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= Abstract =
The Role of c-Jun N-terminal Kinase in the Radiation-Induced Lung Fibrosis

Soo-Taek Uh, M.D., Ki Young Hong, M.D., Young Mok Lee, M.D,, Kiup Kim, M.D.,
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Background : The underlying pathogenesis of radiation-induced lung f ibrosis (RTLF) has not been very well
defined. However, the role of TGF-8in the generation of RTLF has been a major focus because there Is an in-
crease in the expression of both the TGF-Sm-RNA and its protein preceding RTLF lesions. The down stream
signal after a TGF-pstimulated lung fibrosis includes the activation of many mediators such as Smad and c-
Jun N-terminal kinase (JNK) through TAKL. It is we hypothesized that JNK activation may play a pivotal
role in RTLF pathogenesis through increased transcription of the fibrogenic cytokines. The present study evalu-
ates JNK activity in alveolar macrophages after irradiation and the relationship between JNK activity and the
amount of collagen in the lung tissues.

Methods ; C57BL/6 mice(20-25 gr, males) received chlorotetracycline(2g/L) in their drinking water 1 week

prior to irradiation and continuously there after. The mice were irradiated once with 1400 cGy of 60COy-ray
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over the whole chest. The cellular composition of the whole lung bronchoalveoalr lavage fhuids(BALF), elastin
expression in the lung tissues, the level of hydroxyproline in lung tissues, and an % vitro JNK assay was mea-
sured before irradiation and one, four, and eight weeks after irradiation (RT).

Results : The volumes of BALF retrieved from instilled 4 mL, of saline with 2% heparin were 3.7-3.8 mL for
each group. The cell numbers were similar before(4.1 x 10*+0.5 X 10*/mL) and 1 week(3.1 X 10*+0.5 x 104/
mL) after RT. At four and eight weeks after RT, the cell number reached to 14.0 x 10*+ 1.5 X 10*mL and 10.0
X 10*£1.3 X 10*/mL, respectively. There we no changes in the lymphocytes and neutrophils population ob-
served in the BALF after RT.

The H-E stain of the lung tissues did not show any structural and fibrotic change in the lung tissues at 4 and
8 weeks after RT. In addition, the amount of elastin and collagen were not different on Verhoeff staining of the
lung tissues before RT to eight weeks after RT. The hydroxyproine content was measured with the left lung
dissected from the left main bronchus. The lung were homogenized and hydrolyzed with 6 N HCI for 12 hours
at 110°C then measured as previously described. The content of hydroxyproline, standardized with a lung pro-
tein concentration, reached a peak 4 weeks after RT, and thereafter showed a plateau.

An/n vitro JNK assay using c-Jun,_~GST sepharose beads were performed with the alveolar macrophag-

es obtained from the BAL. JNK activity was not detected prior to RT, However, the JNK activity increased
from one week after RT and reached a peak four weeks after RT.
Conclusion : JNK may be involved in the pathogenesis because the JNK activity showed similar pattern ob-
served with the hydroxyproine content. However, it is necessary to clarify that the JNK increases the transcrip-
tion of fibrogenic cytokines through the transcription factor. (Tuberculosis and Respiratory Diseases 2001, 50 :
450-461)

Key words : JNK, Irradiation, Fibrosis.
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Hto] XFel AMEElE WA ZA}(thoracic irra-
diation)= §% 2 o8] A7)d) thofs gEze &
AAIFIH, B3] WAMA A8-81% (radiation fibrosis)
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A o 2M AYe) A8 A} 2d€ 4 o).
524 9 AA-38}5 (idiopathic pulmonary fibro-
sis, IPF) & @ 91910 # ¥ A1 M) ¥ (alveolar
epithelium)7} A& wol 7]x%(basal lamina)
o] 221 FAlo| HIE 2] A E (alveolar macro-
phage)oA] o]2] 7}x] cytokines(interleukin 1,
interleukin 8, TNF-a) 3} 4t47] (hydrogen perox-
ide, superoxide’s )7} HH|Et}, o]0l growth fac-
tord] platelet-derived growth factor(PDGF), in-
sulin like growth factor-I(IGF-I)So] ¥u|x)o],
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dozith, A= AE ¥ AN itz s 7t
2 e 918 F¥o] WHo] ZojEo] I AT
A ArZzoz AR AP =H, 1 5d BE&L
ok 50% HER® o] dFe A1) HAMEY AY
zpe] 5 d AEE 67%° Brh VA BiuEs gl
t} v]2 FgEch 1 BEe WxR, gwme Fe O
HEE ol 109bEy 5ol o] Ao g A
ohge dzl 1,400808 BuEa g R
F7) et guolch. ek wapd A&kt 544
g Alg3Ee] Wold e 4% X (growth fac-
tors) ¢} cytokineso] BAGTIE, 2L Al¥f AE
A Ao HAL ghot H MRS 2HE e
2 wagc, gepd b AdREiEe] M 84
= A Ag AA 3L olsish= Alo] IPFe ¥
9l& olslak= © Wesi 3% IPFo] ¥ A9
g oH 9] T Tgo] E Aoln.

