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BHEHIZE R AN (Bone marrow mesenchymal stem cells ; BMMSCs) OEGERIGHE I, Fif#ERE®
BUHEFERAEEE R & QBRI IHRBIGEOTEREE 2 5 L TREBHFEHFEONL TV S,
L L3S, IHE TOBMWIE TV &M - HIERRRYRRET T, © M2 %5 BMMSCs DR
RETFHT H2DIEEL <, &5 CHIlEEE 0B BT 2348 0RE R &, BBRICHDEE &b
S BEEREFEATNS,

SEIH 4 1%, BMMSCs 12 & 2 HIIEHRC B 1) S MR E OMEE R T~ <, (RO THRET S
LTV %5 BMMSCs (9~10 HRE#E2E) (Conventionally-cultured BMMSCs ; ConBMMSCs) &, /MR
Q2 BB oRsE I & DB SN2 BMMSCs (Minimally-cultured BMMSCs ; MinBMMSCs) % in vitro
THR Lz, &512, Zh s 2HED BMMSCs Bl & 2 fiBERESR %, TvA~~f vy o
SUEHRS 3 HEWCHIREBA T 5 w5, L VEBRIGEOCEE G TIRBWTHE L.

SEDOKRFNT 81 5 MinBMMSCs HEDHMEZBRMENREE I3 2 G, EHERKRICBWT
HREHEMERERECICAL D 2HREEEATRE T2 5D TH D, SEBROEZ HRETICET 52HDT
HBHEEZ, TIIHET 5.

Restoring capacity of minimally-cultured bone marrow mesenchymal
stem cells for bleomycin-induced lung injury in mice

Tetsu Nishiwaki, Makiko Kumamoto, Naoki Matsuo, and Kouji Matsushima

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

Clinical use of bone marrow mesenchymal stem cells (BMMSCs) holds great promise for regenerative
medicine in intractable lung diseases such as lung fibrosis or acute respiratory distress syndrome.
However, preclinical animal models are limited in their ability to predict the efficacy of BMMSC-based
therapy in humans. Another severe obstacle to the clinical application of BMMSC-transplantation is the
time-consuming, laborious processes required for cell-culture.

In order to evaluate whether engraftment of minimally-cultured BMMSCs ameliorates progressive
fibrotic lung injury, we examined the differences between murine BMMSCs cultured for 2 hours
(minimally-cultured BMMSCs ; MinBMMSCs) and conventionally (9-10 day)-cultured BMMSCs
(ConBMMSCs) in vitro. Moreover, effects of grafting either type of BMMSCs on fibrotic lung injury
were then assessed by transfer experiments in a murine bleomycin-induced lung fibrosis model, in which
donor cells were administered 3 days after challenge.

Here we demonstrate the usefulness of transplanting minimally-cultured BMMSC:s for acute fibrotic
lung injury in a preclinical model and propose using this promising novel cell preparation from
autologous bone marrow cells in the clinical setting.
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HARZOFERIC BT, BHEOERN 2P
S EHEERADICHREELRHEZED—D>Th 5, Hik
MR BB BT 2 B - AT OICAIFES
BffE- FF -T2 -2 A MEER E#EBEL, F7o,
EFEEBOIER LT 2 BH® T L BMfgRECE
EOoNBHARFIIRE W,

HES, ‘B RERTEE RN S, MEAMEE, Bk, B
fERED GVHD #lilis & DR 2 e fER 2R $ Z £ 353
MO TETHEY, HLVEHIERER: L THEER
NTW5, BRI « Bk CHERREEE~O
G FATS 25—, WHRBRSFIIBLTH, [
fiE, FSUE & Vo 7oL IEER BRI SN T
WEWRBIZEHATH S L O®RENFHESINS Y,

BMMSCs 1%, & <zt Mg BV THTEREICE
F, BFEAEBESTHDZ o6, % QR
e BYREE T ERWIHIERHR B VLT,
g I Nl s RCBRES R SR TS (B
T Conventionally-cultured BMMSCs ; ConBMM-
SCs). LdaL&hs, TS E—EDEEEOLE
Hrs, SMEBCEIT5EREMEFHAT L7 —X
KRTHETHY, EEERTEL 2 BYRA, HEK
WKEHRINE NS T VIfE» S DG (FVF >, T 4v
A) o, U VIEIC T 2 0IERIGY, 7RI,
Z2EMOHE»S b, BIKICHICEBL Tk 2ME 2
ATWS, 512, &7 2%HE Tk, BMMSCs i35%
EFREER, SHROBEIEE D, MERECHETERE
MMETT 22 EBMEREINTB Y™, B
PEEREEEL L TBAR I > TEENMER SN
TS HIRS H B0,

SEITL L, ATEEORECT &R, BHEIM%
B/NRICE ® 7z MinBMMSCs Tld, hEREHERK D
HET, b MIBETE»RZLAEEELH D, BiRD

FEMIER R L > D RIEEMLH B L #E 2, ConBMM-

SCs & MinBMMSCs DR, B L URBHEIC L 2
fEEREERE % in vitro « in vivo W BWTHE L 72D
TZZWEHET 3,

RERRFREGELRTFRID T FHESHE
* U AMIRBICEE T 2 ERENTRE S ETSeE

B &
BMMSCs M+REY

6-8 i CSTBL/6) ~ 7 ADKERE B L VEEBDE
HhE R~ ) N PBS (2 CHEERR ., IR L&
BREHIT % 3-5X 107 {#/100 mmdish 1= TH#EfE. MinB-
MMSCs & 2 B i JEE iR 2 BRE L, Heaila
» SRS E— X112 T CDI1b-CD31-CD45~ i % 4>
B Tz, —H, ConBMMSCs id, EEEk % fEfE
02 BRIl REAEL, a5 THEEL
7=, HEEMRIC CD31 BB STEE L e o Tz
728, [El8kIZ magnetic beads 12T CDI11b-CD45~ iy
BITEEL TET, BEIRIX, 20%FBS %4t DMEM (2
HEPES # & Uf penicillin-streptomycin % ZRAIL 72 &
DOxEFEHLI:.

