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Fhi B AR M MR <2 FARHTIC L 0, JEER M, SERICHA L, TR0
HCERITEME,. LR, ST EDENTEIE. PEER PRI EE & R L, AR
ETHBL-AFEREOE - HREOEMIZIa T —5 2 Type I OEB LEEIL, HH
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A. HEHR
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FEHRR (I PR AR B AR o4 PR 2E RO A1
MR OB LB L A S0, H
EMA LR ES A IR TH S, JI
—TORFLIFAANR —HF—FHIC L
N A LT IS A OIRHE & MR LA
O¥EICERESNA D EERRAL, &
(R AL O KSR HEREE 0 72 b — o Jji
EFRHOEEEREAER T L 2R
Rl AR ZOXFTECHNS
PR L—F =2t TIZBH L,
BEEn-HEREXLZWNET L L THE
ARG RE AR RTAE L RIS Y T A A
TR M) A AR E VR A AT IE L S
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REAEMIZE L O ThHo. BFEHNL
OhEICIEF 2 B AN EER L,
E—LiEL o XICEVBEL, 2TE
600 mODFHET 7 A 75— LligE L=, X
PRIETHRR O 3 MM EE Q A4 = F Nd:YAG
L—H— (& 355nm, %k 5Hz) #{H
ALk, “natiztoThiEshizA
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REER 10ns) % IV THEHI AR B FH0E
AT PAMEEIT- 7, HMLEBE
HOEIE Mat Lab R Y 7 FEAV
TAIRTRTFL, HAFA—FLLTE—
7 W, AR, MFERSMZEE L.
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FES R AR B ® (RARFERETFERR)
SraET R

BRI NNy aFhA— T VK F12

( F12/DMEM;  Gibco,
Corporation, Carlsbad, CA)IZC 1 Wi,
# VT 0.016% (W/V) bacterial
col lagenase P (Roche Diagnostics Gmbl,
Mannheim, Germany) 7545 F12/DMEM |=T 3
R OBER MR AT o2, BEELEETT
ST-EEMSEE 70 m OELR b LA T
— (Becton Dickinson Labware Co. Ltd,
Franklin Lakes, NJ)IZ C#i& L. 1500
rpm T 5 3B LA T2, fBbh
f=~L w b % DMEM/FI2Z, 10% fetal
serum (Gibeo) , 100 U/mL
(Gibco) ., 100 pg/mL
0.25 pg/ul
fungizone (Gibco), 50 pg/ml ascorbic

Invitrogen

bovine
penicillin

streptomycin (Gibco) .

acid (Wako Pure Chemical Industries,
Ltd, Osaka, Japan)iZ T L, 500cm®
AP TTTF 4 wralll x 10" cells/em’
THEFREL, 37 ° C | 5% CO, %&H . 95%
REE ORI THE® L 7=, #9 1 MM#% 70%
22T N A HLRE b A R A
0.05% trypsin/EDTA (Gibco) (Z°T 37C
U EEfEWii#E (PBS;phosphate-buffered
saline) |Z T, MRz THER
WL, x10" cells/cm’ (2T 2 ff L7=,

3. ALEE AR (R

2 REMR L7-#k# MRA2 A DMEM/F12, 20%
fetal bovine serum (Gibeo), 100 U/mL
(Gibco) , 100 pg/mL
(Gibco) . 0.25 pg/mL
fungizone (Gibco), 50 pg/mL ascorbic

penicillin

streptomycin

acid (Wako Pure Chemical Industries,
Ltd, Osaka, Japan) (= CTH&E#L 1.0 x 107
cells/mL (% L7-, HlRORESE. 45
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DHBEFELERTH A X 0.4pmd
HAFv—A =7 4 VA EIZMHE
oM (Ff 10mm, @& E 10mm)
ZRE L, ANVFr—a%— b FHEIC
15ml O EiEE, WHNTHALF ¥ —A >
H— b B 15m | Ok AE Nz %
L7 0 e e 5 2 4 75002 0. 6m PR L 7=
% 30 Syl L 7=, Ml e siite A | ) i
VWA TS Y — b 7oA EiClE
BLTWAZ L efaddth, $hRINTESRIC
WhashaET, AILFyr—gvH¥—p
P4 30ml OEEIRAMZ, 37 ° C |
5% CO, %M | 95% WEE DR (FT 8 Wyilty
#L1, T, FHEREL, HED
R —E Lo MRSl (il Mle 7 L —
b %7 ARMRETHEELEZ, KWT
A ¥ — b7 4 b BT —E LT
JOREZ MERs LIzl 7 L— R ASES LIz
THIRE L, JEEERED 6 ANKFEILICEE L,
1 7 L— MMZo% 6ml ORI THE
L7z, REEIG#EMTIT, EEREEE
(TAITEC #1:8 70rpm, W48 25mm)

