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— The mechanism of chondrogenesis inhibition by X-Irradiation —
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FEFE PIXA B3kt x4 2AL) 23 AFAME $3) A7} PKCa2) downstream© 2
Erk-1& &3t o]FoAR|e= | dopry] 5te] Erk-10] 2 9 QRBlE 2A8E Ad} xAHe

T el 99 AR Eov Qshs FbAR JTAE B8 A &) ke 2 ¥
sl o2 AW Har] Slske] Bl QRIske MEKS] AsiAI) PDosOsOE Aelste] Erk19]
NS Asle Ak x4 ZAl] oJg FERE} OAEHNE Fuse Ao vehdeh, ma x4 24}
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I. M B2
PSRN Es AZAEZY AfotiE, ZsAzs B
HFAEE 7ML e TR NZEA
HH-stage 23/24 ¥ limb bud 7FHez NZ2 IUT
2 djfstd Alzrt HolA| =3 ojojM dF
teoglycan©]ut type II collagend WHdsh=
B JEcH(Ahrens et al,, 1977).

XA 24 9 Al 2g3le] NEZE APEAIZIAY o

oE T B ATAIEY] Gl Hojsh=d] 1 &

o] pro-

nodule®]

e ABMEe] g4abyel Wet B2 Rz YA 9
o el 0l AR 10 Gyl X4 2AE

H AFAZe] HESlF A=l alkaline phosphatase
T=7F AAE Y type—X collagen?] W&o A ELt,
WlEk Aol 10 Gye] XA1S 2AE shel 1 mab} g4
3 Ao dejd th(Hiranuma et al, 1996). TA
HAZAAE 1~10 Gy 9] XA& ARSI type II collagen
o] dolle P W) gout, Estyzol wet pro-
teoglycan®] &4 &£ O a3} 2ok & ujygds
AEA| 2 Z-e Ak XA4& A proteoglycan]
o] AEY, e NEZ Ao HE gy wr
Z| S=ThJikko et al,, 1996),

xHo] AEo| Hgels ABARE PROS MAP
kinasego] HilE]o] Qlr} HJ A|EFo) XAS ZA}s}

L
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A Jun FAALE] WEo] F7FStal PMAR A7|Ae] 5t
PKC E4& AAISHH Jun F732ke] AAL F7k7F 448t
w(Hallahan et al,, 1991), vjoFst Al SMZ AHZLo
XAE AR A2 2HRIAE dEZ WAF1O] &
HEl=t PKC AfAE AT 749 XM FAbol] s
T WAF1 F#o] Agfigo] Hirgl vE SltKFujino et
al,, 1999). E3 XAES Aol 2Abehd d3tEed
1 AsIYolA PKC £ delta isoform¥} MKK7, JNK
o] A3} "ol Aol RuEQitiMitsutake et al.,
2001), ol2dt AE2 XAo] Aaze) FFE mX=t|
AUelA PRC7} 57t AR QTS & HoEr, 18y
XAo] AZAZe vlA|= 4% R i3t A= ofA
Z A A AR ool 2 AFolA= vEI A 1+
AMze e dZdEz 23kEs ol XAE 2Alst

of XAlo| AIE WelH ofd AEHRE AH ABAE
2512 AsfetAlel 8] Yobru stgck @D
ofu] Q= ABE Al 7 NEARE AFSHRA

e,

I. Xz % T8

1. M=

Aol AHgE Auje 1HFA AlE= White Leghorn
T FATdEY, 2, BYEDES 37T, U &
T 60%2] R4 Hamburger—Hamilton stage(HH)
23/24% WjFRt &, limb bud®] Utk 292 HE E
sto] ALSFATHPark et al., 1990).

2.

HIEH
(=4

1) A= e

A3 g2 Ahrens F(1977)2] "ol Edte] AAISH
Atk 7132 N EZE HH-stage 23/249] A8} wing bud
ddo2HE A & 0,1% trypsin—collage naseS
37TollA 1087 Aestact. e AlZES 12,000 %
gollAl 1027 ¢4 Eejste] B2 & ufjeklo] xjFetsl
3, 2%] #20 Nytexoll S A= deole A=T
N3 22 AT AE 558 2x10 cells/mlE T+

3 10 w08 Al HENE Zatay ujoFRe|
I 37C9 CO; HiF7lolA 1AIZE F2t viokste] Al
S ujdz Hidel 255 siginh o|F F-12/10% FCS