BMMSCs FRA4FIEDRRAT

FHEEMR ORI EEEGE AT, ¥
#M B TBEL., £/, BEIEU THREE—X
X BoEtEOMEEEEREL DR E L,

BMMSCs O #li fa 385t AE 1X, BMMSCs 52 2 411
BrdU (10 4M) %¥SMIL, 45534 v Fax— b L1
#, BrdU FLOW KIT (BD Biosciences) % A\, [g]
¥ L 72 MinBMMSCs & ConBMMSCs i % o 4l i3 &
HA (BrdU [GMEMIE=R =S HAflifE ) 25+ 52 &
THAT L /2.

BMMSCs BT 27 EHA v 7y — S0
7 —7 > la* TGF- OFHIZX, B E 7z MinBM-
MSCs & ConBMMSCs Di##5E PCR i & W & (xf
GAPDH tb) L7z,
TLFTA4r BLM) fEEETINIZEITS
BMMSCs # A58

6-7 8 C57TBL/6) < =7 2 1~ BLM (4 mg/kg % 7=
i 3mg/kg: KEHALIE X D) 2BKEREL, 3
Hg, E#lkL D 5X10°EHO BMMSCs %A L 7z,
WERDR O T MBS R~ v A B 2HELR
1t - BAL flifa$ (el - iFhaks0) - Fuas—7
¥ la FERE - BB (HE R@ff) - EHERL L
DiT-o 7z,

w R

<o A FHEEEEET I X D IBENICIHER 3
o 5B R 157 (K 1), ZAE THRESEN
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2005~2007 SEE U & AR B BT 2 AR

1 EHREHEEAIIBRENC SERCAEIh S, (B3ES
HE)

FfTEmX & YD, a. endothelial stem-cell lineage b. myeloid
lineage ¢. ConBMMSCs TH %',

fark O RE OME LB REHERBMAE (ConBMM-
SCs) TH H, & [EFEL L4 8 L 72 MinBMMSCs
1, $EIC X > T ConBMMSCs & [EREDTZEER R L
72 (E2). ¥5iZ, BMMSCs i33E#ic k>, @ #
fav A4 XKL, MEAFEELES LI (K
3), @ MFEEAERENSETF2 2 (K4), @ %<
DTEHA VT -DREAPEFETH L (K
5, @ Fua7—7 la-TGF-g FESEGEL, &
MFHROME 2 EB T2 & (@6 253 o
7z,

Positive for CD45, CD11b or CD31

PLED & 31z, BEEBRICE 1T % BMMSCs DRk
B OZ L HBEC 3 FE LBV DTH S
tEzZohlA, BRClE 3 T3 ConBMMSCs
DIfREE I B 1T 2 BAEZIRICH L, MinBMMSCs O %
NS B hEd %, TV A <4 ¥ e
FTVERAWTKREI L, vt ~A v 85 3H%BD
< 212 PBS, MinBMMSCs, ConBMMSCs % &k
BETD 0D IFEERTL L3, PBSEICLHLL
MinBMMSCs # « ConBMMSCs B i34 B 14 315
(7)) U, Fhfadims-BAL FiaMias- BAL HiFh
BB OB 23BD I (H8). & 512 BMMSCs #%5 7
HEBEO< Y AMTIIERIC 03 5—% Y la DFE
ENBALTEY, HEREHS TAICFET 500D
THotlz 9). £z, E7a ba—TiT-o7 3H
DEBOEHIC X DER L 2 EFHRC B » T,
PBS #4412 H. L MinBMMSCs £ + ConBMMSCs E£12 38
T AEFEEREOWER LT D, MinBMMSCs Bz D
TRFFEHCEER DO TH -7z (X 10),

z =

B RAHEER AT X, BRI EFIE T & 2 ARk
bHoI s, BERFE/EROBBICE W TR
DEEICHAER*BFEHINE BDD—DThH 5, T
TREBRBERENDOEKRICAR I HE-TEY, &

Negative for CD45, CD11b and CD31

SCsiz2WwT) O THEM (candd) DA, ThZh 14 HREEHEL /-, MinBMMSCs 1355312 & - T, ConBMMSCs & [AERkDHZ
EERLT,
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R BRI L 5 7 v A ~ 4 v RS HETR R ER R O BET

Culture da! gj

Positive for CD45, CD11b or CD31

]72 hr adherent celis [
Positive for CD45, CD11b or CD31

y = d - w»
. °§ i ?D. L
.00. ® Py .. Z“z.,
%e o o '%
. : a R . ] ’
h" e m ™ 200um
x 400 x 1000

Negative for CD45, CD11b and CD31
(MinBMMSCs)

L J
¥

x 400

3 BT X 5 MinBMMSCs, ConBMMSCs D#IfaTEE
(, CD31) BB B TEHICAT 2,

Whole BM-2hr-adherent cells

Apoptptic:0.2% E

2D

s = o ]
GO/G1:57.8% G2+Mi4,
TAA

MinBMMSCs

L

Apoptptic:0.1 ‘%szg

107

BrdU

1023

cbiG15.1% G2+MB1%
7TAA

4 MinBMMSCs i3 ConBMMSCs iZ th~ T HERERESS B V>,

J

EDZAL, BMMSCs OfifaY 1 X - HAIfaE LRI ERICL D, & {12 CD45,

Apoptptic:4.2% I

{QO“}"HE;EQJQ

e (Y ¥
aa © LN
x 400 x 1000

Negative for CD45, CD11b and CD31
{ConBMMSCs)

CDlIb

Whole BM-9d-adherent cells

1023

0 o O
G0/G1: 66.9%

G2+M: 9.3%
7AAD

ConBMMSCs

103

3 [5:24.4%

101

BrdU

— g 1023
G2+M:8.6%

7AAD

° g
G0/G1:60.1%

MR % 10 M D BrdU &3 45 35583 4 2 £ °C, BrdU % SHHIOMIKICEN D A ¥, £ DNA KA T 5% (7-AAD) L DAE

o THERIRIA & AT L 72,
S (DNA &1, GO/GlH] ((Rik#), G2/M # (Z5H)

