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Effect of gefitinib on bleomycin-induced lung fibrosis in mice

Yoshiki Ishii, Sakae Fujimoto, Takesht Fukuda

Department of Pulmonary Medicine and Clinical Immunology,
Dokkyo University School of Mediocine

We have previously reported that EGF receptor tyrosine kinase inhibitor (EGFR-TKI) (AG1478)
attenuated the bleomycin-induced lung fibrosis in mice.  However, another EGFR-TK], gefitinib, which
is already used clinically, has been reported to cause interstitial pneumonia and acute lung injury as a side
effect. Whether the injury is caused by the inhibition of EGFR signaling or by other mechanism not
related to EGFR is unclear. To investigate the effect of EGFR-TKI inhibition on lung fibrosis, we
compared the effects of gefitinib (20, 90, 200 mg/kg) and AGI1478 on bleomycin-induced lung fibrosis
model. Gefitinib at any three doses prevented lung fibrosis. Even high dose of gefitinib did not worsen
lung fibrosis. AGI478 also attenuated the lung fibrosis. These findings suggested that EGFR-TKI
inhibition itself have protective effect on lung fibrosis induced by bleomycin.  Since these molecular
target drugs have the possibility to show different effects depending on species and individuals, more

cautious examination was thought to be necessary.
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Uiz, AGIATS b IRIARICHIETL Ao

Collagen Content (ng/ml)

AGI478 b RIRRICHIGI L7 (13), &7, 7vdeA
v RS S AT D 07— R0
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A study of the mechanism of pulmonary fibresis using the
murine model with HCV transgenic system.

(molecular research)

Ken Ohta, Junichi Nakuno

Teikyo University School of Medicine

In this study with our HCV-transgenic system, significant pulmonary fibrosis was demonstrated by
measuring lung dry weight and hydroxyproline content in the HCV-transgenic mouse with treatment of
8mg silica, which is the half dose of conventional use for our murine mode! of lung fibrosis, as compared
with the HCV-non-transgenic mouse. These results in which pulmonary fibrosis was induced by less
amount of silica may indicate that a background of HCV positivity is one of the promoting factors for
inflammatory and fibrotic changes in the lung, Futhermore, participation of [L-4 and INF-gamma was

shown as important factors to promote the lung fibrosis in HCV transgenic system,
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e ) RERAWTEEZRLEGL, 10emH,0 OEH
TT—iEsHEE Lz, EELMERE 0T
Z4EEL, TO®, BT T4 LR %
Hematoxylin Eosin (HE) 8% 77,

N FoFyZo) yOE: EiMbE2ToCH
f29, L-hydroxyproline ZERBEER Lz b DR T
WIRE (PR L, E8{bETo 7.

HEETZERALE | BT RAELE Student (-RUE S &
U ANOVA RUE & RV THTV, EIREE % R e HE
FEHh LU,

. B R

BALF OIS & RIS : ) 2#S
5 2 E# O BALF EP@%“‘-‘XEH’?%?SEH & UHERE 5
FRRET L. RIS ) A OREEICIREL T
EgEslz, £z, HCV-Tg (+) & HCV—Tg(—) D
WITRORRIEBWT Y, YA 6mgORSICL DT
Y ho— L D EEREINERD T (p<001), &
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51z BALT B fIfEs i & U CTEFER, U > B, Bl
B owT b REET o/, TOBE, Th
FROSECBWT Y ) ORSEICHT L Tk
HHSHEMT 2 2 DD SN, 3 5 HCV-Tg
(+) TIY osEkA, YU A Smeg SR BWwTa
v ho— VX DERREINEED T (p<001).
mRNA FEHEORST: v U A2 #5065 2 EREOME
5 LU BALF DWW T, mRNA ORI A real-time
PCR %> THREF L7z, ‘

