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The effects of several mediators on the functions of lung fibroblast

Tadashi Kohyama, Yasuhiro Yamauchi, and Hajime Takizawa

Department of Respiratory Medicine, The University of Tokyo

In the parenchyma of the lung, many inflammatory mediators are recognized as able to stimulate
fibroblasts, and repair the tissue function after injury.

Fibroblast plays an important role to modulate both normal airway repair and tissue remodeling
with its function of migration, contraction and protein production.

The development of small airway fibrosis and the associated contraction of fibrotic tissue can lead
to airway narrowing and compromised airflow. These changes might characterize IIPs, COPD and
bronchial asthma.

Under normal repair process, there might be the factors that could inhibit excess fibroblast functions
which make the tissues fibrosis. In this regard, we paid attention to the prostanoid effects, which are
important in the inflammatory area, on fibroblast migration and contractility.

The Boyden blind well chamber technique was used for in vitro migration assays and gel contraction
assay was used as an in vitro contraction model. PGE, and PGI, analog inhibited both fibroblast
migration and contraction. TXA, analog augmented both functions. PGD, increased migration but
decreased contraction.

Through these mechanisms, prostanoid could contribute to the modulation of fibrotic stimuli and
therefore play an important role in controlling fibrotic responses after injury.

— 163 —



2006 FERE U & AT BB 3 % SRR

iECIC

FRHESFANIE AN DR D & Bh B X NAEERAI~
FEEL TWL 2 EREROHBEBERR B WTE
BTk, L LREOSH CREREL T 2 RIEE
DOEESINBREETA M AA XD, HHEE
B FERE A~ D 35 72 7, SRS, [WiE, % L T collagen,
fibronectin 7¢ £ O#fEs=< N v 7 A DOEF L IEE 1T
R GERREREEE) 25| &S Lo EE %
bl 530, BMEREORREREICB W THEET S
ZOMED A D =X NEW O L BSEETH S, M
Bz, COPD % L TKRELME % £ O ERE R
X Z OFMIREDOEMEREIC & DIREINETL T
QEEZONE.

R AT 1 AR 2 FE &3 2 REME O &
ThH D, EEERER, SRR, BIRERNh, B
BEDL I IHERPMEHEINTHEbDHH B0, %
DFEERERTHETH B, INHHENF|SEI SN
T FRICHED N5 DI KT GERTF O
fape~OEA L HEEEOESETH Y, Thbbif
FafEIC B 1 2 BEERE TH 5, KEME» S 7
V=29 hN, BEAGHESR, BR2OYA MAhA4rH
B & Bl B B E S E CERBIC £ Tl AT
% EEEBOMZNSEL, MtfE D S1EEEL 28
B 2 FAFHES AR IR~ S BA L, SRR
REahTwi{dsnDEEZOLND,

COPD I FMRE T & U R RO E K &
FROBE 2R L LIRBTH Y, KRB IR
o AR EER TN A0 b BE S E
FIEHBICER L T T LI X DFET 299, #
B X T O O BRIEE Ch s 2
ENBEEMES T NV v 2 A DERE & iR
MR B8 S 3 2 IHEDS, FEKEOIMET b b
IR 2B &# 29, & 512 check valve BB DR
EIEOBELETI 2 LR b,

S S S VAR, IRk £ % < O#IREHSEY
59 2 SAE DR REERE R TREDIUE & FEZ
L CRERMMNC I VR I 2RFHAELBHME T35
BERETH S, K[UEAZEIZ BRI £70AEIC X D ey
TH5H, TOELREIZEL ORIz % SoERI

SRR YR
© U APRTEEIC T 2 FATE  SHpgeE

DTCEZFEOIRCIHE L T . BRCRE BRI
O BERESRED NS, [REX LR TIERET 2
[hfRMET R & 0 EF S Hifgst~ N Y v 7 A D
EDFRD S AR DO UEEMNIEA T {910, GE ST
B0 effector fE T H 2 fERHIIE A3 H D A LERAL I
AL TGF-8 OEAICEES L T 3 & O,
TFETRENSEO BB CES L Tws &R
£ e o, JERHIIEE A LI T VAV E—ERIED
¥ 7o 7 OBEETE T OB S UREBEED —
Wiz bEzoh5.

PEDZ s, Zis NHRERHE B AT
FADKERENTEL B > TH D, T OREERHIHIT 2%
BIIEBROFRERR B TEELE 2z o3, AR
MDTTRY /4 FIEZREPEIE & ERFEL BT
TEDEENERT L ZEDHONTHE, Zhnk
FEMER T 4 T— & —ORGETIE A ORR & it 3
3L, OBHEALD A 5 = X A BHET LT S
ZTHEETHS., % I CTHENL, MOMEBEERE
ZBWTRIY S 5, #ERE, EE~O7 2y /
A FOEERIZ W T in vitro model THEFL 72,

