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Abstract : Current cocepts of the pathogenesis of fibrotic changes in pulmonary
asbestosis implies the roles of alveolar macrophages and cytokines produced by themselves.
Tumor necrosis factor « (TNFa) and interleukin-1 (IL-1 8) are multifunctional cyto-
kines produced by alveolar macrophages (AMs), cytokines which regulate inflammation
and fibrosis. The aim of this study was to evaluate the role of TNFa and IL-1 3 secreted
by AMs in the pathogenesis of pulmonary asbestosis. We isolated AMs by bronchoalveolar
lavage from 11 subjects exposed to asbestos (AE) for a long time (32+8 yrs) and from 7
healthy controls (HC). AMs were stimulated with/without lipopolysaccharide (10 xg/ml)
for 24 h and supernatants were assayed for TNFa and IL-1 8 by enzyme linked immunosor-
bent assay. AMs from AE produced higher levels of TNFa and IL-1 8 upon stimulation
with lipopolysaccharide than did the cells of HC. TNF« concentrations in BALFs were
significantly higher in AE than in HC. IL-1 8 concentrations in BALFs were very low, and
there was no significant difference between AE and HC. TNF« concentrations in BALFs
and TNFa production from AMs positively correlated with the percentage of neutrophil in
BALFs. AE were divided into two groups by roentogenographic profuound according to the
ILO/UC classification (progressive group : more than 2, early group : less than I). TNFa«
concentrations in BALFs were significantly higher in the progressive group than in the
early group. In conclusion, these results indicate that TNFe« is constitutively secreted by
AMs from AE and is possibly associated with the pathogenesis of alveolitis and fibrosis due
to asbestos exposure.

Index Terms

asbestos exposure, interleukin-1 8, tumor necrosis factor «, bronchoalveolar lavage, alveo-
lar macrophage, pulmonary asbestosis
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4%V FHA4v(Fvrsg4)E5ml ©ESERRE
WL, KEXL7 74 —Ra—7%FEA, AOHMEX
FZ(BHIEA, £HAMEKS0mIX 5@, &5 250ml &
FEATEE: Ui, SEBR O EIUTEEM T ORGSR EHERAL
7o, EUREESAE 7 Iifade s (bronchoalveolar lavaga

i

fluid : BALFIZ 2 tERo #— € TIERL, D% 300
g, 10 7RO L, My & EERS & eh L. 4
# o BALF CcHifaf & Mifla 5 E & oFH R %17 - 1.
cytocentrifuge preparation(¥- 7  ¥5s#:, ) CEA
ZPEBL L, May-Griinwalds Giemsa ¢ L, JHREMIC
Mg, U v-ER, PR, FBERESEL, 45200 M
oL EREYER Lic., 7ok bR 2 /b
S 12D, 262 BRI TH - T,

2) BALFM¢ 048

HBaRL 4 1% phosphate buffered saline without cal-
cium and magnesium (F¥E&, FHEH) PBS(—)) T2 E
V¥ L, complete medium(10 %JEEN1L fetal bovin
serum(Gibco, Grand Island, NY, USA), 100 U/ml =
=Y v, 100 gg/ml A2 b v 7+ = A ¥ VM RPMI
1640 medium (Gibco, Grand Island, NY, USA)) T 1-2
X10%/ml 23R, ZhEDH b U fetal bovin serum
FBS)%Ha2—=F4 v LETFSAFy 2R Y T4y
alfsinl, 37°C, 1WRHEIBE L. FENEMay 37

‘CPBS(—)T ¥ ¥ B = #, 5% FBS 0.2 ethylene -

diaminetetrarcetic acid (RIS, AP % 5 ml hn 24+
EMMEEIR L. [T 98 %Ll LAl M¢ T,
FY VARV T -Gt T 85 B LD AR I .

3) KEEBORE

fiti B8 M¢ % complete medium T 2.5X10%/ ml iz 5@
L, 96 X~41 27 w7 v — b (Cornig, NY, USA)Z 200
ul HEA, HHEEE 10 £g/ml © lipopolysaccharide(E.
coli 0127 ; DIFCO, Detroit, Michigan, USA) (LPS)¥
0, F 7 IERINRAB T 37°C, 5 % CO, FC 24 Wfulszs
Lic. Thi 1400g, 10 4@ OsEsE BE#EIR, AE
¥ T—80°C CHRE L. ALEFDIL-18, TNFa %]
EL, Wil Me OFYA b o1 VEERRE L.

