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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.,
Do Jin Kim, M.D., Seung Hyuk Moon, M.D., Yong Hoon Kim, M.D.,
Choon Sik Park, M.D., Eun Suk Kim, M.D.*, and Doo Ho Choi, M.D.*

Department of Internal Medicine and Radiation Oncology™
Collage of Medicine, Soon Chun Hyang University, Seoul, Korea

Background : The underlying pathogenesis of radiation-induced lung fibrosis (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-8m-RNA and its protein preceding RTLF lesions. The down stream
signal after a TGF-£ stimulated lung fibrosis includes the activation of many mediators such as Smad and c-
Jun N-terminal kinase (JNK) through TAKI. 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 ¢Gy of 60COy-ray
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over the whole chest. The cellular composition of the whole lung bronchoalvecalr lavage fluids(BALF), elastin
expression In the lung tissues, the level of hydroxyproline in lung tissues, and an in 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 x10*£0.5x10%/
mbL) 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*/mlL,, 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.

Anln vitro JNK assay using ¢-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 :
A50-461)

Key words ; JNK, Irradiation, Fibrosis.
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oF 50% R==° o] dF= A17] vlaAxd AY
BAe] 5 PES 67%° Hr} LA BuE3 g
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10-1652) AP Al R17HE C57BL/6 mice®

£ 25% 2,2,2-tribromoethanol(Aldrich Chemi-
cal, Milwaukee, WI, USA) 2 E7}& E3}o] nl3A]
7)a, HE oo Foeie] 2|2 ZPAA 9
Aol A FH 14 Gy &2 16 Gy*® “COy-ray
(Eldorado Unit AECL, 1.25 MeV, 0.80 Gy/min)
E ¥FoA 80 cm EolH AellA AT W
AW FAVE 20 X 25 mm portalg AMRSI T, §5
ol9je] ¥-9i= 5.1 cm F7le] W¥oZ Yttt Wi}
A=A S ARE WAE WAL A 7 2eg
o357 Asto] WA} sl ol chlortetracy-
cline(2 g/L)& 43

WAKD ZAF " 2AL L 4, 8 59 F S
Qo) Al AHgagrh. A 229 GAE 9% par.
affin embeddingl] 8% & 7zt Fvitt 3uj2l&
AMERaL, 7)EA HE MY AR Ay 2
hydroxyproine& sl AMEE WAle] = 6ule],
T8]3 INK assay & 98 9] & 5ulg] ¢k

2. 7[BA] HE Mi&g W MES Az

718 AZ AHEL Girig'e PES "I A}
et w4 YA g 573g Fslo] Arh sodium
phenobarbital(150 mg/kg) & wiAlzl F, 20
gauge needle® 7]3 AHAE 2% heparine] /-5
1 mle] el AE52 43 AFe APgsia, 35d
AL Mxo) BN 74 dEd RAsL O FE 7]

Eagnh Az BARe WA 35d 78] dE

AABHL 1,000 rpmolA 1087 4°ColA 44 Ha
% %, phophate buffered saline®# 1x10*/mL
o] 2 gal ol & o] g8l Alxe] ghd FA (dif-
ferential count) ¥ % AEFE T}

3. B} =x|9| £H| 4l Verhoeff stain

WA vl &, FE& Asia 713 st
HE 22 & 2% #& 10% neutralized for-
malin®2 30 cm H,09] ¢go=w 147 B¢ 2&
Al H=A}E the, paraffin embeding7lx] 10%
neutralized formalinolx oA} 2RI cH. Ver-
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hoeff stain& 321A¢] WPpH o 2 Aj8) &},