X & Tk

1) HFL-1##£5EE%13 Boyden blindwell chamber
technique I[Zf€V> Nucleopore #: (Cabin John, MD) @
48-well chamber % Fl]F] L T{T> 7. chemoattractant
I& chamber O TEf well WESINL, A (1.0x10° @/
ml ZE[f13% DMEM) 13_FE6 well ~GRIIL 72 (52 1), B
95 AT & & b RES well NIIL 72,
D well 1% 0.1% gelatin (Bio Rad, Hercules, CA) T
J—h L7z 8 ym FL.O migration assay A membrane
(Nucleopore, Pleasanton, CA) Tl&T, 37°C5% CO, N
TORRIHE Lo, % D chamber 20 & BN L 72
membrane O _FJ7ERENIZE - T 2 HlE I3 HRAFHNE &
L T filter wiper TErE L7z, % D% membrane i& X ¥
/ —)v @& % L PROTOCOL (Biochemical Science,
Swedesboro, NJ) THfh L glass microscope slide (2%
v bL, JEEEEREE T C 5 high power fields PNICER
ZINIfE e EEE LT v L data & L
7z, SEBRIT tiplicate TA72 < &b 3EIDLEZEDRL
7z. Data iz ZhODEERD control fE TR L 7z %
AT L7z,

2) Gel contraction % : Rat @ Tail 2» SHH U 72

— 164 —



AR RTAR I T 2 2R 77 4 = — 7 — DRI

109 cellsiml

20pgimi HFn
8 um pore filter

incubation
1 Boyden blindwell chamber technique

fibronectin 3 2R well 12, 3 & #IIGIE B3 well AL 72, £ well 13 8 m FLOD membrane TRETC, 37°C5%CO, T 6 BHHERE L 72,
Membrane EI, EEICE-S T2 Hl0I6RE U TN EOMEECL LEEMERE T T 7 > b Ui,

A
) B) 25y [,
1257 | | o
[ 1 %
- 1 x
100 * 100-
__L '[ T T
5 757 ] = 75 T
& 501 ® 50
T 1
25 - H 25-
ot L L L o T S
0 1040 109 10 107 10 10 0 108 107 108 105
PGE(M) PeD, M
C D
) ) —
250- T
125 4 | | * I ]
e
* 200-
100 o — l | 4 |
I 1
— - 150
75 1 a‘é T
_ [+]
gsm T gmm————
¢ L7
25 50
.
8] T Y T T T T m o T T T T T
0 107 10?0 10 107 10 107 0 2 20 200 2000
taprostacyaiin (M)
carbaprostacyclin U-46618 (nM)

2 fibronectin K23 2 IHHEEEIIEEE~ND T 0 X ¥ / A R ORIE  IBEREEORE
A) PGE,, B) PGD,, C) PGl, 77+ 2" carbaprostacyclin, D) TXA, 771 7" U46619

Y il : HFL-1 O¥EER 2 Z 203y hu—VTRUE %), Xl SE70xs /4 FORE, 77— 13 Uik 3 E0EBRDFE,
means-+SEM, *p<0.05

Type I collagen % 4 f5EE D DMEM & ZEK & TE
HHESEFICTHIE L, BiK collagen 12E % 0.75 mg/ml
W2, FHHIIEEE X LT 3X10° cells/ml 247V & U CHERK

L7z, T72bb 24 well 7L — b TO0S5Sml/well 12725
ko7 R AN 20 0FE LEM LS i, 207V
B BFERIEDYRINIS NIz 6 cm dish (Sml DMEM) A

— 1656 —



2006 £EFE U & AT Bz B4 5 AT

IR 5, Typelcollagen N CERITHICREE X
BRI OUHERE X7 VDY A4 X% CCD # X
SCEREIT 2 Z L X DFHL 2.

#&

R

1) PGD,, PGI, 77 v 7 carbaprostacyclin, PGE,
BEEBERENCE N7 74 70r 0 F o TCHEES R
2 MR 2 IBEERNCHIRI L, TXA, 7
o 7 U-46619 IZBERFRNICIERT 5 Z L kR L
(K1 2).

2) PGE,, PGIL, i3 ffifHEEF IR IHERE 2 0% L
7223, PGD,, PTX, 3L 7 (¥ 3).

Z =

Z DR T Boyden blindwell chamber technique
%> gel contraction #EZFF L CPGD, ZiZ Lo & L
Tz 7T AY /A FHS HFL-1 O#EERIEEE I L T
RRERT I EERRLI, TURY A FIZT7ZFF
> B H & cyclooxygenase D YERIIZ & D Prostaglandin
H 2@ THELES N DD, REPENGE R R T
TEDEEDN RT3 2 edMenTw 5, BlREARE
BT OLEE, £, [Ecs\»w 7o
25 /A NOBEGPERETHL I LERL TV L
EZzohb,
TCIEEESEC T AP EES 2 2 &
BHEDE ZARURELEZ 6N T WD I Lo B
HEALHSEE D 2 B MERIE IR B OIEE TIE, BIEARR