Table 1. Characteristics of asbestos exposures

Duration of

Case Age Smoking Chest XPt
exposure
1 57 23 smoker 0/1
2 56 24 non-smoker 0/1
3 60 27 non-smoker 0/1
4 68 28 non-smoker 0/1
5 54 27 non-smoker 1/1
6 69 41 non-smoker 1/2
7 69 38 non-smoker 2/2
8 62 42 non-smoker 2/2
9 61 42 smoker 2/2
10 71 35 non-smoker 2/3
11 56 21 non-smoker 3/3

T profound of chest roentogenogram according to the ILO
/UC classification (1980)
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BALF 3R BBk TE M L 7=. centriprep
10(AMICON, Beverly, MA, USA)i= BALF #& AL,
2300g, 4°C TEL, 30fFciEfEL, IL-18, TNFa #l
EET—80C THREL .

feksEfmic X 5 IL-18, TNFa 0RBES T X 508
DEJ/ERF LicL A, W& &b 450 pg/ml  TDA
BETEMRC X Y#H80%DIL-18 TNFa 2AEIRX
h, BAHEREMRC X b BEMNIC BALF | TNFa 23
EBTE B LRI N(Fig. D.

5) ¥4 bHAvOWE

enzyme linked immunosorbent assay ¥ (e b IL-1
BIRMA # v + « & b TNFoIRMA % v + ; MED-
GENIX, Fledurus, Belgium)T#%# &+ & ¥ #E
BALF & D IL-18, TNFa ZHIEL 7. Hie b IL-1
BeHie t TNFa 7/ 7 v —AHEZEEL 72 96 X
=427 w7 Vv— LY v 7N, horse radish periox-
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idase Ei#i e b IL-1 8+ TNFa €/ 7 » —F A Hifk%
BRI &8, BB X Y R LB & &R OB
FEEEERRET S L cX ) IL-18 « TNFa EHEEE
Bl7. PIERE X, IL-16 »° 8.8 pg/ml, TNFa 236.9
pg/ml T, THhIFORF0pg/ml & L.

HrEt

AR ORI T LEERETRL, HEFRIEN
1% Mann-Whitney U test, Pearson’s correlation coeffi-
cient & Fv i,

159

1) BALF #ifasriE (Table 2)

MERRBL T FREE & R R B cREIMER T B
b, MilSECIARRENIFRES TIPS E OB
BoHEMEEDI(p<0.05).

2) fHaMe A +h A VEELRE
LPS JefsInREB O fififa M ¥4 b b 4 VEATRR

&

Table 2. BALF findings of asbestos exposures and control subjects

Control Asbestos exposure
non-smoker smoker non-smoker smoker
(n=5) (n=2) (n=9) (n=2)
Fluid recovery (%) 56.6+12.6 51.249.9 47.1+8.2 38.0+2.8
Cell number(X10%/ml) 1.28+0.47 2.33+1.03 2.29+1.28 3.621+2.60
Cell proportions
Macrophage(%) 86.4+7.0 85.3+0.4 77.8+14.1 72.7+31.3
Lymphocyte(%) 12.8+6.2 14.4%0.2 9.4+5.8 10.7+8.3
Neutrophil (%) 0.1+0.1 0.4%+0.2 11.0+10.8§ 15.4+21.4
Eosinophil (%) 0.8+1.3 0£0 1.8+1.8 13.5+1.6
CD4/CD8 ratio 1.56+0.46 1.51+0.04 1.63+1.98 0.94+0.42
'§ p<0.05 ; when compared with non-smoking control subjects
(pg/ml) .
500+ 20 n
4004 y=13x-23,r=1 15 4
8 £
2 B -
S 300- g
8 g 107
2 500 g 1 "
8 | 9 ®
= 5 - : *k {
100 ] °
4 . .r %E “IL** o
. - g1
‘6’ 100 2(')0 3(')0 400 Asbestos  Healty Asbestos Healty
exposure  control exposure control
Sample concentrations (pg/mi) TNFo. LB

Fig. 1. Relationship between measured values of
TNFe« and those theoretical concentration
in X30 concentrated BALF.