#BEHIH L OFERBCHT AR ASHER I TV S,

L Leh s, BE—MRIZ BMMSCs & & Tnw3
DERFEBEINIHEETH D, RIS U oL
RRESERICA L TEZEc2 2 L FHlah s,
% 2 THA4 L, B B/ INRICE 72 MinBMM-
SCs =W L, Z OMfEEHE I D V> T ConBMMSCs
EHEY B LT, IERREE IO T A BIERR OB &

MinBMMSCs Ti3#7 90% OMfEA SEcH D, BHRIHEEL TWHWE I E8905,

BRREEL 72, 7 OF5E, BMMSCs i3858 & > TRAI
kL, HIRENEEREL &2 2 EAREN, HIKEE
WL TERZEART 2ERENES I N, £,
ConBMMSCs {3 MinBMMSCs & Fig U T, BEGERESS
ZAIIETLTED, 7EhA4 L7y —DFRED
FICHEIL T3 2 EhRa e, filaRiEIc B
T, BEINBOMIZIEZ0EM2RET 2~ 4E

— 203 —

(148)



(149)

2005~2007 EE U & AR BBl 3 2 A

B MinBMMSCs O ConBMMSCs

1.E+00

1E-01 |

1E-02

1E-03

1.E-04

1.E-05 |

1.E-06 |

1E-07

5 MinBMMSCs & ConBMMSCs D7 &4 4 > V¥ 7% —FEIRO K
Real time PCR i TREMT L 722 TD 7 EH A VX7 ¥ —I, ConBMMSCs 2k, MinBMMSCs IZBWT L D5ELFKRL Tz,

5 u !
o
I
5 Q
20 a
<
o O
T 0 =
g @
= & 0
3 0 (G
8 -
g °
Min Con Min Con
Procollagen1 a TGF B

6 EEEEERRMAINE ORI L 2 SRRSO, BMMSCs ISR L D 23 5 —4 V la - TGF-8 O mRNA FH L~V 535
R 7z,

8).

110

100

90

80

70

€0

KBRS
A. PBS (n=10)
10
100 HEOREEREDT-
© IHAOEE
3/10
80
70
60
dayo 1 2 3 4 5 6 7 8 9 101112 13
B. MinBMMSCs (n=10) C . ConBMMSCs (n=8)

110

100

90

80

70

6/10

60

4/8

day0 1 2 3 4 5 6 7 8 9 10 11 12 13 day0 1 2 3 4 5 6 7 8 9 10 11 12 13

7 TvA VA Y UEESSEE T TR Y A BT AEEOHER, PBS 58 (V=10), MinBMMSCs B (N =10), ConBMMSCs ¥ (V=
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PBSH MinBMMSCs 8 ConBMMSCs#
BALB RN BALSPGr-15E §EEI S} (Neutrophits)

o 5 o W

[ 8 _w

58" 28w

o - * @

€8 " 85 * *

£X &5 %4

53 5w

3d 33 4

E£< E £

2 2

PBS MinBMMSCs ConBMMSCs PBS MinBMMSCs ConBMMSCs

*p<0.05 versus PBS group **p<0.01 versus PBS group

8 BMMSCs BIEED 7 VA <A ¥ VBREIREET 7TV~ AW B 2ftfaHmE (EBY) - BAL #aHIKIS (TERE) - BAL rhiFrhiksx
DY (TEA) O, PBS 58 (N=6), MinBMMSCs & (N=5), ConBMMSCs & (N =35),

x o
g 08 Procollagen I a
g ¥ *ok *%

08
: [
S o
g o
5 o *p<0.05 versus PBS group
Q **p<0.01 versus PBS group
2w
o

]
PBS MinBMMSCs  ConBMMSCs

10 days after BLM exposure

MinBMMSCs ConBMMSCs

B9 BMMSCs#5 7 H% BLMERS 10H%E) O v AMicBil 27035 —% > la ® mRNA FHE (EB) B4 0 HE fa8 (TE).
HE GRS D BALMRSL ED 4 BROR a7 e & D, BRLRBOBEEEREEL, ZORELRETT. PBSRESH (W=
6), MinBMMSCs Bt (NV=5), ConBMMSCs & (N=5).

100 I
ol l ‘il—mw
*
80 H
~ 70 |
2 60 |
ﬁ 50 |
#H 40
0T —o— ConBMMSCs
20 —— MinBMMSCs
10 -o— PBS
o . . .
0 5 10 15
17 AR PBS n=25
Min n=20

Con n=23 *P=0.0314

10 7vi~A4 v UBEHEREET T A< Y 0BT 5 £, PBS 58 (NV=25), MinBMMSCs & (N =20), ConBMMSCs & (N=
23),
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2005~2007 FEE U & A MBI B ¥ 2 SRS

BFRCHE D, HlEsH - BET5 I enEEN S,
- T, IhSODFERIZ BMMSCs ARSI X -
TRHERICHFE LS BOEERES T2 2 L 2R
B 5, X 5ICSEIORIZEW T, BMMSCs iR
BBEICID 707 —5 > la - TGF-g R 2 HE
L, SHEFHRBROHE 2 ER L T Z L HREh
THEY, FHEEREESEREEDOEREICHIC DWW TR
BREAE T 2 JHEEDTE O,

FATT BEEIZBVTiZ ConBMMSCs 12 & 3 7'V
A=Ay UBEMEEOUEMREADTEY, in
vitro I B 1} 5 ConBMMSCs & MinBMMSCs @ i fid
OB WD in vivo IK B 1) A ERESh R I E R LT
3 LR, L Lkd S MinBMMSCs 45 Con-
BMMSCs OfUE & %2 D 9 2 HIEEFE»E » 25T
3 Z L FETROA < BMMSCs OEERIGHEER%Z > 5
) ETEETHDL EEZ NS, 5E{To7z ConB-
MMSCs & MinBMMSCs D 7'V 4 = A 3 > 55 i
FIH T 2 BERNR O LERET I BV T, TR E D
HERD - Fifatin - SEMGRE - R - SETER
DWBFRIZB W T HFAERIC L LE T 5 fERA % 52
Bz, ThE TOWEITHE WV TiZ BMMSCs #5103
TvEeA YR LRI TH - i, HfEE -
REDVKILL T SWEEEREAT 2 & v ERDE
RIRLE TeBES 5 EEZ, A TE T VA~ v >
53 HBRCHBEBAT 2 E WS Yo ba—VTE
BREFEMmLICH, IR THBIERSRD SN2k
& BMMSCs e 5. DffREZ ICX 3 2 %5-% & S 2 HED
DBk Exol,