AR A48k g AEe A 711 43 A
QA gkor} Afot el M2l collagen FE FX
A17)%= transforming growth factor-g8 (TGF-8)7t
Z718he AL olu] o AgeA FHE ¥ AUtk
o TGF-B ol3e] A& A2 AA s 2
ateiA] Qx| ekrh. thuh Al Ee) g o] 83 XS
oAl TGF-A oJal Smad pathway$} mitogen
activated protein kinases(MAPKs)7} gA sl
= AL d#A ok wes 431 TGF-/M <
& MAPKs% c-Jun N-terminal kinase(JNK) 7}
gAsleln @4dsd  JNKeOl 98] fibrogenic
cytokineo] Z7}s}e fibrosis7} doid Relzta 7}
Ag Ut

B A FRo AR S RALRRE WA S 0]8-8lo
Ak A48 84 Bl INK7L 843k A,
2l JNKe) 84519} collagen gd7te] 43 &
AE dolruA} 3t

chd o Uy
1. WiAe| WARM ZA}

10-1633 2] WA FAld] 973 C57BL/6 mice®

2 25% 2,2,2-tribromoethanol( Aldrich Chemi-
cal, Milwaukee, WI, USA) 2 B8 F3lod nj3A
7)1, W who] Feisle] AR TPAIA W
Aol A FHol 14 Gy & 16 Gy*s] “COy-ray
(Eldorado Unit AECL, 1.25 MeV, 0.80 Gy/min)
2 mFo|r] 80 cm Eojd Aol A Al B
AP ZAF= 20 % 25 mm portal & AMESIE R, FH
o]2le} ¥9)= 5.1 cm A9 wyroz wightt, WAL
A 2A} 3 ARE WAS A o 7] 2EE
o itslr] 9lslel WAt miAle B chlortetracy-
cline(2 g/L)& HATH"

M ZAF A3t 24) 1, 4, 8 %] H 2HE
olo} Ao Algslet. o Fxo JMS 9§ par-
affin embeddingo} 4£8% #& 7zt Zult} 3nkel &
Abgslga, 71EA #E AFH AEe M ¥
hydroxyproineg ¢} AM-E Wxe] S 6uid,
a8)1 JNK assayE 913 Wixe} == 5ute] ok

2. 7|2A| HIE MlEE U Hixe| Xz

7137 HE A HEL Girig''e) e HFsle AL
f31ac). WA WAE B3e Bl #udl sodium
phenobarbital(150 mg/kg)2 »HAZ &, 20
gauge needle2 719 8% 2% heparino] 8
1 mle] Al 2952 43 A3 A3, 3lg
ol Aol BAW 74 dgd st I ¥ 7
239} Az B4 WA sl 7HA] HE
AHede 1,000 rpmo A4 1087 4ColA 94 22
& %, phophate buffered saline2 @ 1x10%/mL
o) 42 g1 o] olgal] Mol zhE 4 (dif-
ferential count) @ & A ¥5E 7t

3. o] =&|e| #u| 2 Verhoeff stain

WS ulAE &, F2e Asa 7B Aast
#H2 23 & Bald #dE 10% neutralized for-
malin® 2 30 cm H,08 ¢Foz 1A7 5 d&
oA wx3 the, paraffin embedingZ7b2] 10%
neutralized formalindlA] ¥} TAsIH T’ Ver-
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hoeff staing 347l HPio g A3
4. Hydroxyproline2| & &3

