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£HNR . BHNEMZFH X MWABE T MEER Thl/Th2 # Tcl/Tc2, ¥ S M H ¥ ¥t % (BALF) 4
BB S, BT AZE L (HE) & Masson 46 W E A AA P RHERMHYP) WS E H
BBRAEMAHNS RNA, RAE TRIHZ-REMERM RT-PCROTRMARPEZHARBIFHRRE. W
EI[SAEFEDRABSE VD01 BAHNFS AR/ NER (FEVO. 1/FVC) # # 4& filf MR #E (Cst),
KR OWAEAEE/NR BALF 941255 NC 4 ik 8 F W E (P 3<C0. 0D, E AL HHYPE
# B FMA 415 B B EF & (P $5<C0.01), ©@FME 4 V. 1 Cst ¥%8 NC 4 8 8 F& % (P ¥ <<0. 01,
FEVO0. 1/FVCRI 8 3% F 8 (P<<0. 05) . @FEMi&F 4 481 A 7 #5 (FMA 4, T 4 Th1/Th2 fl Tcl/Te2 Z
EEF4 R Thl. Tl (REFIE R T B BT B FMB.FMC 4, ML Th2 . Te2 (REFXEMA L
EBE, Th1. Tcl BEEBRARANRE., ONARALERAPHALEREF-BI(TGF -BDMERER M
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[Abstract] Objective To investigate the kinetics of pathogenesis of bleomycin-induced pulmonary
fibrosis and its mechanism in mice. Methods Thirty-six male ICR mice were randomized as a negative
control (NC) group and pulmonary fibrosis model (FM) groups (FMA, FMB, FMC, FMD, FME sub-
groups). Except for NC group, mice in the other groups were given bleomycin by nasal instillation. Animals
in each group were sacrificed on day 6, 14, 21, 28 and 35, respectively. T lymphocytes were quantified for
Th1/Th2 and Tc1/Tc2 by flow cytometry. Accumulation of inflammatory cells in bronchioalveolar lavage
fluid (BALF) was quantified by cell count. The sections of the right lung were stained with either
hematoxylin-eosin (HE) or Masson trichrome. The left lung was weighed and its hydroxyproline (HYP)
content was assayed. Multi-cytokine expression in lung tissue was assayed by semi-quantitative reverse
transcription polymerase chain reaction (RT - PCR). On day 35, the tidal volume (Vy), forced expiratory
volume in 1 second/forced vital capacity (FEV 0. 1/FVC), static compliance (Cst) of mice were determined
before they were sacrificed. Results (DThe total cell number in BALF in pulmonary fibrosis groups was
statistically significantly higher than that in NC group (all P<C0.01), and HYP content in lung tissue in
pulmonary fibrosis groups was statistically significantly increased than that in NC group except for group
FMA (all P<{0.01). @V and Cst in FME group were statistically significantly decreased than those in NC
group (both P<C0.01), and FEV 0. 1/FVC was statistically significantly increased (P<C0.05). @Thl and
Tcl were demonstrated as the dominant expression in the acute inflammatory stage; Th2 and Tc2 were the
dominant expression in the fibrosis forming stage, and then Th1l and Tcl were again the dominant expression
at the terminal stage of pulmonary fibrosis. @ Compared with the content of cytokine in the lung in NC
group, the expression of transforming growth factor - 81 (TGF -B1) and tissue inhibitor of metalloproteinase
-1 (TIMP - 1) mRNA were significantly higher in FM groups (all P<{0.01). Conclusion The changes in
lung function of bleomycin-induced pulmonary fibrosis in mice are typical of that of restrictive ventilatory
disorder. Th2, Tc2 and fibrotic promoting growth factors (TGF -1, TIMP -1, etc.) play pivotal roles in
the pathogenesis of pulmonary fibrotic process.
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1) J9 A A R 8 (TLD) i) 5 B o A% B ™ 3 2 R i
WEEARMEMAMERNEARNERS KK,
WRARPSHRFRESR, B AT XHBA BN
WIT 2. WIERE RIS 4L &£ R
B i B 4 5 38 L B A AR O TR 48 i R T i Rk DA
EAME M T 4088 2 R HATHF 5 AR Bl 4F 4E (L 7
ILD KA B B iy & A B, AT 4 i IR i 2 A 3
18IT SRR L D M LR R .