AHFC BT 5, BRI FR L B R EREH
FaHSERHETC BT E DR AR E L D D L W O i
RRix, BMMSCs ORI b % 35— % k4
5RO BAIREELH S 5. L L, SEO
BEHcs W Tk, JREBED X = XL 3HHL Ts
57, iz, BIESRLBEORMERLTEY, S
BOERIBINVLETHE I ERE I ETH R,
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Endothelial-mesenchymal transition %41 L 7z

LB PN B SR A AHEZ iR oD W] g

A EM SR MR RO)IES

FrFEMERTRRHERE 1, fibroblastic foci DIFEFRIEHEZE T 5. BERZEICE T 2 FHEESEIIRIEHE
BUETY 7, Mkt~ vy 2 AOEEREE, £ L Chld bE L OAFERR ETEEREE %
HS EEZ o Twd, T4, S LRE THR R 2 TSR O, BRElESR S epith-
elial-mesenchymal transition (EMT) %77 U7z _FEHIlEEEOFEFEMESREE sz, IEWEH
BEAMI IR 2 SR IR 2 358 T 2 2 RRET T 2 7 g, IME N EMatk M1 12 B 1T 2 iEMHR Ras B
X U TGF-8 O%h# % flow cytometry 3 & UF RT-PCR 1 CFHfi L 7z. TGF-g8 535 MA) Ras B AM
JEERIZINE N EHIfE~ — 7 — DB B R FEIRBA 780 o i —7, MESRME~ — 4 — O /- sFHE
DFED &N Tz, [EHR Ras BAMKIERIZ, TGF-8 DRREICE > THHB~—H — DB LT L 7.
SEOFTRIZ, EMT & [EREIC, & PSS Endothelial-MT %4 U C IS HEEFMITT O —EK 2 HEE%,
+ AR BT LTz |

Possible existence of endothelial-derived lung fibroblasts
through endothelial-mesenchymal transition

Naozumi Hashimoto, Kazuyoshi Imaizumi, and Yoshinori Hasegawa

Department of Respiratory Medicine, Nagoya University Graduate School of Medicine, Japan

The pathological hallmark lesions in idiopathic pulmonary fibrosis (IPF) are the fibroblastic foci,
in which fibroblasts are thought to be involved as key mediators of matrix deposition. Accumulating
evidences indicate that some of the heterogeneous fibroblasts in fibrosis may be derived from bone marrow
and in part from epithelial cells through epithelial-mesenchymal transition (EMT). Although compre-
hensive knowledge of the fibroblast origin should lead to new therapeutic strategy for IPF, it has not fully
been established. To evaluate whether endothelial cells can give rise to fibroblast phenotype, the effects
of activated Ras and TGF-£ on the endothelial cell line M1 were evaluated by flow cytometry and RT-
PCR. Combined treatment with activated Ras and TGF-£ caused a significant decrease in expression
of endothelial-specific markers, while inducing de novo expression of mesenchymal-specific markers.
The altered expression of these markers in M1 cells with activated Ras persisted after withdrawal of TGF-
3. These findings indicate that endothelial cells may give rise to some population of the lung fibroblast

population through an endothelial-mesenchymal transition process comparable to that seen in EMT.
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2005~2007 EE U & AR BT 2 5HEME

&I

TEER DRRHERE X, 1SHERY - Wity e RAEICFEV R
SO st~ N Y v 2 ADBEFELEE B
L, BEET2%2 b 6 T FERABORREBE L TERY
CHIEINTHWS, LELAT a4 Fe2ShfisiEs
DEFFIREED s 0T, EERHEEFLS L U020

JEEHMEED U £ D Th 2 FFRMMEEM R IEE
N7 YRR DS HEST X T W WG O IR SRR B
ThHd, CORBOFENZIRAL LT, FL Wi
I OBE5E & EABIOFEESOMZEY bz o F
MRS~ N Y v 7 AOWE LWEEME R R TR
EXAT R T4 % fibroblast foci 32817 &5 %, fGHETHH
fiEfE CoOFELMN~ Y v 7 AESME L
INTWEY, L ORFANCBLTEHHEEERL T
w5,

D& DT, MisHEIRER & U CEEEREE
RO OFAED RS S L, TR E U T b i
SRR OIS TRE S iz, Zh s DH]
B s OM/NREIC B W T & & B HIBEE
HEFHHREIC ML - TEEEHA S 2 ATREMEOV R S T v
5. ZO& D IHHEFHIEOREREE T 5 2 i3
FRHERE DR RERREA~ D BRI & FiARHMEE ~ D FERIN 72
EEEOHFIIHN L TR ECRBIEL EE2 5h
%, SEEL I, ME PRI 2 SR
EFELUIELNE DI DEBE L.

B &

MM PN RIAR M1 B X UM Ras A £k M1
B (SR) XT3 TGF-8 OXhE % flow cytometry
B LU RT-PCRIZCTFHIL 7z, & 512, {EHERY Ras
ABRSR # X — N o 2K TEREL, RERRL:
SR %@ 5% L flow cytometry 3 & UF RT-PCR T
FHE L 7z,

w R

1. MENEHIMRA~DEYE Ras & TGF-BNF
221

a) MENKRBRNERRAADOEZE

&N AR~ OEMR] Ras DEA % 7213 TGF-4
D513, MEREHfERRK~ -4 —T®H % CD3I,
CD34, Tie2, ¥ LU CDIM ORERELE ICHIH 2 ¥
7o, MBI Ras (—) MEARMREMIIC BT 3
TGF-g D IME N KRR ~—h —DFEHH I3,
TGF-B DK X D ZDOFEF LV ~vid TGF-g #5
AL~z BHE L7z, —F, WS Ras (+) IMENE
HIRE SR 13 TGF-8 DRREIC & - T L IMENKREN
v —h —OFRIENT S S I E DI L7 (Figure
1.