b 5 M L7,
J_‘ | I". i 15«-_-[ |
T ff
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4. MY, RHER(LE
FEL-H 7L PBS [CTH®PL.,
H 2 10ml @O A%FEw ) CEERIZTEE
L, =% /J—nAkE. 1 /T IAT
a—A I TRMLAT 7 s aLT=,5
pm OYFEERL, Yo7t sV hy
L TH7I="-0 Bl bAA Y
v N— s BT o1, ML
S¥riE, Sk E IR IEEICIE > TR
F74»L. 2aF7—% Typel & Type
N (B —77a47 A0, BE) K
Cyefa L7, R {6 4 8 oo L
FURN - AAFICTHEB LI,
(XL X 20%)

5. AA{kFmsdr

ER L= Lo Ei L . RS R
BoORMBAHML, KaESHKEHAL
7=, WREERMUT-Y L TINERT I
TACT72H M, L T=F Ay —¥Ic
T 24 BEHIMERALBE L ¥ v DT | =
—JLIZ8EV Y ELISA i (Chondrex ff ELISA
Kit) lcTaZ—4% > Typel 2 ER L.
ELISA OH 7 it KR IZT
490nm DRFEBELZPEL, ¥ PAD
a5 —4 L Typell DEE M &~ Hede L
i,

6. PG, SRAEEHB

YT NOREITIT AN~ I ai—
& — (Jg/)v#%% 0. 00lmm, 3B+ 1 um,
FATEE lum BAF) (S THBIL 72, 5l ok
D RBITY - TNEERET A AlZE
kL., 4mn/min DA E— FIZTHl =D,
fE—ERROEBR2OME 1 6F
VIRERR LT
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7. HEART

2 T T R R R & HE[E e R 5y
HL, ANTHBLE, TRTOTF—4
Il e TR L, RIS
BEE S AT (Factorial ANOVA) 217=
f=. ANOVA BB Th-7-H8a, feD
HFEER =7 =BEEZHOTEELE
BEXITo7, p<0.001 2H-oTHE
EhHY LHELE

(o =7

1. FHEE T ER0RCE AR R

L SRR L O A R 0 1 M e
FEN TR B L - TRR R =
nt- (B2—A) . L LRk, S|y
L 2 OBEAHERT S 2 L3k
ot (F2—E) HEEN%, K%
YRR > TEAEZHL (R
2—B-D). HEEWIM 2 M CIEE Y b
ICTiEE L T LRI — B L ik i
Fetn = L ASATiEAeshE 21, (M2 —
F) I Zx i HIETe] ke 38 I b 0O 16 9 AE & B0 |
Wt 2 Mo TaEIZR L, B
75 0 9 HE |2 HE (] 5 3 B T 1L 0 ]
5 i E THERF S A AR RE T M
LrafimsEHonz, (R3)

(42
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2. FHARSH I

R HERE . BERIGEREL LIV 7T =
V-0 s, bAA DT A—BTO
ARG THo -, HEERERED
G e T R IR L e < T — TR
AR PR RO Rap sh el s il Jidais 35 E |
HEETETCORBEL T —Th-T-
DIZHF LT, BERSF IS ICh-
TH—REMZ T LIz, Ehbicbi
£, X AU\ MR R O RR AT LA S AR R
T, KBRS IERE & ol L C HeE1 %
TGRS L LICEOELRDIK
TAHEmARD LR, (K4)
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3. REMER(EFAIEE

aF—4y TypellicHd 2RERED
FoR LA (RS5B—E) TiiniE
3 M E TORGHICHL M REZRDLT,
Hd% 5 W (5 —E) THGBrEOH AR
Hoht, EREE (RS5F-1) Tt
g 2 M FEToORGHEICH LR EAGR
higipotds, HEEIM (-5 -1 T@
EMEOMEARD G, 5 TN
[THEFF STV, ka7 —
A Type IS kb3 5 e ot |3 i 5 1% 46
B &t 5 L ¥ — T M AR B
h.¥77=v-0 b FN—T
Ot o RN, (E
5)
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4. A{bSERYaE

aF—4 2 Type Il O 5E ek B (3853 2 8
FTMMICARELROAED 28, 3
W LA A T R A B & el U THEME]
O3 T—5r Typel AR Z
WS L e o, A RETORIMER A R
Db, MEEENTIIEEIEEZTHE
RMEES M-, %5 8 TH
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SrRwFR S
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5. 5l Y M