1 HE5FZE

1.1 LB 8. @4 SPF & ICR R AE 28 ¢
EA . BILFE4EBRELTRYBEARN AREE R
BEEMAEX 15 mg(BALHHRASH) Wi F-
R A B RB(RT -PCR) AN & (£ E Promega 44
), B THRAEKRT1.41 g, FERM 10ml, =
KK 10 ml, BB E M 80 ml);Ehrilich 7§ %
CI—HEBEEFRE 12.5g, ENF 46.5 ml, (A8
A8k 70% T EER 19. 5 mD) kR LB H AN
(BDIS), f1 5 CD8 - 5| % ¥ & 1 (CD8 - APC),
Y-FH E-BRHH M % E JUFN -7 - FITC),
CD3e - PE -% # %} (CD3e - PE - CY5), & 40 ffi 4
F-4-Ba4E AL - 4 -PE), K & IgG, - FITC
(Rat - IgG, - FITC), kX & IgG, - PE(Rat - IgG, -
PE). AniRes2003 34 Bt o BE 4 #7 & 45 . FACSort
WAL SX721 FHHEITH HAEN . EH
P IL.SX100 BB AL .

1.2 ¥ B

1.2.1 hYPERENSFSH BB FRESE
HICR /NRA R 6 4, F4 6 2. BHHEXHEHANNC)
0d 28 ALK 50 pls5 B4 g (LB A
(FMYAF 0d 2B AEEEE 6 pg/gG0 pb.
FMA.FMB,FMC 1 FMD 4 4} 51 F 6.14.21
28 d4b%E ,FME 1 NC 44 F 35 d 4b3E.

1.2.2 /PR A R E - Bl AniRes2003 3 ¥ f
MEEr T RGN E NC A Xk FME i e REWMK
B (Vo) 8 2A BWRE #E (Cst) R 1 Bt i & (FVC)
ZFRAESH MEMKE/NREE, HRRSHK
H1%HRE R 110 pg/g I 5 RREBE, £
REBTH 1 mm SR EHEE B TFTHRBHELS
FRERHHEBES. THRILSEIRE N . FREER
100 ¥R /min, % : FEK 1.0 : 1.5, LRI BT RHA
KBEEFAH 10 ecm H,OQ em H,O=0. 098 kPa)i#f
FES,REFREH I 1 min, WE Vo f Cst, bl
JallE FVC, % FVC X 3 45 Vi,

1.2.3 RAMWNWESIEAmL T AREHF 5T

/ANBR 0.5 ml SRS (10 g/ s 5T, A0 Z Bl
ERFRMC kU/LDYIE. 8RR EE 5K
& (PMA)S5 pg/L, BT 500 pg/L,Golgi - stop
0.35 ml/L, HL 8k I 0. 25 ml, il 1640 #FEFH R =
1 ml,37 C.&BSHH S5WH CO, WATME 4~
6 h, AR H & (CD3e - PE - CY5.CD8 - APC,
IFN -Y-FITC f1IL -4 -PE){riC M ELZRE R
AT, YL E KRB 5X10° 4HHE .

1.2.4 AL FHNRLE KB SEME
YW (BALE)MMHAS . EMET-70 CHFUE
BEMHYP) R RNA; G2 R HR 4%
HEREFREECNGEEE MR EHETHARE -
£ (HE) & Masson ¥t 5, fi| & & R /MR ) BALF {&
L 7E L% B 48 T i 3 BALF # B 40 %0 317
HE 3 6 FI 40 j8 7 253 B (S200 M E B/ ) .
1.2.5 HYP & .B 50 mg MiZH4A, 1 ml B8
B (PBS)#ATA %, A 4 ml 6 mol/L HCI,
126 C### 3 h, fi/H 6 mol/L BB E 4 (NaOH)
FpH K 7.0, BE 1 ml IRE /G KWK, MAFFER
ZHos5m AETHEE I, ZRTHE
20 min . A Ehrilich # 1 ml,65 C7K¥% 15 min, %
B4 X% EH 550 nm K G, IEFWRAE (W)
H. i HYP bR MEIS W 4 TR HE f 4% L 3 RAE AR ME
MLt EfNiEAs HYP S B, HFMMASER
Ebg L, R ng/g TN