Fig. 2. IL-18 and TNFa production by 10 xg/ml
LPS stimulated alveolar macrophages.
Data were represented as mean =SD. **p
<0.01 (compared to healthy control.)
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BJL-18:16+12 pg/ml, TNFa : 108463 pg/ml) &
e, BEBJL-14: 46+38pg/ml, TNF« : 590+
1543 pg/mD CTE\MERI TS - 7. LPS 10 pg/ml & ¥Rin
L, 24 BefEEECOMIa M¢ ¥4 b 1 v EARE,
LPS FEAIRRBIC S, BEZ N L, BB I RR
LHNREBRE D 1=(L-143,329+1,993 pg/ml vs
1,135+1,034 pg/ml, p<0.01 : TNFa 5,275+4,766 pg
/ml vs 1,996 +656 pg/ml, p<0.01)(Fig.2). BERT
DENBDFA b A4 VELEROBEIMAEML 7z LPS
BEERTHRIGEDOENNCI 500 E 5 2 ERFT
% todb, RO Mé 12 0.1, 1, 10, 100 £g/ml © LPS
LN ZHEINL, 24 RERIEEE L. iR & LPS BE
KM IL-1 8, TNFa EA TN L, LPS £EE ©xt
BB & LEEREERF T IL-1 8, TNFa EEREIIEFVICHE
L 7= (Fig. 3). X 51z LPS 10 wg/ml F Bk A8 o i
MgIL-1 8, TNFa EEARE DEHERFEIC X 5 E(L 2 IRE
BELWBBEECHIE Lie. IL-1 8 BEA T 24 ReRiIBER C,
TNFa EAIX 12 REEECRBICE L. £REERE
TREH AR L Y IL-18, TNFa EAEOHENY
A tc(Fig. 4.

TORE & BB X B b RERRD ot Ei

S REF LIRS L KB LERABERE VS &b, &

OOV A A VELREOIEC X 5PELHRET5
T DR PREREF 4 BI(55~T8 1%, ¥3 66 &%) DM fif
» BALFM¢ TIL-18, TNFa EAREZRIE L1, 5t
BEELZE X< AL-14:1008+328 pg/ml, TNFa :

Cytokine (ng/ml)

0 0.1 1 10 100
LPS concentration (ng/mi)

Fig. 3. IL-18 and TNF« production by stimulated

alveolar macrophages with various concen-
trations of LPS. Data were represented as
Mean-=SD. *p<0.05 (compared to healthy
control).
O—C0O : IL-184 in healthy control ; @@ :
IL-12 in asbestos exposure group ; ({1 :
TNFe« in healthy control ; ll—ll : TNFa
in asbestos exposure group.

&

203241138 pg/mb),  BREEHRf & LLNBFRIEVETH -
72(p<0.05).

SR B L LPS 10 ug/ml HB & © TNFa EEEEDH
BIR#E Lick 25, BROEDOHBBEGRERD(r=
0.95, p<0.01). LU IL-1 8 EEARETIZH b b ToHEEE
BARIZER D TR b o 7.

3) BALFAHIL-18, TNFa«

30 fZ 1 ¥HE L 7= BALF i TNFa (3RBREf 434270 pg
/ml T, XHEFE8LT pg/ml & B L AR OHEINERD
7= (p<0.05). BALF 717 3 vEE(mg/dD & Dk
THREBEM2.222.8 THBH 0.4£0.3 LHELERD
B A R 72 (p <0.01)(Table 3). 305 M L
BALF R IL-1 8 3B HRRE L ECH - 7o D TR EERFE 11
BirR 4 (1418 pg/mD), XFEEE 7 B 2 FI(6+11 pg/
mD DR T, WEICEITZRD eh o T,

BALF f» TNFa R & fifa M¢p TNFo EEERE & @
B R G L7cd, FROMHBNIRD b - .

4) VA +HAvE BALF iz EoREE

NBHLBEH L 2D LENRE O BALF +
TNFa, filila Mp TNFa EEARE & BALF FiFHERSE
L DEICEREDOEDHBI 2R S - (Fig. 5).

