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Background : It is now thought that the earliest manifestation of idiopathic pulmonary fibrosis is alveolitis,
that is, an accumulation of inflammatory and immune effector cells within alveolar walls and spaces. Inflam-
matory cells including alveolar macrophages and resident normal pulmonary tissue cells participate through the
release of many variable mediators such as inflammatory growth factors and cytokines, which contribute to tis-
sue damage and finally cause chronic pulmonary inflammation and fibrosis. This study was performed to inves-
tigate the source and distribution pattern of transforming growth factor-8,(TGF-£,), platelet derived growth
factor(PDGF), basic fibroblast ‘growth factor(bFGF), interleukin 1(IL-1), interleukin 6(IL-6), tumor necrosis
factor-& (TNF-a) and the role of these mediators on bleomycin(BLM)-induced pulmonary injury and fibrosis
in rats.

Method : Wistar rats were divided into three groups(control group, BLM treated group, BLM and vitamine E
treated group). Animals were sacrificed periodically at 1, 2, 3, 4, 5, 7, 14, 21, 28 days after saline or BLM
administration. The effects were compared to the results of bronchoalveolar lavage fluid analysis, light micro-
scopic findings, immunohistochemical stains for six different mediators(TGF-8,, PDGF, bFGF, IL-1, IL-6 and
TNF-2) and mF.NA in situ hybridization for TGF-3,.
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Results : IL-1 and IL-6 are maximally expressed at postbleomycin 1~7th day which are mainly produced by
neutrophils and bronchiolar epithelium. It is thought that they induce recruitment of inflammatory cells at the in-
jury site. The expression of IL-1 and IL-6 at the bronchiolar epithelium within 7th day is an indirect evidence of
contribution of bronchiolar epithelial cells to promote and maintain the inflammatory and immune responses
adjacent to the airways. TNF-¢ is mainly produced by neutrophils and bronchiolar epithelial cells during 1~ 5th
day, alveolar macrophages during 7~28th day. At the earlier period, TNF-a causes recruitment of inflammatory
cells at the injury site and later stimulates pulmonary fibrosis. The main secreting cells of TGF-3, are alveolar
macrophages and bronchiolar epithelium and the target is pulmonary fibroblasts and extracellular matrix. TGF-4,
and PDGF stimulate proliferation of pulmonary fibroblasts and TGF-8, and bFGF incite the fibroblasts to pro-
duce extracellular matrix. The vitamine E and BLM treated group shows few positive cells(p<0.05).
Conclusion : After endothelial and epithelial injury, the neutrophils and bronchiolar epithelium secrete IL-1, IL-6,
TNF-a which induce infiltration of many neutrophils. It is thought that variable enzymes and O, radicals released
by these neutrophils cause destruction of normal lung architecture and progression of pulmonary fibrosis. At the
7~28th day, TGF-54,, PDGF, bFGF, TNF-« secreted by alveolar macrophages sting pulmonhary fibroblasts into
proliferating with increased production of extracellular matrix and finally, they make progression of pulmonary
fibrosis. TNF-a compares quite important with TGF-8, to cause pulmonary fibrosis. Vitamine E seems to de-
crease the extent of BLM induced pulmonary fibrosis.
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1. AHES N AHE

NZARE 1247 870 AgA12 AF 200gu9]
o ¢4 Wistar 94 1710}2l8 dz2(275))),
BLM%o}z(72512)) 2 BLM3 wlegiwl E HEF
G2(720k]) 8] 3202 Urol(X 1) YL
BLM Fo% A 14, 249, 3¢, 44, 5¢, 74,
149, 219, 28] 22 WZ 8els} =2 3
clelg B Eakskic).

2. %3 Foi YUY

WAE ether nj3tel] AUl w2 3t
7 4940 2814171 BLM(NIPPON KAYAKU
Co., Tokyo, Japan, A4%9 Bleocin)& #H= 200
gmZ 1.5unit¥d Hxjo] Ak FFEAHE o]R-3d
Al old Z|BANE T3t vlER E(e

Table 1. Experimental and control group

A 1T 3% =T 27u}g]

A 27 Bleomycin $EFF 720}

A 37 Bleomycin 3 Hlglwl E W§§8F 720
o

tocopherol ; Sigma Chemical Co., St. Louis, Mis-
souri)= bleomycin Fof 2UARE =4 wzlx|
255 7]18d &3AA 100mg/kg/dayS ol 7
FEd gt dE2Ee 0.3mle] B HEFE 2
& oz Rojngc.