Yo 7 RIANRRIGRBE - L8 L CHERI
FERTHRBICHBVTELEm 2R LT,
BRI B SR 2 LS & i iHT %
BECIEHEIE 3 M £ CHEMIME Rz
Mo Ak 5 MTHERRIMA RO T,
—JFHEEIERBECIINER 2 ME THER
MM#E B e oo A% 3 M THER
WmEgEHh, (E7)

I3 B — 7 # % 404nm 00 BikgE TR R
A7 bERLE, —h, EREARD
ALY b E— 2 HEE 400nm £ 430nm
O _WEPECWIL I AY PAET LT,
R L 7oAl T oRA Ml (gl 3% 5 )
ofc# ("8 —c) . MM (K8 -D)
DAY M RRERTIIE— 27 EE
433nm. M Tl £ — 2 # R 405nm @ Hikg
HTYHELHLIEWBMEE & e LTl
JEIR ALY hER LT, HIEE T FEAE
FoEMicETAE—2EROTEHE R
Bk, MEGEECIERIMETHE
LB A R o 7 A% 5 M THE
A AR . — HREERERTETITHE
%2 M CHERZEMAZRD 2o H
Wi s MTHELREB 2N, (H9)
1538 5 M TITRERIFRBED ©— 7 P
I HE I & Mo L CIER PO o0 £
NICERT Sl %7 L,

6. B¥MAAEE KEK A2 BT

De—s ¥k

4 FEHBIHRA (K8 —A), 7¥¥
E#¥AR (M8 —B) OBFHEHKA~RZ
ho 3 T EFRT, ERNBEHKE
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BTGP ERAERMNE (RENFRATEFIR)
AP ERE &

H

@4-fifihe
FMRIImRE S bicH sl THER
@& i -o7-n Hi3E 5 M Tkl
HEHFAETECAH B ARINA RS, fEbH %
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cells/cm® THEFAR L . HLRG %3 L 7-#cf-#
R -l A 2 M 0 SR 72 CRIC K
THMEEZRD T, E6ITHiROKR =
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D&%

A EMOMEER BRI OB E(k
PEATVWEA, Y —AORMITER
iR L, B R BREHAR L (FRER
NEBHENE ToOM, £7-#Fh OB
BIZBWTHL—HLTY 77 A Lk
ViELE=F—T 50 CI3FEE M2
THREARAI R Th 5, IR WA 22 4R
PR FEAE LB EF W MRT 2l & L 7= il
Wi b R E L, JTETIXMRI O
AEELELT
spoiled gradient-recalled MRI( 3
D-SPGR) <2, R E FHIK R &R MRT 25 #HLERF
MRl & L CHESNTHTHY 5%
BT5ELBDbRS, LAsLilihD ) 7

three-dimensional
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H A LAApiPMRIC B L TR Mo ER
RRETH D, AREFRICTHER L LR
L—H—I3#E 7 7 A /A —f) 722 dH A T g
T, WERE T COMERBARERLD, #F
hD Y TAF A LIkl A A v RE
Lirh, ¥4 —TORRLEBER
L 7= @ T (RO IE 2 S RS
SRR I RV B 2L R L —H— A il
T B0, BHREOHERERRE L
FLARMER % @ WA o FERF I, £72Y
TNE A LIRTHlA AIiEL 225, L—H
S L HEE & 0 S A I e 1
K, KA T2 /ad— BREERY
TEEICIGH &y, BEPKESE TiLi 7%
Ko, BRI, RRE £ TR D
Btz YIcHwWHh, SEEESLTY
HOFAEEFOFIC BV TIREEAR
<HE LRV, ARFRIEREORERE
WcBWT, ¥Yrau—7oR), BHL
Ik - THE SN scaffold free ##E
TR o AR a2 L, ko
HEREAORHE, By, o TERTEN
TPAl . P PRAEAYARIE DA & LR L,
W A E R~ DIE A O FREE 2 R L
V=,