b) MEERMERRNRFEOFHE
MR MRS RAEIRA D— D TH % Fibronectin
DREFHEHEPRFT L, BB RasODHEA 21X

] Endothelial-MT

1
'i { -
l{j Scattering

Isotype Control
M1, TGFR(-
M1. TGFB(+)
MA1. TGFB(-)} off
M1. TGFB(+) off
SR. TGFpB(-)
SR. TGFB(+)
SR. TGFB(-) off

S

el v Y i
TBFB{+) off

BERREEN

AR A BT S PR
© UTE AMEBGECHICBIT 2 AN BiST L%
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Endothelial-mesenchymal transition % 71 U 7z & N &t s S ta o nTaEdE

B MITGFR(-)
O m1TGFa(+)
B SRTGF-)
1 SRTGFp(+)

o
<
J

o~
=3
1

Fold increase

Fibronectin

TGF-g 50w FhicswTdar bo— VL
BLABR ERBED SN, EHE Ras (+) #
a~D TGF-g O 512 81} % Fibronectin DFEH
FHICBL THESRSED S, &6, FER
MR R AFRIERI D—DTdH 5 collagen type 1 (Coll)
OFBFHUEPR LIz & 2 5, BRI Ras DEAD S
TlX, Coll DFIFFAEHIIFED Sgr o745, TGF-
BRI BT ZOFRBRFENITD Sl 5T
# ® Ras (+) SR~ 0 TGF-g8 #l| # & 1& 14 % Ras
(—) Ml ~D TGF-g Rl &l U T 2 OFHFE
ZIEIE U7z (Figure 2),

2. X—FoIRICHEELZEME Ras (+) SR
FMREERT) ex vivo AT
ERNBREE T COWEME Ras (+) SR OFEE IR
DOFELRTHET 57012, X—F~ v AWK T EE
L, %Eﬁﬁ/ﬁbt SR % ex vivo I TR7 L7z, 8L
7 MEBEME (ex vivo SR) DIME N KAEE BRIy~ —
A —DFEF LV VI, T L 72 90% UL Mk 53
Isotype control Xk & [A] L~V & THFIRINFIH3FE 0D
sz, —75, ex vivo SR® Col 1DFEIHL -~
TGF-g JER 58 8 T HIEHER Ras (+) SR DK
25 fEDFEFH Y~V ERL, TGF-8 %512 & D SR
Ras (+) SR Oy 7 fEOFFUEEIRD STz,

ER - Em

RSB \WT, COPD RRIEUMAZIICH LT
30 % AR BN T 2 RIGHN A R TR Id L
ENBREEST, EEBRFEECEYRED, £
%% QOL « SEBM FHREDWEC L EE > T B DN
BIRTH 5, WRSEEERIC B VT, RNl

Figure 2

100 - L;’“
(%) | ) o
80 -

Coll

SR TR

* SR TGRIY

Collagen Type | (Col |)

fE, A7 04 FGEEINTEREMEIC BT 25EY
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\ZEBR % (scattering), —f, MEHRTF, ¥ TGF-8 ©
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ERD b £ TR, ZORERLIZHRIsh S 2 L5
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D ME PRI RFRA~ — 2 — 136 3 % 23, RIEOkRE
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2 ob 53 TGF-g ORIBIC & 0 ZE R Mbaks
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BN EME L RESFEORRR XA+ 20 FE
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SHEREY A b A A > Ch D Transforming growth factor (TGF)-g ZfEDFe4, AlEER, HE(bhs
EDOERCERELEE R R LT3, TGF-g oL il cEEsn, $-FECHEZI
FAEL T 503, ERFNCNESEITH D, Z ORI IR DX =X 22 X 31EEALDE
DAT YT THD, ATV & BT EREMCIER ICBEERBFETH Y, BRLITLIH]
avp8 A > 7 7Y v OFRRHESEIE I B 2 FIH & TGF-g OiFtk s BV Lz, TGF-8 Ok
LREDFETICRIT THEO—D I LEHET R b — 2cw4 2EABZEIFo s, 7R F—V X
IIHRIZED — D DIHET H U, B2 REEIC & 2 HIFIFEDE & BARIRICHIHI 3 5 7= 9 D A TR 74
FIBEBR X 1 = X LA D—DTH 5, FFHEEIC B W Tl AR OBEEI R 7 R N — Y AR B |2
SNTWVEDD, $7:7 R =Y A% Ul EEMaN 2 DRICE| &R IRELOERICED L >
WHERE 2 TO LB DOWTIERZFOEMIZEH S ICR 5> Ty, UCSF TfTo72 7 1) 2+ —
T T IPF BE R OAHEEHIE T IEH BE Bk OSFMEIEAE S hEE L C avp8 4 > 5 7Y
> DFEB K TGF-L OIEMADTUEL Tz, F 2 THRHEEFHINT avp8 4 > 7 7)) vz & D i
S5 TGF-g D LMY R b =Y R RITTRE, /-7 R b —Y A %E I LUl R OLGHE
ZFHIRC R 3 % b - AR E B R OB A 5 SO 2175 FETH 5.

The role of integrin av/38 mediated TGF-2 activation in apoptosis of lung
epithelial cells and in pathologic epithelial-mesenchymal interactions

Jun Araya!, Hideya Kitamura', Syunsuke Minagawa!, Takanori Numata!, Katsutoshi Nakayama!,
Yoshitsugu Nomoto!, Kazuyoshi Kuwano!, and Stephen L Nishimura?

' Devision of Respiratory medicine, Department of Internal medicine, The Jikei University School of Medicine
2Department of Pathology, University of California, San Francisco

The multifunctional cytokine transforming growth factor (TGF)-£ has been widely implicated as a
master regulatory cytokine in lung development, wound healing, and fibrogenesis. TGF-g is ubi-
quitously expressed in multiple cell types in the lung and stored in extracellular matrix, but almost entirely
in an inactive form. The activation of TGF-£ is a major point of regulation of its function and there
is a growing body of evidence that supports the physiological and pathological importance of integrin
mediated activation of TGF-3. We have recently reported the expression of and TGF-g activation by
the avB8 integrin in lung fibroblasts. TGF-2 has an ability to induce apoptosis in lung epithelial cells,
which is implicated in one of the plausible mechanisms in the development of lung fibrosis. However,
apoptosis is a physiologic mechanism for cell deletion without inflammatory response. The detailed
causal mechanisms of increased apoptosis of lung epithelial cells in IPF patients and the role of apoptotic
epithelial cells in subsequent fibrogenic process have not been clearly elucidated. Our preliminary data
at UCSF suggests an increased «v438 integrin expression and TGF- £ activation in lung fibroblasts from
IPF patients compared to the fibroblasts from normal lung. In this context, we will explore the role of
avB8 integrin mediated TGF-2 activation in lung epithelial cell apoptosis and the effect of apoptotic
epithelial cells on the fibroblast phenotypic change in terms of epithelial-mesenchymal interactions by
using a co—culture system.