E) F)
I—-—-—————l PIL * x 1
100 - * 60 - X I
50 4 _
75 [ =
L N B
g % 40 . -
it 2 apd
2 50+ £ 30 .
e o
=]
g g 2%
§ 25 g
L = 104
ol ; . . 0t
0 -8 -7 -6 0 -9 -8 -7 -6
PGE3 (M) Carbaprostacyclin (M)
(PGI)
® H)
o,
1 125+ T
60- 100 ——
.g T
£ = g s =
z o ; ; :
5 =
g 50- x
=
20
25
[ . 0 T r - x r
0 2 20 200 2000 20000
0 107 10€ 105
PGD, M) U-46619 (nM)
(TXAy)
3 JiEHEEIERREAND T T R Y /4 FORIER . BEREEORST

E) PGE,, F) PG, 7 7 17 carbaprostacyclin, G) PGD,, H) TXA, 7 7 1 2 U46619
Y#l: 5HED gel size Tcontrol 3 100% & LTHRL. Xl £ A0R S /A4 FOEE, F—& 35707 3EOEBOFY, means+

SEM, *p<0.05

— 166 —



DOV TR Z 2 RERIEOEE 2EIET 5
EHRBETHL, COBEAPOARD EREDETER
L C\> 5 fibronectin 2355:E 3 2 SRESEd O HEE &,
HEADEBRETELEINE TOR Y /4 FHREIHT 2
Yvd L RBAIBHRERZFOEED A =X LEE
25 FTHEETH O TR LOEEDO T EE
MU L.
SREIOMENC B O B 2 R 2 72 012@)
MR OHEIE NS Y AT aRY /4 R TIER
SNTWABEREMEDH B Z b olz, LD A
A FWEDESWRWTTAZ DO IFRHATH S
25, 2o NEREOWE OBRIFIHIHE L ORI
BIZBWTHEETHLEEZONS,

=&,
L=} A

ISR R RIERFFC T A ¥ /A4 Niz
PAF 4 z—F =i kWil a5,

E I

ARG DBFEITIC I T2 75 e SRS 5
IEREENEL BRI I L E T,

BEIR

1) Rennard S.I, Jaurand M.-C., Bignon ],
Kawanami O., Ferrans V.J., Davidson JI., and Crystal
R.G. : Role of pleural mesothelial cells in the produc-
tion of the submesothelial connective tissue matrix of
lung. American Review of Respiratory Disease 130 :
267-274, 1984

2) Brewster C.E., Horwarth P.H. Djukanovic R,
Wilson J., Holgate S.T., and Roche W.R.:
Myofibroblasts and subepithelial fibrosis in bronchial
asthma. Am J Respir Cell Mol Biol 3: 507-511,
1990

3) Roche W.R., Beasley R., Williams J.H., and Hol-
gate S.T.: Subepithelial fibrosis in the bronchi of
asthmatics. Lancet 1: 520-524, 1989

4) Evans JN,, Kelley J., Low R.B, and Adler K.B.:
Increased contractility of isolated lung parenchyma in

an animal model of pulmonary fibrosis induced by

sl 3 2 BIEA 77 4 -5 — DRI

bleomycin. Am Rev Respir Dis 125: §9-94, 1982
5) Fujita J, Nelson N.L., Daughton DM., Dobry
C.A., Spurzem IR, Irino S, and Rennard S.I.:
Evaluation of elastase and antielastase balance in
patients with bronchitis and pulmonary emphysema.
Am Rev Respir Dis 142: 57-62, 1990

6) Thurlbeck W.M., and Muller N.L. : Emphysema :
definition, imaging, and quantification. AJR Am J
Roentgenol 163 : 1017-25, 1994

7) Wang H., Liu X., Umince T., Kohyama T., Zhu
Y K., Wen F.Q., Spurzem J.R., Romberger D.J.,, Kim
H.J., and Rennard S.I.: Effect of cigarette smoke on
fibroblast-mediated gel contraction is dependent on
cell density. Am J Physiol Lung Cell Mol Physiol
284 . 1.205-13, 2003

8) Bousquet J., Jeffery P.K., Busse W.W,, Johnson M.,
and Vignola AM.: Asthma. From bronchoconstric-
tion to airways inflammation and remodeling. AmJ
Respir Crit Care Med 161 : 1720-45, 2000

9) Murphy G., Reynolds JJ., and Werb Z.:
Biosynthesis of tissue inhibitor of metalloproteinases
by human fibroblasts in culture. Stimulation by 12-
O-tetradecanoylphorbol 13-acetate and interleukin 1
in parallel with collagenase. J Biol Chem 260:
3079-83, 1985

10) Fine A., and Goldstein R.H.: The effect of trans-
forming growth factor-beta on cell proliferation and
collagen formation by lung fibroblasts. J Biol Chem
262 : 3897-3902, 1987

11) Kawanami O, Ferrans V.., Fulmer J.D., and
Crystal R.G. : Ultrastructure of pulmonary mast cells
in patients with fibrotic lung disorders. Lab Invest
40: 717-734, 1979

12) Chanez P., Lacoste 1.-Y., Guilllot B, Giron J.,
Barneon G., Enander 1., Godard P., Michel F.-B., and
Bousquet J.: Mast cells’ contribution to the fibrosing
alveolitis of the scleroderma ifung. Am Rev Respir
Dis 147 : 1497-1502, 1993

