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Aspergillus 10 41.7%  LS51* 226

CMY 6 25.0% 526 1,07
Candida 4 167% 075 1,07
P. carini 2 83%

DIC 7 29.2%  0.91* 237
pneumothorax 4 16.7%  2.22 1.89
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neOEHIc L ) EEFEREOTE a0
(Fig. 8C), BT 7 A~ ¥ RAREREIZ2FIZET L
.=, A b AT YA N AELER S Y 2,
T AN FE N A LA OTTEEOEHIZ DL TSR
e FH 2 oz, UETHRIOBRAR, Bte9esH
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FEFEMERTAFHERE IPF/UIP O E B2 BRI ARYRHE & U TIERINTC 33> TSSO T (1 s
OEMEENR U 5 2 ENEToNE, ZOIMIRENC X BFROERAE U T L, SHEHR
RMEW A BRI L A interdependence DMER T AL TH HD, Y 7APLADR
HZANWA DV ABEELRRE R I LTWA, OB Sl LR, T —Am
HBOAD =B NVA My FEIZ TS £ 72 i EBEER e A 21T 7o, (B & hur- Ttk _b K2 4R
IEEEARIC AR LSRR S, B LT ORAEAEMERD e, &R & /e e LR
faCid TGF-g1 Ml FRIEBEEL TE D A » A VRS oS b AiEL g s R
LTWwabDEEL NI,

Effect of Mechanical Stress on the Pathogenesis of

Idiopathic Pulmonary Fibrosis

Shinji Abe, Yoshinobu Saito, Takahito Nei, Kumiko Hiramatsu,
Jiro Usuki, Arata Azuma, and Shoji Kudoh

The 4™ Department of Internal Medicine, Nippon Medical Schoo!

Idiopathic pulmonary fibrosis (IPF) is characterized by the peripheral distribution of honeycoming
in the elderly lung. Intrapleural pressure becomes less negative toward the bottom of the lung because
of gravity and alveolar epithelial cells easily collapse. The interdependence by lung fibroblasts and
endothelilal cells plays an important play to support the alveolar cells. In this regard, we investigated
the effect of mechanical stress on lung structural cells using the uni-cycle stretch machine. Stretched-
lung alveolar cells became spindle shape. Proteins produced by stretched-cells were significantly in-
creased in the supernatant of culture media. TGF-BImRNA expressions were also increased in the
stretched-cetls. Mechanical stress may play an important role in the pathogenesis of lung fibrosis.
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EFCMERTERHERE (IPF/UIP) OEERRIERE &
LT () FESPEET» 53 U F 58T )
iipffic E U9, (3) UMk AMENFIERLE (DAD)
EEUP TV, () GRTHHEEZEHT S (10-30%),
(5) BERFEOESV TR ENTHWS, RESETON
%, 205 BE L EMOFHECHHIEIE THIES» 5
BUE2ZEETHLE, ZOBRMBHOR»TED
BEHOEEEZBHMTHY, MINOESHINE
C, MEIMERESL (shear stress) BERDEIHWLETL D
%, FRetldo—Btr it 2 & pleats EMEIEN B W
faoir b ARG EL, BHUERSMIRT 52 &
XD ZOMIEaREEAIRI LS ERERT (XA
ZHNA RV RA) MBI, FERRHER LR U o8
BB IER B R & BRI, OB
B oI~ 2 6 h 3 XFHRMEKEN
(interdependence) & Xih, MO EE %#iS T2
DEEETHLEEZONTWAE?, D EOZ LG
SHISERMTINE T e B TRFA OO L D &K
BERAGZHNLA VAR THE I ik d, &
7o, IR B 1 B FlER L ISR HRCT (high
resolution CT) @ CT AT 20 & [ DA i
MR BWTEHETREVWI EWRBESATHES,
MIEERBLTSUEM EQOERE{T-oTED,
IPF 23PN i LR T w2 L Ebhb B TERZTH
THHEMEE T Mb 2 IheDAB=F LR
U ABITOE L rOEELTWS A
bhd, PLEoZ &Ehsiflfticxts s A8 =k
b VA @O L TR R EE T R Hv in
vitro DRI THRAT #1To 72,