3. ALY

7} 713=] A X AY e

AYFEL A5 EAF pentobarbital 30mg/kgE
el FAEH wlHA0 £ 59 A (aortic
exanguination)3te] TA8IATE. EA% SE& H
F9)x2 & delstd e 71BAE 71T ZHAFAA
AFT F £5 day I &3 A95(PBS)7H
25cm H09 ¢80z ZFHd o3 FU=A =
g three way tube& o] 83l 3ml¥ 53] FI3}%
o). Z+ FUAoie 2ofo] Hujo 384 oREA &
H FE€o o3 e AHYE o2 AN &
712l 50ml §-Fe] 937 Aol =gt s
AqHPL 4C YAEEZIWAA 1,500r.p.m.2] &=
21087 AEEEe A4Ede AAstn JRF
AEZe RPMI 1,640 sjA2 23] o AH3}
Hemocytometer & ¢]&-3lad METE I F
AXFes 7184 X AHY mig NEF2 533

Table 2. Evaluation criteria of positive expres-
sion of growth factors and cytokines

7182 A E

<10:1+, 10~20:2+, >20:3+
A A

<10: 1+, 10~20:2+, >20:3+
AFAE (B8 9 V181 9, dx7h, dx3
ZAW)

<20: 14+, 20~40:2+, 41~60:3+, >
60 : 4+
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gt o] & NEZSE 1.0x10%mlz &3 F 200
p1& AHsS QARYAAM solzd =2 HE
% Wright-Giemsa @28 A&t 4 AIEE
& 7] 22X micrometer it AZE o4, %
Fu|F oz 4008 AlokelA 500709 AEE Ao
A 1 8]&g EABISC

. By B

gty AAE 99 HE5AE 10% T4 £22
Yol 8AIZF nAE F, BAte] W] wt A,
2kl ¥oi3gE AX Spme] A&HEAUE HE F
hematoxylin-eosin §4& Algstdon], Y A+
o] R¥ & 1793l Masson's trichrome g 4& A3}
3t

o} Agye)

A& AHHE poly-L-lysine 2.2 A28 &elojuo) &
¢l & xyleneo.2 YH¥AIZ|Z GFLo AL F
1087 3% H,0,01 H2)sked WA peroxidase &
apdetedot. 383G RS2 AT £ 10mM sodi-
um citrate buffer (pH 6.0)°) ¥20] 1087 %
dyig 7tgaldet. Jldo] B & 2= gl o
1587 213 & PBSE 587 £AI8 Y. LA
= TGF-p4 (Santa-Cruz Biotechnology Inc.,
Santa Cruz, CA, USA), PDGF (Oncogene Sci-
ence Inc., Uniondale, NY, USA, Ab-1), bFGF
(Santa Cruz Biotechnology Inc., Santa Cruz,
CA, USA)9 74 1:400c2 343193 TNF-a

(Genzyme Corporation, Cambridge, MA, USA) ‘

= 1: 500, IL-1(R and D system, AB-200 NA),
IL-6(R and D system, AB-406 NA)= 2442} 1 :
20002 A3t A RESAIZES A2oA] 14
7r8tg e biotinylated
biotinylated anti-rabbit IgG (DAKO Corp,
Carpinteria, CA, USA)$} 30%-, peroxidase con-
jugated streptavidin (DAKO Corp., Carpinteria,
CA, USA)e) 30% &< ARz w3417l PBS2

anti-mouse  IgG,

X337 & aminoethyl carbazole( AEC) &2 #2312
hematoxylin®. & tx gMsle] 33 Hu)AsloA
AMstt. Zk 44U 2 cytokineo] A4, Al
718 4d B¥Y 9 A=E AEgtE oF wEd
e g 71E (E 2)& AR WUkl 10
3to] 1ul-& Alek(high power field, HPF)& £219]
2 Aesle g4 AZFE UL o5 A &
Aol mujgAlord gl MEFE DFo] F7EHA
t}.