13) Wiggs B.R, Bosken C., Pare P.D., James A., and
Hogg J.C.: A model of airway narrowing in asthma
and in chronic obstructive pulmonary disease. Am
Rev Respir Dis 145: [251-1258, 1992

— 167 —



) ik E TV 22T 5 KGF 88
77 A3 FFEGORNER

R e EER XAE AW f#x k| #

(BHr9] REMEZS ARDS OfFREICIfifd LGS EBES L TEY, ZOHIFREED
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1o BERCEIT T AL 2 L 32 ¥ ) pEEE TV I T BT E S LT wi e, &),
V) A EEE T VIET A KGF EI 77 X 3 FORIRERET L7z,

(5] CS7BL/6 <~ A%y, pVAX/KGF %, ¥V SH&EFH FHE5E), 721338H (&
B EEOCSENES Uiz, £z day 78I S8 ER L 7z,

[FE] pVAX/KGFHI#SE T, 2> ba—AVEELIEL T, FHEFEWNA 27 (Asheroft score,
day 3), BALF f&#ifa%, FhEkE, ~7v7y —Y% (day7) »ERECHEIEh, U oEBRkE,
A FuaFy 7o) AEOHIHENER 258D 7 (day 7). —iBERGE CIEHIHRIR A D 29> 72, Day
TIENHESHECIIRETI S BEMEE L LU T, day 14 @ BALF ZEMREE GRS 72,

Uiism] pVAX/KGF OS5I L D, ¥ ) H [REE TS S h, BEHHRA R EF RS & 50
EEFROBEEIEEEFOE- D 5 2HB cEZ ohi, —F, BRSBTS TRIEE 2
HL 27, BEOEEAOERICHEICEL T, EELRNE2ET L L L b, 356 2F0OMR
SPNETH 5.

The Effect of KGF-expressing Plasmid Vector on
Silica-induced Lung Injury

Hiroyuki Nagase, Hisanao Yoshihara, Hirofumi Ishida, and Ken Ohta
Department of Medicine, Teikyo University School of Medicine

[Rationale] The repair of alveolar epithelial cells is an important process in recovery from lung
injury. KGF (keratinocyte growth factor) is a growth factor for alveolar type II cells and previous
studies have shown the protective effect of KGF on various experimental lung injury models. But to
date, the effect of KGF on silica-induced lung injury, which shows the slowly progressive lung fibrosis,
has not been reported and most of the previous studies utilized the recombinant KGF protein. The aim
of the present study is to clarify the effect of KGF expressing vector pVAX/KGF on silica-induced lung
injury model.

[Method] Six weeks old male C57/BL6 mice were intranasally administered 16 mg of silica
particle. pVAX/KGF was intratracheally administered (1) 24 hr before, (2) 24 hr after, or (3) 24 hr
before and 7 days after silica administration.

[Results] When pVAX/KGF was administered before silica, total cell counts, the number of
neutrophils and macrophages in BALF at day 7 were significantly decreased compared to control. The
histological change (Ashcroft score: day 3) was also diminished and hydroxyproline content tended to
be decreased by pVAX-KGF pre-treatment. In contrast, when pVAX/KGF was administered after
silica, suppressive effect was not observed. When pVAX/KGF was additionally administered at day 7
after pre-treatment, the BALF cell count was significantly increased at day 14.

[Conclusion] Pre-treatment by pVAX/KGF suppressed the lung inflammation and fibrosis in
silica-induced lung injury, suggesting the potential validity for the prevention of radiation or drug-
induced lung injury. In contrast, the protective effect of pVAX/KGF against already established lung
injury could not be observed. Further investigation about the mechanism of time dependent effect of
KGF is required.
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20,

V) A EENEE LB~y A EEE TV, 1-
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C57BL/6: 6l (HAEF +— X J/3—) %
iz, ¥V AR (RERMEECR/ JAWE4S] /et
eATH, BAEERBEERS, ) &, 4AHEg
ek iz BB, ultrasonicate L7z b D EHW,

75 A3 RR7 ¥ - hKGFEET AL
pVAX/KGF %\ iz, ERERES & LT, HEK293
fawz pVAX/KGF % transfect L, KGF & HFEHLH
M, B b L B ICFED 5415 Z & & western blott-
ing THESR U7z, F7-&0E R MHfErE 16- HBE 12, in
vitro T pVAX/lacZ % 4 F& O % F > T transfect
#% 12 B-galactosidase & TE M B2 # = 3F % L,
Lipofectamine 2000 DFFEIMENL TV 5 Z L fER L
7z, 512, in vivo T pYAX/lacZ % Lipofectamine
2000 % AW CRENE S L, fiiflEss g-galactosidase
TS e B 2k RRER LTz,
® = ban:

B 1R 3EERFE LIz, (A) ¥V A58 241
M pVAX/KGF 2% 53 2 i 55, (B) ¥V
% 5B 24 BRI pVAX/KGF 2 53 5 B 5
B, (C) &) o S8 24 WERERT, 7 BRI pVAX/KGF
55 2EHRGHERE L.