MNREHE

b MR R SRR T H D A9 T, <
7 Z R SREERHESFA IR T 5 MLg2908 fifa, t
b i E N B ARE HPAE 26 #ER®, C57BI/6 =7 A D
FAASHESFRIRE 2 MBI L C R ERIC vz, 272
IPF/UIP & O ERRIED & b IR HESHHEE 2 91X

A A E BRI A TR
* UVE AMERIRGREERERE TR

HOREERIZ BB A A= h LA ML ADORS

Kfe 5 T otz AAZANAIVALELTA MY Y
AR O REEET (ST-140 3 A7 4) £HW, ¥V
32 F N — L TEERE L F B MR e —Eh I A oo i
FERBCENZ 72, RS E LT 20% OHRERT 20
B/ THRIBL 72, 3REIIE X 2 AN AT
METIREL 2. EEENTOEBK DWW TBCA
74 B2 HoTHEL, HIEEEE% cell counting kit
TFROTRR L7z, £7RHES S RNA 2L
real-time PCR¥E#%# T TGF-gl 2o LT3
mediator FEIROWER T o 7z, |

® R

() Muf{sELssloReBc S 2 2880 (B 1)

BHOMT (R 20%, 20 [/ TRl EmMAz e 2
%, AS49 RGN HPAE26 flilic s Wi {eE S
M) & I IE SO R EsSEEh s iz, v v X
PifRHESF Mg B L CRBR A L RIA R a0
RELERD, Bict b HROMESEMY (M
FHAIE) B TEE OWHABEE TH -7z,

2y HEEE RN OEMBEEAOEE (12)

A549 A % R T BEE & RO &R T 3 RERTD M4
BRREEMZ Iz 25, Bt blhomaEdida >~
b O — AR LT o T A8, 24 BERTRIE T
WEEH L o7 bODHERIC B W TEOEEN
s 2{EESEED Shik,

(3) FFREA~OEE (3)

AS549 ffaE Hvs, EIRROFEET 3, 6, 24 Kbl
OB TR ThOMRERIIBWT I
o —LEEE FEE L TEEMERTINEE D 2. Thid
IR R I BT H FROEE .2 ZED Tn i &
LS, BRI & o Tl EtEs h b e o
LA St (31 4 BREhERROER 2T
EBR

4 WUEFIIRAOE (B 4)

AS49 MR % R TRFRO ST 3, 24 BFRE{HERH]
BoEMATE, ThZhOfiigs S RNA 28U T
TGF-FImRNA FHi % real-time PCR (Gene Amp
5700) IS THRET L 72 £ 2 3, 3EFRIMERRIEI BV
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Con[rol_ 24hrs 20%, 20/mjl'l, 241’11’8. StretCh

A3549 cells |

HPAE26
cells

Lung fibroblast from
C57BI/6 mice

ST T R I

e

Lung fibroblast
from IPF patient

R —FinhEEE X 5 I~ DRI
iR 20%, 20 B/ 43 T 24 BRIt e n 2 72 & 23, AS99 (& MR LAE) MR ic HPAE2G (& bBRMETPIR) HIRL v Cidfd
BT L GNP O RITAEANED Shte, < AMHEEAT (P EHEIND) 2 BV TP & M AR B0 RBP4 3R
&, Fiic b iSRRI @ CEREINE) 1w TR EOMNSE T T,