4. Hydroxyproline2| & &7

Hydroxyproline®] %-& Eitzman %'°¢] #PHS W
ol Agsigih. $AES ol Le] PBS

3m

2 Ao & AHT § F5 dE do] 2 mL
9] PBSZ X¥=(homogenize)AlZl %, 1 mL&
vacuum pumpZ o]&3&lo] AZAl7]aL, 6 N HCl&2
110°CAlA 12413 Ft 71 S AIFAT. o]o] 71
Fa® 50 A9 1 mLe] 1.4%(w/v) chloramine
T(Sigma), 10% n-propranolol, 0.5 M sodium ac-
etate, pH 6.0& U3t &, oA 2087 W23
% 1 mL9 Erlich’s reagent (70% ethanol, 20%
perchloric acid, 1 M p-dimethyl aminobenzalde-
hyde)& 715t 5, 65ColA 1583t A&lslal 550
nme] oA Fe SAHY

5. GST-c-Jun?e| 22|

c-Jun, ;~GST sepharose beads?] & HPHE 9
3  c¢-Jun,_.~GSTE 3dF3k= DH-5¢ (Gary
Johnson o 2RE] 92 National Jewish and Medi-
cal Research Center, Denver, CO, USA) Z vjj o5}
o] optical density”} 550nmellA 0.5 Z-& (.79
o]2™, isopropyl-1-thio-#-D-galactopyranoside
(% 5%, 0.1l mM)E 37CoIA A1 Tt v
% induction A|A AEZTES 853 & 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 fluorideZ M®E& L3417
o). &319 MEE sonication %, 4°ClA 10,000
rpm o2 1023 YAl sle], g4 L& glutathi-
one-agarose beads(1 : 1 slurry)(Amersham Pha-
rmacia Biotech, Uppsala, Sweden) 2} 7 4°C 9
A 1AZE Z<F £38F & beadsE 27 phos-

phate buffered saline ©& 53 A|&3 & 234

o|&H v 7}A] 4TCAA BHA E5H c-Jun; -
GSTe] 2l #5ws @7] #A3led, 12% SDS-
PAGE geldll #7] %% Coumassie-blue @45}
ol gl

6. JNK assay

7182 AE AFHER 5 nlEle] WA 537 o
AHEE w5 zow, RPMI vix]2 1x10%/mle]
=7 3438 o8, 0.5x10%9) 5= 6-well platesdl
A 5% CO,, 37°C2 1582t vl it

In vitro kinase assay= Chan%¢] W& AM:
AT AEE DS fellA 5 mle 150 mM
NaCloe] &% 20 mM HEPES buffer(pH 7.4)/
saline© = A1, 0.5 mle] NP-40 lysis buffer(50
mM Tris HCl, pH 8.0, 137 mM NaCl, 1% (v/v)
Nonidet P-40, 10% (v/v) glycerol, 1 mM NaF,
10 pg/ml leupeptin, 5 yg/ml aprotinin, 1 mM so-
dium vanadate, 1 mM phenylmethylsulfonyl fluo-
ride) 2 AEE lysisAZ] $ 8357 & & 74t
B (nuclear debris) & A A7 48le] 4°CAlA 14,
000 rpm & 1057 LA 2231

ARANE Y2 tubed] &1 F, vlE] NP-40
lysis buffer2 A|#3 15 pLe] c-Jun,_,GST
sepharose beads& 715 £ 4°CoA 2417t 53t
%35 & beadsZ 0.5 mle] NP-40 lysis buffer 2
T H, 59947t 23] A 942 0.5 mlo| ki-
nase buffer(20 mM HEPES, 30 mM A-gly-
cerophosphate, 10 mM p-Nitrophenylphosphate,
10 mM MgCl,, 0.5 mM DTT, 0.05 mM sodium
vanadate) & 5 H A Fsgh. 10 £Cie] [3P]-y-
ATP7} &-5lo] 9= 41 (.2} kinase bufferZ 3
71t & 3087t 30 Ce] #&NA in vitro kinase
assay & Al33t 5 e 40 mMe] DTT7} 34
o] 9= 12 pL9] 5xLaemmhi& F9A|7| 1, 587t
95 CAA #¢ & P44 EeA7In 12%<9] SDS-
PAGEE o]&sle] @& Hal3dtal, nitrocellulose
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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 percentage of lymphocyte tend

to increase 4 weeks after irradiation.