V) AR FRRER L, 16 mg/IL% m@f 5Lz, 7
523 RR2F—IZBL T, pVAX/KGF2 pg % 5
ul @ Lipofectamine 2000 & #5EFTIZIE L, PBS TR
B 50ul £1,26GCREARS L. windr—
FNVHEBT RS L. BEarybo—L e LT, 51
@ Lipofectamine 2000 % PBS TH&E S0ul & L7286 D
2RELU7.

@ FT:

MR LIEAT Ya— T, [LE XML
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7273, pVAX/KGF #5%# (KGF (+)) Ti, BB

e
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B KGF (+)
100 -
50 -
0
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3 pVAX/KGF 504 Fuxy 7ol V&
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4 pVAX/KGF Hi#t-5 % DN R

Score

4 1O KGF (—)

H KGF (+
3 A o ( ) T
|
2 -
#%p < 0.01
1 -
0
day 3 7

5 pVAX/KGF Hi#&5#®D Ashcroft Score

BALF & s vz (B 2A), MifgsmE e L
Tk, FHERE < o7 7y - VEREECIE s
7z (X 2B),

2 ) HIHREEE T 7 AT B KGF BT 7 A 2 FREO%R

] 2’(5105 (] Lymphocyte
] B Neutrophil
10 . T T B Macrophage

7.5 4
5
25 -

(=) 1ug

2 ug

4 ug

PVAX/KGF

6 pVAX/KGF #%#5% 0 BALF {3 (day 14)

score ug/lung
8 - 500 -
6| 400 I

(=) 1ug 2ug 4ug

PVAX/KGF

300 -
200
1004

0.

(—) Tug 2ug 4ug
pVAX/KGF

7 pVAX/KGF 15 D Ashcroft Score 8 & U/ A F o F &
7Y VB (day 14)

7z, M LOEFENIEETH BN A FuFy
oY) X, pVAX/KGF 5T day 7 i HI5I{tER %
KLz (E3). Mgy, Y25 TRDL e
2 fipufEEE OEES, KEMEE IH s e &
4). Ashcroft score TAa 7T 3 &, day3 o FE
W & 4, day 7 CIHMEER 2R L7 (B45). Bk
DE3, YIAHKEETYAMEETT VI
T, pVAX/KGF OFi#5 13 SRR, Stz
kL 7z,
(2) pVAX/KGF ##%50%h%E

—7, ¥V AEEOEHA W pVAX/KGF 2517
&, BALF W ho HIERE b, BRI
#Hlx izt 6), Fiz, N Fufy 7ol
%, Ashcroft score bHIFI I N7 (7).
(3) pVAX/KGF2 [E#%5 D%hE

& 512, pYAX/KGF Hift 5 C5R0 & h i fifEEl
HIZNER DS, pVAX/KGF O day 7 TOENRS Tvd
B N B BiE L7z, day 712 pVAX/KGF %
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I KGF (—)
B KGF (+)
B KGF (H)(+)

0 4
day

#p < 0.01 =
*p < 0.05 ]

3 7

7 14 3 7 14 14

8 pVAX/KGF2 [E#57%% 0 BALF HiiE5

score [JKGF (=)
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O..
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+)
100 -
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day 3 7 14

9 pVAX/KGF2 [E#5# 0D Ashcroft Score 8L UNA FuFy 7l V&

%1 pVAX/KGF OEESRAHIC L 28R OER

BALF
Total | Neu Mp | HOP | Ashcroft
mEE L L[ [V
d7 d7 d7 d3
B’rE | > — - | - —
2ERSE | ¢ — 1 — —

EBIRET % L, BEEHRSGHICHEL T, dayldD
BALF Sl B RECEEINL TB Y (K 8A), Hifg
SIETIEY NBR, v ru vy —YUREREICEINLT
Wiz (X 8B). iz, BIHESIC L 211 FoFyFo
V& (K 9A), Ashcrofi score (X 9B) ~DEERE
BN roTz,

UEOERE2R1CZ LD S L, pVAX/KGF OF|
BE IR, SR Ln, e T
WWERLCIHEERZFED T, day 7 TEIMBEES T 5 &,
day 14 12817 2 RIEMPGRREIZER L 72,

z =B

SEIOMET, pVAX/KGF % 3V A #5511 5
G U256, KM MRE e isL 5 3
ZEPIRENT, £, AgEwmEL T, IR FR
7 ¥ —% iz KGF OEFIFEFOEIE D "E S h
7z,

KGF 12 & 2 ifESHsr & UCid, IR -
FARaDsETE, W, MR fEET % 2 &9, Akt {77
PRI IIE L FHIREZE 26 35 2 &3, in vitro'®, in
vivo' TIRENTB Y, HIFTETEIELE & AIREsnHlic
EoT, MEEZESE L, BEREEZEET 22 0
MEIN TV 5, BT 7 VORI, KGF #5112
koT, TvA~A iz kB BALF HE AT,
TGF-p % PDGF-BB EEAEMD, I BUfiifg - R iffaia
80, ISR, 05—~ VRN, y—7 72
7 v MDD MIGIE N, LERRERIC L - THiE
ENIFIE NS Z ENRBEENT WS, EHI1Z, Na-
K ATPase ! subunit SR 2GS 5 Z £ T, EED
HNT A RWEL, BIEFEEEN T 2 R bR
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ENTW B, SEOKRET T, ¥ ) A5 % day 3 &
V5 BHEE2 & Asheroft  score DHIFI RO 7208 (K
5), Ashcroft score iZFIZHIfBIEE % 2 2 71L¥ % 72
», FHAOREREOHIE VK S -tk D
5.

