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Background : TNF-alpha is related to the generation of lung fibrosis in patients with UIP. The precise mecha-
nism leading to lung fibrosis by TNF-alpha is unknown. However, the activation of a transcription factor like
AP-1(down stream of c-jun N-terminal kinase, JNK) by TNF-alpha may be related to the induction of
fibrogenic cytokines like PDGF or IGF-1. Furthermore, JNK was reported to be activated in the radiation-in-
duced lung fibrosis model. This study examined JNK activity in patients with UIP.

Methods : The expression of phosphorous JNK( p-JNK), macrophage/monocyte specific markers, CD68, and
cytokeratin was evaluated by immunohistochemical(IHC) staining of lung tissues from patients with UIP and
lung cancer. An in vitro kinase assay was performed with alveolar macrophages obtained by a bronchol-
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avleolar lavage from patients with UIP and healthy persons as the control.

Results : The IHC stain showed that p-JNK is expressed in the almost all of the alveolar macrophages and
smooth muscle cells in patients with UIP. In case of the normal areas of the lung from patients with lung can-
cer, the alveolar macrophages showed little p-JNK expression. Interestingly, increased JNK activity was not
found in the in vitro kinase assay of the alveolar macrophages obtained from both patients with UIP and
healthy persons as the control. Furthermore, 10 ng/mL of TNF-alpha failed to increase the JNK activity of the
alveolar macrophages in both patients with UIP and healthy people.

Conclusion : The JNK was activated constitutionally in patients with UIP. However, the role of JNK in the
pathogenesis of lung fibrosis needs to be clarified. (Tuberculosis and Respiratory Diseases 2001, 51 437-447)
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Euby 7bAA] 9% (idiopathic interstitial pneumo-
nia)e] el EAA 7+d44 o3 (usual intersti-
tial pneumonia, UIP)-& 9191 4] P4 7HaA
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Table 1. Clinical characteristics of patients with UIP

1 2
Gender Male Male
Age (years) 65 68
Smoking (pack-years) 35 40
FVC (pred. %) 67 60
FEV, (pred.%) 60 55
TLC (pred.%) 56 70
DLco/VA (pred% ) 70 65
(A-a)D0O, (mmHg) 45 55
Major symptom Dyspnea Dyspnea
Symptom duration (month) 5 12
Auscultation Crackles Crackles
Clubbing, finger Yes No
Table 2. Clinical characteristics of patients with lung cancer

1 2
Gender Male Female
Age 67 67
Pack-years 50 45
Cell type Squamous Squamous
Major symptom Coughing No
Pathological staging T3N,M, T3NM,
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Uro] #2918 ¥ 50 mmHgolsle) &ehez 3l
A}, 849 AHade Fge 9 Azd A2,
500gollA] 587 94 Eelatal phosphate buffered
salts(PBS) Ho & Al#3}aL thA] 500gold 587
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9l= RPMI sixlz ®F3aigen, 37C, 5% CO:
oAl 1087 wsich M F FE= o] AUA
op= HEE AAS) 913l PBS doz AHI
t}. olo] & well& JNK assay& 13t BllA 7]
saie Wgos TS Seith 22l 3 well
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date) = 5 ¥ M3} 10 wid] [**P]-y-ATP
7} g0 Q= 41 9] kinase buffer& 713t
% 3087 30°Ce) FFolA in vitro kinase assay
2 A8)e & wre-e 40 mMe] DTT7h &iHl &
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IgG

Anti-cytokeratin antibody

Fig. 1. The immunohistochemical stain of lung from lung cancer. Phosphorous-JNK is not detect-
ed In normal area of lung tissues (D), but, CD68 containing cells, suggesting alveolar
macrophages, are well detected (C) suggesting alveolar macrophages in normal area do

not express the p~-JNK.

5. Hsiat x| ZAl

AHE-E A= monoclonal anti-p JNK antibody
(Santa Cruz Biotechnology, Santa Cruz, CA,
USA), antihuman CD68 antibody (Dako, Car-
pinteria, CA, USA), antihuman cytokeratin anti-
body(Becton Dickinson, San Jose, CA, USA)&
ARSI oM, 24 tERFo 2 mouse IgG(Simga
Chemical, St. Louis, MO, USA)£ A}&3}it}. ol
AF @A biotinylated anti-mouse IgG2} biotiny-
lated anti-rabbit IgG(Vectstain kit ; Vecta Labo-
ratories, Burlingame, CA, USA)& AM-81H o}
A 2 318 AL FlandersE'59] Hpie A}
853t} 2128) 71eshd parffind] w4} 9=