5 A4 bhA v ERRE MRXHBERERREOM

BH

ARFREN, BERGR b ORI, BEXhIEL T
DODOHME A b h 1 v EOBERRE Lz, Wb
PR BEEIIFRD I o Te.

Cytokine (ng/ml)

Time in cultures(hr)

Fig. 4. Kinetics of IL-18 and TNFa production
by alveolar macrophages stimulated with
10 #g/ml LPS. Data were represented as
Mean=SD. *p<0.05 (compared to healthy
controD).
O—O : IL-12 in healthy control ; @—@ :
IL-12 in asbestos exposure group ; (] :
TNFe« in healthy control ; li—l : TNF«
in asbestos exposure group.
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Table 3. TNF« in concentrated BALF
Healthy control

Asbestos exposure

Alb(mg/dl) 1.860.94 1.83+1.69
TNFa(pg/ml) 43+70 8+7§
TNFa/Alb 2.8+2.8 0.4%+0.3§

§ p<0.05 compared to hearly group

Table 4. TNFa concentration and neutrophils in

BALF
Early group Progressive group
(n=6) (n=5)
TNFa(pg/mD 14.3+8.8 77.4497.7
TNFa«/Alb 9.1+5.5 36.7+£37.8§
Neu(%) 4.9+6.4 20.0+12.1§

Progressive group consists of asbestos exposures who
have more than category 2 on chest roentogenographic
profound according to the ILO/UC classification, and
early group less than category 1. § p<0.05 compared to
early group

20 L L —

Y = 2722+ 176X
15 R= 0.474 (p<0.05)

TNFa production by LPS
stimulated AMs(ng/ml)

@

__ 300
E ] °
&
; 200
@ Y=10.0+27X
® 7 R=0.512 (p<0.05)
£ 100
[
2
8 1 o o
£ [e] o
= 0 . O
w
z
[ T
0 10 20 30

NEU%

Fig. 5. Relationship between %neutrophils in
BALF and TNFa production by LPS
stimulated alveolar macrophages(A), or
between the former and TNFa levels in
concentrated BALF(B).
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B X R ER L, FERZE % ILO/UC 5% 2 Ll ko
H#ITHE 1T oS8T 5 &, #T75© BALF
IS E, TNFa BEVNEREICE - 7=(Table 4).
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e, KIE, BHERIT2T 1 =2 REELH
B2 R LT T 5 D EE 2 bR TV 5B, il
JORT D YE B EE T B fo D IkE & e IR S h T
%7, 1974 4E Reynolds™®ic X » BAR X hi- K& %l
Yeeik (bronchoalveolar lavaga | BAL) L, RiYSaE &
FliRafEIR & D REMBM A EERRTE 2HE L L T4
D UE AMEE MR E O EBECHBOTERCE D
hTn5b, KEREMEMEINRK 2 HD &35 IERERE 2R
BoFMELE LTSI hTE s, BEomE»b
FLBTC S h B Lo £RE Y, BAEME L LF
ELTWAIEERLTWARTEY, B0 LH
BBBROBREND, TNTOMMEAEY X T EEDRK
oz, BbeMEENTHDZ EBABELIEE-
T3, = KT BAL CEINI hic A, ke
W BLEIR S 58ET, B omEeEL TV L
Ex2bhb. —f&ic BAL BENO BifFarhIECTbh
T, AHEEED BAL 0% L FEOXTTbR
T3, PEIIFFFRNRIENRC ) 2T WML T
bY, ABIHETENIDERL TV L ERLD, K
MR TECTR D EINED X\ FIHEX (S®) % Yk &
BOERAL & Lic. AREREE © BAL O#& LB 7t
{, Ml oBEEMYRDS &, HESETITAER
B3 IR « FEAEREINT 5 2 &, BHAHRER
S TY vosERAEML, CD4/CD8 M ERTHZ L
R EBREINTVWBIRTE VI, SEORSTIL,
Lo AHEETEE O BAL 04 & 2ITRAEORET, M
TR OBEERINN, FRIGEE CIF PR E AN L T L
HT EBRRH IR