g}. TGF-44] 9% mRNA 20328 Al

(TGF-8, mRNA in situ hybridization)
TGF-4,91 W3 30mer oligonucleotide antisense
probe& A z3}l (5'-GAAGTTGGCATGGTAGC
CCTTGGGCTCGTG-3’, Takara biomedicals) §’
end®]| digoxigening labellingdled $48%2% 4
A A1Eldel. B2RFEF HARs  Fisher
Biotech.ol|4} A]Z% MicroProbe staining system
& olgstglon xyleneo 2 WIS AX £ &
FEZ 95E pepsing 3027 37CAA x84
t}. Prehybe plusel] &@tol=g& A 37°CollA A
2]8t & TGF-4, probeg] B2WZ2E HAR= 110
TolA 2087 ¥4 (denaturation) Al ¥ post
hybe2 A|&3§+ % ribonuclease(RNase)E& <F 30
27k 37Cd HHskyct.  KREATECH
digoxigenin detection system( KREATECH bio-
technology, Amsterdam, Netherlands)/alkaline
phosphatase assay& ©]&3}g1 5-bromo-4-
chloro-3-indolyl-phosphate(BCIP), nitro blue
tetrazolium(NBT)& o]&3le A2 (detection)s}
ch.

o}. B8N

A8 F £x3 E R A £4e 4 4%
T7te] Wals vim 24517] $isled SAS program
£ olg3t 2292 EARNYE HEepAo=
Kruskal-Wallis Test2 ZAA34c}.
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7t 7122 SE AL HEE R F A ES

AETEL 4zte] AYT Al TAtold BAIH R &
g ztol= fldiom 2 WHele 93.1%904 100%
et & Axee FdzTd vid BLME Fofd
F AT $ATH ez gIA wkedl (p<0.
05), BLMFo{Z2 147H 149717 o 2~4uj=
7 e Al 4o Hugld =2% F M9
Za37] Alaste Al 28Yedle A dEEH vl
& gtoll =23t vlg E 3RS A 5Y
o HuAo =EF A3 it A 28U A
o] =2 vls=d gholl =28 (28 1.

. 7128A] S E AR de] GFAE Y]
BARAETL 95% oldo] FHTF-Z o] FolA Qe
Y BLME®AFe 4 2958 4771 4T 23970

2 F7kek7] ARzt Al 49 HaE 295782 F
azxo] 2 o|F FH3 #Aa, Al TLF dxIH
vz ZtH( 23 2). BLMEdZF 4= 4 4,
Sl HFE 102702 dAlHeg Frlsiglen Hx
TE Al 3YRE B 138702 FUst A 2897t
2 B 102702 A&H o2 {A=EJ. vefd E
WitFoe] 79 BLM dsFog vj8 s =
A Al 5Ll Hzell 2T F 1447 5H3] &
4, I oJF 2= MA3] Zaske e BT

2. FEpiold oA

7}. Hematoxylin-eosin g4 42

thzz3} velg E BiRolre A9 d A7)t
722 BLMEATZHEL 452 vy Afshe
gt BLM Rl A §-Fo] BLM %o 4 1
YRE A8 F9e FA 0 23, dE2FHAA
TRHRD HAEFH9 5L 3, 49 XAt
7} 5YRE #24ad] AFEle TdATEe AL &

16 1
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Fig. 1. Total cell counts of bleomycin treated group and control group. There is significant dif-
ference between control and BLM treated group. There is significant difference between
control and bleomycin with vitamine E cotreated group, also. (p<0.05) (BLM :
bleomycin treated group, BLM+E : bleomycin and vitamine E treated group)
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Fig. 2. The changes of percentage of neutrophils in the bronchoalveclar lavage fluid during ex-
perimental period. The value of neutrophil percentage is significantly different between
the control and BLM treated group and the same is between the control and BLM with

vitamine E cotreated group
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BLM 5% A 3Y5E #2577 38t 7do|1%:
7V} Al 28U7kA] A&H oz BEEHIYC o)
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7] ARSI BI2AY HANES ZejdE o)
DYRE A6 Yo et Al 14 2Y
3 4 A2 wo] YolXuA BEAbo s vuzhy
AT ok Koyl ARSI, A 21dFER
He 9d A47 O 448 tom Ushde
A 28Ul hgo s 4% wYd AHE olF
oj7 As3E By