TGF-5 iZft#EfE S L U BALF wFnicB»wTH,
2 ARSI L B SR ERD G5 T, B
BLUBALFWwFhieB»wTh, HCV-Tg (+) &
HCV-Tg (—) ORITHERELZTED s hvkirolz,

IGF-114, HCV-Tg (-+) Oz > bo—nLEEE )
# 8 mgESHET, £/, HCV-Tg (—) DWW TiEy
Us8mgf 5L lomg M SEHEOM TBALF LB
VTELERD T, TOMOEMETI HCV-Tg (+)

U I X B IERE I T B, S TRgIER L T & DERET —

EHCV-Tg (=) WEFNOREIIEWT S, HitHiks &
U BALF & b2 U h DS FFEL TIGE-1 D
FMOBFEREINEED K, LHL HCV-Tg (+) &
HCV-Tg (—) & D TRIGERSS £ U BALF 0w
NICBWT Y IGF- | OB CEELEZIED ok
potz (Fig 1),

IFN-5 i 2 W THfi 48 T i, HCV-Tg (+) #8
HCV-Tg (—) EHEL TREBFHEL T 5 EA
o L7o8d, BTN G ELEERED shva o
7z, L& L BALF OMEI T, ¥V 8 mgfEHa
BT HCV-Tg (+) & HCV-Tg (—) LHEELT,
IFN-y OFEHEOBELEIN#FE D Iz (p<005) (Fig.
2),

IL-4 {2 DLW Tl T, > ) ARSI ES BER
HOZEH), H5viE HCV-Tg (+) & HCV-Tg (—)
OB 2BELRZESHED s,z Ll
BALF iz 8 WTid ¥ ) # QG RUCRE L Ol E
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Fig. 1 IGF-1 mRNA expression examined by real-time PCR
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Fig.3 1L-4 mRNA expression examined by real-time PCR
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Fig. 4 Hydroxyproline

T, XS H Smg i EETHCY-Tg (+) I
HCV-Tg(—) &L T, BRI IL-4 OFRBHTIE
LTwa Z LD el (p<005) (Fig 3),
A Fofyral) O

) A s S 2RO L, AR
aF7ual raRflEL, N Fade oy i
ShEZ I ER LRI U A OREREEKELTHE
EIL, B35 U s SmgEESEITB VT HCY-
Tg (+) W HCV-Tg (=) &HBELT, HERKANAF
O 7o) yBEINIL Twdz (p<005) (Fig 4),

4. £ 2=

PR, Ha S HIE RS LR R TR S v
# 16 mg OIS T, < 7 A OFERHERE T 7 4 2/ER
L, LT, Lirl, SEOHCV-Tg (+) =
VAEROIEEC LD, ERERL Tt BO¥s
D8mg DY AL D HCV-Tg (+) Tl HCV-Tg
(—) EHEL T, MERERB L UNA FoF o
VR E LT, ARSI EEED ., Dl L
B2 AV 2oy 7BETRBREIEEEC LT
b, TOHCV D@EHEMEHRETIHRMET, vV b
Vo TR L OIEER TN 5 2 LT, ERRIChh
IR SE LB I EERLTWAELDEEZ
&L, EEERE IPF DIAEIZ HCV ORBBMEERMSEIN T
EEEGEENH D EEZ SN, ,

B O F DR FRET 2RTE L THELD Y
4 MhA BN LE, TGF-8 OFMT IPF BEH
OISR B W T I 5 —5 Y EEOEEN
RO SN T 5B, PDGF iAo U, 5L il

- EFEEM A L, BALF 0 PDGF D_E& 56D,
At DEFTTO PDGF OELEDOITENRFRES A TL
%519 JGF-1 42w T4 PDGF k[EER, IPF B
DB L U7 vt~ 4 v U BREETLATORE
DIGEDSHE SN T DY,