BCA assay cell growth curve
6(x 105 cells)
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1.5 4 ~
O 3hr 3 8- Str.
0.5 —_— — .
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7z,
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BEOIMEN O EERNT 2 &, F T MKEs
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TRFEEHEN U, TR 3 TR e A b
25MMb > T3 EEZ 5h3H, Shlidaiie—F
MR AR O SER R TIT o 72, Bl LRI R
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Bz, BRI OHRHELIZ 3V T Epithelial mesenchymal
transition (EMT)? s Ts Y, MOz
BUsELLELBbNn S, BE, {(HESEM
bR T % v T E-cadherin, a-smooth muscle actin
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HHARMERE |12 31) % Epithelial mesenchymal transition (EMT)

WE MEr R ERORE PR AL R
ETEARN AW R® Om B I e
ST OREE PE B

Epithelial-mesenchymal transition (EMT) t&, RO LicBLTHRERREZELTw3Z
EBbhoT &, SMkai, IPFBIUPY YA T vA v Uk EFMcBnT, #0ME
%iat L7z, E-cadherin & @-smooth muscle actin /7D FINAS, EMT 2B 5 &3 2, IPF TH
Wefds 2 EREETT 57z, IPF BT, BT fibroblastic foci 12389 3 B CRABBEOMIE
Wz, ERElC, e AT A A v Uil T F A BV TiL, bronchiolar-alveolar junction THj
HHEtEofE 2O, MEEofiaid 7 vA <A v 5 T HRIZE B o h, 14 BERIZIRE
RIZIRDT B, REFAVICEBWT, FIEM TGF-4 receptor [ DIEFETH AW L D, EMT, #HifEL,
TR b= AT AT

EMT idffiofpi s EE 2 88 %i8->TE Y, IPFOIGEIRIR 22 2 L TOVBRETHZ LED
i,

Involvement of epithelial-mesenchymal transition in
pulmonary fibrosis

Mizuho Yamada®, Kazuyoshi Kuwano!, Michihire Yoshimi!, Takashige Maeyama’,
Naoki Hamada!, Kensuke Egashira?, Kenichi Hiasa?, Kentaro Watanabe?,
and Yoicht Nakanishi!

\Research Institwie for Diseases of the Chest
2Department of Cardiovascular Medicine, Graduate School of Medical Sciences, Kyushu University
3Fourth Department of Internal Medicine, Fukuoka University, Fukuoka, Japan

Epithelial-mesenchymal transition has been proved to be an important process in organ fibrogenesis.
Therefore, we tried to verify the involvement of this process in the development of pulmonary fibrosis in
human diseases and an animal model. Since the co-expressions of E-cadherin and a-smooth muscle
actin are thought to be a marker of epithelial-mesenchymal transition, we performed fluorescent dual
immunohistochemistry to assess the co-expressions of these proteins in lung tissues from idiopathic
pulmonary fibrosis. Double positive cells were remarkably prevalent in cells overlaying fibroblastic foci
compared with other lung flelds in patients with idiopathic pulmonary fibrosis. In bleomycin-induced
pulmonary fibrosis in mice, double positive cells were prevalent in bronchiolo-alveolar junction. The
number of double positive cells in bronchiolo-alveolar junction was maximal at 7 days, and subsequently
decreased at 14 days after bleomycin instillation. There were no double positive cells in normal lung
parenchyma. In vivo gene transfer of soluble TGF-24 receptor I significantly attenuated epithelial-
mesenchymal transition, fibrosis, and apoptosis in this model.  We conclude that epithelial-mesenchymal
transition may be involved in the progression of pulmenary fibrosis and may be a promising strategy
against idiopathic pulmonary fibrosis.
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B in  vitro THifE F MR, SHEHEFHEA~D
EMT 2332 L W3 iREsH 59, 4E, in vivo T
TGF-g8 £ EMT Ot &, IPF iz 513 5 EMT O#3t
2707z,