H 23 & 3 o) FAZ dA&xo s Ay}, =
& slideo] 3243 & 0.3%(v/v) hydrogen per-
oxide& FH-3k= methanoloA] 3057 BEA|A
WA4 peroxidases] BAwE Rt ojo] Tris-
buffered saline, pH 7.4(TBS) & AL, 0.1% (wt/
vol) trypsin#} 0.1%(wt/vol) CaCl, &8¢ 105
b ST HISold whe-g glolr] lEAM 1.5%
normal horse serum ©.2 424 247} #HEA)7)
I, ©]o] primary antibody$} non-immune IeGE
2ol FEAIFAT o]0 o)z} XS 3087 FEAZ
ot 448 DAB substrate kit(Vector Laborato.
ries, Burlingame, CA, USA)& A}g-3}od A ZAre]
WYl AgEdn. diz dae hematoxylin-
eosin A& o] &3l ).
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Anti-CD68 antibody

_Anti-cytokeratin antibody

Fig. 2. The immunohistochemical stain of lung from patient 1. A lot of p-JNK are detected in

smooth muscles (arrow) and alveolar macrophages (arrow head) (D). Corresponding
lung tissues reacted with anti~-CD68 antibody (C) and anti-cytokeratin (B) show that
the p-JNK expressing cells are alveolar macrophages.

2 o

1. 718X HZ M2 HE 24

82 12 3)450] 35%, & ANE FE 55x10%
mL, A 80%, WZTF 10%, 4T 5%, T4t
7 5%g.on, Bz 29 A$E 3580l 38%, F
ME 2= 6.2%105/mL, WAAE 75%, T 19
%, ZRF 5%, A 1% A

2. p-JNK 2| B TZ5}8} ZiAt

gzzoz AMSE HY Bl A4 ¥ 2HAA
non-immune lgGol that Wel z2&stst HA} 4 &

J utg-e #AY 4 gIth(Fig. 1-A). INKe| &
Qg 7] 9% anti-p-JINKE AME3IAE o, #
¥ A EE A9 p-JNKE 3R3lA #eE& ¢+
9193 (Fig. 1-D), ol taA®E mdshe &
CD68 A S ARgsle] tiadEd e <& Act
(Fig. 1-C).

o AMSE o2 dd Bixte] A H 23
M= o] Ao} viszdt 427 E Bl Foh

UIP 3z} 1 ¢] A%+ non-immune IgGoll o &
Wl 22318 AAL A Y wke-e BEY £ AT
(Fig. 2-A). %ol AS-9h= g anti-p-JNK| tf
HA= BT (arrow) T GF HE GHME
(arrow head)= ¥3& B31S & 4 2l (Fig. 2

-D), & CD68 FA& AH8-a st vlas) & o

2~ O
T A

pod)
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IgG

Anti-cytokeratin antibody

Fig. 8. The immunohistochemical stain of lung from patient 2. P-JNK are detected in alveolar
macrophages (arrow, D) which are stained with anti-CD68 antibody (C). And unstained
cells with anti-p-JNK-antibody in alveolar cavity (arrow head) are denued alveolar epi-
thelium which are well stained with anti-cytokeratin antibody (B).

EF oA Al 2UE 4 S UAth(Fig. 2-C). 18l
anti-p-JNKol| %48 Hol= M¥s} 4N £} o}
H& #E53} & cytokeratin P} v @EYL
o, A2¥ HAE PIME7} opde & F gk
(Fig. 2-B).

UIP &2 29] o 22& AM-819 e 1%, non-
immune IgGol t& W] 228l AL 4 R4 W
& HEE + glh(Fig. 3-A). Anti-p-JNK=Z
HA 79-(Fig. 3-D), #E7 oy oz o
A= Al E (arrow) =, & CD68 342 A3 o
A3 vlwsfE o (Fig. 3-C), HE A4 Eole <
T AU 283 A QoWAM L anti-P-
JNK| A=) x] 3= A (arrow head, Fig. 3-D)

< anti-cytokeratin @4 (Fig. 3-B) 7} v)maj 2 o
HHE Wy Ao Ede o4 4 Uit

2. CHAMIZE o|88F JNK assay

HA R Az 2 dETe sk wae 2
T 5T M EE o] &1}, WAje] B4
A #&F M EE 10 ng/mLe] TNF-g2 =}
2 A 1087 A3 A s 27t 84 iz
I Y dEzros AMgEon, 13 49 594
=4 W& (lane 1) & kinase activity 7} Z7}5]o]
Al A%k, g RT(lane 2)& &4 )z
Hsl @A kinase activity S Rt} o)== kinase

%% o
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335 = e -

Fig. 4. In vitro JNK assay with alveolar macro-
phages from healthy person. Ten ng/mL
of TNF-¢ increases JNK activity (lane
2, positive control) compared to unsti-
mulated bone-marrow derived macro-
phages (BMM) (lane 1, negative con-
trol). The unstimulated alveolar macro-
phages show basal JNK activity (lane 3,
5) and the stimulation with 10 ng/mL of
TNF-¢ fails to increase JNK activity
(lane 4,6) in both healthy person.