EEFFEw BT, ZhodA ba 1 oDdhd
IGF-1 8B XU TGE-8 K DWW TR 51T, IGF-
I, TGF-8 122w TORE T IGF-1 dE L OBE
CHE LT ER 2T, TGR-gloidRisw snk
Mol i, ZOVA FAAYaTREDOWTLE
HUTEERERRDoNZhoTz, CNODERE
D, &9 TGF-g Z4E, By )hictsd
v ADNREE TV TRHERLESS 0w b &
D, COFBRFTREE D294 MAA 2 TIXRWTA]
fEMEiH B, FO—DOEM E LT, MERHEE & v
PEBRESE—OEBRTERL, 2RTFCLS, %
BERELRETHLIENEZLONE, T4b
B, BRFNCE ML EEZ LT T, 5
T DER LY 2 LSORIE, FIAE7TvA <A
¥ RRERR E o T B BRI & 28 LT,
WA ALy 7Ta7 40—V ARREMD DA, &
fow v ADRBIC L HFEEOTRER S ER T & &
Erohb,

ESRIGF-1 LTI, ¥V Aofsckn, B
THRTFERIE YA b A A > LU DT L 8BHb ok
SHEFEDTZE LD, ZOWA bhA HEL DR
T RAETNVICEWT, BELEEELTWE I L
AR E NIz, L, HCV-Tg (+) & HCV-Tg (—)
LOETIGF-1 OBELRELXRDE»-712 2 2,
ZOYA b HA ik HOV H3B5E U 7 8 L DR
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BEBSLTWiELbDEFEZ SN, 2T, HCV D
#2494 b A EESIRETT A EE L.

44 F A4 v ELTThi S, Th2#BRT & 4348
L, Thl A bAr A & LT IL-2 % [FN-y, Th2
FA hHA e LTIEIL-4, IL-5 IL-13 2 E8H D,
COSEERCT, HHOEBICEWTIE Th 550
ldTh2 A bAoA ENRENEE L Tw3 Ik
WRENTHEDY, HCVIZB W B3 A b H 4 8
& — T, Thi A +H A MBEEIRETH S L
DIMENDH LW, /- Th2H A4 + A4 THBIL-4
WoOWTE, HCY o Ro—70SHEETH % CDSI
BAL T o BRBER LS R, IL-4 ORESSTUET
B EDRENDH DL,

AR B WTE, ULodsky LI HCV IZE
A LCBEL 5 291 A Y ELTIL-4 B
S IFN-y I DWW THET L 72,

F¢SEIOFER T, ML BALF @O mRNA 3
A ERHCHRE L7 hS, TReDHA b A v O%H)
oW, M el OflEL D BALF L
WTERLE LD BERSH oz, BALF
ZEE T, BALF ICTRES 2 S, FiseE I
GFHET2L0TH LS, BEEHACENTE, 0
RIEREELZ LS RMLTWL A EENTWEY, Thb
b, SRR TR CERCIERIL, BEB X
UFns| s iREbeilsy s RENELE
BALF AL DR RBL TWAAREE R H 2 LE L
sz,

SEOHKEC L D, IL-4 53 HCV ORFME L ORI
BOWTEEREHER LTwa Z emmans, 2
OFEERIE HCV o v~ — 78 CD8I DiEHALE AL
TIL-4 DEEHTET S & O in vivo DEBRFER &
LEBT ARREE LI ONAY,

IFN-9 22T Thl ¥4 b b A s T
B, HCV BEOHET INF-y 2T L Tw3 D
HEnih 5, SEIORST T, MR T ) 4 8§mg
BEBICEWT HCOV-Tg (+) THABETEED, &
HWBALFKEWTH U A SmgfEE5HEBLT
HCV-Tg (+) THEERZOFREMEEL TWVLLI L
PERE R, Thabb, BReofBuwiBgE7vic
BWTbt b ERBIC HCV OTFIET T INF-y 28
LT B EEZ BRI,

