[ECHIC

TR IR HERE (idiopathic  pulmonary  fibrosis/
usual interstitial pneumonia, IPF/UIP) 8B\ THF
MWAEOGOHIERE L TREERFTH Y, IPF/
UIP OFER DT 10~15% # HD 5 &bt T 529,
2002 F£D ATS/ERS consensus statement 35 X F, EE
A O F AVEIRETIICEEES 4 K2 W EHELCLT,
5 4 RZWHUE)TIE, IPF/UIP IR RIE M 22
(idiopathic interstitial pneumonias, 1IPs) @ 7 LR
BO 1D LUTEIT TN SE, ZOHRTIPF
D HIEFRZIEIEN TR S, 2 TRS N7z iil
HIRGEERTT R, HRCT TR ER L, S 22 R EE
S, SRR X B i LiciRRE2 e T
TZEDHEETH S, Fz L, [PF R HEL
RS Uab CHRIAR 7, HRCT R 227 5
BEix, ARG & ARTEMRIC X 22 HERE S
NTn3,

— /T, RFEMMEGHRED T3 OO E S
IR ErN s 2 & Ein b, fiEOERRELEC,
@ EREE, BAEMEE I ¥ O&M X D ARG
W EBE T h NS, FE AR ER S
%57,

IPF OFFRZHHEME O HRCT OBLAG% 2 &7
W HERTVEEIT 5 &0 U 7 R BN ER i, B
RN UIE LIRSS, LorLanys, 20O
B R O RS AS ATS/ERS  consensus — state-
ment |2 B 5 EOMBOECEU T B, 237
DOFRRFEEFIRSRIC DLW THRE S RS ITIE -
A XTI,

S 1L, [PF OFFRZHEIEICH S Ul
& CT At RSFREAI R T d 2 MR E M R &
PF U 72 R ERBIER 2 6551z, T OFRRIRERSEAYET
HEEH e »z T 5 HIV TG 217> 7z,

Y ROMEBIERE Y > 5 — P,

R e

)R,

v R

© U AR B BETIRE B D%

PR TEIG 210 35 10 2 SR EEIE & OB ORRA IR EE AR

Figure 1 B[/ TPF @ HRCT R, M3 E L TREOGH:
MNRDH SN B,

A

1993 4F. 1 H2p & 2005 4F 6 1 & Tiz M4Be THREI
W S NI IR FEVENTEE S F 1IPs S5 2R & Uz,
ATS/ERS consensus statement 45 5 3 [EEE 4 K2R
KU T IPF (R I 68y 261, $72bb
IPF/UIP #f &, HRCT FrE2ZIEREICEH L 2w
FEELTVFI T 35 2 1IP/non-UTP o 2 BHC /8 LTz, 7%
B, [WAFG JHRCT Fri & i, 1) BH o il (K
& X 2-10 mm FEE D LKA & X O > 72 BEDJE
FHAMIRZ QLR DIFRD S, 2) Fflfit AR Ha e
TEGLCHAAL, 3) HERIEE & b 2885 & 1%
BRI E e & ORI UIRE R L T b, O
3EHFETNTUH/IzTbOE LIz (Fig 1),

%4 IPF/UIP EL & 1IP/non-UTP D EETE, W
IR R, ORI, MEOFEEEL, HENE
72 Y2 D W T retrospective 12 LR ET LTz, & 512
HRCT Fft &8 IPF FRZ BB I &3 L v FRELAY
A7z 1IP/non-UIP #£ 26 B0 5 &, A TERZR O
MR IRHIE S FTRE T H o 72 20 iz DWW T, FE M
i OIS BRAHAS 728, i & i b & OB RRIC D
WG 21T o 7z,
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Figure 2 1IPF/UIP ¥t & 1IP/non-UIP #£@ Kaplan- Meier 277147, 1IP/non-UIP #EiZ B v THERI AT E V. (p=0.0329),

Figure 3 11P/non-UIP &HHIfiEHER O HRCT FTR. A) Z£ S312{E 18 mm OBEFUAN CHENIEOSIERER 2380 5. B) THICIIUEH

2 GGO #3537 L, PHBIZESIMESE LR =R 2.

5 L 7z CT # % 1k GE 8 CT9800 & 7z 1% High
Speed Advantage Tdh -7z, CT EifRid 10 mm FE %7z
1% 3 mm J&/10 mm FERE T2 % iR U2 O 58
Sy HE I~5 mm & - 5mm fEfE T HRCT HEiffR %
TER L7z,

& R

IPF/UIP &£ (n=84) &, IP/non-UIP # (n=201)
DGR F 21 29/84 (34.5% M: F=27:2,
S 69.4 %, Brinkman index 1197), 26/201 (12.9%
M : F=24:2 Y5445 67.8 5%, Brinkman index 1265)
TH iz, e OB L IPF/UIP B Tl PlE 12
B, R LBz 1440, Nlaks 4 51, Kol 1 BT
btz (EERE | f%-& ), IP/non-UIP B ClXiiE

14451, P L BeRE 5 0, /NIRRGERE 441, KoHTifERE 2 41,
ZOM3PITH > Tz (B | Plzeade), Mo g
TIRFEIEINCEEZIIRD s s o7z, IPF/UIP
FEORRREA L stage IA 71, stage IB 3 f4l], stage A
05, stagelIB 2 4, stage IIIA 25l], stage ITIB 7 41,
stag IV 1041 CdH -7z, —J, 1P/non-UIP EFEDIEK
AL stage 1A 34, stage IB 44, stage ITA [ {31,
stage [IB [ ffl, stage IITA 9, stage I11B 44l, stage
IV 4PITH -7z, HBEFFRONR E7 D 5 % stage [A
~IA &, AERAEOXIS L 5 B~V TR
% X, IPF/UIP ¥ 14/17 5], TIP/non-UIP £ 18/8 45| C
IIP/non-UIP T3 Fia] g8 FIHAFI O EI & 5 % W H
Mz & o7z (P=0.088), MFFEREMRE CTid, VC, %VC,
FEV1.0, FEV1.0%, DLco, DLco% = D\ > T Hilstést L
7S, WETECBEERBO BN -7z, MIRA A5
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Figure 4 Figure 3 ERDAE S RIEMRO NV — &, A) H-E §+6, B) EVG 46,