Mg EeHE

C57BL6 = 7 ZADABRHIC soluble TGF-gG receptor
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MR BRI EERETE 23T T /.,
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hTwiz, Fvi~A v o5 4 B2 sTGF-g RII
G LT Y, WEEMTRE, Svdviyr
5 14 B, 2y a—nFhckb~ETE
WKl & R Cnie, ER 7 va <A Y857 8%
@ TUNEL [SHEMRTSS, 2> b o — B b~ TEDT
KA L Twh, Fvd=4 vy &5 1408%0
TUNEL BHARIR S, 2> b o— A3 ERTHEER
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chiolar-alveolar junction T ffF DR OHMLE T LT
EMT %7 7- (Figl). Fvi~<4 v 45 3 iz
sTGF-g RII 25 L7z8TIk, Tvii~1 v s
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# T, EMT OFaWIAEY, vt =4 v %57
BRI LEARTHEIUCEA L Twiz (Table 1),

IPF O##ELHT, B4 2 B ER7 o EMT %8
7z (Fig 1), Ehifk3 5 &, fibroblastic foci 24 2
LT, fibroblastic foci DA DIMELBEIZHE~TEE
i EMT OFtaiild 2888 72 (Table 2),

Z B

SH, R~ T ATVE A ¥ UREEETE TV
B TGF-g & EMT Q&S 26z Lz, 7V
<4y rBE53HFEIB XU 4HBKIZSTGF-8 RII
WETEHA LR BWT, THEB LU 14 BEW
FnEh, FEMFEEEORE - 7R —v A
Milsniz, £/, vA<4 v o5 7 B2 EMT
WY A28, 14 HERIZI3ERNEL, Zrd <4 v
»#e5 3 AR sTGF-5 RIEHE T 28 A L7128
BWT, 7THRW EMT IR s hiz, 2o DER
i, Tvad <4y rB5 408 BIEHEBNO
TGF-gRSELTA? xS L Tw3 L Ebh
%, Mitchell 5%, a-smooth muscle actin ZFg¥ LT
VAR, Y AT VA YA v
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Fig 1. Representative results of dual immunohistochemistry for E-cadherin (red) and a-smooth muscle actin (green}. (a) Bronchiolar alveolar
junction of untreated mouse, (b) bronchiolar-alveolar junction at 7 days after bleomycin instillation, (¢) human normal parenchyma, (d) cells

overlying fibroblastic foci.  Original magnification, X 400.

Table 1. The effect of sSTGF-@ RIT gene transfer on the number of
EMT in bronchiolar-alveolar junction in bleomycin-induced
pneumopathy in mice.

fibrotic grade double positive cells (%) *
control 0:0

day 7 bleo 36.0+6.4

day 7 Bleo + sTGF-bRII 9.6x25*

day 14 Bleo 47113+

day 14 Bleo + sTGF-bRII 7517

* number of double positive cells / total epithelial cells counted
** P<0.01 compared with day? Bleo
** pP<0.001 compared with day7 Bleo