LU AL T B, SRR A I & DR —

5. #& B

SEOmEICE D, IPFIBL T, o iEER
FTH5IGF- I B—2DEBEEFA bAHA »TH?
T EANREER NI, 7 HCV OFETF T, L
P{EET 2EF DM 1L-4, INF-y OJTEIER S
, MO DR BET 2L bRES R
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FFEE (0 BHEEZREK™ HE Eg FE ZRR
JG Sharp? SI Rennard?® THE H—

B S OV A S R R R ORI e T A e sREG E T B, —T7, il
B & W o e FEEMAEERE OMes B HEHE 2 H L Twd J M RE ST S, ook
HEEMETT 2 HAYT, HE® EGFP (enhanced green fluorescent protein expressing} = w7 A m SR L
7z, F#AKT (whole lung cell), SP (side population) FiFdlifE, CD45+/—HiilE % fortipiass U7 i
T 7 AL LY, KRR GFP By ElE 258, &~ —#— (CD3,CD4, CD8, B220, Gr-1, Mac-
1) OFIEFTHIz. Mo SP#fE~T ool ETH D, B0 SP#ifL & iy 2 L EaEa
RRIZEd o Yo, HEIEIERE 25 DOk CD4S Bidififi T b - /.

Lung cells transplanted to irradiated recipients

generate lymphohematopoietic progeny

Shinji Abe!', Arata Azuma', Tatsuji Enomoto’, Jiro Usuki', JG Sharp?
51 Rennard? and Shoji Kudoh!

1The 4th depariment of internal medicine, Nippon Medical School
2 University of Nebraska Medical Center

Bone marrow (stem) cells can differentiate into cells in multiple tissues, including lung.  Conversely
there are reports thai cells of non-hematopoietic tissues (brain, muscle} can give rise to lympho-
hematopotetic cells. Here we show lung contains cells capable of giving rise to lymphohematopoietic
cells when transplanted to irradiated recipients, Whole lung cell suspensions, lung side population (SP)
cells and CD454/— lung cells obtained from male transgenic enhanced green fluorescent protein
expressing (EGFP)-mice were transplanted intravenously to total body irradiated (TBI) female mice.
Green fluorescent cells were tecovered from the circulation and phenotyped for their expression of
lymphohematopoietic markers (CD3, CD4, CD8, B220, Gr-1 and Mac-1). Lung SP cells were com-
posed of heterogeneous populations and had less ability to give rise to lymphohematopoietic cells than
did bone marrow SP cells. Furthermore, the ability of cells from the lung of aged mice to generate
lymphohematopoietic progeny was equivalent 1o that of cells from young mice. Cells from lung with
radioprotective and lymphohematopoietic reconstituting abilities were CD43+. CD45+ cells in the
lung cells have lymphohematopotetic stem/progenitor cell characteristics and this has implications for cell

or gene therapy applications.
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BEiE L CEEES R S8 AR, T RB LT
11 BUfR L e R, T PN B A, Rlriaerdila e
EOREMET Al sty A e BRESNT
VBB —F5 0 B, BRI & o e FEE MRS O
Far BB LA L TwaZ elE&sh Ty
Z99 ARFFEROZHEELRE T 2 BT~
% A OFHERY O i side population (SP) 2%
Fvs, Th SO EBEHEEE U v v RS L
CREEEERAE % -, L, BEE0 SP MR HSERHiRD
OUEBERELTnDE I ENHEINT L2975, i
B 5 SPHIIICOWTE, FOFEREREINT
WHHOO, B/AEHREE L TOEERRE>»TH
(I EARE R i v,