IL-18, TNFa XEINE « SFE  $jfE(b e L 1icBi G
THRGEGEY 1 b2 A VT, EERTERTCEEEAH
MrbEAIRTW5Y, BipERTILIL-18, TNFa
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DAY, B, T <4 o VA O RALICE
Ei@Ex® L TwsEMEIhTEY, TRERITE
REFRMERTE MRS, BHEEET Y ¥~ i hE 5 B
&, RYLKRER', a4 F—v 29EEF 0N
MgIL-1 g8 EE4RE, TNFa EEARED EA, BAMKEE
SEBEFERE O BALF# TNFa BEO LARRE I L
TEHW, FioRM-1BHERE, HiEicIL-18, TNFa
PEELBEELTCW5EE2bRT\W5. in vitro T
FREBMECEET 5L 5 v Milila Meé 2250 IL-19,
TNFaWEENERTHEMESh, FTLEEDL IO
I T Mo OFIERMIETH 5 RMEMEBRL, in vitro TD
AR B v IL-18, TNFa BRI T E
PHRELTED, ThbDHA Fh 1 vhe + TOLH
HORBTEERBX 2L T\\5 2 EAHEREh DD,
b b TOBREHIIZE A LRI R T IgWD,

R ONI MgpIL-1 8, TNFa BEEARER REE & L
B L& 5, LPS FERIBORAE T BB ol WERNC
BB, BEEIZEDII. LirL LPS FIBIC X h BE
BCTHEBICIL-16, TNFa EAENEF LA, Zhb
D _EF X LPS BE-CEE LRI 5 KERE 02
VDRI ~7eb DTV, Mg 134 vV E—7 =®
v y(AFN-p)RAf v & —r 1 % v 2(IL-2) /s £ DRIBIC
X b priming KBz b, LPS © X 5 7o@d4 s trigger-
ing ##z X b IL-1 822, TNFa EE®RRDLRB Z
LML TS, ERAMRBES CMlaMe b0
IFN-y BEEAREN ER LT\ 5 & DERD b 2, BER
» LPS %hn# o IL-1 8, TNFa EAEEDOEE D LI
i Mg 23in  vivo TR X b EERIBE 7ok
IFN-y 2 & D% A + 5 4 v %4 L T priming ST\
hDEELBI 5.

EHZDfilEMe ©IL-18, TNFa EAREA in
vivo DIRRBE R L T\ B0 E 5 a3 57D,
BALF R IL-18, TNFa B E % & L 7z. BALF
TNFa BE IR RE & LRBBHTERCLALTY
%. La L BALF fh IL-1 B 135 & dIEMEER L, Mt
RN ZE 358D 7\, 1993 4F Zhang® b XA KNI BE & &
Fv: MBI EE & Cifia M¢ © TNFe, IL-18E
AR, BEMRELKRLERICERL, filaM¢ F0
TNFa, IL-1 AmRNA BNEZ ML T3 Z &2
HELTWA. HETRLIE L 515, TNFa AR IL-14 %
FRAMEEIC X 2B CERNICHIECE 5 L2 HERL
Tk bh, WEHECHBEIRNEB 2B, KM
BT, BE~DOME, V=2vieErv i Cha, B-glucan
polymer, calcium ionophore 7 & DRI¥Iz X v, IL-1 8
=724 FOERE LR IL-1 SmRNA D4R AE