membrane 0.8 o]%A]Z] ¥ autoradiogramsie] &

Al
7. Eat A 9l SA Mzl
Avs FF L 3F o2 e 4 2719 7]
A HZA AN Al E 247} hydroxyproline?)
%& Kruskal-Wallis H 24& o]&3l5 09, 9n)
7t 2o Mann-Whitney U ¥-41& sj9ict. ejniql
+ 2ol pghe] 0.05 o3k w2 sk

44 1

1. 718X HZ AXEY A2 Z'H 2M U SHiZF

7187 AE AFeA s 2 AR =4 A,
%9l RE FA A 1vl2]3 3.5-3.8 mLE 9%

vt F AZye M 24 H(4.1x104£0.5
x 10Y/mL)o] ®lgl 13 F(3.1x10*+0.5x10Y/
mL) ol ZVise] A ko, WAMD 24} 45
3 (14.0%10*+ 1.5 x 10'mL) 2E Z7lslo] 8 = &
(10.0x10*+1.3x10Y/mL)d %= AL Z7iE9 ¢}
AtH(p<0.01) (Fig. 1-A).

Axe] 7 B4 A i Axe AR 2=AF A
(76.0+0.9%)°) njsl 8 F Fo| Z7}(86.8+0.8
%)HE A%E 2y ¥ 24 A 9.2+0.2
%l ulE] 24} 433 15.8+0.3% 2 Evse= A
& BYoL, 85% d 3.3£0.1% 2 Hasiednt
(Fig. 1-B).
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2. &2} Verhoeff stain

WA 24 elasting] $490) Fshe Ag Lo}

B7) 918k elastin, collagen, A|Z & 7EE = ¢

~ 454 —



— The role of c-Jun N-terminal kinase in the radiation-induced lung fibrosis —

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 A8t

s 222 WA 24} A3 A 24} 1
T 5ol &4 FAHA ke 8 % Hx At
o] A F&o] o Z7F A o)9jo)] BE%
Z29] gl e wEEA Bgprh. T AT =
Ab 85 Fol elasting] HMo] FrlElA)E ogikc}
(Fig. 2).

3. Hydroxyproline2ke| 845}
#A2| collagene] W3S AAl5E= hydroxypro-

line®] &AM 2AF A(137+14 ug/mg)of b
g A 157 Fol= B8 A4 (140+ 15 ug/mg)

& B o} PAM 2A} 45:(192+8 pg/mg)ll &
7¥sbr] Algale], 85 3(183+13 ug/mg)dl= 7|
% 2719 (p<0.05) (Fig. 3).

4. UNK 2] in vitro kinase assay

JNK iz wvitro kinase assay<l] <4 714 (sub-
states) o] &8Pl AU A& dolry] 9k
IPTGZ2 &A= A A3 1, 347 3o AT 3|9
(cell lysates), 18]x A=A oz Mg GST-c-
ang SDS-PAGE geld|ld #7] 9%% Coumas-
sie GA3le] 891st A3} Fig. 49} o] FAHow
DEAHLE T+ AN
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Fig. 8. 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.

HAME FANE A A3 wE INKe| BAEE
dolEr] gt JNK9 i vitro kinase assay 23}
AR A} Aolle INKe 84%7 A3 3EEA]
fgkot, A 13 $o gAY B Alet
R, AR AL 45 Fof] Huxd] =dslgon
8F To & 4F Fo} Hiod 4738 2YY(Fig. 5).