assay7} A 0.2 FHE S-S AABRE 27019
=5

onde] AAelo| el A £ TNF-a= A8}
2] 92 7%-(lane 3, 5)A¥E 10 ng/ml= 1083t

247 A](lane 4, 6)% kinase activity®] 7+ 2
o]x] krt(Fig. 4).

8} 13 2 2504 INK activity= Z719] 3}
ol BAIglel 2771 giidh &, EEld oA AxE
ajokal] 3 AA AMEE 79 [lane 3 (&3 1),
lane 7 (&=} 2)], 28l1 Belg 4] Al 2E& TNF
~a AFEA @1 1087w} ¥ [lane 4 (3%}

1), lane 8 (3} 2)], TNF-eZ 1 mg/mLZ 10

Byl 2% & [lane 5 (84 1), lane 9 (83}
2)], 28]z TNF-¢& 10 mg/mL& 1087 A=%
% [lane 6 (# 1), lane 10 ($a} 2)]9] BRE
7390 kinase activity’s 7152 &%rh(Fig. 5).

I

o] A= UIP #xpllA #H Z30|M JNK7} 433t
5o} gluk= Ag p-JNK(243te INK) & =34
AN AR ZAsta, aga o)F JwAsy] ¢
JNK 9] kinase activity & Z43le] o|& FH3taxt
sich. B2 INKe] &43i7} Heol Afsid owd
Jeke ujHE A 2 dpgests 4 F % o
o wa|o] Fhof AN ZARRE F 85E oAl
A INK activity 7} 271932, ©)& 7k INK
activity®} collagen %} v]52¢ #AE Ko JNK
7} H) Aesll BAE & e Ao AT
wgd B Qs 28 mdel opd szt # x|
A JNK activity & 243k, # 45388 dorl=
UIP &Rl A mjgAa oz Zrtso] 2le A&

szt st AoellM A3 UIP $hate] H 22
ol p-INK7} R4l vlsh E&o] F7h¥ol e
Aoz wol UIP 84el 3 Afslel p-JNK7H 2
A" Aoz AlgeARh, ol2id p-JNKo #Ho
UIPA 2751 TNF-adoll 93 22132 #sil
7] ohw o Adstel Welol AH WAL A= @

o i

3

2 &3

patient 1

patient 2

KDa 1 2

3 4 5 6 7 8 9 10

33.5 =

W WOT e W

Fig. 5. In vitro JNK assay with alveolar macrophages from patients with UIP. Stimulated
BMMs with 10 ng/mL of TNF-a show increased JNK activity (lane 2). JNK activity of
alveolar macrophages without incubation (lane 3, 7) dose not increase. The incubation
alone (lane 4, 8), 1 ng/mL (lane 5, 9), and 10 ng/mL (lane 6, 10) of TNF-a do not in-
crease the JNK activity in both patients with UIP.
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T Rtk 22| vkek ) Ag-slel) A SO ol gt
AZAEAAE We A= 33 A1gojo} & A 2
AL AAZEL O QoA J1ee A Y o Az
= &3le] WA MEKKIo] 84351 o)o] MKK4,
c-jun N-terminal kinase(JNK) 7} #2140 2 84
3}5]0] c-Jun, ELk1, ATF2529] #A} Az &4
3550 ol Hu2 o EHe] AAD} Lolu) B
TFO ofrbE o]lE& HMAF =t platelet-derived
growth factor(PDGF)%9] fibrogenic cytokines
o] HAlf AR Aow 2ZsAut Y3 Ui A
AR e}

IPFe] #Ho] Mfslel @3 71de Yats) dein
AR AR o8} A E2} cytokinesr} BAE Aoz
YA Q. o NE = 2o E (myofibro-
blast) 7} 9] 7] (extracelluar matrix) 2] Az}
Hle] ZHdel] o5 Aol Ao Fgdl dale 3}
= AEZ AP T Ao W o]shA A
oA 3 (fibroblast) & TGF-beta & A3 & A
TroP & (myofibroblast ) 9] phenotypic modula-
tiondl] &3t Ao, ERK S} p38e] o4& =
St 2ol ERe] Al mgo) ke 7 el
ARt JNK A& Fojgt Ao = A7} B
o] ZAfoMIE A= INK7} B8 Hoa =
S,

& A7 ARl izt AleH He $=}e]
At e W 2F9ME p-INKd| ukgsh= 5
E tiAAE7E Ae] #EE A Qokxul, UIP #xlo)
# z29] "z siethAle) A p-JNKo Rhg-3}
= Be o] qaMEs) Basle] INK7 843l
& & F AU AT INK9 kinase gyE2
kinase assay 2 4 243102 w), 712 A8 B
Y 5 A £ TNF-02 A239e ux ki
nase activity:= F71=|x] @ittt ojdl AL ya
A AHE = glAw, ooy ge 7Fsdol e
Ao AT &, UIP SxlM:= dx o 2 2
7h ofd el ols) z}FH Adgaze Yoz (p-