1.2.6 fi#A4 RNA #B Ak ¥ E R RT -PCR &
W, B4l A5 G # Trizol R A A BR B A
RNA RN ERAHTEE R . BLEEITUM
AVRYE PCR RN AR, 43P A SR H WL
S K8 (GAPDH, 30 MG M M 4N F IFN -
B2 AMEF) JIL - 435 NMER) L E K BE F- Bl
(TGF -B1,32 MEH) JIL - 12(35 MEFF).IL - 13
21 ER) EAEEBEHE- 2(MMP -2,35 4
&) .MMP - 932 MEFIM &R E O BHARW
#EF-1(TIMP - 1,32 MEHR) . PCR KM &4
94 CH 2 10 min, 94 CA# 60 5,60 CiE k
305,72 CHEfH 60 s,30~35 MEFF; 72 CJg &
7 min, RT -PCR =H AR E R 1% K BRRE 6
BB BERE ST RERE, #17 AEAH
MBSV BE A REFBRKEN
A {5 GAPDH Bk & A HMHLHEERR.

1.3 St 44r 538 A SPSS 11. 5 S it 8k 4217
34T, BRUNE AR s FR M EHE
47 B E 7 243 BT (one — way ANOVA) Fl 44 [H]
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g (F£EFAH LSD K%K, K% A Games - Howell
B ,P<<0.05 AERAFITEEXL.

2 #F B

2.1 #HH/NKE BALF A 40 SB0R 40 3 4 28 1 3K
MIZEML (R 1) : BALF o 40 g 65078 & 4F defb 4
HHE®T NCHP H<0.0D, XH L FMA 4
BAWE . B FME 44b, Hoa & 4 B 40 it 508
BE®F NC 4 (P<0.05 5 P<<0.01),, FMB 4
WRENHE . R0 B0 72 B SR
B B8 F NC HH(FMA 4 .FMB P ¥<0.01),H
REHS NCAMLERY LR EHE.

B AT, /DR FM B3 )5, 7 81 (FMA 40)
BALF 41y S AR AT BN RN S,
B & B[R] 4 78 , 40 B 6 B0 P PR 0 I O B B
BT R 25 T B 40 M 0 2 3, 14 d B
(FMB #H) &1k 0. 276+0. 020, B /G I 2 T L.

%1 SEAMRBALF BB MisnEitH

BRELt HYP 2R (xts:,2=6)

Table 1 Total cell number,differential cell count

in BALF and HYP content in lung tissue
of each group(x+s:,n=6)

RAZLAKREBRR  AHEREERXSERENTR
KEREAKREEEAERE 1E); ©FME 4 /)
BRI IR I8 SO W Bl £F 41k , R Y4 i B A B
P EAFERAE 1P,

2.4 35d LA/ PRIPFRABNKEGFE 25
NC 4 W%, FME #H & &R 2 (P<<0.01); V.Cst
¥ B ERKP H<0.01;0.1 BAIESER/HA
71 Bt 36 B L (FEVO. 1/FVC)® NC A A &
(P<<0.05), iBA Cst BHE T /&, @< ThE R R
R BR &l B T BRI R L

%2 35d/BEE. V.. FEV).1/FVCH
Cst ITH (xLs:.,n=6)
Table 2 Changes of the body weight,V:,FEV(. 1/FVC
and Cst on day 35(x+s3,n=6)

H7 #KE(D Vrlpl) FEV0.1/FVC - ~t(L.cm HzQ)

. BALF W4 HYP
BREH(X105/L) Heak R AER (ve/e)