A THHE & L7 scaffold free #fl
RO I, MW EMRTIZ XD
AU AT & AR FR B ARSI K Y ey
feL=ikfrflarsmgoed s s,
WEMBROBFMEIZ A =ALA BL A
Mgl L2ERE LEMET T
AR R TENSh-#HEBTH
%, EEEEEOFRERNN, BHL
OfEIcTTuTFA LY HoER, DNA
Efk, 27— ek, 27 —52 Type
. 11 mRNA GER D537, PIBEFEHFRE



FET M ER ARG (REMRFRAFIAFR)
AN ERE SR

Rl (SI5E 0 3ER) Al ShAFH SR T
WhH, AREFEICEV TR 5 B o+
TV, BFERAHH THY . BfFrdlao
HPEc B O THELERNEH I T
— 7 TypelliZEERB L, BFHK ALY

MG 28I 257,

B A 126 R THY . O
X2 53—t FEREOEEHE 8%
fifast~ b v 7 ALV B IR TV,
< hU 7 A0 T0%IZKSTHY .,
20%M237—45r, 10%NBTaTrtsy
H MRS Th D, SHICFOKE
PR T A2 5 —4 0 80~90%7% =
F—4 v Typell T b, 2F O BETHCE
MEOIZLEAYYaT—5 2 Typell &
Wo THIBE TRV, ZOMEmko
ILHFRNHHIT2 T L, il
%53 O e NADH 22 NADPH T 5. L -
T LA D S bk S h 5 B FHOEIIE
EAEBRITZT—H 0 Typelic kB b D
THHIXTTH 5, EXNBEEHREOHFH
WHANY bV EHZDHEE— 7 EER
400nm LT, AR L i LTk
RASTZ PATHD, T, T—FEL
TRTLTWRWA, filROaZ7—4
Type 1 ® HFH K Y £'— 2 B 400nm fF
TR ALY L ERETD, 4
ACHER S T ML T, R4
RFIIC MR L NI, ¥
L5 & NI I RO HLEIER 2R
T ldibihaoTnd, AN ALY
kL% B4 L 400nm (i & 430nm fFiFiz
2 DO E—=7E2HQBIERLOTHY
HEMIBR O BHERR D 2~ 27 b L% [l 2
EETHhs, —oZ L AT MR
MR AR LT A LEZLNS,
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HEE TR EORAR2 LA RS LM
RESOBBeREROE— 7 BEIX
430nm (HEZ E—2i2FhH, +757=>
-0, bavA LT n—, a5 —4 Type
NoREMHNRELE GBAL2@RA~
Yo 2 ZLESHBO ALY FILVITEE
400nm fHEIZE—2 &8>, 7oL
FHFE D2 T —4 2 Typell OIE RK#
RLEAREHOE—7 BEEOTMA R T
A5 L, BEENERECIIIATHERY
MERL, REEEE TS B THERZN
mERLE, ~HHEEXOE—IHE
OEW L EEINRE T 3 BAE LT
(EE BB 2mL, WmEET
5 M CHELREMEZ R L, Z0OZ &
G REMIER R A I & e L T
Bica7—42 Typel OFEELRL,
OFFEIE 2 B 5 3Bz TTHS S
L E— 2 RO HHTNS &
HExbhd, EEHBFENSELRTA
Bl MMOF| - WE T T4
e, FHEEREZT TS Y H
ik OB AR Z L6 AR TIE
AR A0 05| - 3R 0 SREE & 3R L
f-. FORFILIaT—Y L ROEE L IE
L, E—2BRoZE & Lkl L,
ZOEWI= T —4 2 Typell D
BofEro BT 6N S,
FEOMERFRIT W= Z7—5
E# PSR E T34 100nm & 36/ T, B
W= F5—4 L miz 5 AER BRI
RTWNTHD, Zhidhr I nol)—
M5 L Ex bA, — T HRNT
FEW T AR LAk BEVv LR L, 6
T 1T0nm (2dEk L=, Zhitdkdk=
F—4 1 Typell 204 L T