HRFE

v AL CSTBI/6 = 7 A (6-81E4y, M) & Green
Fluorescent Protein (GFP)} =7 A 6-8;8%) # v
fz. g I S AREARE T AENT 2y AR
25 HE oD C5TBI/6 <7 A L Vi, Zhed<
7 A LD EEEME E R R B D L, ~F A b
BV L BZHREEToTCI7O—YA P X =
(FACS) iz & T SPHifE % 157-, #EHEEAT (1100
{E), il SP#Ikd (2,000 &), AR (1< 10°{d), &
B SP #0HE (2,000 i) = 2H5FE (TGy) L-ew R
WERIRAICERS L, REMTO GFP B & &
BRI RE Lo, ~ 7 AR SP i & ST BMMEic T
TEEFHRB 21Ty, £z, Ot SP#lla% LHC-
9/RPMIL640 # i THSFE R AT -7, & & Ml %
CD45+/— 0 fraction T4V T HGHERS = &7 A %
B Tk £ B EHTEIT o 2.

m R

IHETOHES N T H W, v AMCIZE
B8 & [FifkIC SP HIFaASTELE L Tyvadz (Fig 1), fili SP#H
Bl BHE SPHlE E [BEE, ~2 /33 nOEMcL>T

! BARERAFE AR
2 University of Nebraska Medical Center

* U E AR B ERERTEEE SRt

MEREECFOLEROETHED 5 h, Bopl
{ABCG2) 2@ ATP-binding cassette transporter pro-
tein OES AR s v, BEOcBTbwV A
DG &I FIZESE (~03%) O SPHEATEL Tw
7= (Fig ). 246 QR SP #il i E Bt v~ T
BANEY) NEROBREEETT L T Ad, LHC-Y/
RPMIT640 12 T 14 FIEIESE 3 5 &, A b T
Stk ER oM T 5 2 L AHE S R
7o Z kel SPHIF X IO B ERT
WA I EAURE A N (Fig 2), v 7 Afiti SP {lifg &%
TEEMS I TR T2 &, LEMR, <o7u 77—,
AN S SER, ) o SEEER AL 2 ASEESD S ufil SP iR
23 heterogeneous X MIERE S TH D 2 L HSHBFL ¢
(Fig. 3), Zofifi SP#IFL (2,000 f&) % B TR G
Llzw o AiE L, BB RIEIMH O GFP Bt
HROBMER % FACS I TRIE L7243, GFP By
FalldiF & A E i {, #H8E SP IR thgs v % & il SP
M & 2 EHiEAE RS s ko (Fig 4),
LipLadds, fiifgsdd IxXI10°0@E) 2535 L
FAYM e GFP EEEHIRE %580 5 O & o o a0
PCESErBRETCE RN E IR TV EELS
N5, #2TGFP = Afia® CD45+/— D frac-
tion {2 DWW T DI 1T o 7008, LB GRS (9.5
Gy) Liz= v A CO4S+iflild 2 5 L 72 FF i
CD4S-JtiMifl % 4 45 L 7c O bR TH A ETEH O
Hhn%sEsD (Fig 5), 3 oA MmA o GFP Btk
ELHEREINERS - Z & (Fig 6) & S FHRIO
9 5 0) CD45 O fraction [ FHIEFEHE S ¥ 24k, &
HhbENR/AFEHRSSEATHwD I EHREN
7z,

£z =

SP ik e e oEMc B TR BT 5
AR XS % & o B HIfER S & L T &
Ltz, <7 A Bl SP I heterogenous I HHERERET
b, FOBRMIZIEEE CD34 O LW T 5
ERHIGRTWS, Y AfHcEsnTh SPHIEOE
FEREEEN TR, 2O0OEMEEEZHSHTE
e, WalEww A L UM S il SP IR %
LT, BREEGE CBRE R BT R T o7, =
v B SP B il SPMHIREIRR, =T /¥ 2L
O D BHRRSD TH - 723, HUREEE L 72 F%
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Figure 1 Isolatien and characterization of side population (SP} cells from
The presence of SP cells in murine lung, bovine lung and murine

Hoechst 33342,

lung and bone marrow.
bone marrow cells was evaluted by staining with the DNA-binding dye

The SP cells in murine lung (A). bovine lung (D) and murine bone marrow (E) are indicated in the boxed areas. The
indicated region of bovine lung cells contained about 0.3% of SP cells similar o murine cells (D).
sensitive to verapamil (B: 100 M. and C: 1 mM for lung, F: 1 mM for bone marrow).