35 mm

noox e

|

i

=

Wil 1.5 ml st XA
24x17kmfet Zo} Zgitt

tlo

2) XA 2AF

XA FAR= 6-MV X-Ray Machine(Mevatron MD67,
Siemens, GFR)& o|-&35le], A4S 1. 5cm, field
sizeZ 712 3cm A2 3em?| IAV|E AT

Azt Alszete] AzE 1m2 IPFAZ] $- 300 cGy/min
o] Aegr A¥zdel wet 242 1Gy, 5Gy, 10Gy <«
Loz ALoflA 2AlstTh

3 23= B3

AEAZY 3= A2 Level Spicer(1964)9] Y
o 95t cartilage nodule?] T2} nodule®] ZAEH
HHAE 353 T o5 HHdh= Paulsen
3} Solursh(1988) W OR Sastgct %, vlers A=
£ phosphate buffered saline(PBS)2 2 23] A3},
Kahle's fixative solutionC & 1087 IAX]Z] T o
71l 0.5% Alcian blue(pH 1,0) gAfo}-L 7}8lal 124]7¢
B dAEtleh BeteE ATl feiA AEE 2%
glacial acetic acid in ethanocl® 30& §9F A3l
95%—70% ethanol® =3} AlZITh AHE Alxof 0.5%
Alcian blue(pH 1.0) @GNS 7I5te] 12A13F F<t GAst
& 4M guanidinium HCIE 715}l 12A17F FHof] GAML
&3y 22y JMllo] ST =2 microplate reader
(BIO-RAD, Hercules, CA, USA)E AM3Ste] 595 nm
TRl A S,

Alcian blue

4) HY=AFEHY

Habe AT oM FAHE= type T collagend] &
olFQl FAE olgste] ATAIES BEIYrE HFSH
Ak, HiFE NS PBSE 33| AR &, 4% parafor-
maldehyde® 2087F LA A|¥|1L, thA] PBSE 33 =4
3ttt 5% normal horse serum % 3057t blocking
A7l &, type I collagenoll W3t A& 7lsto] 1A17F
ot WREAlZ]1L PBSE A8t 2 biotynylated anti—
mouse I1gGE 3087F WhEA|FHTE VECTASTAIN ABC
|40 3087 WA &,

hydrochloride substrate solution kitS.z= 2HAA|7|11
(Vector Laboratories, CA, USA),
Crystal mount(Biomeda, CA, USA)Z mount 3}%r},

diaminobenzidine tetra-

Inc, Burlingame,
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Xddell oj3t AFAE 23t 4H T4

=2

5) PNA gAY

HiokE AJiZE PBSE 33 A% ¥
maldehyde® 2087+ A7 T, TH] PBSE 33] <4
3}3ch 5% normal horse serum®.Z 3087} blocking
blotlnylated peanut agglutining 7]8}o] 14]

2 At} PBSE A8 VECTASTAIN ABC

O—E’_— ZF BF&-A17] &, diaminobenzidine tetra-

hydrochloride substrate solution kitQ.& BFHA|7|aL

4% parafor-

T

Crystal mount® mount 8} T}

6) Western blot ¥

HloF ABAIEE Wi A7IER SElsto] lysis 9580
(50 mM Tris, pH 7.4, containing 150 mM NaCl, 1mM
EDTA, 1mM PMSF, 1ug/ml aprotinin, 1jug/ml le-
upeptin, 1Jg/ml pepstatin, 1 mM NaF, 1 mM NasVOy,
0.25% sodium deoxycholate, 1% NP—40)2 7}5}o] A
ZE ZojAlReh AlZ BaE-S ARste] Az FHE A
At A5 il =g S4sGIct iEs
7.5% SDS—-PAGEZ Eu|3}31 nitrocellulose(NC) mem-
brane2Z ZHo|A|#tl NC membrane® 3% non—fat
BO=2 1X]7F blockingdtil 12} &A|(PKCa, €, type II
collagen, Erk)&2 4CollA HHA} ¥H-gA|HT}, TBSE 2h&
$A|¥t & horseradish peroxidase—conjugated anti—
mouse I[gGE IAZF WHGAIZ|AL WY WheE Hole
band& enhanced chemiluminescence(Amersham, UK)