Hydroxyproline®] %& Eitzman %'*¢| g
gajo] AMgaIgTh $44& F3jod 3 mLe] PBS
= HAde] ARe AAHE F A 98 <9 2ml
9] PBS=® Bet(homogenize) A7 ¥, 1 mL&
vacuum pumpE o|&-3le] AFA7|1, 6 N HClZ
110ColA 12417 B 71 E3iA A ojo] 7k
Ba= 50 xLd 1 mLe] 1.4% (w/v) chloramine
T(Sigma), 10% n-propranolol, 0.5 M sodium ac-
etate, pH 6.08 T F, &M 2087 WA
% 1 mL¢] Erlich’s reagent (70% ethanol, 20%
perchloric acid, 1 M p-dimethyl aminobenzalde-
hyde) & 7}t ¥, 65°CAA 1587 g8l 550
nme) el % SR

5. GST-c-Jung| &l

c-Jun, _--GST sepharose beads®] 3= Wye 9
& c-Jun,_~GSTE 363= DH-ba (Gary
Johnson ©.25E &%, National Jewish and Medi-
cal Research Center, Denver, CO, USA) & Hj aFs}
o] optical density7} 550nmox 0.5 && 0.7¢
o]=w, isopropyl-1-thio-8-D- galactopyranoside
(% =%, 0.1 mM)Z 37°CoA 3417 o ¢
& induction A|A NXEE 5T F 10 mM Tris
buffer pH 8.0, 150 mM NaCl, 1 mM EDTA, 100
pg/mL lysozyme, 1.5% (w/v) sarkosyl, 1 mM
phenylmethylsulfonyl fluoride® AEE LA
o). 431" A EE sonication ¥, 4°ColA 10,000
rpmo2 1087 fAEesd, F34E glutathi-
one-agarose beads(1 : 1 slurry) (Amersham Pha-
rmacia Biotech, Uppsala, Sweden)$} 37 4°Cel
A 147 B¢ EFT ¥ beads& A7 phos-
phate buffered saline ©2 53] A3 ¥ A

ojgg o 7}x| 4TCAlM BT H5H c-Jun; 75~
GSTe] &l 45Es W) $5kd, 12% SDS-
PAGE geld] ®7] 4%% Coumassie-blue s}
of KA

8. JNK assay

7134 BT AHE2 5 vl W9 g o
AMEE 25 2o1, RPMI A2 1x10%/mle]
22 M g, 05x10°9] & 6-well plates]
A 5% CO,, 37°C 2 1587 vjFalsitt.

In vitro kinase assay¥> Chang<] W& ARL-
A MEE dg ¢dAd 5 mle] 150 mM
NaCle] ®3% 20 mM HEPES buffer(pH 7.4)/
salineo.@ X1, 0.5 mle] NP-40 lysis buffer (50
mM Tris HCl, pH 8.0, 137 mM Na(l, 1% (v/v)
Nonidet P-40, 10%(v/v) glycerol, 1 mM NaF,
10 pg/ml leupeptin, 5 pg/ml aprotinin, 1 mM so-
dium vanadate, 1 mM phenylmethylsulfony! fluo-
ride) 2 MEE lysisAl?) ¥ S3EA 4 ¥ B
Z (nuclear debris) & AAF7] $135k 4°CIA 14,
000 rpm o2 1087 94 28t

Agae A2E tubed] &7 F, gl NP-40
lysis buffer2 AjH& 15 gL c-Jun_o-GST
sepharose beadsE H71& F 4CelA 223 et
£33 ¥ beadsE 0.5 mle] NP-40 lysis buffer2
= W, 29Uart £ A & 05 ml9] ki-
nase buffer(20 mM HEPES, 30 mM J-gly-
cerophosphate, 10 mM p-Nitrophenylphosphate,
10 mM MgCl;, 0.5 mM DTT, 0.05 mM sodium
vanadate) 2 5 ¥ A &slgct. 10 £Cigl [¥*P]-y-
ATP7} 8850l 9l 41 44.9] kinase buffer& 3
7her & 3087 30°Cel =AM in vitro kinase
assay & A|@d F 93-S 40 mM9] DTT7} &85
o] 9)&= 12 pLo) 5xLaemmli= ZgAl7) 5L, 5E3L
95°cold @el F 94 BeAFla 12%9] SDS-
PAGEE 0|28} dl& £2|3}b1, nitrocellulose
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Number of cells (x10*/mL)
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before 1 4 8

Weeks after radiation treatment
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before 1 4 8
Weeks after radiation treatment