IR SR AR R & (RAF RS ITRSRR)
Rl g g

fa A B ®IC TR AL,
population DR —EN A Ciztfoth, E
RENDHIF—HFERLE LEABFE
¥PEOEBRBENTZLEELZLND,
IHITHEEEICE TS CD-RAP
MIAELISA OF5H (2 13) 2 A THMkL A
Hhsd L icERMaoBaEhEA T
WA Z ML LT BENS, MR
PO C 1 I I B D - 1 2=
T THIR L, REMEISEIERED (R
IMELTWS, —oOZ LXIFEE%ECIt
GG TaRA AT /A E Xo¥ dhe I 4Gl
R L > TRk, 2e
PREAHERF ST 5 2 L %R L g
HROFRESBENLTHWA LEL BN,
WLEEBF O SpHTI B L I RAEdETT
ThHHM, E—27 BRIZBT 5PN
# R TH 5 L HEBIRE# 5 8 ORI TF)
s ORI EFHE O h & W
ZIEEL LT, ZhvidsstE i ol
HEFELTWALEZ LS, Bl
WO 27— AT £ O Type 1,
X1, VI, X, XZ¥¢8H0, &~
DE—I P REED. TR —F
v Type THHEHBEIZL-TE—27#
£, MERSHARL2S. MELTRILC=
F—4> Type |l T% bovine Achilles
tendon M3 ® H @ (peak38Onm, decay
time5. 20, 2ns) & calf skin H¥ED L,
@ (peak420nm, decay timel.05%0. Ins)
TIEE—7EELEERM LRI B2
5. SEE—2BEROMTTHEAYE
ERBIZHEVWEOBRTEY— 27 BRI
HEM~BITT 5 Z LA I,
E— 7 R OB 0 Z CHUEME 21
L & 9 &+ 3B ERaR crimiansy

0

Lo HmtE (B EdH 2 VIl o ed
o) U TEARV, TITHERIS
BirsmEmMEHMTsZLickn Y
TS A LIZ 72 AR T 29T 5
ENTFHEL RS, AXRTIIE—7H
2R 3 M T TEBERRM~
OBITHHIR S =8, &I EOMER
MAESHT2E, H¥E 2 BOET
native =37 —4> Typell DE— 7 Bifk
Tién D 402nm O PEFERFM 0 HEF A FERE T
HILNTED, ThidAEgkoMmLn
W eA ez, 3T —4 2 Typell ZPE
ELTWAZLEZFRBRTAEEZLN,
F—2EEOSHT LY | ERMICHa
et (3 14), S#%IF
Bexir type OF—HoRpdOE—7
W O M B AV U, AR
O EORIEIZB LT LRIz IE 5
TLENARELRALEZTVD, ZOL
FIEAFHPI-THLND AT PR
FOMD Type DRI F—4
LIk Sz BFEOEOM LA ENT
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Measurement of the diffusion in articular cartilage using
fluorescence correlation spectroscopy (FCS).
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ABSTRACT :

Fluorescence correlation spectroscopy (FCS) provides information about
translational diffusion properties (number and size of molecule) of fluorescent
molecules in tiny detection volume of homogeneous solution at the
single-molecule level. On the other hand, cartilage tissue lacks blood vessels in
normal states, and is thus permitting the free exchange of nutrients and gases by
means of diffusion: therefore, diffusion is the key factor to maintaining the
original functions and metabolism of the chondrocytes. The abundant
extracellular matrix (ECM) of the cartilage has to be maintained by a limited
number of chondrocytes. ECM in cartilageous tissue has an important role of
physiological activities in the regulation of chondrocyte function, the intimate
communications between cells and the alteration of metabolism,

In this study, FCS was used to measure diffusion behavior of albumin, the
major protein of intra-articular space, using normal and degenerated cartilage.
Before measurement of albumin, preliminary investigation of fluorescence dyes
including Alexa 488, Rhodamine 6G and Rhodamine 123 was conducted to
evaluate their properties.

The results indicate that it is possible to obhserve the diffusion behavior of
fluorescence-dyed albumin with FCS in both normal and chemically degenerated
cartilage. This work firstly demonstrated the capability of FCS for direct
measurement diffusion behavior of ECM in the cartilage tissue, which may be a
potential and useful evaluation tool. If the diffusion character of ECM is clarified
using FCS evaluation, FCS will be applied as an early diagnosis method of
osteoarthritis which is accompanied by increased abnormalities of ECM
components and also as an evaluation tool of bio-engineered artificial cartilage

for autologous chondrocyte implantation.
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Fluorescence correlation
spectroscopy (FCS) is a method
based on luctuation analysis of
fluorescence intensity to detect and
characterize fluorophores at the
single molecular level in solution.
FCS allows measurement of two
important physical parameters for
bioscience: the average number of
molecules in detection volume and
the translational diffusion time of
the molecules through the open
volume of detection.