= #eleisich

C:O

. & it
AZAZS] £t HpgolA X419 g dotEy] Y
Blod, A limb bud 7HEZ AZE wjokze] Ao =

=
1-10 Gye] XA1& 2AHL FI2 wjefelollal 322F vl

3t M|AZE 4% paraformaldehyde® A7 type I
collageno| Wt FAE 7iste] I THYEE HAxZ

sspon 2Aslgth, Fig 1904 B wie o] XA
A AEANE BolsHA i Eo] EIHER ARE
T]i= type I collagen® W& Zha Aok T8l iz
o AlZet XAE ZARE MlEe] did SE5EE type
II collagen®] w3t western blotH-S AA|SF AFloAE
XA-E ZARSE AlZ9] type II collagenW&-2 AlFo]
7V dastgivkFig. 2). oleh 22 AdES X4

¢

e

o

=k

v : ; . S

TPE I o 1 5 10 (Gy)

Fig. 1. Effect of X-iradiation on the chondrogenic differen -
tiation,
In the beginning of culture, cells were exposed to
various dose of X-ray, and cultured for 3 days,
fixed and immunostained with anti-type Il collagen

antibody,

PKC a

PKC A\«

N-Cadherin

Fg. 2. Effect of X-irradiation on the PKC, N-cadherin and
type I collagen expression during chondrogenesis,
In the beginning of culture, cells were exposed to
10 Gy of Xray and cultured for indicated periods,
The expression of PKCa, M1, N-cadherin and type
II' collagen was examined by Western blot as de-
scribed in "Materials and Methods”,

ZAPE QEESLE AAIRRE Hoje Ao}

X4 2APLE ASAlE 235 dAlske dAS ZAlst
7] flst] XA ZAPE PRC Wdol] wAE IS
Western blot o2 BAISIG T Fig, 2004 R vlet

2ol gz AZoA PKCe: ATAE syl A
of Wt o wo] WA Frkslgout XL 2ANE A
2o] 9 PRCa?] Wdo] z7lofe HlREldot 27}
S @I 27 422 $AsET. ThE PKC £9EA
3l PKOM, & HI2Z AZold ATAZ Byl 3
Fo whet WS glglstl XA 2AR A|EAE B
Fol= ok A Bt

HZA| B3; g F Al dE AR Felshe
Aog d# R N-cadherin® 2rdo] n|x]= X419 gk
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Fig. 3. PDA8B059 recovers the inhibitory effect of X-imadi-
ation on chondrogenic differentiation,

A, Cells were cultured in the absence(CON, X) or pres-
ence of PDIBOSYX+PD, PD) for 3 days and stained
with alcian blue, In the beginning of culture, some cells
were exposed to 10 Gy of X-ray(X, X+PD),

B. In the beginning of culture, cells were exposed to
10 Gy of X—ray and treated with various concentrations
of PDO8059 for 3 days. Cells were stained with alcian
blue and bound dye was extracted with 4 M guanidium
HCl and optical density was measured at 595 nm, Data
represent means + SD.(n=3).

ZAFSHATE Fig, 2004 Hi= v} Zro| tixt Az

N—cadherin®] SFEe wloFA7|7F Ado] wet A}
BAsFF o XA ZAFSE MZoAE N—cadherin®] &
do| g2 FHE FAlskct,

HjoF AZAlzel E3tuatygolA PKCE MAP kinases
%l Erk—19] IELE x4ste] dMx H3HE
Aor 44 Sty wepd B AFeis X
AEAE 23 As &7t Erk-19] 4 WSl
AWNE Ssh) il B2 AAihE
MEK®Q| A3A|Ql PDIS059E XAl& RAFSH A3Eo) 22
3}al alcian blue@ FM3te] HESIcHFig, 3A), 1
A3 PD98059E tixwt MEo Aetge Wl dEA
B3 EE 2A STkt ESF PDI80SIE XAS AL

Kl
=

2

H

g Az APStelE ul XA AR o5t ATAlE 2
oF AT dsbEe & o A XS widAlE

A
3 5 days
Erk-1
1 3 5 days
CON
PErk-1
X-ray
B
pErk-1
X-ray - + + + +
PD - - 1 5 10

Fig. 4. E/k is involved in the pathway by which X-rra-
diation inhibits chondrogenic differentiation,

A, After exposure to 10 Gy of Xray in the beginning of
culture, cells were further cultured for indicated pe-
riods and expression of Erk-1 or pErk-1 was examined
by Western blot,

B. After exposure to 10 Gy of X-ray in the beginning of
culture, cells were cultured in the presence of various
concentrations of PDO8059 for 3 days and expression
of pErk-1 was examined by Western blot,

Fig. 5.