Fig. 1. The total cell count (A) and differential count (B) in bronchoalveolar lavage fluid from
irradiated mice before and after irradiation. The total cell count increased from 4 weeks
after irradiation (A). There was no significant changes of differential count in inflamma.

tory cells before and after irradiation (B), however, the

to increase 4 weeks after irradiation.

membrane & & o]&EA]7] & autoradiogramafe]

st
7. Ent HA| 3 8 X2

A= Bd + HE 0212 BASYY. 7 2709 7]
A AZA HA o) A EAH7) hydroxyproline©)
42 Kruskal-Wallis H 241g o] g3 om, S]]
7} 1o Mann-Whitney U 8418 gt omgl
= AolE pgke] 0.05 olalY W2 3lgc}.

4

=}

1. 712X HIE M2EA MES| 2bg B 9 Su 24

7182 AX A HEA SrEE gL WA 24} A,
Fo| BE FA WA 1nle]d 3.5-38 mLz 9

percentage of lymphocyte tend

STk F AEFE A ZA} A(4.1%x10°+05
X10%/mL)dl ¥ls) 1% $(3.1x10+0.5x 10¢/
mL) &= F7kEe] ) Qokon), WA 2A} 42
F(14.0x10°+ 1.5 X 10'mL) HE] Z7}5jo] 8§ = %
(10.0x10°£1.3x 10Y/mL) o= A& Zrjslo] 9}
A (p<0.01)(Fig. 1-A).

MRS Zhd B 4 g AEE LA 24 A
(76.0+£0.9%)°) B3} 8 = Zo] Z7}(86.8+0.8
%)= AFE Bk UE = 2a} A 9.2+0.2
%ol Blel 2AL 4737% 15.8+0.3% & Z7)e)= A}
= HYlou, 8FF ol 3.3+0.1% =2 Basdc)
(Fig. 1-B).

2. DjiEe] Verhoeff stain

BARD ZAL F elasting] §Ao] Z7)El= 22 oo}

B7] 9438le elastin, collagen, M ¥ = THE 5 Q)
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Fig. 2. Verhoeff staining of lung tissues before and 1, 4, 8 weeks after radiation. Radiation did
not make any abnormal changes in lung tissues before (A) and 1 (B), 4 (C) weeks after
radiation. Lung tissues after 8 weeks radiation (D) shows increased interstitial cellular
infiltrations, but the amount of elastin was not changed.

= Verhoeff staing A3} sl et

# 22 e WA 2AL A AV 2AF 1F, 45
o) Bo] 47 BAEA Ystor] 8 FF AL AY
o] HE Agol ozt ZvE A oleld FEE AX
20| W A7 BaElA] ggkch = A =
A} 8% Fo|E elasting] @Ho) F7IHAE BT
(Fig. 2).

3. Hydroxyproline2}e| H3}
7o) collagene] W& AlARSHF<= hydroxypro-

lineo] ok HRAM A} A (137414 pg/mg)ell ¥
& ZAF 13 Foli v 273(140+ 15 pg/mg)

2 nglor} UM ZAF 47(192+8 pg/mg)dl &
745l A "], 85 $(183+13 pg/mg)ell= 7l
& Z7}4E9tH(p<0.05) (Fig. 3).

4. JNK 8| in vitro kinase assay

JNK in wvitro kinase assayd] <A 7173 (sub-
states)o] &P AAELE AE Lohrr] 93}
IPTGE A= Az A2 1, 3/ 3] AE 839
(cell lysates), 28)3 HFHOR nEolz GST-c-
jung SDS-PAGE geloll A A7) 9%% Coumas-
sie Azl 13 At Fig. 49 o] ZAHOE
DEAALSE ¥ F AU
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Fig. 3. The content of hydroxyproline in lung tis-
sues before and 1,4,8, weeks after radia-
tion. The amount of hydroxyproline was
standardized by the amount of the lung.
The amount of hydroxyproline increased
4 and 8 weeks after radiation.