— 211 — (162)



(163)

2005~2007 SEE U & AR B BT 2 AR

[FLHBIZ

LHEREY 1 A A > TH % Transforming  growth
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E(ETF-FEIH . SYBR green #{FH L 7> Real time
PCR 1z & D 134,

FEHEFEIE : Western blotting i3 K UF flowcytometry #:
Wk DRREST .

7 RN —¥ ADFES : DNA laddering, Annexin V

& Propidium Todide D —EHet0iz & D BRETT 5.

o

INSDRETICE D IPFERBD X A =X AIZBW
T, 7TRMN =Y AEEI L EEMlESED XS 2k
KT ORI RS 2, SR EDERIC
FERPEZ TWE0O0, &5 IHHESFMILD g8 1 >~
770 ik DIEHEE 0D TGF-g 75 LMk 7
R =Y 2L TED LS BEEREZ D 00,
Epithelial-mesenchymal interaction D S 5S04
SPIZHRA BN H B EEZL TS,

SE R

1) Piek E, Heldin C-H, ten Dijke P. Specificity,
diversity, and regulation in TGF-£ superfamily signa-
ling. FASEB J. 13: 2105-2124, 1999.

2) Munger JS, Huang X, Kawakatsu H, Griffiths MJ,
Dalton SL, Wu J, Pittet JF, Kaminski N, Garat C,
Matthay MA, Rifkin DB, Sheppard D. The integrin
avf36 binds and activates latent TGF-£1: a mecha-
nism for regulating pulmonary inflammation and
fibrosis. Cell 96: 319-328, 1999.

3) Sheppard D. Functions of pulmonary epithelial
integrins : from development to disease. Physiol
Rev. 83(3) : 673-686, 2003.

4) Sheppard D. Transforming growth factor g.
Proc. Am. Thorac. Soc. 3: 413-417, 2006.

5) Araya J, Cambier S, Morris A, Finkbeiner W,
Nishimura SL. Integrin mediated TGF- £ activation
regulates homeostasis of the pulmonary epithelial-
mesenchymal trophic unit. Am. J. Pathol 169:
405-415, 2006.

6) Araya J, Cambier S, Markovics JA, Wolters P,
Jablons D, Hill A, Finkbeiner W, Jones K, Broaddus
VC, Sheppard D, Barzcak A, Xiao Y, Erle DJ,
Nishimura SL. Squamous metaplasia amplifies
pathologic epithelial-mesenchymal interactions in
COPD patients. J. Clin. Invest. 117: 3551-3562,
2007.

7) Hagimoto N et al. TGF-g as an enhancer of

fas-mediated apoptosis of lung epithelial cells. J.

— 214 —



avf8 4 7 7Y iz k > CERILI B TGF-8 OB EEME7 K b — v AR U LB & SHEFRBIEEERIC 81 2 EEEOBR

Immunol 168 : 6470-6478, 2002. ling after injury in chronic obstructive pulmonary
8) Vandivier RW, Henson PM, Douglas IS. Bury- disease. Proc. Am. Thorac. Soc. 3: 726-733, 2006.
ing the dead The impact of failed apoptotic cell 10) Miwa K, Asano M, Horai R, Iwakura Y, Nagata
removal (efferocytosis) on chronic inflammatory S, and Suda T. Caspase 1-independent 1L-1b
lung disease. Chest. 129 : 1673-1682, 2006. release and inflammation induced by the apoptosis
9) Puchelle E, Zahm JM, Tournier JM, Coraux C. inducer Fas ligand. MNature. 11: 1287-1292, 1998.

Airway epithelial repair, regeneration, and remode-

— 215 —

(166)



(156)

(FRX 19 )

7R KEE E KT RSB B2 A EEORS

R ¥z /Ne B RHE @

[HF5 - B Br2BERI L 2EEPR, GRT2ECICES T 290 FRIESERINTY
25, FOWREBHISIITC2ICIFEILLL Thky, Fil-mEENERHT L 2EHNEL, YU
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BB AFAE KR ERETHE L L 2%, ApoE FEIRA 2024512 R L Twiz,

2. Rz, ApoERIE~ 7 A T#H % B6. KOR-Apoes” v 7 A, Rtfa>r bua—# L L TC5/
BL6 v 7 AWy ) AR FERA&EL, 14 HBRIZEBITL:, ApoE RIBE~ VAT, [VEXZMMIEstEE
(BALF) hiaMupusl, HhekEg, Vo S8Rk, ~27 o077 —YRIIBEECHEAL L TED, BALF
W31 % TNF-a, G-CSF, IL-12 p40, MCP-1 R 3 FEICHEL L Twiz, \

(#3m] ApoE i3, %Eﬁﬁh%@?%ﬁ%tbfuﬁowénfwéﬁ it 38\ 5 1%
BFEERITI N TWwRYL, Y AIEEETFVICBWTIE, ApoE BEIEFEERAE2ELTWS Z &
IR R LT,

Diminished Lung Inflammation in Silica-induced Lung Injury
in Apolipoprotein E-deficient Mice

Hiroyuki Nagase, Yasuhiro Kojima, and Ken Ohta

Department of Medicine, Teikyo University School of Medicine

[Background] Although the pathogenesis of lung fibrosis has been extensively investigated,
effective treatment strategy has not yet been fully established. The aim of the present study is to find out
the novel treatment target molecule by using DNA array system in silica-induced lung injury model and
to clarify the role of selected target in in vivo experiment.