% 18 mm 0))}@; R b H@HA Tb‘. WIhER 2588, g

T B S LML DS - T %, C) IEEEAS Ok H-E 2+, N/C LL@;:-MJEW%H]HE#H&%% Wﬁbz AL, vy PG 2R
W 5. Apoptosis WHED TR & BHERD B, D) BRI L LR T 580 O, H-E 6. E: /&£ S° ORNIRIRAT RO S BR
(H-E Befhy, INEBLC BV RS BT, MEREEORITRINE L U > R, IEHIE L e U 9EMIERE, B & Ui

K BIRRRHE DR A 2 D

Table 1. Respiratory function test

IPF/IUIPEE IIP/non-UIPE%
VC (L) 3.20x£0.77 3.36%+0.79
%VC (%) 102.7+£21.2 103.1£255
FEV1.0 (L) 2.29£0.55 2.33+0.68
FEV1.0% (%) 71.1%£91 70.3+14.7
DLCOmuminimmtg) 14.31+5.56 13.8+£5.62
%DLCO (%) 56.3117.0 69.3122.
PaO, (Torr) 74.9+14.3 77.5+10.9
PaCO, (Torr) 40.31+9.88 38.51+4.00
]

NS

reb 2B licEEE 2o kro7z (Table 1), Ka-
plan-Meier 3512 & % ZEA7HIFR T, TIP/non-UIP F43
FRECATFAHPSRYITH - 72 (Fig. 2).

IPF [ IR2 Wi EHE D g8 CT A A HE L 72 v,
IIP/non-UIP F£ 26 D 5 &, FIVEPERMZ O EEHE
RIS ERE T H - 72D 208 TH -T2 08, i
5 20 Bz 33 1) 2 RVE PG 28 O iR AR 2E I UIP 11
i, NSIP 241, %At 345, fpRHEERE EEE TR A
MR TCERholzbD AFITH -7z, Z DM sub-
pleural fibrosis DS CHIEEGIR 2 TE 2w b
@, lymphoid hyperplasia, [ZFEHEERAE % EDE LB,
RN T 7T HREEBECAHETE VWD O, 28
M E Tz, FE AL & ORISR B O AE IR I

Table 2. Laboratory data on admission of the presented case

Hematology

WBC 10200 /ub PR3-ANCA 20 EU

Hb 16.4 g/dL MPO-ANCA 32 EU

Plt 19.7 X104 il KL-8 1236 UimL

ESR 26 mm/hr sIL2R 853  U/mL

Chemistry Blood gas analysis (room air)

TP 79 gl pH 740

Alb 36 gldL Pa02 67 Torr

: PaCO2 42 Torr

UN 15 mg/dL HCO3 25  mmoliL

Cr 0.7 mg/dL $a02 927 %

AST 36 UL Pulmonary function test

ALT 29 UL VC 3.28 L

LDH 288 /L %VC a7 %

CRP 0.5 mg/dL FEV1.0 263 L
FEV1.0% 87 %
%DLco 64 %

UIP 11 0D 5 I8 & 23 % H D TH, Kb &
B9 2bo L, BRI D 34, NSIP2HID S
HIEHHMEE LIRS 2 b0 14, B wnb o 14
Thoiz.

EFZR (fibrotic NSIP i)

ﬁfﬁ”i 521k B
D 7 VRIRFIEIR, PRI
ﬁﬁ%ﬁ DR EZE, B B
BIAERE - S0k LAz
BLAERE 60 A% /day (50 & & T 30 H:fH)
WZERE . =t HHe iR, BB -
fftfE 7 U
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s 2002 4E 2 HEE > 5 Hugh-Jones 1 & 0 57 {EI;
R REEE AR 2 X 9k D, [E4FE 8 HOWRE Tl
EREE R e fai S 7z MR Xk, W I
ORER L 2 FIiTF O 2 cm KOFEHEIZEDL S h
Telz DIEEEINC AR & o7z,

Abeisaarar L ESR 26 mm/hr, CRP 0.5 mg/dL &
BEEETH > 7z, BIIRILAY A7 Tl PaO, 67 Torr
&, HHHRFICIRE ORI RIMIE 278D 7z, MPREEER
T VC 3.28 L, %VC 87%, %DLco 64% X HiAERE
FHe@wlz (Table2), FEMEMR ORKREAE TIEH
oI EERRE, BSEEIL L L, BREVRRED
MER Tid PR3-ANCA & MPO-ANCA 2382 BR L
TS, BERAER D 2 WIdERAT R £ o ME RO
Zc B LRIk o Tz,

ABERE CT Tl ground-glass opacity (GGO) 23O
F AR DRI AR L Tz, JREEERICEES |
MRELNIRZFRY, £ S IiEE 18 mm BEOER
ANIECHAME, H¥EREE B LU RREOREI R0 7
(Fig.2), 725, VATS FIHERIA S 368507 S &
DS L 7z,