INKol ti3t daly oz Hol tjajdzs} o
< ) | TNF-e2 233895 TNF-od 3h3-0)
& Aoz AlmA. s, o] dAke ol
F7] 340] gl A4 oM TNF-ao o) 2]
2 x£9] JNKeo] 84%7} kinase assayollA] 27}z
A ol dgsly] ag A g}

o] @7l E thE AEde UIP 8ixje] #) =)
A& p-IJNK7} #h#=9]%)9t JNK kinase assayol]
M= S7HEA edstet. o] @ate Algte] wx 4] 4]
EE& o|&% kinase assayE & 79 wirje] BMM
©]-8-3} AQh3h= kinase assay WHET of
T M ¥ Bad 2] Reoke Aoloh gk
T A E o] 83 g RRe] thE dpzte) AddA
= 1X10% MEE olgal Y, aam B Adg)
HETCE AME WA o] glagFe] 4 1 x 1050,
2T A Ao Ak auu 2 A
= AoRlE i) AE 1X 1078 o] g3l &
T3}l kinase assayol|A] thjA o] JNK 430}
HEEA ogtoma AN EE o]48 JNK assay
= U @& o] diyEs} a4 Quks o)
G ustd @A Alge] g EE o)Rd
JNK assay= §H%E Huwx] gy uj Foj}. o}
2 2§ Algte] XS olgaled JNK assay
€ 8 Z9E 1x10° o)ide] MEE o]g3le] JNK
assay & ERIE g g7} 9ic).

o] A7 & & AEA interstitial macro.
phages7} p-JNKdl| whg-ah= A28 Ants A9,
A7z UIP #121e] #) 22 o)A] interstitial macro.
phagest o] IGF-Io| t)3 woislabarte A8 sk
BUHE Fo) FEo} 94 e vws A, IGF
-19] 4 Az o) 2Hdo) Q= collagene] <, 1
g3 Y4 A5 (clinical score)7} Mz Apiai) 7}
A& HIBATHY o] AF Anjel B Agr} 84
of W] AR, B Ao} o) s 7o)
FES] AZ3ohE INK7L 84853 oo @Al
A=7F B4 81=)9] fibrogenic cytokines®l IGF-I9]
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interstitial macrophages WolA 23= 4 A& A
o= 7HE & Jrt. wepd F5 p-JNKe} IGF-1
o] B gt zd AAE Al AlFsle] & A2
A = ghilo] EAlo) AETH 19 7PgS o S
A 5 & Aotk

AsKoz UIP #xle] # 23oA ¥|E kinase
assayol© JNKeo| 833tE 23 #ad £= g3l
A%}, p-JNKo| tigh |l zaset 7oA A7l
2} vlasl 2 o whgo] Fvislol JNK7t &g shse]
olee 7padon s on, FF ol E4sd
JNK¢} fibrogenic cytokines#te] Al o A5
oo} & A 2 AYztE ).

8 <

B &

TNF-¢i= UIP #e] # A3l #Ask= cyto-
kineo.z & A4 YA, 3 4F3E devle 7l
Ad gais g dA 2ok TNF-odl 28l
AP-1(c-jun N-terminal kinase, JNK &} sH- Az
ACAA) 28 FAl AP} BASE L o) g 2ls]
A} PDGF 1 IGF-1 #¢& fibrogenic cytokines2]
At BANE Aoz FEHch oy AR
o8 7 g3 HAo A INK7F S48k e A
o] elHch B A7 EHe UIP #allA
JNKe] SEE 2ilstaa st

-

UIP 3ixje] ¥ 2&3 fxTog o8 #% &3
©] AA #Z2)4] phosphorous JNK (p-JNK),
thal o] EHEAR CD68, Z12]il cytokeratingr
olgslel WAsEAAE At INK in
vitro kinase assay= UIP @218} 387] F24¢] gl
= AapeloA 7134 HEAHEE H5T AR
£ o] &-3l%ith

& I

wol A s AN UIP B7e] thitie] 9 of
AN EE p-INKE 28, et &) 34

zAo)| A= UIP #xxchs p-JNK 2] 79| gl
Act. U A PANES o8& in vitro INK
kinase assayoldE UIP #atel FAdel R5oA
JNK #4528 @38 £ gigich o5y 10 ng/mL
o] TNF-¢2 #AZsld® JNK #4=s a3d 5
gldct.

a B

UIP $xje] ) 2Z oA JNK7} 843lso] 952
R o BAREYI, FF ol F4dskE JNKg}
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