33
Severe reduction 3 6o Al
No dye noted 4 o7 FASHAT

Total 0-13

. o . : o i o Nitrotyrosine 344

: Modified from Mankin's grading system™ for osteoarthritic articular =

cartilage; " Osteoarthritis grade 1: sum of score 1-4 gt E2S 4 umo FAR vEd 3 34407 vty
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Table 2. Expression rate of matrix metalloproteinase (MMP)-1, MMP-3, nitrotyrosine, and apoptosis in the articular cartilage of
osteoarthritis

MMP-1* MMP-3* Nitrotyrosine* Apoptosis*
Grade of osteorthritis Exp. Grade' Exp. Grade' Exp. Grade' Exp. Grade'
rate(%) 1 2 3 rate(%) 1 2 3 rae(% 1 2 3 rae(%) 1 2 3
0(n=7) 14.3 1 0 0 14.3 1 0 0 28.6 1 1 0 28.6 2 0 0
1(n=32) 53.1 15 2 0 531 16 1 0 62.5 14 6 0 531 14 3 0
2 (n=20) 80.0 11 4 1 50.0 2 0 70.0 5 8 1 55.0 5 5 1
3(n=25) 84.0 8 6 7 88.0 11 5 6 84.0 5 10 6 80.0 7 6 7
4 (n=16) 100.0 5 5 6 93.8 7 5 3 100.0 4 5 7 87.5 5 4 5
* p<0.05; ': Criteria of grading. 1 (mild)=1-30%, 2 (moderate)=31-50%, 3 (severe)=>51%; *: Criteria of grading. 1 (mild)=6-30%, 2 (moderate)=31-
60%, 3 (severe)=>61%. Exp. rate: Overall expression rate.
& 94 Aol retrieve-all buffer £do|H 1027+ 90CE A th o7 JAE AZAE} AA ATAE = 0% &
AlA 7FEEkSity, €aF A 25 anti-human mouse polyclon- A, 1-30 %0]‘34 AL, 31-50%0°1H 2%, 50% o|XolH &
al a-nitrotyrosine® (Upstate biotechnology, New York, =35 Qo A= 1H, FEEE 28, IEE 33S

2
US.A)S 5-10 pg/mL FL& 34ato] ARLsgoH oF 24 2 AT
7 o Aol HHEAIFT. AECE A o}M_El Mayer s

hematoxylin © & 127+ oF3lA] dj2HA& Aleet & Crystal SHEHE 2M
mount®2 295l #AsIT) ok UlRFES FA 724
A8 A28 9 34 5719 2A8S olgsseH 24 o FAAEE FolAF A4S ol&aen pak 005 mgH
ZRES YAk A il PBS g5dlo® thAlste] HAskad d o folgk A0 Hrlesich
o AEAE B AS7E Ao R FAEE A HJoR
siAstaict GAE F7E gAY o dME B9 5%
U]“JO]@ S0 E At 5% ol FAE s FAE g 1
%ol Wi} 6-30% BTl AL, 30-60%01W FEE, 60%

]}\1-0]134 TEZ Rglen 735—‘2— 13, 355824, 158 MMP-1, MMP-3, nitrotyrosine &84St M| ZXHEA}
3Ho T FAESITh (Table 2)
MEXIGAL oA MMP-1

NEAEANE #Fs7] A8 s BS54 umé FAE FHEAY S0l wWE MMP-10] tjgh AIA| x| Ha&
P e F xyleneC & SEHAS AASIY AY ISR Hdt & A BEASTE 7ol F 190(14.3%) k] 7S] Fd v
At} Proteinase K& 37°ColA 1587 2|3 E]~°— ZRTE 25 Hyy FAEG 15 0]

[ele]
= oA AAAd FdE
sk & U9 Htslaa @S AA] S8 3% At 53.1% (17/32) A FdS 3+ 174 5 154d7F A2 3

siragdo g 1087 At SRTE dste] PBS % Fon, FHHY 25HFdA e TdE0] 80.0%E 7L
HoZ AHsoTt therel g2 ApoTag® Plus Peroxidase U204 F 11d7F AR Z3EY 35EES HEH el
In Situ Apoptosis Detection Kit (Intergen, NY, US.A,)ZE 84.0% (21/25)¥9oH &S 3 21¢] = 67} =S5, 77}