a g

Afsel A @A7RE B8R A A, &
4 ¢4 F 2 Az 20 79 Ao WA
ol ®9=d) ol& cytokines ¥ growth factorse] &
H7} Y Aoz FEETh A AgsrE
we] 2728 24 W collagene] 72, ¥ ¥ %
%, Jzlal 3 st Beln®, ofge] Al
2 ¥33 o8 93 A¥7 77 e FFE . o
E 9% Axz A2} 7P Sasitia A
o, 7l2u} oA wAEGE e AT o8t
W, glo] WAl ZA} & monocyte chemotactic
protein-10] F7}3He 222 Hol gx7e] |87
7 oA AE0) 83 A8e s AoE YA
AT®. e B dpdM e H3e] o] A2E F
A JAAZE dAes s £ dgdxel 2
of YAMEE A AL £ BUKEH, oked
platelet-derived growth factor(PDGF)*, inter-
leukin-1(IL-1)25, tumor necrosis factor-a (TNF
~@)*E Bujsle Aoz d#A Ux, olE cyto
kines& Al-§o} A]3o] /’]~—J—} collagen«] gl e =
FWA # AFEE 7L Aoz F39rh
Johnstong-2] d¥el] 254 ‘@Ef‘ic’ﬂ HEAM] 2AT
& § F, TNF-a2| #A7} 1, 7, 1495 F1Ee
FaP I, WA A} 8F Foll= o3 TNF-
a2l AAM} translationo] Z7iEo] 9le AFo=R
ol TNF-e7} WA o) A3k FasiA @A
g Aoz 23 4 ). i GHFES Y=
. =, IPF

thE el 9% & M3l A SAd 9E d TNF-o% IPFe] HQlo g2 oAX L g}
After IPTG (hours)
(KDa) 0 1 Beads
40 =
GST-c-jun
33 =

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

49—

33 =

Fig. 5. In vitro kinase assay of JNK. The c-Jun was phosphorylated from 1 week after radia-
tion. The phosphorylation of ¢-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} WEjgH o g {ARgE bleomycin-induced lung
wdle] Wajel bleomycin o 5ulA] 159 ¥ HE
A #H2o] TNF-¢ m-RNA7Z} =715 1, anti-TNF
-g antibodyt} 3 TNF-¢ €4& £o8}H, bleo-
mycindl] 9§ ¥ Af-8E o dria Rasiris.
IPF 2zje] 7132 H ¥ AlHdhdl= TNF-e0] &
woko] Al wlsle] Friso] 9lx, IPF Ak
2l e TNF-@9] m-RNA ko] Zriulo] glr}®,
183 IPF #x1e} AAkkle) Hox] 253 RNAZ
Northern blot& AJ31&H IPF @Alol|A] A1
nisle] TNF-o7} A8 B0 /Mg B,
)i Ak FollA e TNF-gi= t2AE, A 1T
Y A28y AxoA FAFUT. Kapancise] A
ol elspd IPF #xje] A ¥ HEAs Az 4
7484 g4 A oA TNF-ert ¥8€gcin 1o 8
v} 21, #HZ TNF-¢ transgenic miceS ©]8-3F
Falole AEolA, obFdl HAE 4] gol= Abg
o] IPFg} §AKE o We Redom, 1 Wy A
7} A2 TNF-g m-RNA7} 27159101, A1)
A FARA A 18 A28y A ZA TNF-«a
9] #¥o) FUIHRGR o)ge) Aol TNF-e7}
H G350 Fad 988 & oz AR
AAufgt NzHEAAE B3l # ARl ol2eA
= WEA JA gt oy, TNF-eol 93 243k

TNF receptor 1 (o]} CD120a (p55)% %¥)9
NsAG AYAE Eskd TRAF2, TRADD,
MEKK1, MKK4, INKo.2 84353 oo] 84
3kel JNKE& E3)d c-Jun, Elkl, ATF259] tran-
scription factor(activator protein-1, AP-1)7} &
A BE) 397 o) 5ol M o FHol HAsHE Lo
2 as @) g fesiel oAb Ll

JNK% MAPKSTQJ shuz ool A}
AA1Q c-Jung QAISIAIA HAE ST &
Aol Al INKQ) in vitro kinase assay 23} 94}
A} Aol INKe] 84271 A8 w4 agh
o, 2AF 15356 S4=7 27 AEeiaL,
AP AL 4T Hax]d] SEig e 8559
B 4359} H)5E 478 Hol YAE A Y
A 7ol Augloll wet & Al x5t tf] AlE &
3l9] Zy}e} hydroxyproline%e] /& FWdl
INK o] 271 Se aF daps S8 wapd
FRG¢8Ee] A4 o) ol INKV} sl = 2
& Fisisirh