1}. Masson’s trichrome g2

zZ vell E ¥gFeFe] 49 BLMFAE
7} ulwEted Bt of RPA Aeel AFe I3 n)
oslgict. BLMESZE 7dolF =2 a4
27t moQle 2l vAdEs mgd deel Ao
Boly] A&t EA 14¢, 219, 28Y=2 AP o}
2} Ay zslet A44 TGF-B 0| oz wds
© Rofl 1A Af9 Ado] BAEAUTH
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Fig. 3. The immunohistochemical finding of TGF-g,. A : Positive reaction of peribronchiolar in-
flammatory cells(lymphocytes, monocytes) B : Positive reaction of perivascular inflam-
matory cells(neutrophils, lymphocytes, monocytes) (left : x 200, right : x400) C : Posi-
tive reaction of endothelial cells and intravascular inflammatory cells D : Positive reac-
tion of bronchiolar epithelial cells E : Positive reaction of interstitial organized macro-
phages F' : Positive reaction of interstitial extracellular matrix( x 400)

3. HAZTE|sa HY4H

7} IL-13} IL-62) 9444

278 g7 1~27)/HPF, vjelgl E ¥3lso
& BF 2~471/HPFe) FHAE4E 8 v
BLM%-cl#& B 1071/HPF o] A 248 1}e}
dol tzol sl A FYHESE B3
BLM¥o79 79 IL-13 IL-6& Ao SYd A
E, $UT F9lo vlne Ao PYAEFE e
Qs 719 Azl QAsE PAESE
IL-1(#H7 2671 /HPF)e] IL-6(H# 1971 /HPF)
uo Beth A 1ol 718 ASNE, Qe

AE, 7182 FE YJZF, AT L FYFoA
T 1471 /HPF 9] JAAE7} SHAGUD A 2olF
FAEL7}F HF 3670 /HPF 2 32%) Z7)15a 7+
Az giaNEdx Fges WY A28t
Aot Al 59 Ame] SPAEFR(HT S5/
HPF)E& Byom 1 olf FPMES7} F43] i
8to] A TARE 718A] GuAE] Lo &4
o2 ASBFHAL 14LRE= F2 YA EANA
A(#HT 1371/HPF) & BgEt o)gst iy s=
289742 I3 KA. A TLRE 289
ol2717] e % HEh A el gL
TGF-4.7 $4&cH( 1] 4, 5, 6).
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Fig. 4. The changes of number of positive cells per high power field(HPF) during experimental
period. The positive number of IL~1 and IL-6 immunoreactive cells is increasing until 5
day and thereafter is decreasing. That of TNF-¢ is increasing until postbleomycin 7th
day, maintaining similar number until 21th day and decreasing thereafter. The pattern
of those of TGF-8,, PDGF, bFGF is similar which reveal increasing until postbleomycin

7th day and decreasing thereafter
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2 gl 2o] ool Al 2YolE AR A&
g 247, QANE, gegd e Bk Al 4
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Fig. 5. Changes of positive bronchiolar epithelial cells per high power field(HPF). The positive
immunoreactivity of IL-1, Il.--6, PDGF convert negative reaction after postbleomycin 5
th day. That of TNF-a and TGF-g; reveals increasing number of positive expression
until postbleomycin 5th day, while the number of positive reaction for TGF-2, is decreas-
ing after postbleomycin 7th day, that of TNF-g reveals continuously high reactivity until

postbleomycin 21th day

H2 PR NESFE AHELE w, 1~3YAtoq
£ 27 (HF 2~671/HPF)oA BasEgloy 79
7R FIMEF7Y F7HHE 3070 /HPF) sl Hn
ZE ol ¥ 14%dl= A& (37 1370 /HPF) 3y
I A 214, 28YUole HHE 9/HPF2 SAHY
t}. BLM%o x7|¢l 150]ddEe FgA¥7} F2
EFE 9 7184 9 9FAHX )1 (4378/HPF),
140 & 5els daMEs F A4 (177] /HPF)
k(g 3,4, 5, 6).

z}. PDGF9) 94142 _

FIANESE BLMSEAZ(1771/HPF)o] tizz
(¥ 27§/HPF), vielel E HYE2(IF 3~4
AN /HPF) Bk o)Al Wkth Al71d A 25
& TGF-4,3} & zo|& Kol ggton, 719 4
M LA A 2] FHLHES} o} nlokst AE(HF 5
~671/HPF)?l Asjol] TGF-4,9] Hdokgn & 2}

ol filtt. PDGF& AMEe]7]dol 44 whe-g
BEAY TGF-B9k= ohaA Alxe] 7]ddle 4%
& BT A7PEE PSS Hole AEEe
YAFEL TGF-8.3 FABIACH Y 4, 5, 6).