Agath oF 1687 o)7F Fol&(Cr') & XS equilibra- TEAT *"*ﬂ‘ﬁ 45ETAAME 169 A eoflA] Fdelne
tion buffer? AAz]et & TdT EFLNE &elol=g 55 wl W 597} A%, 547} E5 5, 697F A=A HEG] 2]
A EFete] 37°C oA 90E7F HHGAIATE L the Stop buffer = “Ldgol W ZEE wasitht S3Egol Fetl uhet
2 1587 AES HEASAT & PBS S0 Al oo oA EEEe] SR FEE R AIREE wAsG
Skt oF 3087 degoxigenin conjugate 7 HHAIZ] & (p<0.05).

o

PBS &=l A|23}1 diethyl aminobenzidine (DAB)
2 dAEeth thE Y-S methyl green® & oFalA] G231 MMP-3

Crystal mount®= §-¢J3te] FaF&n]7 slelA| ‘&7&'5}%{‘3} % ZAEAS S0l e MMP-39] tjeh Ha & 4 A4
A OEEES ARA RS ARERen oA dEud AFTFNME 7ol T 16(14.3%) AM T HZ50] 259 AZA|
TdT £3589 4l equilibration buffer@ thA] s} *}30} Fo] Ax FA3h FAEY 15FTM e AA e o
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Fig. 2. Microscopic findings of articular cartilage in the early stage of osteoarthritis: Surface irrgularity and fibrillation is seen (A: HE) with
slight reduction of chondroid matrix (B: safranin O).

#go] 531% (17/32)BA LS 8 174 F 1667} AER
stk FRAY 25T TN B &0l 50.0% (10/20)
A HEE & 104 F 87t AR wEsAn ZHEY 3
SHrlME B L] 88.0% (22/25) 24 WIS 3l 22¢) =
117 Ak, 547} 255, 697F 1eqth TREY 4552
oA E W go] 938% (15/16) 24 EHE 3t 164 = 747}
AL, 547t F5&, 347 1EQY FHEAY 2oldE A=
2 Wit FREd ] vt Asidel weh ddEE o
Al S7FskATH(p<0.05).

Nitrotyrosine

aﬂrﬂ‘ﬁfl Saol e mtrotyrosme«l W&o atol= A4
%@ﬁg— © 143% (1/7)A AE, 143% (1/7)N F5%

éﬂ_ff}%it} ZHEY 159 %ﬂ*i—”— WEEo] 625%

(20/32)3101:4 WS o 209 S 1407F AEQ WHE, FHA
o 25golAE BEgo] 700% (14/20)9em HHS 3 14
o = 87t EEENT. FHEY 35FTME B
810% (21/25)2A L&L 3 21d] = 10907} FEE, 697}
IERoH, ZHEA 45HToAE 160 BT HdNL
o]F 57 TS, TVt AEATE FHEA] 7)ol WU
Fo| By AxZ Iyt ZRE Aol 1Ayl we} T5
2 IEE Aol o] YA F7H8ATHp<0.05).

MIZXFHEAL
ZHEY SF wWE AZAHEAL FHEL
MM 286% (2/7)0A ksl A9 AZAE dlo]

Ak =AEH
el 704] % 14el7F =gt

[¢]
FdE0l 550

15F7NAE 531% (17/32) 04 Fdelsle
A9 25—“*?011*1{—

% (11/20) 824 491 11¢] Z 597} A%, 54
. A 35aTdME FHEC] 80.0%
(20/25) 2 A9l 20d] = 7o7} AL, 607} ZEE, 7971 I
Ttk 2RAEY 45F M B0 875% (14/16) 2 9%
41 144l F 5e7F ALk, 4o7h FEE, 57 AEATE =3
A AErt S/FEFE AZAEA FAAES 9] A S
SFATH p<0.05).

MMP-1, MMP-3, nitrotyrosine %! M|ZX[EALS| UE 2|
(Table 3)

MMP-1

FRAYe 5T BE MMP-19] T8 HAIE 439U
FZNMT FPoE AYHS)
Table 3. Expression zone of matrix metalloproteinase (MMP)-1,

MMP-3, nitrotyrosine and apoptosis in the articular cartilage of
osteoarthritis

Grade of MMP-1* MMP-3  Nitrotyrosine*  Apoptosis
osteoarthriis S W(%) S W(%) S W(%) S W(%)
0 10 10 2 0 2 0
1 15 2(118) 13 4(235) 19 1(5.0) 15 2(11.8)
2 7 9(562) 6 4(400) 9 5(357) 7 4(36.4)
3 10 11(52.4) 10 12(545) 10 11(52.4) 10 10(50.0)
4 3 13(81.3) 4 11(73.3) 2 14(875) 410(71.4)

S: Superficial zone; W: Whole zone. *: p<0.05.
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Fig. 3. Immunohistochemical findings of articular cartilage in the early stage of osteoarthritis: A few positive condrocytes are noted in the

superfical layer for matrix metalloproteinase (MMP)-1 (A: ABC), MMP-3 (B: ABC), nitrotyrosine (C: ABC), and apoptosis (D: TUNEL). ABC:
avidin-biotin complex method, TUNEL: terminal deoxynucleotidyl transferase mediated nick end labeling method.

o =Y 15920 E 882% (15/17) 7} Eiolw st A gdsglen SASHCR ool ANTHp0.05) (Fig.
Aom, WA 25T TNANE 438% (7/16)7F FFA L 2-5).