A 2ARE A7 Aol we JNK 9 =g
ota7] 9%t INKS] % vitro kinase assay A1}
AR 2AF Aol INKe) 84271 48 v
skot, AL 13 3o 4%} BEEy) Alzka
A, BAMD ZAF 4F Fo] Hm)q) syl on

T ol 45 $9) 153 248 HYTH(Fig. 5).
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EE 43 92 ML 02 g A=, of
9% AEF AR 8 Zasttin A7

o Z1S ol AR, M) i) o)
» W WA = & monocyte chemotactic
protein-10] F7}sh= Aoa Wo}l gazire] gt}
A A NET} 209 AL sl Hom U A
AT 2] 2 ATNME dge] o) MEs =
HE HAMEE gz gl B Addael
°of AMNYE WA ZAF B Zi)sw, okg-#]
platelet-derived growth factor(PDGF)*, inter-
leukin-1(IL-1)25, tumor necrosis factor-a (TNF
~)"E H¥lshe Aoz 984 9m, o= cyto
kines& 4o} ME9] 7)%55} collagene] g2 =
7HIA H A sue Qoe 2xuy,
Johnstong-2] A¥ol ofahd WMo WAL zA}
€ @ F, TNF-a9 dxp} 1, 7, 1495 Zrlge
BESAARY, PAPY FA} 85 T A5 TNF-
@®] ZALSE translationo] Z7ls]o] 9l azowm
Hol TNF-a@7} HAMI 5] X430 F8.8H A
2 Aos 358 ¢ Ut WA AU SEE 9o w
TNF-e&= IPF2] Weloz oA Utk =, IPF

== s

After IPTG (hours)

(KDa) 0 1

49 =

]

Fig. 4. The purification of GST-c-jun was confirmed by Coumassie blue stain of SDS-PAGE
gel. GST-c-jun was well induced 1 and 3 hours after IPTG and well purified by beads.
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[ Weeks after radiation

KDa 0 1 8
40 a—
33—

c-Jun

_ ]

Fig. 5. In vitro kinase assay of JNK. The c-Jun was phosphorylated from 1 week after radia-
tion. The phosphorylation of c-Jun reached a peak 4 weeks after radiation and then de-
creased 8 weeks after radiation, showing similar pattern with the content of

hydroxyproline in the lung ( Fig. 3).

o} Hejghgoz HA)El bleomycin-induced lung
Eo] WA bleomycin $of 5ulx] 159 % B
HA He] TNF-¢ m-RNA7F 2715]3, anti-TNF
~@ antibody'} & TNF-o¢ 8H& 581H, bleo-
mycinol] 9% ¥ H4818 ddsiciy B s,
IPF &ze] 718 A2 A o) = TNF-a¢] &
Hgol Aol Hiskal Frso] glm, IPF $xjo)
HAAHEE TNF-@9] m-RNA oo Z7he o] gl
2|3 IPF $xie} 4le] do) A %223 RNA=
Northern blot& Al#aPd IPF $kxjolla] R Akl
Hlgl] TNF-o7} 8481 Rdo] Zrlge BRI,
223 3k AN E TNF-o= oj a4 x, A 11
F AEEY AENA B, Kapanci%e} 4
ol 9Jsd IPF #xle] A 118 HEdn NE g
a4 B2 Al ZelA TNF-o7} ¥389 0w By &t
#E Aoh. 2 TNF-a transgenic miceE o] &3}
Frgle AP, oftd AXE sA Wolw Al
9 IPF9} AN o) H¥lg Hglon, 0 ¥y g%
7t A¥4E TNF-¢ m-RNA7} F7HEY e, A
HET fAH A 118 WX BT A o)A TNF-¢
o] #Ho] F7IHATFR o] de] Ao TNF-o7}
A AR5 228 98e & Aoz A Zt=) =)t
AHE NSALAAE Sl o) A4shol] o]2i=x]
= BEA A gtk o, TNF-ao) os] 84315

TNF receptor I (¢]3} CD120a (p55) 2 ¥& )9
AzHFE AAE  Hsl] TRAF?, TRADD,
MEKK1, MKK4, INK&0 2 843151 ojo] 8y
319l INKE 5319 c-Jun, Elkl, ATF2%9] tran-
scription factor(activator protein-1, AP-1)7} &
BT o] Bo] TP o]FH] Hasle do
A A we] AXE S5l ) A3t doj
3 Row FEgr)

INK:= MAPKs%9| sh}z ajchygo)n AL
AR c-Jung QIAEAIA HALE F7W7)=0 B
AT)A INK2 ix vitro kinase assay A7} HIA}
A ZAL Holls INK9] 84571 A3 BEEA) gk
ou, A 1350 8425 BEEy) Al 2R8I AL,
BAM 2A} 4350 FuR)o] meeigon 8F%o]|
T 4FFG M5 20 B WMe 2A1E 9
A Ao Aobgll wet & ¥} g AL F
#9 Z7l hydroxyprolinedke] Z7le Eutar
INK #4xe 371 5o A7 Aze =5 AR
HAF3E B A 2o} INK7} o= A
<+ ERIE .