2 °

o

of |

e

HE o)5e) FA4L FPske FE @
W e AouEe] of 30%E o)FI e colla-
I, m=ae fibrile] 2371 AR
th, EAAQ g-chain®] triple-helix13& THe7]

Collagen -

gen type 1,
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#s4= prolineo]u} lysinee] hydroxylationo] 2
28M o] collagen®] °F 10% = hydroxyproline
oz FAHo] 9lo H9 collagene] W3
hydroxyproline?] ¥& o|g3te 588 ¢ Q= H
E APME LA ZA} 433 hydroxyproline
¢l F7F 24 B o]§ T3 collagen WAo] F7}
HALE ¢ 4 U}t Elastic fibere elastin}
microfibril2 =] JI=d 284 o 239
elastin®] ATEAQ tropoelastind FH&ZoL} A
Frob Al ZellA gt B Aol thiae] SR
ZA} & elastin®] 84 AEE 4] Y3 Verhoeff
stain’} # 222 AN ZAR 2 PAK ZA}F 15,
4F Zo Bo] AA TEFA] gkon 8F F v
HE Auko] ME Ffo] o7t F7HE AHoleld] 5
3 dl 2 2Z9 W3} 27 BEHA ggkm, 8F
T = elastin®] GMo] Z71E]x] o} elastic
fiber= A=A YUt o= WAM] RAL F 83
o] d A& #HFFUR elastic fibere= BAE Aoz
RuEnl=

FE o ARsBdae] Az AeAA RS
INK¢| 9&& EIsp] $iAe ARz, WA =
AR INK©) 9} 371491 983} £, fibrogenic
cytokine¥} JNKo| @Azl A, AA|, LA
HAfsEAAe] INKe] S4%d dg A7} 35
o]Folxlol & Roz AZE ).

2 o

M OB
Hote] g AMEE WA 2ARE F2 8 o8
A7l vheket AEES WHATIH, B8] WA A
S3Z5 A HEe ozt WA Al 2
7] A BT 9S AIEES A&, H U Hx 7
Z, Ao el o3 WAl Hdoln 3] &
e A AeEEe et

WAL ZARE J3e] 4% Al Eo4 TGPF-betas)
o 4 2 BYEE 2773, A ARoA

TGF-beta:= mitogen activated protein kinases

© (MAPKs)& 243121t o] LA ot o

Jun N-terminal kinase(JNK)+= MAPKs%9] &
U2 el c-Jung 914+3H(phosphorylation)
A|#A FAH(transcription) & F7H1712H A2 A
ol A 2l ZARE ] A ZoA INKe] &40
F7HEE Aoz dEA st

BRI G4 71K AN AA INK7}F BARS Z2A4)
o ofa] BAsIEEA T8a ol B3yt WAK
o] Wld BAskE Ae 87l b glch. &
ATE T AN E AR WA E o] 8-3lo] AL
A Agslze] Hld INK7F A5 A AAGA F
85 AEg G AE LopRr At Al3elt.
CHab 3 i -
C57BL/6 WA9] A FH 14 Gye *COy-rays
ZARE & dA% A (15, 47, 8F) 02 HA
ANE B4g 9% 71384 A=x AHE, elasting] §F
A ATE 2A3)7) 935 Verhoeff stain, collagen
A ke &) 913 hydroxyproline®] &7, JNK
SAHTE 7] 913 in vitro INK assay S A|3)8}
piA= S
Z 1}
He] 7182 HE A HEY FAEFE AR
ZAL 45, 8% SV AFE BT AlEe
e B E9ESE A4S F
t}.

Verhoeff G484} ¥ xZF o] Eo] W3l A74L ¢l
9o hydroxyproline9] ok wIAlH ZAlAC B
3 4F, 8554 Frkehe AUE BT

AR ZAL & Al7to] Bl wet 45 Fof] c-
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