In general, cartilage tissue,
avascular tissue, exchanges and
transports the nutrients, gases, and
metabolites by diffusion of
continuous movements instead of
blood vessel supply. Therefore,
diffusion in cartilage of normal state
is the radical factor to assure the
physiobiological natures of the
chondrocytes. The abundant
extracellular matrix (ECM) of the

cartilage is secreted by chondrocytes.

Cartilage tissue principally consists
of ECM and small number of
chondrocytes. Although ECM
provides environment of molecule
exchange for chondroeyte survival,
almost none of studies about the
diffusion behavior in the ECM of
cartilage is performed in the past.

Pathologic changes of ECM cause
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osteoarthritis (OA), which alter not
only physical metabolism of
chondrocyte but also normal
molecular exchange of cartilage.

In this study, we conducted
FCS measurement to evaluate
albumin movement by the means of
diffusion in cartilage. Since albumin
is the major protein of synovial fluid,
the tracing of albumin protein
movement may reveal the difference
between normal and abnormal state
of cartilage.

The purpose of this study is to
evaluate the feasibility of FCS
measurement of diffusion in normal
and chemically degenerated cartilage
in relation to albumin,
representative protein. To select
proper fluorescent dye before
application to cartilage tissue, the
physical parameters of several
fluorescent dyes were tested and
documented. We chose the
degeneration model of cartilage by
chemical treatment for FCS
evaluation, which denaturation of
ECM in cartilage tissue may be

expected,

B. BFEAIL

Sample Preparation
Fresh swine knees (n=5) were
obtained at a local slaughterhouse of

kanagawa meat center (Frieden Co.,
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Kanagawa, Japan). Cartilage tissue
of femur was prepared within 4
hours as follows. The delivered knee
into
cylinderical cartilage plugs (5mm in

joints were then cut out

diameter and Imm deep, n=240)
from patellar groove with a biopsy
punch (Kai Industries Co., Seki City,
Japan) and disposable scalpels
(Akiyama Co., Tokyo, Japan). The
porcine cartilage specimens were
initially incubated under
physiological condition (37°C, 5%
CO2) in physiological saline (Otsuka
Pharmaceutical Factory, Tokushima,

Japan)

Treatment for degenerated cartilage
The enzyme addition was used

for experimental degradation of the

tissue matrix using
phosphate-buffered saline (PBS:
Wako Pure Chemical Co., Osakam
Japan) containing 0.1% trypsin

solution (Img/ml: Invitrogen Co.,
Carlsbad, CA, USA) to degrade
The

treatment time was varied up to 24

primarily proteoglycans,

hours to control the extent of
degeneration.

To stop the trypsin reaction,
an equal volume of fetal bovine
serum (FBS: Invitrogen Co.) was
added. Since samples were digested
in trypsin solution and induced

biochemical changes, we performed
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FSC measurement with FCS probes
which demonstrated as below.

At the same time, the samples
were fixed in 4% paraformaldehyde
(PFA) and embedded in paraffin, and
4-mm-thick sections were prepared.
Histological staining was performed
with hematoxylin and eosin (H&E)
dye, toluidine blue and safranin O to
ECM

degeneration within the specimens,

visualize the degree of

FCS Measurement and Analysis
FCS was performed with a
LSM510-ConfoCor 2 system (Carl
Zeiss, Oberkochen, Germany), as
described elsewhere. Various
concentrations of the fluorescent
dyes as below were incubated with
purified PBS at 37°C
atmosphere of 5% CO:and 95% air
over 30minutes. Aliquots (100 nl)

were applied on a on Lab-Tek

in an

chambered coverglass (Nalge Nunc
International, Naperville, IL,USA)
with eight wells and <140-pm-thick
cover glass on the bottom. To prevent
nonspecific adsorption of proteins on
the surface of the coverglass, position
of laser focus was reset focus
distance moving the focus up to 200
pm from the bottom surface of the
carrier wells.

To fit and analyze the data,
each acquired correlation data set

was fitted to the FCS autocorrelation
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function supplied by Zeiss with a
fitting program (FCS Access Fit
EVOTEC
GmbH, Hamburg, Germany), or
exported to Igor Pro (IGOR Pro

software, BioSystems

5.06a; Wavemetrics Inc.,, Lake
Oswego, OR, USA).