KGF #5112 & 3 BALF flfgsrEmoZftic D n»T
X, INECEElAEHES VY, SEIOMR T,
PVAX/KGF Bt 52 L > T¥ Y 212 X % RIGEME
EEEIH s, ZOBF e LT, g bR
3t (necrosis) OHIENZFED KIEMEY A bAA > -7 E
B A Vi EOREIIEISEIEE L LTE 2o NS, £
7z, NA FuFy 7ol VEEPHEBER LR 2
5, b IIEIS NS Z LR a s, KGF 5
12 k-, TGF-p < PDGF-BBEANIFI &2
L8 in vivo THESINTBE DD, M IIHEIORE &
LTiE, I DRERMEEY 4 bAoA > OEEME
B IS NI BRTH D AREELH S, TheiD
W, il EEZECERT DY A M A Ve
EHA DE SR IBNPULETDH 5,

R ClE, FEERIIHIL 2 588 0T T Mic
BT, KGF EHBHEEG ST 505, IRRIEIR
»61E, BEOMESZWEL I B0 EINVERT
Hs, LrLiars, SHEOBKET T, pVAX/KGF
23 ARIRE LIS, MEECIFIRIR 2
Wwigmote, VU ARSI, BHCRERIR)FE)
LT A EMER S D, BHIREEC X 2PN
D7 & 0T, BN IEEIC pVAXT/KGF %3
transfect U 2 22> 7o AIREEDS D 5, £72, 8 T
X 21z, pVAX/KGF %5 Li-8%6, day 7 TiEHl
Haysim 2 BB HIH U 7228, day 14 CliEflidIfERN &
g o Tn5, 72, Ashcroft score (B 9A) oA F
u¥xy7ul & 9B WELTH, day7 £ T
HIEHER 2500 7258, day 14 TOEEFFED SN TWE
v, BIROEHFEOB S 51X, L O RIAOKET DS
EThD,

X 512, KGF % day 7 [N S L7254, day 14
DOHRFEIEEREIE L L AR LT 2 £ 6, PBERIN
V7 OB ST, RIE T TRINCEELS 1Lz LA
Feicid U Cid, KGF IZEHREB L3RR 2 ERZ &
ETHREEDEZ oND, £, KEMEICBT S
KGF SHEFHRIC OV T ORI EHE XL w, B
FEERE L 72 SSTEMRE %2 KGF 2SEEEEAL U /- "TReE
HEZ 5ND, REMIEPEE L LR T 2

o) A I E Vv 7 AT B KGF #ELT 7 A 3 FIRREGORR

KGF SZZAFEH AR & SBRORFIERETH

7SR I Ry ¥ —% Wz pYAX/KGF OHif%
Hizky, vy hckAMEEFHSNE, D02
Lid, BEHEREREAIR S X 5 EE T OEE
MIEBHFE DIERE T2 D S AHIR EE 2 sz, —T5,
pVAX/KGF D##E LB 5 T imkEE 2 1
L2, BERC k> TR 2ERRIT LT, BE
WHIE L T A EEAOERIGHCEL T, EE
RS R ET S & Ly, invivo TD KGF OFERD
SREED IR SN, SR ABTFORNEETSHD
EEZ B,
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TV A oA L HENHEEE T VICBIT S
BRI R R DR

gEA T W W mE EM  RE WET

AR, EBERIIEREMIIE (Bone marrow mesenchymal stem cells; BMMSCs) %%, 7VA <4 ¥
SO 7 2 OREL RISMEEDBIBICES T 5 Z e EESN TS, LrL, BHEE
H &N T 5% & 1355 BMMSCs (Conventionally cultured BMMSCs ; ConBMMSCs) Th b, RRIR
SEICKE LT 2 DEESEERIES L OBEL b 5T BRSNS, Lo TEEIM 2 RINRICE »72

BMMSCs (Minimally cultured BMMSCs ; MinBMMSCs) OB K ORI ERES L7z, BHES <O
SPT, EBEEEEHEI O 5 B O BEERRMN K OIS PY B2 RBRARAE & B v 72l 2 murineBMMSCs &
LTHWT WA T8, B3 2 e BHESHIio > 5, CDI11b-CD31-CD45-#ifd % MinBMM-
SCs & L7z, —/, ConBMMSCs I3k ¥ 80, B5MinEiEE 2 HR W HEEzREL, &
51z 7 BEsE L7248, CDI11b-CD4S-{il% S8 L B 7., SEEL 23538 L 72 MinBMMSCs 1%, £5
2512 C ConBMMSCs & EREOTEE R R L, 20 2 DORLIXFA—OMIIITH 5 T L BHERR TS e,
F 7- BMMSCs 13523512 L >, 1) $fay 1 XH3ERL, MERNmMOEESEL L5 Ik, 2) %<
DrEHA VLY T T —OFRENFEET 5 2 &, 3) BHEREMET T2 Z &g olz, e,
NS L 72 ConBMMSCs It MinBMMSCs & G U CHREDSIRFE L TB Y, 71 <A ¥ ‘/%
SRR E 70 7 P IeHs 2 HIHEVARIC 5 T MinBMMSCs 28 & D ZERIVT & 2 ATREMEDSNIE
nie.