[Methods and Results] Six weeks old male C57/BL6 mice were intranasally administered 16 mg
of silica particle and total RNA was extracted from treated lung after 14 days. Using DNA array
techniques, the transcriptional levels of various genes were compared between silica-treated and control
mice by using Gene Navigator cDNA Array System (TOYOBO). Among ~600 genes, the expression
level of Apolipoprotein E (Apo E) was 2.02 times higher in silica-treated mice as compared to control
mice.

In the next place, we compared the effect of silica administration in between six weeks old male
ApoE- deficient B6.KOR-Apoe™ mice (Japan SLC) and C57/BL6j mice. Fourteen days after
intranasal silica administration, total cell counts, the number of neutrophils, lymphocytes and macro-
phages in bronchoalveolar lavage fluid (BALF) were significantly decreased in B6.KOR-Apoes" mice
compared to control mice. We also compared the protein levels of cytokines and chemokines in BALF
by Luminex system (Hitachi) and the levels of TNF-g, G-CSF, IL-12 p40, and MCP-1 in BALF were
significantly suppressed in B6. KOR-Apoes* mice.

[Conclusions] The accumulation of inflammatory cells and the levels of cytokines and chemokines
were significantly decreased in Apo E-deficient mice in silica-induced lung injury model. Although the
precise roles of Apo E in inflammatory lung diseases has not been clarified, our results suggest the
potential pro-inflammatory roles of Apo E in silica-induced lung injury model.
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ultrasonicate L7z & D& Hv> 7z,

=5y ul Ya PV

C57BL/6 = 7 A K 1UF, B6.KOR-Apoes = v X |
l6mg D> ) AR FrHELEL, 14 BRICHETL
7o, FHWEE & LT, [EXMEYEE (BALF) f
Offas, Mg E, BALFHY A bAoA > -7 E
WA EBEERRR L, BALE, v 7 ADKRENI
B GOH=a—vEHEAL, ZHEEHEAK0Tml 23
A, B3 % Z & 28D L 5ml d BALF ZEREL
77, FLSEEE, AL 72 FYEE Freeze dry ALiE
WC—80°C TRIFL, HIERIC 105 R 55 & 5
IZ, PBS TBEREL 72, BALFH YA v A A > -7
A4 EE X, Mouse Cytokine 17-Plex Panel Kit
(BIO-RAD, Hercules, USA) % f\v>, Mt~ A 7
E—X7VvAYRAT ATH S Luminex® (Hitachi,
Tokyo) T #lE L, G-CSF, GM-CSF, TNF-a,
IL-1e, 1L-1p3, IL-4, IL-5, IL-6, IL-9, IL-10,
IL-12, TL-17, monocyte
(MCP-1), macrophage
(MIP-1a&), MIP-18, RANTES, keratinocyte
chemoattractant (KC) ® 17 % —4 v b DIEE 2 HIE
Uiz, &5 =7y M3 2 FEM—XGEIIZ,
§ =7y MR B EOGRE TR S e 17
DE—ZXPBEELTBY, E4F U BERENTZX
fitk, ANV NTEYY—PETY—4 v b DEBE
PR LTz, 97%bb, Freeze dry %0 BALF FiF
50 ul % E—XEE—XPUE L 0 RIGE ¥, T
BXRPUARL 3045 RIG, & 5WHEE, A ML
7EYY-PE & 1043 KEEE, Luminex® CTHIZE L
7z.
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2005~2007 EF U F AR B BE 3 2 AT

h £t
C57BL/6 = 7 XA KU, B6.KOR-Apoes <= 77 2 |Z
BT AEEREERIE, Student D t E TITH 72,

w R

¢DNA 7L A

V) A EEH ORI BT 5 mRNA FEREL %
cDNA 7 v A THEIL 7z, YV 2B L-T, 47
FE D B AR K mRNA FEEAS LS fELL B Ess L
Je. TEOWERIZ, ¥ E®AHAL Y «H A b A v 1K
RETFH 108, FAHEEERFHOME, 5327
CREACEER, RRWBEES TS 6, TaT 7 —
¥ TH % cathepsin 7 7 2V —, RUMKRERLD~—
A= BFWNESHE, ¥ 7 FVRRREED D 47,

F. PU.LIZ KW T, Cathepsin 7 7 3 V) —% i %
G, TEHAY cHA b HA Y - EHERTEL
T &, P10, EGF, TGF-8%%, EHFEHR v~ —
«3F LT, CDI4, CD38, 7K b—3 ARHEE
H& U T, Fas (CD95) ORBUIEEILVEMETHo
72, F7z2, 7RVKEHE (ApoE) FEIAS, ¥V A
BERICBWT, 202 fFICH8 L T,

Apo E BT RIZBITE 1) AIHEBE 0T

i B 1 2 EWRBETH -7z ApoE WiEH
L, EHBATOEREEZHS »icT 57912, ApoE
K= A% TR 2177, ApoE RiE~ ™
ATH % B6.KOR-Apoes” <7 A, B3> ho—

o . . . x10%/ml
TR ABEEEAN2ETHoN, R, %
mRNA FEHH 18 FLA LW L 725 F ISE 2 R
R ) A HEBROMHES mRNA FHEEL
TV ERREK G
PU.1 20.0 4.6 4.32
Cathepsin K 143 3.8 3.74
Cathepsin D 42.9 14.5 2.95
Cathepsin S 58.8 20.2 2.92
Macrosialin 36.9 12.9 2.87
IP10 5.3 2.2 2.43
CDl14 7.7 3.2 2.43
Cathepsin L 36.8 15.6 2.35
FSHR 2.2 1.0 2.34
Apo-E 123.8 61.3 2.02
ATEF-3 4.9 2.5 1.98
EGF 4.0 2.1 1.87 total Neu Lym Mp total Neu Lym Mp
CD38 (T10) 34 1.9 1.84 —
FAS (CD95) 43 2.4 1.83 B6.KOR-Apoe* Cs7BL/6
TGF-p 136 76 1.80 B Sl h oMl &

& Dhouse keeping gene DR CTRIE DFLHIB 2 100 & L,
Fx OHMBIFELBE 2R LT

F—2% 1%, B6.KOR-Apoe (n=5), C57/BL6 (n=4) DF¥HE+SEM
TRUI. *p<0.05, **p<0.01 vs C57/BLS,