Table2. The number or EMT in fibroblastic foci vs. non-fibroblastic

foci.
fibrotic grade % of double positive cells / field

0 0=x0

1 0+0

2 0.56+0.56

3 1.9+1.3

4 29+29

5 1.6+1.1

67+9.9*
* P<0.05 compared with fibrotic grade 0-5

fibroblastic foci

fgETMICE T 2L E2ERTH B I &
EWELTWAY, Zhang &1, RETMTBWTEHRR
MR 7 VA <A v 5 78EH» 5 14 B
D THEML, &S STR M, (T R O 425, #f
HALTE IR B X U fibroblastic foci TR E T2 L]
HELTW3EY, TGF-g REREFMIZE VLT, BHiINS
FlHesnTus EEO7 R~ A R2FHL T 2F
R, S#MEEM ey 2150, 22— rolts
BT A EANCHNA T, EMT OF iz B Tl k
B EH- T3 EEBhih,
KEFNICB T 2 HEFEEOBRRKIz W T
DB B EZHTHAEY, [EXFMILMmE AN
H MR TH B L FZ ONTERY, &
[d, E = bronchiolar-alveolar junction T DA DI
SEFTEMT 282 L 8, ZOBED, K%
FAAZBWTHR L LD 7THE T TOMBMESFN
DORFEC TR0 L Twa s BEbhivi,
SEHR % X, IPF OFHELHLD bronchiolar-alveolar
junction I THA 2 BIMIg Lz EMT %2888, %
NAHAYERIZ fibroblastic foct T 20F CEREE -1
Z & HEHS ;I LYz, fibroblastic foci i3 ERiSEESENRTA
2 X ORI TR S T v D, REEENE
W3, W O T — & VIR K DR (Tl B
1374 <, angiotensin Il ZFEA LT, EEHRO7 R
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b — & R AR 210, Fibroblastic foci 233 5 b
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210, ZFH ot EEONEMT 2822 LE000, 7
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X 5 riABass, fibroblastic foci PIO I MEZEMRT ¥ 72
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TV A=A T UIRRHEE® TS BT B imatinib @)
PUERHE(LRh B © @ 1-acid glycoprotein )T T
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Fox BWFER A FHHRIETEE imatinib (Gleevee) OFFHELITHIZIR I DWW TERE L, UL
RHiS, BHELERE (Fvd <A v bk 14 HENER) OoR S TRIEMELSRSEBE LI
e, FOAHZA LI DWTHET LTz, @l-acid glycoprotein (AGP) 13 imatinib 12858 L % OiF ik
PR 2 ER TR T S G AR TWwa, 7Trded Y o5% TAB IS X b e MMt
AGP2ERL, BHERE-Z7I0EL, 20ORLEESET L e8Ho b o7, TR
AGP i3 in vitro T imatinib iZ & 2 = 7 AR Al ORFEAIRER 2K Lz, —75, =Y Ao~
A ¥ OFHR in vitro, In vivo IZ BT AGP OfERI 2 #R L, imatinib 2 & 2 = ¥ AflisiELE4RE
HREIRIENR, 7V A4 =4 ¥ o MRHEE MR 25854 L /. IPF BEIEC & AGP 239 T
B Y imatinib #E5RHTIE AGP JUEEFE LR SRC TRSLETH 5 & b,

Anti-fibrotic effects of imatinib in bleomycin-induced pulmonary
fibrosis : a critical role of al-acid glycoprotein

Yasuhiko Nishioka, Momoyo Azuma, Yoshinori Aono, Mami Inayama,
and Saburo Sone

Departments of Internal Medicine and Molecular Therapeutics, Institute of Health Biosciences, The University of Tokushima
Graduate School, Japan

Idiopathic pulmonary fibrosis (IPF) is a progressive and lethal pulmonary disorder. We reported
the anti-fibrotic effects of imatinib using a bleomycin-induced lung fibrosis model in mice. However,
anti-fibrotic effect of imatinib was not observed when imatinib was administered in the late phase of
fibrosis. To clarify this mechanism, we examined an g !-acid glycoprotein (AGP) in bleomycin-induced
pulmonary fibrosis. The level of AGP was elevated in murine serum from 7 days after BLM treatment
and reached the plateau on day 14. AGP (800 ng/ml) completely abrogated the inhibitory effect of
imatinib on the growth of lung fibroblasts i vitre. The addition of erythromycin (EM) reversed the
effects of AGP to restore the anti-proliferative effects of imatinib. The combined therapy of imatinib
with EM showed the marked inhibition of BLM-induced pulmonary fibrosis even when these were
administered in the late phase (day 14 to day 28). AGP in the serum of patients with IPF was
significantly higher than that of healthy volunteers. These results suggest that AGP is a critical regulator
in the anti-fibrotic effects of imatinib in bleomycin-induced pulmonary fibrosis, and that a co-adminis-