u}. bFGFe] Q427

tz7e] 39 FIMESFIE 37 370 /HPF, Hgh
E W3%dae §# 3~471/HPF2 BLMEdZ
o] 157)/HPFol| uja] 2JolgiAl Ao YN ESE
B bFGFE 4% 237|718 24 QaMEr} 3
HEsgor durd ¢ AHAAFE d2:AEEs
TGF-8,o1\v} PDGFRTR= & oA GdudE e
BAH(HEF 237 /HPF). 1420l% 7 7raze]
AFRME7 & (3BT 137/HPF) oM 2*4de
Hgon o3 HA-RAEe FAUAFE 28U7}
A &Aooz FUE ok (HE 197)/HPF, 24 4,
5,6).
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Fig. 6. Positive immunoreactive source for each six variable mediators. The pattern for each me-
diators is similar. At the early phase(before the 7th day), the predominant positive ex-
pression site is perivascular and peribronchiolar inflammatory cells(neutrophils, eosino-
phils, lymphocytes). For the macrophages, the scattered isolated macrophages reveal
strong positive reaction before the 7th day while the organized macrophages after the 7

th day

4. TGF-8,0] cift mRNA SAREIZEE AL (in
situ hybridization) A7

TGF-A.9 U8l A8e SLRTAE AAade @
dzAse GNLAN BRI 444 2 TRER
o} Axsk= P4e Byt BLM $6% 4] 192
BE 2890 ol2r7kA] F wEAE ¥w L 718
29 QZAE(G 247, Wx7, A7)
A TS| WAL B W 7]TA AH LA
4 whge Al 1, 29004 BRI} 3YREHE &
Hoz Wa. A I~TYAAE AZAEN B4
o MEZ7} 27kl Al Tl HuE(HT 2874/
HPF)ol 5iom 1 olF 144TREE JIHE
ol e MES7 ZA(HE 871 /HPF)SEL o)
HAE} 28 BHAE ool 28U7H PAuA
(RF 1074/HPF)o] A&5: ke HTH1d
7.

I

P2 g1 BLME 580 FAgo2H U9
A ¥ AF3E feshe 22 534 o dist
£ A7l floIA 7127t Holgth . B4
Afslel HAEF T ARIAE XIY O
cytokineo] #] AL FA3= AX &4& opy]
e 8% Atz ¢4 o o|F TGF-g»#-*
3|).’ PDGF|7.32,33)’ IL_I34~36)’ TNF_a37"‘39) %._04 xq]
AgsoAel S dig B dFEo] AP
o}.
BLM#% ¥ &49] 7|4 disiMe o= 88
4% Ho] §o} DNA-BLM-Fe®* -0, E3A| 9] 4t
sz wgAd Aa FE71E YAst olge] NFEE
Axe] =AWAdxe] zMEs}(peroxidation), DNA
strand %3, A EAPLE gt BLMEE # A
f314) B 43 20 WE 2r¥ske HEY, A3
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Fig. 7. mRNA in situ hybridization of TGF-4,. A : Positive signal of bronchiolar epithelial cells
(x200) B : Positive signal of perivascular inflammatory cells( x 400) C ! The maximal
number of positive signal is seen at the perivascular and peribronchiolar inflammatory
cells, 7th day( x40) D : Positive signal of macrophages after 14day

o] dehHuAlE &4 18 pneumocyteg) 521{4
olct. @ik uEatol whE Hstes AyhlulM| e

wjo} E@faHE £33 18 pneumocyted] FA}
olcy. dahfuide] wE Walze AT
23, 7I1Aute 2 REe] Rejoln 1 Ax} FHe 7
4 F7ho e ¥Fo] YehiA "o 18 pn-
eumocyte?] FAL= 71Age] =237 ] XY
2 23, A{RAE, dSHNEEC] Be=Es A
& 7FHem™ 113 pneumocyted] F4& gt

A Es fibrinZae] gl ko Fabsled s
ZAE-E BHlEa F5els vl @ razE
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