AR DA R, (Fig. 3) 1372 S Tld/NEEHA]
CTOFFZSIAH pan lobular distribution 28 L, g
FREEI 1L Y > oNEK, TPEMIE E Ful & U7z 2
e, fulRREHD Iz, PEOMBEIRFEERCEE L
—ER B IR DI 2 R 72, DL & B MR %
DRSS fibrotic NSIP & U7z, 72 S* OfGHEIE N/
C Ho@o RAVEEH e R, SRCHEEL, —
o ¥y MRS 20 2. Apoptosis PR R
RO, TR A O KR NCAM (CDs6) Bk,
CD57 551514, synaprophysin 358514, TTF-1 BT
H-7-. LA 5 large cell neuroendocrine carcinoma
(LCNEC) &3l L7z, JE S boBfRiE CT
HRE T 73 3 o T2 23, S ERAERT R. C i BB O S
W OREL 27D, —HROMEE L L Tz,

=

IPF/UIP & JRFMMEOEH I >w TR INET
TTWE L OMEND 5. RFEHMHE L IPF/UIP O
FERI DT 10% 1255 L, EELTEHRERNTTH L.
EHHIRRE T IPF/UIP OEEHEER 1 10~40% T
— IR ER OFTEFRAER (| 5%) L L RS
FTH 5. IPF/UIP TR EEIC 2 W3, itk s

ST BGEOMER S S B ERTH S, IPF
AT AHEORELE, 1) IPF/UIP O TbEH
BN Z v, 2) B O FEEARALIIARN T DT
WV, 3) MBI R L EED 2 T BRELS %
W, 4) FEIREE TR BRSO OBENE W,
ERTNETICIRE SN TR B8, 72, 2 DOFGERE
F D — DI W BT O Al A 2 R~ LA o ER 07
DOFETHAREENDH 5 LT A H 5109,
IPE/UIP & EFMEMIEDIBFIC DTN D)
DORFEEMIEHIN TV, 2R TE»%
<, FHABERIERIN DR DATH B, £z, Filin
ARETH - Th, flitei BN O S 2 k7
TIERED D D TN BBER L R D EE S H B,
o, EITHRETHNRNRGESEINS A58,
HALEREA D 75 2 i R TE PR 28 S BRI I3 IHE 1%
5, ®23VEHEAEZROERNL L, Zh e DRIE
E&Y 5 &, IPF/UIP IC/HF 2 IfEOMmERIINT L
LA TN,

IPF PRI IC &89 2 BB 2 HRCT Fi i
Bl S i BRI A HE B RS ENRE OE
B, BEER EUIEUVISEREN S, 20 L) TiE
511 20 B 7% S 1ol U 74500, e 4 X ik 1) HRCT
At RS BIAY TPF T/ & L b, JRERALRRE 1 20 4
BB UIPTH D, 205 bigfkd ittt o
BRI 2 M B HI08 8 BIFRS &Ml Z & (LA TREE
2l UTP fEH1), 2) 204 2 51z fibrotic NSIP 38
¥l 2 & (LUMRERZET NSIP ER) THh 5.

1) JREREEHT UIP FEFIC DT

I UTP fEFI T, HRCT [I3BH & p i id
fili %389, reticular pattern & V33102 HERIHE LS
MTETMCRD s fnLd soiz, £z, #
HEALE & HORAIE R 2 oNRAE T 5, Wb W %%
B —M e T 2 TR, TEORFA T
5z Tz, AR R, HRCT ARl & 13 IPF/
UIP O & b b THIHHOIRZE % A T 5080 H 5
LfERTCE b Lviewn, Lol, Bk & 9 W2
PRI TPF/UIP B85 & O TIP/non-UIP i 2 B2 43JH
U 72 BE D Bl oA S L A7 A 34T D TR LI C 1
HEEZNPHD S N holz I, TR
HRCT TOREDLEN Y RFREIZT T D X 5 2hE
OGN T 2 DBRETH S, 2720,
HiRk2 WS UIP TH % 12 &, FIRERIC 13 itk aud:
B ST RS D, FAMTIEEIC R R BT
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3. F ARGl PUERIOFHRICHIKIN 4 U 5
RIREMEDSH D, TR I 9 2 ARIG T At
TR TEEDER YR (VBRI 213564 2 fifid:
W) O %70 8 L TRIE N2 OB 2 E
AP DB NPT H D EBbID,

RO retrospective 22T, UP/non-UIP £ & [
Zis iz 260105 B, MBEER OFREEEE
WrSEREE T H - 72 6 HllE, ZFDIFE & A EDSROFALS
NI L FEETH - C, FEITHT 2EEFH»THh L
TWTh, THEITHET 5 BT T S 2w
BcH -7z,
SEIOMETTIE, FPREEHT IP/non-UTP #£ 26 f4l T
VXEEIRRZIT IPF/UIP #f & Lhle U 72 B8, SMRIS Al o
KR o T PIDEIG B NMETICH -T2, THET
W S ufz IPF/UIP I &3 2 ilisiERI <3, 2
WA TR0 <, FITRIRE R BIADT2 »O TF &N
Fnea3hTwad, ZOHHDO—DIFRFEI /NS L
THIEERERE T 2HENE NI L TH B0, 20D
R, SRS ORSR & U 7R UIP SEGE R E
Fiti ¢ OB b ¥ & ONRERARRRAT R O #EITRRE ISR
JETH Y, FEOBO B TR CT 23T S iz B
WD CRRIEMEM RS 5 S Iz B dizhr o 35
Fhtz, Eiz, 11 8 BITIHEEL & M0 L T
BY, MR OFRERM L 25 TH» 5 AHE
PEASRB Sl Linl, THETORECHASNS
X 9%, BHEFORRESRY EREEN S T
DIEBFEL TO B DTEE WD, ZOREFIZ O
TESBOBE 2Fb 720,
2) JEHEEESMT NSIP FEFI DT