Botk lung and bone marrow SP cells were
The data are representative of a1 least 3 experiments.
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Figure 2 Characterization of lung SP cells.

Sorted small/medium Iymphocyte-like lung SP cells of bovines immunostained for cytekeratin 14 did not exhibit staining (lefl panel. arrews,

original magnification X 200).
mediit.
magnificution X 200)
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mofe, gz, MO T2 b8
T, 1R L, WHNMSE &85 LRI EEe o U
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Sorted bovine lung SP cells were cultured on chamber slides with & ) 1 ) mixiure of LHCY9 and RPMI 1640
The cells spread and enlarged and were immunocytochemically positive for cytokeratin 14 at day 14 (right panel. original

D/ AT O B 2 R oM EiE T 5 L1
SISz, HEET SP ARGV R TR NEL Y v
PEREETH - o8, TEE L~V T R~ 2 o
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Figure 3  Electron microscopy of lung SP cells
Analysis by electron microscopy showed bovine lung SP cells were a heterogeneous population. contuining small epithelial cells (top lett punel,
original magnification X 10,000} and macrophages (top right punel, original magnification X 10.000), plasmablasts (bottem left punel, original
magnification X 10.000) and lymphocyte-like cells (bottom right punel. original magnification X 10.000)
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Figure 4 Detection of GFP positive cells in the blood post-transplantation to irradiated recipients.
From 1 to 9 weeks afier transplantation of whole bone marrow cells {1 [0° cells). bone marrow SP cells (2.000 cells). whole lung cells (1%
108 cells} or Tung SP cells {2.000 cells), the mice were bled retro-orbitally 1o assess the percent of donor cell engrafiment in the blood.  Duta
are expressed a percentage of the GFP positve cells in the recipient” bleod. Euch value represents the meun£SE of at least three mice.
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Figure 5 Survival by CD45+/— lung cells in irrudiated recipients.
CD45+lung cells (2.5>10%) or CD45-lung cells (2.5X10%)
from EGFP mice were (ransplanted into trradiated (9.5 Gy)
mice. Survival curves for CD45+4/— lung cell transplanted
mice (#=10. per group). Closed circles. CD45+ ilung cell
transplasted mice @ open circtes, CD43- lung cell transplant-

ed mice.
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Figure 6 Lymphohematopoietic reconstitution by CD45+/— lung
cells in ircadiated recipients.
At day 19 post-trunsplantation, the mice were bled retro-
orbitally to ussess engraftment in the blood. Data are expres-
sed a percentage of the GFP positive ¢ells in the recipients’
blood. Each value represents the meanZ:SE of at least three

mice.
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Masahite Ebina, Shinya Ohkouchi, Hiromitsu Ohta, Yuichiro Kimura, Ryu Tazawa, and Toshihiro Nukiwa

We found that the CD34-positieve alveolar capillaries in the lungs of patients with idiopathic
pulmonary fibrosis were increased beside the fibrous lesions but decreased within the fibrotic area. We
also found the venules with CD34-negative but vWF-positive endothelial cells localized in the center of
the fibrotic lesions were identified as post-capillary venules by three-dimensional reconstructed images.
These results indicate preventive effects of the treatment through alveolar circulation for patients with
idiopathic pulmonary fibrosis. Our new gene delivery system using macroaggregated albumin-polyeth-
ylenimine complex (MAA-PE]) induces lung specific gene expression without causing inflammation,
Since regeneration of alveolar epithe]ial cells and capillary endothelial cells by bone~marrow derived stem
cells after bleomycin-induced injury was unaffected by HGF, the primary anti-inflammatory and anti-

fibrotic mechanism of HGF after lung injury is likely to be inhibition of apoptosis.
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