Cartilage specimens were
placed on Lab-Tek chambered

coverglass with eight wells and 100
ul of FCS probe-solutions were
applied over the samples. To prevent
nonspecific adsorption of proteins on
the surface of the coverglass, position
of laser focus was reset from the
bottom surface of the carrier wells.
Pinhole

concerned with focus distance was

diameter and position
confirmed by monitoring the degree
of scattering of laser. Prominent
change of these scattering occur
when laser focus passes the changing
point of detecting areas (borders)
such as between gas and coverglass,
coverglass and solvents, and solvent
and cartilage samples. We
determined, detecting areas, the
exact position of cartilage plugs
20pm deep from the surface of

cartilage with scatter monitoring.

Development
(fluorescent dye)
To develop properly applicable

of FCS  probe

fluorescent dye (FCS probe) in

cartilage tissue, commercially
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available molecular probes were
obtained including Rhodamine 123
(Rh123, molecular weight (MW)
380.83, : Molecular probes®, Eugene,
OR, USA), Rhodamine 6G (Rh6G,
MW 479.02 : Molecular probes®),
Alexa Fluor 488 hydrazide
(Alexa-hydrazide, MW 570.48, :
Molecular probes®). Firstly, optimal
concentrations of the fluorescent
dyes in PBS (100 nl) were measured
and analyzed, and then applicable
concentration of each dyes solution
(100 ul) mixed with 100 pl of
hyaluronic acid sodium (HA) were
tested. Two different molecular size
of HA with an average molecular
weight (MW) of 80 x 10+ (Artz™,
Seikagaku Co.,Tokyo, Japan) and of
200 x 10* (Suvenly™, Chugai
Pharmaceutical Co, Tokyo, Japan)
were used in this experiment.

In addition to these
measurements, albumin-conjugated
fluorescent dye was adopted to
evaluate the diffusion behavior of
albumin protein. Alexa Fluor 488
conjugated (Alexa-albumin, albumin
from bovine serum, MW
approximately 66000, ; Molecular
probes®) was tested and analyzed
with PBS, HAs and cartilage

samples.

C. WFoERER
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Degeneration Model of Articular
Cartilage

Fresh swine knees (n=5) were
obtained at a local slaughterhouse of
kanagawa meat center (Frieden Co.,
Kanagawa, Japan). Cartilage tissue
of femur was prepared within 4
hours as follows. The delivered knee
into
cylinderical cartilage plugs (5mm in
diameter and 1mm deep, n=240)
from patellar groove with a biopsy
punch (Kai Industries Co., Seki City,
Japan) and disposable scalpels
(Akiyama Co., Tokyo, Japan). The
porcine cartilage specimens were

joints were then cut out

initially incubated under
physiological condition (37°C, 5%
CO02) in physiological saline (Otsuka
Pharmaceutical Factory, Tokushima,
Japan) Figure 1 shows the
histological appearance of
trypsin-treated cartilage samples. As
results of porcine articular cartilage
with H&E, toluidine blue and
safranin O staining demonstrated,
normal cartilage tissue became
changed into degenerated tissue and
altered their staining patterns after
enzyme treatment started, which can
be explained by traits of toluidine
blue and safranin O staining over
time. At the starting point of enzyme
digestion, cartilage samples showed
entirely and uniformly stained with
toluidine blue and safranin O,
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however, degeneration degree of the
specimens showed larger loss of
these staining with a time showing
an extensive loss of proteogylcans in
the tissue.

After seven hours from the
digestion, no staining was present in
the samples with toluidine blue and
safranin O stains but only H&E
staining. Therefore,
seven-hours-treated caritilage plugs
considered as degenerated cartilage
models in this study. When six hours
passed, the center regions of digested
samples still have a small portion of
intensive staining with safranin O
and metachromatic staining with
toluidine blue demonstrating that
normal ECM constituents are still
present, compared with samples
which treated over seven hours and
totally disappeared ECM protein
components. The degenerated
cartilage and untreated normal
cartilage samples were used in FCS

measurements,

FCS Measurements

The all diffusion motions (data
of diffusion time and diffusion
coefficient) of the fluorescent dyes
utilized in this
detected by the FCS monitoring in
the solvent of PBS. The optimal
fluorescent

research were

concentrations of the
dyes were different (data not shown)
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which may result from their different
chemical, physical and morphological
propertied. The diffusion coefficients
of the fluorescent dyes is arranged in
the order PBS > HA (MW; 80 x 104) >
HA (MW: 200 x 104) (Figure 2.).