ATS/ERS consensus statement L3¢, NSIP (% [IPs @
—REIARAL & fTE T S Tw» B, NSIP OfEa %
BEIE L 7z Katzenstein & B FETHEL Tw5b L S
12, NSIP IR GHE N2 2 & RE DM E ]
BEIIERIC AP T2 2 & b 51, NSIP & SN
BOEHCHET 2HE T INETOE AP0, ¥
Tz, B A ORGE THEE T 2 B2 & ko3 ERE
WIS N BRERIN 4D 1 6 b, NSIP & 5
FHREERITHY A b7 5 F -8 5k, Hivr 4 v 57
=19 Jifk 7z & ORI T 2 B ORI E 4 X
1L, paraneoplastic syndrome & LT NSIP 235RET 5
ATREMEDMERE S LTV 52020, SRR T, 2 Fi
1 i NSIP & g SRR ICIER S 708, B
I C IS 57V EIRFIRPIR R 8 % 4 U7z 2 4FRT o i CT

R FEVERTEER 212 36 1 2 RN A HHE) O R S HORET

% retrospective [CFRSTT 5 L T W GGO % # DI
STHfEL S 279, #43 L b paraneoplastic  syn-
drome 7217 Cld NSIP & [itif#a D FAE O AT % i
TEweEZ shiz, 5%, EFOHERE, MEIH»NE
BThA,
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TV I A v EFRMRHEL T AT TV BT B KRHESHY,
TaTx 7)) 5 v D

e EHRE oKl Mz Al Bt R El
2N SR NS e

ST TATHERE |3 B 2o eI (fibroblast) MER L 27—, 7ai4 7V hr vl
Mgt < Y v 7 X (ECM) OWERFHEE 3 2 TEHRAROEMIER TS 5, IT4E, [iRHEE DR
AR & L C fibroblast OGN 7 0 — X7 v FENTW S, L LgH S fibroblast 13357
JOERATIE e 2 & SERRIZHIBIL TE T 5, —7F ECM XL D BG&ZEY), T kb gD
CEEHERR L Do e BB E N T L E 2 SN TE Y, ECM OE 2N STh s a5+ 271
A IR, MEEEE o IR RE R RO C L TERGEINTETWwA, # 2 Thhvbhlid~
T AT VA A Y EFHRREE T T VI B W TEBESIE, a7 A4 7Y b ORI R, &
TER G L D SIS Uz, v~ A ¥ U ERTTCIE ER-TRT B fibroblast 13 12 &4
XREH, FEFEECRIEL, B5BICIXEREST fibroblast O¥EEERD 72, Fle7ur A7) H v
b7 VA v A v URERNCOIRE M, MRS REL, BREBICITEEEREEEENC U % A
MZERD Tz, WHSEREIC L D T4 7 ) A U IHE L D B kL D BT B
LD I Tz, BB - ZEfEIRY I fibroblast DWEE » TEMELEERN 25T L, o F OMHEMO
BIEZEA D Z EiE, 7y MBERD 2 VI GESEEINY 7 fibroblast 219 & L 7237 L Vs fifi
AR AP O IR R 2 Rt c 2 2 b D L HiRF T & 5,

Pivotal role of fibroblasts and proteoglycan in bleomycin-

induced pulmonary fibrosis in mice

Yoshiro Kai, Hiroyuki Yoneyama, Tetsu Nishiwaki, Naoki Matsuo,
Makiko Kumamoto, and Kouji Matsushima

Department of Molecular Preventive Medicine, Graduate School of Medicine, The University of Tokyo, Tokyo, Japan

Idiopathic pulmonary fibrosis (IPF) is characterized by fibroblast proliferation and extracellular
matrix (ECM) deposition. Recently, the control of the accumulation of fibroblasts is focused for the
treatment of pulmonary fibrosis. However, it has been revealed that fibroblasts were composed of
heterogeneous populations. On the other hands, proteoglycans, one of the major components of the
ECM, not only provide structural integrity on tissue but also play an important role in the cell migration
and adhesion. In this study, we examined the role of fibroblasts and proteoglycans in bleomycin-
induced pulmonary fibrosis in mice. Immunohistochemical study showed that ER-TR7* fibroblasts are
detected around bronchus and alveolar areas. After bleomycin challenge, the proliferation of fibroblasts
was detected. Similarly, at dayl4, proteoglycan deposition was detected in fibrotic area.
Immunofluoresence analysis showed that at day3 ER-TR7* fibroblasts synthesize proteoglycan. To
analyze the migration and activation of fibroblasts in time and space, and to identify a subset of
fibroblasts/fibrocytes is expected to be helpful for the development of new therapeutic approaches for lung
fibrosis.
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a

1. BLM MG HEE € 5 112 81 2 ER-TRT* fibroblast O EHNZL
a. BLM #5750, b %53 HH, c %5 14 HH =100

2. BLM ZFHERE T 7 V12 81 % Proteoglycan (CSPG) D
a. BLM #5485, b #5 14HE %200

EL®HIC

bhbhikhg T, 7 AR/ s 2 RS
TEHRSFE DR 2 RN V-~V TR L, 7 DR %
Fege 1 C & 72179, Propionibacterium acnes 5538 S
B TN T, RERRZRFTO Thl/Th2 fufgs s
TUARTEAA VI E o THIENTWE 2k, F
b n ThHEREZHET 2087 T A V2H
K CXCR3/CCR5 EZD VA P THY Th %iEE
TEZDRCCRELZDYN Y RTHB Ik, & FEERTY
WZIEEL 72, & 502, I ORISR Th2 12 <
=, BMAb - ERELIC DR 2R L, FZERIG
BRI Y 7 N LD 2T T, 7€
A& Th2 ¥ 7 bOBERERAL T &/ Ftic~
APFREHEIE € T NANAT, CCRA V77 > Ficx$ %