&g v 562% (9/16)© ETHE AF7HA %‘?ﬂo}ﬁt}. =

ThD 35HTEE 47.6% (10/21)7F HFONA wHaGoH MMP-3

524% (11/21)7} A Sl 2d@sislnt. 2dEF 455 TlA ZHEY] Gl mE MMP-39] I F9E A4 A3
= 8L3% (13/16)7F A SollA 2dsslth. FRdde) 2719 Lol e &3 F3tste] ddeirt 2dEY 1592
E w204 2datpt 28EP AL AEFE A S 765% (13/17)7F %35l S3tslel ddsiion] =84d 2%
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Fig. 4. Microscopic findings of articular cartilage in the late stage of osteoarthritis: Fissuring and loss of articular cartilage is seen (A: HE)
with marked reduction of chondroid matrix (B: safranin O).

FME 600% (6/10)7}F FZ=olA LA 40% (4/10)
dME ESHE A7 A FellA st FREA 35
FAAE 455% (10/22) 7} T4 ddsigom 545%
(12/22)7F A ZAA ddsiglth. 38 45a57AAe
733% (11/15)7F A FolA wrdsiict. FAEA] 27l
3o Hesitpt FAEA Xé M: 3ol whet Iy F9
7b A FoR wdo] Frkeke AFol e BAITA &
92 YIATHFig. 2-5).

Nitrotyrosine

ZHEAe 7ol wE nitrotyrosine ¥ F
AFFAME 2o BT 20N oA wAsT. FH
SHEAME 950% (19/20)7F 3] F350] L@@
PAY 25FTNME 643% (9/14)7) BZoA
357% (5/14) v FTHH A7 A oA Edsisich
A 35FoME 476% (10/21)7F FZ0)A, 524% (11/21)
7F A Fell A dEste] w33 A SolA fARHA da st ubd
=) 403 SHEANME 875% (14/16)7F A S04 was1g)
oh FWEA] 7)ol wHo] Bl Feksitrt FHE A
73%@‘%‘01] 2t A oA wHsglon AR Fo)4o]
AATH p<0.05) (Fig. 2-5).
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F—L L mH R

NH lo

HIZRHEAR

WA Sl mE AEAEAL O RelE Y BdaE
TANE Z3AT ST ALY 15FTolM = 88.2%
(15/17)7F 2 #5d Sdaien ad =

63.6% (7/11)7} EZAA o)tk FHEH 35FTNA=
B3 200 F 10dE E30l FFHL L‘rl 0= EZHE
ASHA Ao FAoldlen, FRHHA 455N
714% (10/14)7F AZelA ol ?&%%4 EVL

EZA BHS B 2HEYo] A whek A ZoIA A
AL P ALE BBG 5 Yo EAFAA foge

AATHFig. 2-5).

MMP-1, MMP-3, nitrotyrosine 51 L M[ZEXIEHA] Abat
ZHA|

ZHEAY A5} sl wel MMP-1 2 MMP-39] %
A& nitrotyrosine HEE X AEZAEA FHES ] 8t
Z7ketat 2E R ® MMP-19F MMP-37F 2349 %7]
= 239 Hoslel Bds o FRAge] Al ule}
%01] Az Feaisint o)#dt AAL nitrotyrosine W
2D A ZAEAL G F9le] skl MR oulE Aol
A THp<0.05).
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MMP= ;G/\l-x-l oz }ﬂz} A B Zaa) A
of #AskE Taold, HHANME A5 vkl g #
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MMP-32 ghltis 2341712 22144 MM
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Fig. 5. Immunohistochemical findings of articular cartilage in the late stage of osteoarthritis: A number of positive chondrocytes are noted
throughout the whole layer for matrix metalloproteinase (MMP)-1 (A: ABC), MMP-3 (B: ABC), nitrotyrosine (C: ABC), and apoptosis (D:
TUNEL). ABC: avidin-biotin complex method, TUNEL: terminal deoxynucleotidyl transferase mediated nick end labeling method.
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