NCH 4,9140.82 0.01320. 003 0 638.44:£24.83
FMASL  202.1245.218 0.108£0.015" < 0, 343£0,0328 £39.73:+30. 86

FMBH  135.1744.898%  (.27610.0202  0.076£0.0074%  1097.49+50.328
FMCH  116.3547.074%  0.075£0.011* 0 1242.81412.988
FMD#  75.66+3.885%  0.04940.0062< 0.002:40.002% 1170.25427.598
FME#  53.1143.574%  0.029£0.04  0.010£0.004* 1.230.93439. 238

.5 NCHHE.: " P<0.05,2P<C0.01; 5 FMA L& .
*P<0.01; 5 FMB At 4 . ©P<<0. 01

2.2 HBANBRMARPHYPHSEGE D 5 NC
A5 FMA 44, R4 HYP S EHEEAT
(P ¥3<C0.01), Bt FMA @4, F 4K HEER Y
T EE. U6 F R AE B B I LA R PR 40 R 2
RHE,MEKBEAREME R, ERERFTBIA AR
ERERMA4d RO FHZBHFERN,

2.3 HH/PRHHSHFEENL . ONC H/hRRIE
RS, RERBELRENREE, it@eE E R
(BaEiE1A); QFMA Al XK EFAE P %
A0 S J2 B W 40 i 22 9, it o s PN R DL AT A L L
MR PR AR ERETRE 1B); @FMB 4 /)
BUAT LG e BE S IR, R bk A LT B, IR XK
BEREHRETRKFEERBERAE 1C); @FMC H/h R
B FMB 4 £F 4E 4L 3% & , fili 30 B v9 AT D0 9 B 40 fi
B WA R CE AT E 1D); ©FMD 4/ B AT

NC# 40.23%+1.36  453.35+7.85 42.434£1.08 4.2840.11
FME 4 18.56+3.37" *153.86+£40.56" * 72.8647.38" 1.45+0.38**

.5 NCHRE. * P<0.05,* *P<0.01
2.5 e HERPIAMTcl. Te2. Thl # Th2
AL (3R 3): 5 NC A H 8, 4MNF M Tel BT & B
A YR EER B (FMA 4) B E 75 (P<0.01),
A BT R FMB.FMC 4D EH B B ER
KM EE (P #<C0.01);1 Tc2 AMRERERIER
B35 F0 £ 4E 46 T B8 2 B B ¥ 0 (FMA . FMB,
FMC 4, P #<<0. 01) , B £ AL TE U5 1, W &
WREAER .
F3 HFHEMREFMEP Th1. Th2,.Tel
Te2 A S B G +s:.n=6)

Table 3 Proportion of Th1,Th2,Tc1 and Tc2 cells in the

peripheral blood in each group(x-+ts;,n=6)

AR Tel(UTe R Te2(%Tc AR ThI(UTh AR Th2(%Th AR

NC 4 1.8210.18 0.7110,08 2.1710.23 0.8210. 06

FMAS  2.5240.13" % 1.49£0.10"*  2.44£0.08 1.36+0.07* *
FMB 4 LI5£0. 10>  2.00£0.12**  1,61£0.09" 2.321£0.10" *
FMC#l  0.7140.10" % 1.7740.18* % 0.8140.14* > 1.5940.14**
FMD#  1.95%0.17 0.8610.06 2.8810.25" 1.4540.16* *

FME 4 1.9440.19 0.95+0. 06 1.9940. 26 0.8310. 09
H:5 NCHE . P<0.05,* * P<0.01

%t Th 4l ffd, Thl 40 ffd 76 £F 4 1L T2 5L 9 b
B B W /0 (FMB 4 P<<0.05,FMC 4 P<0.01); 5
Tc2 40 MIAH 4, Th2 40 jl T 36 76 2 ¥ R 5E B 351 38
2 ALY B A B B 3% & (FMA .FMB,FMC,
FMD 4, P ¥1<C0. 01) , 7EJli £F 4k L 55 151 & # k&
} iE % (FME 4,P>0.05),

UL W, ERERERRAFM /NRRAEH,

THHRETcl . ThIRHRE R E; A LMLER
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4 FEANRHEALHPARETFT mRNA REEER RT -PCR ERIER cts:.n=6)
Table 4 Comparison of cytokine mRNA expression by semi-quantitative RT - PCR

in the lung tissue of each group(x=+s:,.n=6)