KRS R AR T PRI
* O E AR B AR o ErTEE

FRRIHLARS> CXCR3 #ElnF R~ 7 R % flv iz £
WD, 7 EhA L2 Th2 ¥ 7 + 2HET 2HET
ML 2B T & 2HBMUD 7NV —T" 0 5 b &
NT B9, &7 FL T b R EEE T B LT
b, 7%ﬁ4y§§%cauwm$m;0$ﬁhw
07 7 — Y OWEEREE RG] 5 H T, HHEL 2 ERE
TAREERNLTERY, 20k 725’73&%4 Yizk B
FRESIEHIRIRE 22 & IR ETZ BRI & v 5
OFFFeRi R IcH 7 &, fibroblast OEFRER 2D T
o, & owsEEluEss, MRS RE S h
TWwb ECM OB LRSS Th b TaT 4 7Y
B ¥ DRI OB D 3B B iz D ST L
7z,

A A

FffGHEIE £ 7 v 1% 6 5 0 C5TBL/6I = 7 A IZ K
BRIZ 7V A~ A ¥ (0.04U) % EHEAHEK 50 4l
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3. BLM SERMHGHEE T 7B 1T 2 HL s,

Lo
2000 i

ER-TR7; green, nucleus; red, CS-56; blue
a. BLM 54, b ##53HH

WAL TH59 5 2 & TfER L7z, Day 03,1412°C
ffizleD L, FHEERYD R 2 s etz & D imal L
7o, SUEREERERET VA ) Tk AT 7 8 =,
NNVAF V=PRI LI DFIT LI, — Kbk e LT
¥ RoAF R (CS-56): A FTHERTE R
P77 AT ARTA Y Fy b =F VA8
DY LTz, FEEFRy OBHEIC XL S, £0HEDE
T 13— PiE & LT, ER-TR7: BMA #, —
RPuAE LT ALPIEERIL Y v M UIET 0 7 ) Vo
1A : Jackson Immuno Research #, Alexa Fluor 488 $17,
Ty bMEs 7, CS-56 1% Alexa  Fluor 647
Monoclonal Antibody Labeling Kit 2 {#HH L /-, #%4
fid SYTOX orange 5 L7-. Wiy Molecular
Probes #1884,

ER-TR7* fibroblast DFFERHIZ 2R S (B 1), 7
VAR A Y ARG RITIRRAE SR, Mg REE
RY. TVA A Y RGN [FEERALO fibroblast
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TV A=A LV HRMHEREE T VI BT B IKK 8
BILE55) IMD-0354 DUk sl Fookei

kg & REl B bR A R B BIR ZREp

PiASIESK & LTRSS L7z 1xB kinase g8 (IKK 8) FHEA] IMD-0354 iziFH L, 7Lt~ v
(bleomycin : BLM) SERMHFHEE € 7V 2 AW, ZOPHERERIRIC DWW THRE Uz, TifiiEE €
T, 8GO C5TBL/6 =7 A2 BLM % Alzet mini-—osmotic pump % AW TR T 5T % 2
LAz X DR LTz, IMD-0354 1% BLM #5884 H 25 5 5 % Wik 20 mg/kg/day THERENR S LTz,
28 H{giz < 7 X % sacrifice L Sircol Collagen Assay 2 Xk 5fifia o —4 v EEOEREE, IFEEC LS
Ashcroft score % =it o E=1b, ELISA kit #ww/- BALF, iR ES 52— DY A Mo A
> DIET B AT o Tz, PR 81 5 NF-xB OFEMLIC DWW T HARET U7z, BLM FfHEE £ 7 vic &
R IRET D 5, IMD-0354 #5403 BLM 17 & b SBF 3 A it 2 A= g+ % 2 L0
shkirole, 7 BLMEESR 28 HHOMi 2 7 —% v&81E, IMD-0354 5 caEE IR L
7z. BALF T, BLM 2 X 2#7dEkss L O >0 SERO B IIEI S, BALF i L Uik €9 % —
D TNF-o 8L IL-18 b IMD-0354 #5# THEICEA L Twiz, IMD-0354 #: 58Tt NF-
#B OEMHLIEISHER S Lz, BLE S IMD-0354 13 NF-x B2 LT 7 VA~ A4 ¥ sl
TRHERE 2 BRI 4 2 Z EAVRIB I NS & & b1, BHEEREE L L COIABEE I -,

A novel 1xB kinase- /2 inhibitor IMD-0354 ameliorates

bleomycin-induced pulmonary fibrosis in mice

Yasuhiko Nishioka, Mami Inayama, Hisanori Uehara, Keisuke Izumi, and Saburo Sone

Departments of Internal Medicine and Molecular Therapeutics, and Molecular and Environmental Pathology, Institute of Health
Biosciences, the University of Tokushima Graduate School, Tokushima 770-8503, Japan