Effect of X-irradiation on the cellular aggregation,
Cells were exposed to 10 Gy of Xwray in the
beginning of culture and cultured in the absence or
presence of PD38059 for 2 days and stained with
PNA as described in 'Materials and Methods',

o AL oy 7] HE=eo| PDP9sosoD A3t &
alcian blue® @331 HAIFAxzo HIlxE ofzoz
B35 Ao % PDI8059= Fr oEHor A
xZ B3E JEs= Aoz velhydth(Rig, 3B).

XA 2Ael 5] ABAE Hobh Ak wol
Erk-10] BAHo] Y=AG 245k 9ol Brk-19)

2 9 QASE AT & Western blot HoR HA3Y
Tk Fig. 4A°A R Hiel o] Erk-19] @2 iz

T+ AEU XAS AR AZolA WL ggich gz
& AJEo|A Erk-19] <lAlsk=ujoF sumo]| =715t
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ZHE 23 o9F F4Y=

ot 1 ool T3t XS RARE AMZAM=
Erk-19} QAts7L ek 19 5E F7kete] 3UHol
o QAslE BT sARoll= ot AR A&
oz @ QUAEE dojittt PDI8059A &%t XA
ZAke] Azt A5} Erk-19] QM4EE B3 AYS Yot
H7] 95t XS ARE Azl o] 7] F=4
PD98059S A5t Erk—19] <QAFEE phospho—
Erk-1 HZ o83 Western blot YO8 ZASIATH
O A XAE ZARE A2 A3 PDI80599| F=7t
Z71gte] uel % 9&HoF Erk-19] 4tErt A3
= Ao YUehdth(Fig. 4B).

HjoF ZE3AEE B3l 7)o Mz SFBAe] dof
dh XA AR st dIAlE 23 A7 Al S
2 Asfste] dojuh=xg Yotry] $ste] v 2k
Azo| XS ZAFSEL A2 SFAHEE PNAR
ato] TASHAT), Fig. 5014 B Hiel Zo] XS
ABaE o AZe $HEE ATt Bol Aade
2 e} Erk-19] Q14kst Asizh XAlo] 2% Al
d JAE FET = e A doprr] $iste XA
ARgE A|3Zofl PD98059E A E|dte] Erk—-19] Q4sHE
ANAL AEZ S AEE AR 47 o= A= Al

o] BB & 4 A

ofl
2

Al

= U

o

!

o
B2 BN oo me BN

ut

e

v. 11 &

XA z2AE Az 23 dA) aet oget At
E Holk Aox dHA QQOER(Hiranuma et al,
£ XAo| AE HelA] o Az A

= AA
T2} shgch WA Fig, 104 B vpep Zo] XA 24
£ type II collagen®] HA& Adfiste] AZAZ 3=
oJAIEIAT), o] Aile TWE ATMEE ngsAZolE
A& ZolE XA Aol 23l type II collagen®] T4
o] F3ke WA ke AIKJikko et al,, 1996)H=
2 Zolh, I w|ds Az B¢ XA A
o] 93| proteoglycan?| F/gol A3 ¥ s dE
A 1 FFol voRsith:s Za=(Jikko et al,
1996) B3l7b olRoix|A] U2 MEUSE XA ALY
FFe A F3Z gugith webs] XA 2ARL 25
wiF 59l 7H52 M9 type 1T collagen FA0] F

Stk B AT Aaks ofd BHEAY METUFE X

wpatdo] AEW PKC @4 78 Eolu(Hallahan
et al,, 1991 ; Haimovitz—Friedman et al, 1994), PKC
7b XA ZAN] 98 fREHE AlsAdg AR Boldith
L HuEo] gtk HL-60 MEoA XA ZAM] 9
3} tumour necrosis factor S-AX} L& Sl oA
PKCE %3t AMaddo| HRstH(Hallahan et al.,
1991), HJ AlZFolA XA APl 3 =% c—jun
FAAke] wdoe] PRCO| 93] 2AEEE= FoRE IHA
QtkDatta et al, 1992)., T3+ PKC7} murine T-
lymphoma AZAA XA 2ol o8] S=8 AZA]
o] g9lLo] BIE|o] QrHPalayoor et al, 1995),
%A AEZt QEAERE BatEls oA PRCTE &
Q3% 9L sk Ao dEA e Z(Choi et al,
1995, Lee et al., 1998), ¥ dAxtodE XA AR 4
Zush o] PKC7L BolsleAE Yopir] $ist
of XAE FARE Wl 757 HEZe] B3k ¥ PKO
FoRae) U WS ZABIAG, Fig, 2004 B )
of o] PrCae] Wile] dxF AZlME AR F7H
o XAS ZARE AlZoe wid 27]9 o HE
4 QlEd ol XA RAPL PKCad WEE JATFLR
A AZAE BEE AFRRE Kol Aolth. olH¥
A= PKCE AdfetALt E43AA AZAE E3E
AAISFAY X3t ZAiS(Lee et al., 1998 Yang
et al, 1998)7} H|W3IGE w] PKCO| &/do] AEAE
B35 23T AR dA)gkt sHATH