The of diffusion

coefficients have a relation with

changes

molecular weight of the dyes and
fields of measurement. The lager
molecular weight of fluorescent dyes
the

coefficients among their data. At the

showed lower diffusion
same time, the diffusion coefficients
of HAs with

increasing their molecular weight.

showed decrease

The fluorescent dye which was
validated in HAs and cartilage
tissues was accepted to FCS probe,
and then selected to apply to the next
tests. Since the measurable distance
of FCS equipment with Alexa dyes
was greater than Rhodamine dyes
(data not shown), we selected Alexa
Fluor 488 as a FCS probe.

FCS measurement tests were
performed with Alexa-albumin to
trace the diffusion motion of albumin
in either of normal or degenerated
cartilage. As shown in Figure 3., FCS
data demonstrated that there were
intimate correlation between the
measureable points (depths from the
superficial surface) and
enzyme-treatment times. Increment
of these points has a relation to
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prolonging the reaction times of
trypsin treatment. The FCS data
was validated at the range of 120pm
when digestion conducted for nine
which showed that FCS
monitored the certain permeation of
FCS probe at the level of this depth.

These points of focus distance were

hours,

defined as maximum measurable
depths (MMD). When focus moved
over these ranges, the correlation
ineffective  and

curves were

indescribable indicating that no
movements of fluorophores were
detected in the testing field.

As a result of MMD detection,
MMD was chosen at 20um deep for
cartilage tissue in the present study.

FCS measurement data of
FCS probe using Alexa-albumin are
summarized in Figure 4., which
explains the diffusion behaviors of
albumin in different circumstances.

The diffusion coefficients of
i PBS,
trypsin-treated cartilage for 24-hours
(Trypsin-24), HA,
cartilage for 9-hours (Trypsin-9),

Alexa-albumin in

trypsin-treated

trypsin-treated cartilage for 6-hours
(Trypsin-6)
cartilage for 3-hours (Trypsin-3) were
4.83 X101, 3.64 X101, 3.38x 101,
2,30 X 1011, 1.15 X 10" and 1.06 X
1011, In addition, non-treated normal
cartilage was 1.97 %1011, which was

and  trypsin-treated

ranges of between Trypsin-6 and
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Trypsin-9.

An increase of diffusion
coefficients showed greater according
to the

times of chemical digestion.

intensiveness of extended

D. %

FCS is a sensitive method for
determining the molecular size of
carrying
measuring the

proteins or complexes

fluorescent tags,
physicochemical properties, such as
concentration and diffusion constant,
of bio-molecules in a small volume
(femto liter) of complex mixtures
with the aid of a confocal microscope.
It is principally possible to detect a
single fluorescent molecule
movement in solutions.

Therefore, recent researches
FCS

regarding material transportation

using the measurement

and interrelationship among the
molecules are now focusing on the
level of single living cell, even the
level of

targets are ulta-micro

intracellular  space  of  small
organelles. Information from FCS
monitoring is expressed by (auto)
correlation curve, and then the
diffusion behaviors are analyzed to
compare.

Osteoarthritis (OA) is caused
by proteoglycans, degeneration of the
collagen network, and an increase in
fluid

content. Experimental
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treatments using specific enzymes
such as trypsin can simulate these
changes. In present study, trpsin
treatment was used for cartilage
degeneration as an OA model.

One of important cartilage
proteoglycans is HA (glucuronic acid
This

of the major

and N-acetyl-glucosamine).
molecule 1is one
components in synovial Fluid. HA
molecules are also present in
cartilage matrix as the backbone
structure in proteoglycan aggregates.
Since HA plays a major role as an
organizer of the ECM, we selected
HA as a test solution for FCS probe
for cartilage tissue in addition to
PBS asa solvent.

In present study, we tried to
measure diffusion properties in
cartilage tissues using FCS method,
before this steps proper FCS probe
was necessary to trace the motion of
albumin, and preliminary
investigation of several fluorescence
dyes was conducted to assess their
properties.

The all diffusion characters of
the fluorescent dyes of the present
research were detected by the FCS
equipment in the solvent of PBS and
HAs.

unstable

Rhodamine dyes showed
traits when applied to
cartilage tissue, therefore, these dyes
instead, more

were abandoned,

available and valid Alexa dyes were