Collagen2 M ¥ 9%e] AL TAsl= =9 o
AR Aedel oF 30%E o2 glom colla
gen type I, II, M 25E] fibrile] 347} ¥A=
o 543 a-chain?] triple-helix 722 RIE7)
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$Ja| - prolineo]r} lysine®] hydroxylationo] 3
a8 5o collagen®] ¢ 10% = hydroxyproline
oz FAH ol #el collagenFe] WIh=
hydroxyproline®] & ol83le £4E e ol
B QRN E AR RAL AFE hydroxyproline
o] 27} 27 Ko o] & %3f collagen 431 T7F
g9ee 4 4 vt Elastic fiber= elastin¥}
microfibril2 A0} QlEd B4A e FRAL
elastine] A4l tropoelastin PBZot A
gol Az AAETH B delA thAe A
ZA} & elastin®] 34 AEE 27 2]8t Verhoeff
stainAr # 2He MAk] 2ART AR 2AF 15,
47 Fo)| Bo| A7 #AEA ggren 8F Folm=
A% Aol M¥E FAgo] gt F7HE Aol &
8 Hx = Wa A7 WAHA ak, 85
Fo|% elasting] Mol FVHEA @of elastic
fiberi= @AEx) ¥t} ol WAML EAL 7 8F
o] 4} A% w3 elastic fibers #EH RAo=Z
gtgch

g3 ¥ AnszdAMe] As ALHA g%
JNKe] a8re 3Rlsh] sjais Az, BAK =
A% JNKd| o3t A713l ggat S, fibrogenic
cytokine® JNKe¢] #dretel A, AA, 544
AA G a0 A 9] INKe] B4 wel thet A7t %
ool Aol & Aoz A7Erh

8 %

M B
Hoke] Mgo) ARREE HAM] AR B3 R ol
A7)0 ThFs dZe wAITIH, 53] AR A
osiz WA HEe Qoivh AR 2A] X
7] &aE HE 9% AEE A8, ¢ AZ T
=, A L] gt o WAK HAgelw F7] &
ape AR AR 2T

whabd ZARs HAe) 4% A EAA TGF-beta®l
chy 34 2 PHES ZUHA7)a, AR Aol

TGF-betal= mitogen activated protein kinases
(MAPKs)& @43iA171cks Aol &84 Atk ¢
Jun N-terminal kinase(JNK)<= MAPKsZ¢| 3}
e svhaEgl c-Jung 0] 243} ( phosphorylation)
XA AAH(transcription) & 771 AAl9) 2
oA ApelAl ZALE tia) Al EeflA INKS] ol
Z7pEE Aoz dHA AUt

gur A 7 ARl A INK7} ARl Z2AL
o o BAslEEA a2l ol AL AR
Aeaize] Wl A sk A dEx ¥ gich &
AP Fro| WA AL WAE o] gl AL
A Aesze] Weld INK7F A% A AANA 5
Q3 98ke Tgels A Golraat Al st
CHAF 2 e
C57BL/6 A2l A FHo] 14 Gyel “COy-ray&
218 & dAE A (1F, 47, 8F)E # gel
AT BAS 93 7| 8A HE AAHE, elasting] &
A Awg =A35l7] $13% Verhoeff stain, collagen
g oFe v 9% hydroxyproline2] &4, JNK
g452 oy 9% in vitro INK assay & A&t
Art.
A 1}
G730 71#A AE AFH LA FAEFE AR
=, 870 ZrlshE 270& HArh Alxe)

24} 4
p BAA YR 435 FrlEe AE B
o},

Verhoeff 44 #| ¥ %A e} Eo] W3}l 272 ¢l
oJom hydroxyproline?] ke WA ZARde] ¥l
3 4%, 873%d) Zrteks 420 & BAth

upARA A B A|7be] el whet 45 Foll e
Jun N-terminal kinase(JNK)2] #4=7 7 %

gtow 8% Fol 47 Fo Hl5d BYEE B

t}.

A 2
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