1B kinase- 4 is a critical regulator in the activation of nuclear factor-kappa B, a transcription factor
related to the expression and regulation of proinflammatory cytokines. To evaluate if inhibition of 1B
kinase-$ ameliorates pneumonitis and pulmonary fibrosis, we examined whether a novel Ix»B kinase-£
inhibitor, IMD-0354, attenuates bleomycin-induced pulmonary fibrosis in mice. Administration of
IMD-0354 significantly improved the loss of body weight and survival of mice treated with bleomycin,
while IMD-0354 alone did not cause any morphological change in the lung. When mice were evaluated
28 days after bleomycin administration, IMD-0354 dose-dependently reduced the collagen content and
fibrotic scores as shown by histological examination. The findings in the bronchoalveolar lavage
demonstrated that the proportions of neutrophils and lymphocytes were decreased in mice treated with
IMD-0354 on day 7 and 14, respectively. IMD-0354 treatment was confirmed to inhibit the activation
of nuclear factor-kappa B, but not activator protein—1, in the lungs treated with bleomycin. The
production of inflammatory cytokines, tumor necrosis factor-« and interleukin-13, was reduced in the
lungs of mice treated with IMD-0354. These results suggest that IMD-0354 might be useful to amelio-
rate the inflammation in the lungs induced by fibrotic injury and the subsequent fibrogenesis via
inhibiting the expression of profibrotic cytokines related to the activation of nuclear factor-kappa B.
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Figure 1 Histological examination of the antifibrotic effects of IMD- 0354 on bleomycin-induced pulmonary fibrosis. Mice were treated with osmotic
minipumps containing saline or bleomycin (BLM) (125 mg/kg). IMD-0354 (20 mg/kg/day) was intraperitoneally injected. On day 28, mice
were sacrificed and histological examination was performed by H & E staining (A, C, E, G) and Masson’s-trichrome staining (B, D, F, H) (original
magnification : X 100). A, B: saline alone, C, D : saline+IMD-0354 (20 mg/kg/day), E, F: BLM alone, G, H: BLM+IMD-0354 (20 mg/
kg/day). Data are representative of three separate experiments. Bar=200 zm.
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BLM 125 %721 150 mg/kg % 200 ul O4BAHEKIC
AR Alzet mini-osmotic pump % FVCH 7 HEH
TR TIRET 2 X DER L7, a2 b
o—VEEE U TR 200 k) 0 A BAEE K% pump
I CHIGE T 5. U7z, IMD-0354 1%, BLM #5584
H» o 5550 20 mg/kg/day % 200 1 @ 0.5% car-
boxymethyleellulose (CMC) (2 ¥R UIEIEN S L
Jo. v b u—bE LT 200 ul 0 CMC % a5
L7z, 28 Hig iz ~ 7 A % sacrifice L, i3 Sircol
Collagen Assay ZH\WT a7 —7 V& BEDFERICH
Uz, Al o HE Zetic & 0 AR i
LD % Asheroft score #FHWT 2 ADFEHEI X
DiTo7z, 512, day7, 14,28 128\ T sacrifice L7z
< 7 AR U R E S B I ¥k ¥ (bronchoalveolar
lavage : BAL)ZfifT L, #Alifgss & OIS %
U7z, %72, Enzyme-Linked Immunosorbent Assay
(ELISA) kit Z# FlW&E S Milasc @ik (BAL fluid:
BALF) B LU, fifHf&H O A bA A v, re2h A v
DOIES 24T Tz, Wi S U7 Em 2 FAw T
Fy 7 NEB L O TransAM kit 2 & Y NF-xB @
IR RET L 7z,

BLM JiifiiEE £ 723 5 IMD-0354 20 mg/
kg/day O 51E, BLMIZ L 5> THERENBETTAD
ERA B & OEERPHRE L2, 8 517, BLM Jififi
HERE T 7 )V D Asheroft score i & 2 fHR k& 2
5, IMD-0354 ZEKFEC BLM o X DEEFInb
izt e BERCH T2 2 e Lo
(Figure 1,2), —7, 2> ra—)iEeo Xent4 3
IMD-0354 o A 5 C LA Z B R 2 bk A
STz, £ BLM 5% 28 HEHOfi2 5 —~
& ' lE, Smg/kg/day H B\ iE 20 mg/kg/day D
IMD-0354 # 5 CHBMREMEIC A L Tz (Figure
2). —/, BIM I & % #fEMIEE IS $ 5 IMD-
0354 DB R IRES T 5720 BAL 21707z & 2 5,
IMD-0354 # 512 & 0 day 712 817 2 FFEk 0B,
day 1412 B 2 ) > RBROBENE B S vz
(Table 1), BALF 1) TNF-o 8 X Uik €Y 35— k
1D TNF-ga, IL-18 & IMD-0354 # 5.5 TilA L T
Wiz (Figure 3), )V 7 M3 #i Tk BLM #5448 7
HEDOM O ® €Y A= MBI 5 NF-x«BEMI,
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Figure 2 Quantitative examinations of the antifibrotic effects of IMD-
0354 on bleomycin-induced pulmonary fibrosis. Mice were treat-
ed with osmotic minipumps containing saline or bleomycin
(BLM). IMD-0354 (5mg/kg or 20mg/kg) was given by
intraperitoneal injection on a daily basis for the entire duration of
the experiment. Mice were sacrificed on day 28. A : Evaluation
of fibrotic change in the lung using numerical fibrotic score.
Histological examination in the left lung was performed by H& E
staining. The fibrotic score was determined by two pathologists as
described in the Methods. Data are presented as mean=SD of all
fields examined in each group of 6 mice. B: Effects of IMD-0354
on collagen deposition after treatment with BLM. Collagen con-
tent in the right lung was measured using a Sircol collagen kit.
Data are presented as mean=SD of 6 mice. Data are representa-
tive of two separate experiments. (3Zfk 5 & D 5[H)

IMD-0354 & 5.8 T4 L Tz (Figured), —7,
TransAM kit |2 & 2 fEHTIC 38T b BAL filfgs X O°
Jiidk €Y 32— O NF-2BiHH I, IMD-0354 %5
HTAEBRIIIE SN TWdY, AP-1EMH IR
BRI o7z (Figure 4),
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Frld, vV A WBT B BLMFEFKM L %
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Table I  Analysis of bronchoalveolar lavage