51 IFN -7 IL-4 IL-12 IL-13 TGF - 81 MMP -2 MMP -9 TIMP -1

mRNA mRNA mRNA mRNA mRNA mRNA mRNA mRNA

NC 4H 0.17+40.03 0.16+10.02 0.1810.05 0.154+0.02 0.1340.01 0.32+40.07 0.184+0.03 0.2640.04

FMA 4 0.18+0. 03 0.1410.05 0.20+0. 03 0.154+0.03 0.2240.06 0.3610.09 0.284+0.07 0.4940.13

FMB 4 0.1840.04 0.1940.03 0.1540.03 0.174+0.01 0.17+0.05 0.24+0.06 0.23+0.06 0.1340.03

FMC # 0.1240.04 0.2110.05 0.1410.04 0.21+0.04 0.444+0.06** 0.2540.04 0.174+0.04 0.49+0.07
FMD 4@ 0.08+0. 01 0.19+10. 03 0.18+0.03 0.21+0.03 0.594+0.07**  0.33+0.06 0.16+0.03 0.73%0.05" "
FME @ 0.10+0. 02 0.20+10.02 0.21+0.05 0.174+0.02 0.71+0.02**  0.3010. 06, 0.16+0.02 0.714+0.05**

W5 NCHHE: ** P<0.01
oML Te2. Th2 B REK; EW A EATERE,
Tcl. Thl BEEZMHEXLENRE.
2.6 HAMARTHREFREINBALRE 4,
2.6.1 fHZA4sh TGF -B1.TIMP -1 ) mRNA #
i%:5 NC 4 I ,FMC.FMD #i FME 4 TGF - 81
mRNA 5 FMD.FME 4 TIMP -1 mRNA #ik#
BERE P H<0.01), M TIMP -1 mRNA %3k
£ FMA .FMBHI FMC i /3 ¥ X B EH.
2.6.2 MM H IFN -7.IL - 4.IL - 12.1IL - 13,
MMP -2 #1 MMP - 9 i) mRNA ik &4 E Bk
BB ERY LB EE.
3 it i

i (8] J5R £F 4k 4L 5 T B 1V 22 18 1 i 5 9 B 3L )
55, FOR B AU R K 0 i R R A 3 B e R g 1
455 DA R 40 A B R (ECMD) i R B 8638 8 5 Ffiik
B, MEEEIENSERRGALDY SRR
7 40 B R UL A 0 B A0 38 A, 3K S 5 AR 1) 4 B R
PHERKE ECM, BRASHAELYIE K.

RIMWERERB R B THXEERDRE
B R AE KL B0 0 Stk R 4E R T, Bl S A
ERMELME LB R, 5 Ibicki F KB
RER B, Tarnell FPRHPRIE N, F gL
BALF R i b b R A= E E L
B A8 U BA B AR T X R S DL BT B G, 7E B B A 4
Ak & A 2 A P R 40 gk 2 9k B B IE F K B
XM A ERER TaRLESR, M T
4 M 2 3k 1Y 40 R - 0 BB T 2 TR 38 L 4T 4 4 B )
W, AR - ENRIEMAEE. TREAHR. B
fii 8 44k /s BB CD3 Hu ik, 7T B 8. > 4F AL ] 455
FIFEE . [F AT A B, 138 K BT BURN #1445 52 3
A Sk HYP E BB REE AR B M E
AL 14 d 20 22 JF 4 ) B Bl 1 BE 38 SR R0 R AL £F 4
LI R, B E HYP & 2R R I 204 R 47 4

SR, HBFM PR EHRBER EREBER
RERATREM AT RN AR X BRIEE.

fili 7 A1k B K I T BB A0 A S OV IR M B S T BB
RS (iR S BREK,FEVO0. 1/FVC E¥ R 5,
Cst WK , £ FR ) REWUR 0K E ML AF . X 7E il
B BRRFSE PR AT EHERE . AT E WA B
HASYFRER T HAFAREL EEXLRP, R
1R F§ AniRes2003 3h 4 it 2 88 4 #7 & 4t %F 35 d
FM 4 & NC H#47izh Bl &, W E S HH Vi,
Cst MIFEVO0.1/FVC. AR BR,IERBEEBRFM /)
BV WECst B ETH, HXHBREME, X
FEV0.1/FVC B @ 5.