Establishment of cell-based therapy
for bleomycin-induced pulmonary fibrosis
with bone marrow derived mesenchymal stem cells

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

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

Bone marrow mesenchymal stem cells (BMMSCs) have been proven to be a potential tool for tissue
repair including bleomycin-induced pulmonary fibrosis in mice. Conventionally cultured BMMSCs
(ConBMMSCs) have been used in most therapeutic strategies. However, the culture process may be an
obstacle to clinical application of ConBMMSCs. Thus the identification of the biological properties of
minimally cultured BMMSCs (MinBMMSCs) and its effect on tissue repair may enable establishment of
more effective cell-based therapy. Since it has already been reported that murineBMMSCs (except
endothelial stem cell lineage and myeloid lineage) are plastic adherent cells, we isolated CD45-CDl11b~-
CD3l-cells at early time period of their adherence (2 hrs) as MinBMMSCs. On the other hand,
ConBMMSCs were isolated as previously described. Briefly, whole bone marrow cells were cultured for
48 h and then the nonadherent cells were removed. Cells were cultured for additional 7 days and then
cells positive for CD45 or CD11b were removed. When MinBMMSCs were cultured again, they showed
morphological similarity with ConBMMSCs, suggesting MinBMMSCs and ConBMMSCs are the same
cells. Depending on the duration of culture, BMMSCs increased in their cell size and cellularity, and
decreased expression of chemokine receptor and multiplication speed. These data suggest that ConBM-
MSCs are impaired in comparison to MinBMMSCs, and MinBMMSC:s are likely to be more effective tool
for cell-based therapy.
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[EC&IC

IR, BRI, ARETE, IR, B
TERED GVHD il 7 & ORRZ B A BT 5 2 &0
3o TETBY, FrLWHIEROY —V & UTH
FahTws, WRBSEFICB VLT, HREE, i
S L Voo ERERIRERESHEL SN T
WEBOBYIETFTVMIBWTEHTH 2 L OHBEN
HBHO, Lipl, HIEMRE S Tw 5558 BMMSCs
(ConBMMSCs) i3, BPEHARI D AE M & AMEEAN
DFFCIETMETH Y, HEARETLEL 2 BYIE
A, —IRENCEEERIRICENINE L5 7 Y IE D & DRRGE
(VA >, TANVAR) R, UVIIEEHT 3 HEK
O, FI-BEEIC o ZEFOH L &, BIRIGRIZEL
TR BRI Z Tnd, —F, SHEZ BHETL
7o BRI 2 5/ NR 2B 72 MinBMMSCs T, 44
ELRERLAORT, © MINETE»x 2 2R
HY, ZO& > LERIGHEEBLMESFR IS &
WifF a5, %72, BMMSCs I35 BIIAE L 2> & A
DEADIEE D, SHMEEEPIETERENME 32 2 & H5HE
HINTED™, BEHHTCROEREE 2 &7 LT
B & - TEENER SN LW RED 5 5919,
oD Es, MinBMMSCs 13 ConBMMSCs &
HE U T & 0 B TR ER B D IR DR
Band, SEELIZMinBMMSCs D458 %34 5
EEBHIZ, FOMHWEIZOWTEF L,

R~

MinBMMSCs i3, 6-8 ¥ C57BL/6J = 7 A DARR
BRUKEO BRI R LTI B L 2B i
i (3-5x107 {E/100 mmdish) % 2 RSB L, FE$E
Bl ERE LR, BEEMlE, S magnetic beads 12
C CD11b-CD31-CD45-ffifa = 738t L T 7=, —7,
ConBMMSCs i, i3 2 HEROSBHEHilE L 0 IFEE
fREERAL, a5 7 HEEEL, BEEflade
CD31 IO U s o T 12, BRI mag-
netic beads {2 C CD11b-CD45-fffid % 538 L T 1577,
KX, 20% FBS % & ¥ DMEM 2 HEPES J O}
penicillin-streptomycin Z¥RAIL 72 & D ZH L7z,

REARFAR TR FE R R F PR
* UV E AN EOCEE S 5 AN SEaTseE

BMMSCs DEFEIC L A a4 4 X LN E O
R LI 7 o —Y 4 b X DY — I T L7z,
BMMSCs OHEFET v A 1%, BEEW I BrdU 28
L, 4545V A Lk, BrdU FLOW KIT (BD
Biosciences) % A v» T MinBMMSCs & ConBMMSCs
W& D BrdU B3R 7% & U2 DNA B2 L, &
ST VA=A v EREFO CD45-CD31- DA,
% b MEGRHIRE K O B BB % B v 7o i
TOT €S A »REDOBRZ L% PCR I T f#HT
L, TNFNEHTET75EHA v 7l7—DFKER
MinBMMSCs & ConBMMSCs 2 3 \» T Real time
PCRIZT, ML 7.