&

ZHETEBEIRTWEDD, ZhbofBEIcL s
B &5 IL-1 AmRNA EFHIZEE T, Zhbofl
Bz X b “prime” X huicfifaiE, S AED LPS k&0
FBOZ X b “prime” I T Wifa & kL, IL-18
NI EA K DBRECAR S, b ERRES
Dffifa Mg (X IL-1 8 EABIL priming ShTHDH,
LPS #8832 EEREIT ERE L T\ 523, in vivo T
BAR « HWEhTWiWbDEE 2 bhA. E1AMH
BB CBALF R TNFa B EF L T & in
vitro THIBRIELZRE T 5 LilE Mgé 225D TNFa
BEENER LY, it TNFa ¥EATHHBAZEL
Mg EHE 2R TS Z EnBY, invivo TRARE X
NicAEBREORIEI X ) M¢é EMIILEH TNFa ©
EENERINC LR LTWbbDEBE LS.
TNFa IHRAEMR-C M8 A B M@ &, SKEEXRZ
FEELLRTWA. TibbiFhER, ) v sBRPEER
HEBEE SR, 0% PR MRS M e & oo
Bl & sEMEERF 2 oW D LD
MBI K IERROBE 2 R T 5 & & R, TNFa 231
BARMRCE EEES FORBRREL, FRMEEIT
HEEXRBE LI ENHE SR TW5Y. KEMRCK
% TNFa 0% T % 7 » BALF FififazE &
TNFa & OMEBI%HE Lic. BRERER CFHRSE
NEML Tk b, BALFR TNFa & & i fla
M@ TNF« EARE & 1 IEDOHEBIBIGR 2R, HFFRO®R
iz TNFa 2B LT\ 5% 2 E2ERIEh 5. TNFa
RSB E 3 HNCH ST 5 LR PRE
HEPRLETHIRELXRI T ERRE LTS5,
EMOREEAEKCL S5 v AR T F L TORET
13, REEAFYRSEN RS, BAL TRALEHE
Lick o hfFhERehLET o REMBOHEME
TNFa ESD LH & #R», =0 TNFa 3aEfiks
FIZ Mg HDOEEINRD ZENRER TS, T
TNFa Hith 2575 & L X 0 iFhEROREITEN
il & h, TNFa BFFROBBcERE B E 2 T5
EWHHEL DB, 5y FAERElTE T AT, BRERT
FfBAEE B 5T 5 LiIFRRRE RO LT ARIENRI D,
fififa M 235D TNFa BEEADZBHICHEINT 5 C & 258k
EERTWEY, kol &b RSB
DHRFETHPRBEIC TNFa NEELEHEX LT3
ERHERENB.
SHIAERRES O XHEE Lo R LoRE L
TNFa & OB #ERRE Lz & 25, X HEE L ILO
/UC 5T 2 U ED - AR DT L T 58T, 1
LUF D b D BREE 778 &l L, BALF FFiFHhEk &
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TNFa & 2388m L C\%. BALF o fFhERo it

T AR U PP A (TR, A R PR i,

) v =% 0 AM  BUHERRETRD bR S
ZEBRHEIhTVWA. B LRERBcOFRROER
FRODBEAHTHHY, IEHMAKEZHE L T
EERIETHBHDEEZLRTWAES. Thbb
TEHEAL S R iF R ER D B AW S W B TG LERSR,
& —¥, 27 —rr—-EixRRgEEYRIL, &
DOFEBREE L EE T BB CRELEE T b0 LFE
2bhTwb. TNFa 3FhEkzEktse, Thbo
AT 4 == —DHWERET D EPREI LT
%%, ¥ TNFa 1% in vitro CHEMESF AL O H7E & (R
THIERAND b, fiifgiboB € 7 1<, i TNFa

=7 A

BEPHE O ETEZHET 5 Z LR E I TR Y,

S EIDBE T EST LB © TNFa S ETH
oleZ &b, AREMFRETIE TNFa 2 EEHESH
faDHEEZRL, BHEERREL TV HREENIE 2L
ha.

ARRE T X v BRI IRRBTONlE Mé 2

LEL£EINhBIL-18, TNFa O X @B+ 5% BT,

ARG EE 2 S U ARMRESE OKE L MRS 21Ty,
fiifa Mg » IL-1 8, TNFa EEARER X O, KEZMH
BB IL-1 8, TNFa & R L.

D TAiRBEEE O MgIL-18, TNFa AR,
WIS BEERRICHEL EF L Twes, KBS
W T, TNFa BEOLEENRCHL LA L Tk
n, BREEE CIin vivo TIL-18 3¥EEL R\ T,
TNFa 2MFEFHC ER L TWB 2 R TDTH L2
izl

2) fiifa M TNFa BE A 8 & K& 2 it B Bk ¥ R
TNFa BE L 11, KE SRR EOE&
L IEDMHBIEARH T, [FrhEROBIEIC TNFa 235
LW AR e EF IR L.

3 ARIRENERLCVWAHLERDIZLALR
LRIV Lc: b, ERLTWAHTRES
et P IFhER S E Ol 4 & TNFa BE & BVEE
&<, TNFa ZFFERENL T, 5 WIXEER IR
MEEFMIRRCIER T 5o Lic X b, BHRBREC L 5
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