Th1.Th2 J& CD4" T %58y 40 fa i w0 > 2 8%, B
ST A F#R Thl/Th2 fipgE F. Th1/Th2
HPEFRERERR T AN CRERELRE:
FERBURFEERTIR . 8RR | EEnE,
Thl RIEF SR E TR FA LR 18 R
MENSERNERU T MEaBENERE, =4
Th2 RIEFRHEFXRHALR. Th2 MEFHRERED
Bl REBEREREAE . AHEEAURE. R4
AR E ECM IR ME R H L MARKHEN
FHEAHEERERY,

AARLRSBEPRMNEHR, RAEH T 41EEH
43 B Thl #b, 388 NC A8 S8 b0, HF B A Thl
£ X, X 5 Dalton F R —B; [F 6 7
e Tel WIS RL., AR BIAERIRN The,
Te2 R FIXQ4.21 IR FF T B EF 4 40 18 B9 3 A=
DI ECM UL, BRA&TE BLeF 41k .

AR F0, 40 B 5 A0 B R R AR A AT 4
hEBRPREEEAR. BRSSEET RS %L
WP A SR X EHEE T HREMEEK
¥, TGF - Bl R AR LBHEHREAET.
TGF - Bl RERFAMA RA RSB R E D FhE
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FEA.BEAZHS%E ECM, & ECM MILHE; It
b, TGF -l RBEW /B REME QB K=&, 1%
MXEEABYNHY S ALRERE R TS
TE R G HA(21.28 F1 35 ADTGF - 81 X FH&EF
HoBHTF TGF - Bl WERERFE LA I8 R4 M,
A KB W B AT 4E 40 B, i 8] 540 M B AE 47 4 L
TE B JF e 38 A 09, Ui BA it 18] BRI 3 TGF - B1 & 38
EABLREERYRAETEEEA.

Jiri 18] J5% 47 4k 4 32 B 45 AR 22 — B 2 i 1) o e SR T
FLMMPs REMHBIEFAEX -SRFREBEE
. M b BRBE R —Ff 3R ECM EX, VR
BREEHBEBEMHARRS . T MMP -2 1l MMP -9
EREDFERNVRKER, ENEMTEALRRF
FEFA B2 2R EM. Selman EOWMBTEH, L
W it 45 4 4k, (IPF) B 3 MMP - 2 #1 MMP - 9 3%
JE 7= A W] BB 78 B DR B JiC JBE 7 66 J 47 4 40 B 42 A B 3
BESlRMA AP RIE—EEH . SMRERER,
HHE R MMP - 2. MMP - 9 % TIMP - 1 mRNA
4t F iF % 7K %, MMPs /TIMPs 1 1473 4 35 48 Xf %
BRA,ATEE R RAER KB ECM R ZH . M
ZER £F AL TE RS (28 #1 35 A)TIMP - 1 mRNA #
KBRS . BEET IGF-Bl WEEX, WIS
TGF - Bl B RAFI BN AL, %2 R
MMPs/TIMPs I, # 4 % , {2 ff MMPs % f## ECM
EHETHR.SBRBNA. B THAREFRENS
BETE A Ze b, DA B SE 3 O ¥ 9 ORI A S B
) B 32 4 19 J= BR P %5, 45 b 40 fd R F 22 1) 1R b 4 4
RSB EER SHB AN ILHDE

FTFi#— B EWRAR.

SZLER . MRERBIRFM W IBERE
S f PR A B DI BERR AR AR AE » Th2 . Te2 RARE
Bl K EF (0 TGF - B1.TIMP — 1 %) 75 il 41 4
HERIBFTREE T ERNEM.
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Figure 1 Ghange of distribution and expression of AQP5 at different stages exposed to hyperoxia (DAB, x 400)
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Figure 1 Influance of different doses of PPS on the pathology of lung tissue in AL rats (HE, x 200)
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Figure 1 Pathological changes in lung tissue of mice in each group (HE)
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