HjoFst 7HE3 M2 dFAME Esbgels PRC=
MAP kinase®] 3l}Ql Erk—-12 T8l 2MEsl= 208
UHH UrHChang et al,, 1998), XA ZAp| 25 &
SME 23t AAI7E Erk-1 $10] o|Folx= A HF
2 ouz] slsto] wop 75 AZo] XS ZABIE
Erk-12] I& 9 XSS AR X4 A 9
8 Brk-1o] el sl IRlont Erk-19] QA
L Zobsiein oA Brk-1o] QS Z7bt azvet
2 et 71Z9 Adet AXB= AolcHon et
al,, 2000). XA ZAbol| o5t AZEI} AA|HFA
Erk—1 Aste] 8-S gobrr] flste] XA 2ARE
Alzell PD98059E A2t AZRIEES ARSI
1 A3 PD80s9E XA EAb] 27 AZEE AAE
okzF SIstAZTE, EFE PDIS0SE XA ZANEH AEo
A 2ete u) Erk—19] 4tz wol AsiEgict o] 4
Ti= XA ZAM o3t AZAE 23 AAle Erk-19] &
e B Ade SERske Aotk 2t PDI80S9
of olst AIZAMZ B3} 38| H=rt vk 24

.95 -



o)

ol

AN E

31517 Vol. 26, No, 1, 2003

Ao Hop XA ZAl] o3t dIHE £ Ae
Erk-1 o]2]e] FRoj= A-goha AXRITH

XA 2APE dEAE 23 Y F 25 271 AlE
A Aol ol FFE v A YokEI] §idte] ui
& 33 Ao XAE 2AFSIIL PNA Aoz kst
ot 3 23 XA A AESHe Adliske A=
UERtHFig. 5). mEhM XA 2Abs £8F 27190 Al
SHAZI ZHgste] dEAxE 2IE dARE &

2 A+ 2345 FEshd XA ikh 23} 2710 A

AAI5IH PKCa Wd-g Azstil Erk-19]
25l AZAE BIE AT
ot ey PD980590] 2t AFES} 5] A= 1
TR 32| grop XA ZAf| Qg ATA|Ee] 23} <A
= Erk-13=2 olQlo] AOoRL A8l ZORE AlRE
o] o]of] tfgt A7} oJojAof & Hojrt,
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+ Abstract

The mechanism of chondrogenesis inhibition by X-lrradiation

Jong-Yeol Ha - Young-Bin Lim - Yoon-Ae Lee - Jong-Kyung Sonn - Joon-l| Lee’

Dept. of Biology Education, Kyungpook National University
Dept. of Radiologic Technology, Taegu Health College

The purpose of this study is to investigate the mechanism of inhibition of chondrogenic differentiation
by X-irradiation. Cultures of chick limb bud mesenchymal cells were exposed to various dose of X-ray
and chondrogenesis was examined, X-irradiation inhibited accumulation of proteoglycan based on the
obsevation of alcian blue staining and expression of chondorcyte specific-type 11 collagen, X-irradiation
also inhibited expression of protein kinase Ca while expression of PKCA(1), €was not altered,
Expression of Erk-1 was not changed by X-irradiation but phosphorylation of Erk-1 was increased. In
addition, inhibition of Erk-1 phosphorylation by PD98059 overcame inhibitory effect of X-irradiation on
the chondrogenic differentiation, PNA staining data showed that X-irradiation inhibited cellular aggregation,

Taken together, these results suggest that X-irradiation inhibits chondrogenic differentiation by
inhibiting cellular aggregation and suppressing expression of PKCa and promoting phosphorylation of
Erk-1. In addition to above pathway, our results also suggest that X-irradiation may exerts its inhibitory

effect by another signaling pathways,
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