v v A EREE MR E I &L VBRI AR 3
Fcoarn s M5 (1), ZAREOREOM
fanyEREHEEER AN (ConBMMSCs) ThH DY, &
[l ez A3 43 B U 72 MinBMMSCs &, B I L->T
ConBMMSCs & [FIFOEEE R LTz (®2). MSC I&
BRI K- T, D) Mgy AL, MfaAEE
DE %52k ([3), 2 ZLDrENf v ES
Y —DFEENWIT LI & (4, 3) WHEEIET
528 (W3 Baohole, £z, RTATVvE <A
¥ HEIRHEE T 7 v OFEEN - W RITHEI B
WT, BMMSCs THEL TWa7rEhA Y1t
5T BB D T A CFIEEENTED S
7z (4 6).

1 SPEEHEEEE s Ea NS, GRS HE)
AT & D, a. endothelial stem-cell lineage b. myeloid lincage
c. ConBMMSCs T& %,
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Positive for CD45, CD11b or CD31 Negative for CD45, CD11b and CD31
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(MinBMMSCs) (¢ and d) OFHCSHF, #hFh 14 AREEE Lz, MinBMMSCs 13553812 & o T, ConBMMSCs & [EfrDBEEAR L7z,
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Whole BM-2hr-adherent cells Whole BM-8d-adherent cells
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T1023

A
GO/B1:67.8% G2+MAT%

7AAD T 7AAD

MinBMMSCs

8:89.6%
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GHGI:51% GoHM3A% | o cdGiB01% GasmMoey OB

AAD 7AAD

4 MinBMMSCs #& ConBMMSCs 12 Fh "CHEFEAE DSBS W,
B2 10 M @ BrdU &3z 45 2R84 2 2 £, BrdU % SHIOHMIMICH DA £, £ DNA IKRET 20FE (T-AAD) L DA ED
B CHINERIRA % BT L 72, MIinBMMSCs T34 90% ORIIEAS SHICH Y, IERITEIEL T 5 2 L2553 3,
SHA (DNA &, GO/G1 I (RiLHR), G2/MER (5354)
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T T T T T
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2 s 2 : S
Q Q Q Q Q
— N o« <t W
x © o 4 o
e | g o & g
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I T T T e
e o [} o) al
: s 2 s 2
Q 0 Q 0 Q
Qe o %) < 0
i [ i o o
% g : : 8
3]
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T T T T &)
o o o a &
o o o o <
k) R R k) Q
«© M~ o) [22] E -
£ z g 2 5
1] o ) o X
Min Con Min Con Min Con Con O Min Con

5 MinBMMSCs & ConBMMSCs D7 &4 A > L& 7 ¥ —FIRO L
Real time PCR ICTHEHT L 72 & T DT EH A4 L& 7 —1F, ConBMMSCs IZ iR T MinBMMSCs I8 W T L D B L Tz,
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Fractalkine [OMESRRE EE

IP-10 [0

SLC

normal dayl day3 day7

Tt e A VR T TV BT 5B R R R B ATE OGS

TECK

Eotaxin

BLC

Mig

normal dayl day3 day7

6 TLAwA Y BRSO CDAS-CD3I-HIIIENT B 5 7 h A L FRORRZE L
5CARLY BMMSCs THREL TV A7 EH 4 YV e 7Y — s T 282 27 & h A > OFEEFRO 511,

£ B

BRI REIIE, T CIOUER B OEEICS
BERIGHAOBEDIAE > TBYD, SBIHICEHLD
BRI AFABNEREEh WS, L, BHE—
#212 BMMSCs & SN TW A DRI N bDOTH
D, BRI B AR R ESERIGAICBRL T
BELis L FRISNE, 2 I Thhbhid, BEH
% 5/ NRIZEE © 72 MinBMMSCs 217 L, %O
B2 DT ConBMMSCs & LHigRsT Uz, T OGS
B BMMSCs 35581 & » TRELL L, MlEAZEEDS
EL A LARE N, MR CEL TERE K
T 2 fEE SR S iz, %72, ConBMMSCs /& Min-
BMMSCs & IR L T, HIEREPZEIIET L THY,
BEETHRIRAN LR T 27 EhA YT ET7 T
47y —DFKBELEFEFICETEL Tndb 2 en
FEN, DEOZ LD, TvAd A v oEEENE
=E 7z LT, MinBMMSCs (3 ConBMMSCs X
DY L DENTSIREFE T SRS TRIR S N,
I 7E k3% BMMSCs (ConBMMSCs) A3 & 11T W
2E—OBEER, MEROERTH 525, MinBMM-
SCs DENT-BERELS B DRI BB T 5 Z & b I
ahb, S8, vUATVvEA Y UBREEEET
LEREWT, EERNIZB T % MinBMMSCs & U Con-
BMMSCs DHIAFEE A i bamsing, Hv bRl
~DSLRER: E DR R HED T S LBEBDH 5.
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