Days after Total cells  Cell differentiation (%)

Treatment (x10°) Macrophages Lymphocytes ~ Neutrophils
Day 0 0.69+0.14 94.8+2.2 32418 2.1+03
Day 7 )

BLM 2204+0.57 632+11.4 6.38+4.82 30.184-8.53
BLM+IMD-0354 1.334+0.33 96.9+2.22 0.55+0.34 2.55E£2.17*
Day 14

BLM 6.36£2.91 67.2+10.20 24774768 805+£3.65
BLM+1IMD-0354 6.58+2.42 78.3+4.98 4.98+3.09% 16.63+5.15
Day 28

BLM 2.19+0.79 61.01£5.10 28.68+3.75 10.30+4.69
BLM+IMD-0354 3.00+1.64 65.75£6.53 24.30+£3.59 9.95+3.66

Mice were treated with osmotic minipumps containing bleomycin (BLM : 125 mg/kg).
IMD-0354 (20 mg/kg) was intraperitoneally injected daily. On days 0,7, 14 and 28,
bronchoalveolar lavage was performed as described in Methods. Data are presented as
mean+SD in the group of 6 mice. Similar results were obtained in three separate
experiments.

P<0.001 v.s. percentage in BLM group

Ok s & 03D
A  TNF-o B TNF-« ¢ IL-1B
BALF Whole lung Whole lung
P<0.001 P<0.001 P<0.05
9
- 50 —_
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N o
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Figure 3 IMD-0354 inhibits the expression of TNF-« and IL-13 in BALF or lung homogenates of mice treated with bleomycin. The levels of TNF-
« and 1L-14 in BALF and lung homogenates 7 days after treatment with bleomycin (BLM) were measured by ELISA as described in Methods.
Data are shown as the mean=SD of 8 mice. Data are representative of two separate experiments. (3CHA 5 & D 51F)

IMD-0354 2392 = & &R Lz, &7z, IMD-0354
VX in vivo 12 331 B NF-xB OFEMAL Z BB I L
7z, NF-xB decoy & % > antisense oligonucleotide
PHWE 2N E TO®RE T, BLM #5hiTO NF-
¥BHIFNIR ENTE & 999, L OMBRIPIEYNI
BLM fifiic 1) % NF-xBHlfH 2R LclETH D, ¢
bbb, IKKAHIHIZShRA % NF-xBiHOFET
HY, 51213 7% < b BLM ® 7L Tk

WENC D5 Lz 5. IMD-0354 #2502 & 2 Jififs
HEAEHIHIC &, BALF ek, ) > SERE O
I, & 5 it o TNF- R IL-18 £ 1o
7z pro— inflammatory cytokaines OIHIZHEE S EH S L
T3 ENHERE LT,

— 7, VPR EIE & U CHREBR DS HED 5 11T
V> 2% pirfenidone b, MPNIPIRIEFE L UTHFE S
TR B B 2 L p 6, 51 IMD-0354 O
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g0y 5 1 [
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Figure 4 Inhibition of activation of NF-xB, but not AP-1, by IMD-0354 in the lungs treated with bleomycin. NF-xB activities in
nuclear protein extracts of BALF (A) and lung tissues (B) in mice treated with bleomycin (BLM) with or without IMD-0354 on
day 7 were examined by measuring the level of the p65 subunit of NF-3B heterodimer using a Trans AM kit. AP-1 activity was
also examined in BALF (C) and lung tissues (D) by measuring the level of the c-Jun subunit of AP-1 heterodimer using a Trans
AM kit. Data are presented as mean =+ SD of 4 mice. The DNA binding activity of NF-5B in nuclear extracts of lung tissues was
examined by an electrophoretic mobility shift assay (E). Competition experiments were performed by adding a 1000-fold excess of

unlabeled oligonucleotide before the labeled probes (F).
the lung of an individual mouse.

Hi 4 2 E I O PIRHETIR IC DWW T b ES &2 5
TOLMEND L LD,

BER

1) Zhang Y, Lee TC, Guillemin B, Yu MC, Rom
WN. Enhanced [L-1 beta and tumor necrosis fac-
tor-alpha release and messenger RNA expression in
macrophages from idiopathic pulmonary fibrosis or

after asbestos exposure. J Immunol 150 (9): 4188-

— 115 —

Each lane in Figure E and F shows the data from the nuclear extract of
Data are representative of two separate experiments. (3CH#k 5 X D 5]H)

4196, 1993.

2) Giri SN, Gurujeyalakshmi G and Wang Y. Sup-
pression of bleomycin-induced increased production
of nitric oxide and NF-»B activation by treatment
with taurine and niacin. Adv Exp Med Biol 483:
545-561, 2000.

3) Zhang XY, Shimura S, Masuda T, Saitoh H,
Shirato K. Antisense Oligonucleotides to NF-xB

Bleomycin-induced
Am J Respir Crit Care

Improve Survival in

Pneumopathy of the Mouse.



2005 FFE U E AR BT 5 AT

Med. 162: 1561-1568, 2000. 5) Inayama M, Nishioka, Y, Azuma M, Muto §,

4) Griesenbach U, Cassady RL, Cain RJ, duBois Aono Y, Makino H, Tani K, Uehara H, Tzumi K, Itai
RM, Geddes DM, Alton EW. Cytoplasmic deposi- A, Sone, S. A novel 1B kinase-£ inhibitor amelio-
tion of NFxB decoy oligonucleotides is insufficient to rates bleomycin-induced pulmonary fibrosis in mice
inhibit bleomycin-induced pulmonary inflammation. Am J Respir Crit Care Med (in press).