K2 KEFHIEKFBRPOTA b4y - rehA  BE

(pe/ml) B6.KOR-Apoe’™ C57/BL6
TNF-o 72+2.5% 48.5+19.5
G-CSF 1.240.7* 10.744.2
Cytokine/Growth Factor IL-6 1.6+1.4 17.1£7 .4
IL-12 (p40)  36.3£123%* 15374149
IL-9 8.8+6.5 2.5¢1.5
IL-13 54.9+12.9 24.9+12.7
MCP-1 76.5£38.6**  2101.6+449.4
Chemokine RANTES 2.8+1.7 19.6+10.0
KC 25.7¢17.5 141.5+53.9

5 — % 11. B6.KOR-Apoe (n=5), C57/BL6 (n=4)0> FIIHLSEM Cors U7~
*p <0.05, **p<0.01 vs C57/BL6
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NEEE LT, F—DEENER%2 D C57/BL6 TV
ARy YV hEEBEREL, MBBRENL .
ApoE KiB~ ™ X Tid, BALF hOBHRENEE
WEMETH Y, HMilasE e UTix, FPEke, V>
NI, ~7u77—-YHEPOThIERES L
Twiz (F1)., 352, ZhoDBEEZHL LT
5791, REMREEPERCEEST 5 178D
BALF 7 Eh A, 44 b4 VBERAEL.
F2WWRT IS, IBOBE*HIEARETHo .
A4 HA > - KERTFE LTI, IL-12 pd0, G-
CSF, TNF-a DEEH, ¥ EH 4 > &L TH,
MCP-1 DEEH ApoE RIEXV A THEREBI L T
Wiz,

% ¥

AWFIE T, FEESRE ORI R RERN %
METHIEEZERNEL, YY) AMBEEETVICE
WTHBIET 29T %, cDNAT VA 2B TH
ELT, REER L0 FOFT, i THGE
BT AERENTETH -7 ApoEwcEHL, 44
WTOREERE L7z, ApoE KIE< 7 ATk Y
5 TERE S WS REMEES, MR Toy
A MHAY - TENA VRBEVBBYLTWSE Z ED
BHeh o, ThoDZ s, ApoEidy Y
AEEETNVEBWT, AREFAEELTWS
TR RN,

DNAF v 7T 7 /ay—2HnT, GERE
DFERELLS ETET7 S u—Fi&, TvE=A
VUV EBETNTITObR T WA, o O
TiX, 327 —7% % Tissue inhibitor of matrix metallo-
proteinase~1 (TIMP-1) ZDMifEst = bV v 7 AR4R
HALCBRE T 2 R FORBUEELILE L CHE S
nRTwa, 2hsDoTFIRSEOBRLZDHEET T
Y=o e L TE&ENTEBST, REL 7 vE~
Ay ) A TRELN, BFHO2MEILEL T,
Cathepsin D OFIFIEE & SEIFHL bRAL TB Y,
Cathepsin D [JEJEREICHBE L (RS 3550 FThH 5
ZEDTRBE NI, %72, Cathepsin K iZBHL Tid,
V) Ak BIMEE THBERL T b I LR
INTBYY, ZOELMRIIME~ a7 7—YR
BHFMITH 5 Z £, TGF-B, THRENIH S
L2 EPREINTVS, 351, Cathepsin K ik 2

7RYVEEAEXRBTYRCET 2 VY 2 HEEOHS

S—SURBRETOTT—ETHEIE, Y)HILL
2 e L I HIHE D BALB/c = 7 A TIZRRZMD
C57BL/6 = 7 AW HEE L THBMBE NI L o,
HEMFRFTHD EHEL TS, BLZDOBET
4, Cathepsin K OFBRIFI V) A EEBIC L > T 374
WHEEL TB Y (K1), SEHOERROBHHRMEIHE
I, Zofhicdy, GM-CSFick 2 ~v 27 o
77—V O ticBRES 5 PU.L %, NSIP EF
@ BALF TEE LAPREIN TS IPIY 2 ED
FIREE LS EIORN THER S L,

Zal, mRNA FEEENPHEZR I/ ApoE DJEE
REBUCBFLEEILCHASN TV, MEE
B 2BREIFALHES I SN T Wi, ApoE ik
VAT a—=L, FHER, V EEREDRE L
BET A7 REAOVEDTHY, 7TREHLES
U7-BREIAREBHEE 2D, VREAEFEN S, JE
B3 ApoE L ST B Z LT, LDLEZREENLT
HHRANOWD AANBHHE & K5, €-5T, ApoE
EXRIBT 5 LIREOHBEAR Y ALVEEI N, &
FEMES 23279, ApoE /v 77 7 F <7 AR
R~ v A ZEBRHEREIIEE7VELTHYS
nTws,

ApoE D FEELBHBIIHTH 25, 7y F T
B, B, BETO mRNA BHROHEEINTEY, I
HOBERTHAS»rDEEEH-> T b Z EBRR
ENTW3BY, F7z, EEMEE LT, R o
fliiz, v ATy FOEEHX~Y 707 77—V,
TR FHSRARMETHIE® COFRESIRE S h, b MR
FEHRE CRENCEBMCBET 5 Z L0 FkE3
Tnw%, E5ZAH, DNARA 7a7 L4 2Hn
T, 7w b1 BUAffE - R ARG & 11 U R R R A o
BETFHEBEOLK 21T 2800 5, 1Rl -
FaT DR ApoE BEREBESIRE S ., 2O
LI REFREEMBEOLV =Y =2z T, [
HEhd ApoE 1%, IBERBICIZZ DRED 2-10% T
T TH B 55129, ApoE DIFERBLIS B
JABEDRBENTETVS,

FOUVEDOEIEE LT, ApoE #3%E% DHIM
CRIZTEENRITIN T WS, ApoE i3, PHA i
Buz & 50 VoNBRIEME AL E IS 5 2 &4, urate
WX BIFFEREEEIIHIT 2 2 EBmRESN TS
D1, KEMBOEELEZIHE S % £ v HEVS
W,
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