tration of EM might be useful for enhancing the effect of imatinib.
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EGF 25 1 v > ¥+ — ¥ (EGGFR-TKI) T 2 gefitinib, AG1478 33 X 7! PDGFR-
TKITH 2 AGI296 D71 < A ¥ AREFERRME IO 3 2MMHIEIR 24 L 72, Zh o DFHL,
WL T g A v & B U, St X 2T, B R
DMIMMC BT 5 7 vA~4 iz L 5 PDGFR 3 & FEGFR @ U > b4t 2 & D EHNZ
Lo TMflansd Z PRl a e, Db D EFRENZ, PDGFR 5> EGFR @ ¥ 7 LN, SRHEE
IEHIFDE TN & > THHHEEINH M Z e BB Moz, £/, BRI TEDL 6N
gefitinib ® PDGFR-TKI {2 & 2 RIEIHEAG &AL £ 7% — 3 7 F L Ofilic & 0 I5EcSET 5 &
DTIREL, BTH L EOEGREEORZEL P OMOBABMES L TRIET 20 LEL SN
fe.

Treatment of Pulmonary Fibrosis by EGFR tyrosine kinase inhibitors
and PDGEFR tyrosine kinase inhibitor

Yoshiki Ishii, Sakae Fujimoto, and Takeshi Fukuda

Department of Pulmonary Medicine and Clinical Immunology, Dokkye University School of Medicine

Molecular target-based drugs that block a signal of growth factor and inhibit cell growth attract
attention as new cancer therapy. Inhibition of a growth signal in fibroblasts by molecular target-based
drugs may be useful for a pulmonary fibrosis treatment.  We used a bleomycin pulmonary fibrosis model
in order to investigate the possible application of molecular target-based drugs for pulmonary fibrosis
treatment.

EGF recepter-tyrosine kinase inhibitors (RTKI), gefitinib and AG1478, and PDGF-RTKI AG129
attenuated pulmonary fibrosis induced by bleomycin in mice. Immunohistochemistry revieled that
gefitinib inhibited phosphorylation of EGFR in the lungs. AG1296 inhibited both PDGFR expression
and phosphorylation of the receptor induced by bleomycin. As drugs having the similar effect have
already used clinically, such drugs may be applicable to treatment for pulmonary fibrosis. Because
interstitial pneumonia and acute lung injury induced by gefitinib and imatinib was reported, it is necessary

for us to elucidate enough the mechanism.
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chrome ¥efa L THTFHERIE{ L% A 2 71{E (Ascheroft
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aAZ—FraitefE LTz, Gefitinib BEZ, £HAR
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AL gefitinib 200 mg/kg ZHEHRORE L7 gefitinib
alone HOIE»L 7L A <4 ¥ E2KEANEA L vehicle
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fifkz —20C 7 BB L72 0O b Amex iE
ToRT 7 4 EBL Tz, Y % HVvT EGFR, p-
EGFR 1 & Uf PDGFR, p-PDGFR % LSABEIZ T
Rt U7z, —XR¥ifEI polyclonal anti-EGFR antibody
1005 (Santa Cruz Biotechnology, Santa Cruz, CA) &
goat affinity purified polyclonal anti-p-EGFR antibody
Tyr 1092m (Santa Cruz Biotechnology) ¥ X U'% poly-
clonal anti-PDGFR g (958, Santa Cruz Biotech-
nology) K TF goat affinity purified polyclonal anti-p-
PDGFR g (Tyr 1009, Santa Cruz Biotechnology) #
10 fEHRTH W, ZXKIHET H % biotinylated
anti-rabbit, anti-mouse and anti-goat immunog-
lobulins (Dake) THLE L 7z D H @ L streptavidin-
horseradish peroxidase conjugate (Dako) ERIG& €
3,3 -diaminobenzidine # 7 o £ ¥z L L TSAE X
iz, BtEo > b2 —n kLT rabbit nonspecific im-
munoglobulin Z{ER U7z, S SR O P E LY
LTl A St P RafRizon T,
500 fELA_ DRI A A 7 > b L, TRIT &L D labeling
index (%) ZEIELT.
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