Gene Ther 9: 1109-1115, 2002.

-— 116 —



TARHERE e N7 L A=A U RiBRETNVICEIT S
epithelial-mesenchymal transition (EMT) D
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fiifHfR, ~ 7 2 &L, C57/BL6 ~ 7 212 BLM 3 U/kg 25&WN#5 L, 1 HE, 3HH, 5HE,
7HH, I0HH, 14 EWEEL 72, Fifiko E-cadherin & @-smooth muscle actin OB YEHEE
B {0, EMT 2 U7z, IPF 128 Tl fibroblastic foci D% 7 #ifaw, EMT %3887z,
TFE, RUBLM#5% 1 HE» 6 SHEBWIX EMT OFiR 2D Lhro7-, BLM#BS54 7 HEHD
MSE L ERICEER EMT O R 2388, 10HH, 14 HEHICBHSES LED EMT 34 L7
23, 14 HEOMSAE L E R RF OB LR EMT 237>, TifsierE, BLM ilEd T 7 rics
W AL EMT 2335 L Tnw 3 2 ERIB &S e,

Involvement of epithelial-mesenchymal transition in idiopathic pulmonary

fibrosis and bleomycin-induced pulmonary fibrosis in mice

Mizuho Yamada', Kazuyoshi Kuwano!, Michihiro Yoshimi!, Takashige Maeyama', Naoki Hamada’,
Jutaro Fukumoto!, Kensuke Egashira?, Kenichi Hiasa? Kentaro Watanabe?,
Koichi Takayama', and Yoichi Nakanishi!

'Research Institute for Diseases of the Chest,
2Department of Cardiovascular Medicine, Graduate School of Medical Sciences, Kyushu University,
P J )
3Division of Respiratory Medicine, Department of Internal Medicine 4, Fukuoka University School of Medicine

Epithelial-mesenchymal transition (EMT) has been proven to be an important process in organ
fibrogenesis. However, there is few direct evidence of this process in the pathophysiology of pulmonary
fibrosis in vivo. Therefore, we tried to verify the involvement of this process in the development of
pulmonary fibrosis. Since the co-expressions of E-cadherin and a-smooth muscle actin are thought to
be a marker of EMT, we performed dual immunohistochemistry to assess the co-expressions of these
proteins in lung tissues from patients with idiopathic pulmonary fibrosis (IPF) and nonspecific inter-
stitial pneumonia (NSIP). Double positive cells for E-cadherin and a-smooth muscle actin were
remarkably prevalent in cells overlaying the fibroblastic foci in [PF, whereas no positive cell was detected
in normal lung parenchyma and only a few were found in NSIP. In bleomycin-induced pulmonary
fibrosis in mice, double positive cells were prevalent in the bronchioalveolar duct junction, while only a
few such cells were found in other lung fields. The in vivo gene transfer of soluble TGF-£ receptor II
significantly attenuated EMT, fibrosis, and apoptosis in this model. These results suggest that EMT may
be involved in the progression of pulmonary fibrosis and may be a therapeutic target against pulmonary
fibrosis.
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TOREFR, TvAvA v ryERGEH»5 THHEK
TGF-g 2RI L 7-8#, THE»S 14 HEWHHIL 72
HrhThicBW»wT, mEEBmR L, 7vd~Afy
V57 HHE ONlEA B & O 14 HEH R b 2 >
b oA ERICIISI S LT e, TR
ADFHH T, TvA~4 v URERTHEBLU 14
HHE® TUNEL Il ss, 2> b a— ARk
FHEICFED LTz, O TN THILTE Ry h
WwE D, Rk EMT 25Hii L7z, &z Rize 25,
TR G BT 5 O AE S E AT
TEMT 23»7: (M2). 7vA~A v %5 14 HH
i21%, EMT OEEWHIlEE 7 H Bz Td LT
W, FIEHISE S Rl B 10 5 EMT 22 &1k
T2L, Tvd~A v rgEETHEIC EMT O
O, SR E RO 35% & ARICHE
L, M TGF-8 v v 7y — 12 L h AR &
iz, EMT 28 8 2 likE = FRdiilais, 14 H
Bz 5~10% & BRI Lz,

B-catenin O siRNA & & 2 FEEHNH O HHERItigS
Mg~ A @ 11 BT b SR > & cell line {h
Sz LA-4fid s vy, siRNA OB AZIEA T4
Zw 7 VRY — LBEEHERA U7, day 0 IZHHREOHK
% &[Gl B-catenin FEHY siRNA 2 A L, day2 iz
TGF-g1 &Nz 7= EMERHICAHL L, day 5 ICHEN

ZEIVL, MlEOERE, VA8 7 ay Mg T#F
Wt % 177z, B-catenin fL #Y siRNA O H A2 L D
TGF-B1 12 &> THEA &1L 5 il - Ao EMT
BRI 5 2 e TEI (3), B EMT 7a 7
F— Ll LT B Tk TR L DR RS & BT X
LHEEMN D L EE Z o).

% B

FARHERE 12 B T, BRI ZE O AR AR b B o
EMT %880 7:7%5, MHEEFMIESEOWE FRIZ BT
OBFEThole, MR ICE S 5 BB
EMT 12 & 5 T, MRl 22t L Tv 5 ilRet:
PREE NIz, vV AT VA~ A v UilgRE T I
BV, TGF-g8» EMT #3FE 4 3 BERKT T
HY, EMT s LERICEE S L T 2 AEEER
sz, £z, f-catenin ZHIEIT 5 Z L1z k- Thf
Bz 810 2 EMT OBREIB L Vo Mcas 2 &
IR LD,
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