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Background ; Chronic inhalation of silica induces the lung fiborsis. The alveolar macrophages ingest the in-
haled silica ; they liberate the pro-inflammatory cytokines such as IL-1 B, IL-6, TNF-a and fibrogenic
cytokines, TGF-8 and PDGF. Cytokines liberated from macrophage have pivotal role in pulmonary fibrosis.
There is a complex cytokine network toward fibrosis. However, the exact roles and the interaction among the
proinflammatory cytokines and TGF-8, a fibrogenic cytokine, have not been defined, yet. In this study, we in-
vestigated silica induced IL-18, IL-6, TNF-e and TGF- A production and the effect of IL~18, IL-6, TNF-a on
the production of TGF-£from lung macrophages of Balb/C mice.

Method : We extracted the lung of Balb/C mice and purified monocytes by Percoll gradient method.
Macrphages were stimulated by silica (Si0,) in the various concentration for 2, 4, 8, 12, and 24 hours. The
supernatants were used for the measurement of protein levels by biocassay, and cells for the levels of mRNA by
in situ hybridization.

Results : The production of IL~6 was not observed till 4 hours, and reached the peak levels at 8 hours after
stimulation of silica. The production of TNF-¢ increased from 2 hours and reached the peak levels at 4 hours
after stimulation of silica. The spontaneous TGF-£ production reached the peak levels at 24 hours. TNF-a
upregulated the silica induced TGF-8 production. Silica induced TGF-8 production was blocked by pretreated
anti-TNF-¢ antibody. In situ hybridization revealed the increased positive signals at 4 hours in IL-~6, at 4 hours
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in TNF-¢, and 12 hours in TGF-4. .

Conclusion : The results above suggest that silica induced the sequential production of IL-6, TNF-¢ and TGF -B
from macrophages and TNF-o upregultaes the production of TGF-£ from silica-induced macrophages. (Tuber-

culosis and Respiratory Diseases 1998, 45 : 823-834)
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AL (silica) o] AL A&7 Fole o] A
w38 23l FHZ

(silicosis) & Y o.7Ithe ML 147 Aol LA,
HZ 53 AAFUAY 57} AYeA o] 343
Hete] 4H] Zre H3 ZolmE Ago] 9loud,
Silica F7]1d=2A B2 38ty 243 ulstd HA
59 BAET} Fol H¥A SEoA Fal7Fak
MRS e 9uARl HAsstRe) Wy
A2l 7T NEuEe) LAl s sy
I Q9. Silicad]] <% 27] sWMe HEpT A
Z18A A AREE HEges BEEY HEo 3
34 Silicas AT FAH siztdz ojEy
3, silica §4jo] oJ8) #4318 PANEE GZa)7)
& BHEY. O 23, 43R S| 9%
SHEEo) WAL FFuee] X4 FFoA ¥AH
2y HALAH Yoz we) 224 Wsle
ZASHA FoH. HEYANEE dlAY o] TR =
At 3712t oA B 213 ot} gZurs
4271 FEAIE cytokinesE-& Hulslo] w48
BHAgol M AAAQ A3z e A3 Qon F
Ao BYNE HHREFe] Aol Hwhal
XM wh7i == cytokineso] Fa3 HEe = A
o dAA Y.

AYH 433 7149 BodHE cytokines
< ARt e lon, 27 gZurge=
Interleukin-18 (IL-18), Interleukin-6, tumeor
necrosis factor-a (TNF-e)7} 3 9Zugd @
A8t @Fo] A3} B4E transforming growth

factor-B8 (TGF-8), platelet derived growth fac-
tor (PDGF) Fol #43}n® o] = Mgmaxza
ol med ¥He  ZMge A3l
(fibrogenic) cytokines2:= TNF-q, TGF -8,
PDGF%o] #ojsin] IL-6% tjau¥, gusx
oA BulsElE FHERE niee qEure
€ JATIE 9EE e Aoe YA gru
THFAM 2] cytokines] HEHe: o}z 843}z
ot}

Piguet:= silica® sigul 39 % 2y Mg
THZE WA TNF-e9] mRNAY} Z7)en), wa
2L dYdA TNF-a 23138 AR o sil-
icadll o3 SAA-301 A=, IL-18 849 7
A2 AANA B Aex 43t Ao IL-18
3 TNF-a7} silicas] 9% slidfisiol 209 o8
€ ¥ Basdn®. IL-18% TNF-¢ Atole] 4
VYA B33 IL-18L daH e IL-6 4]
€ A=531, 449 IL-6= TNF-0o] HA4e A
okn A Qovt IL-183} IL-6, TNF-a7} 2
T b9 F3k= &317)7} o0, Salag
AFe) gl FUYL 9 TGF-8 wae) 2o
Z7F, TGF-B8% fibronectin} collageng &
ZHIFIE DS EAe] BHIE oAsiAY guy
e AAA Bulg Z71A)A TR F A
2J%t 71" (matrix) 9] 23 (degradation) & 9|
3t M E 9 7)4 (extracellular matrix )& £7}4]7
o 22e2 FFdA 239 718 (matrix) 9] %
2} QR3] TGF-A7F a8 4388 & How
7l 28y 2719 762 WudA TGF-29
B BEFXA] g3 F7)9] FH AN TGF
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-ge] 27\t gaslel FFAAN TGF-A7t 4/t
F}Ae] Frjo] 2aH AT ¥ Aoz FAHT 3
ou silicad] 9@ s fBFIMe] AHE AT
o}z #43] urE A v} glon xvld #uld TNF-a
U} & proinflammatory cytokined]] ojj 7] = o
TGF-g7} Bul=EleA silicart A3 TGF-8& £l
e A orx B3 wEA UA e

B 47 Balb/Co] MANAAEE silicaZ A=
% % IL-6, TNF-a TGF-8¢ 42 &3z
mRNA¢] wHe g3y, daMze] TGF-
QAo W IL-18, IL-6, TNF-a9] 4%& ¥V
$}ske] L-18, IL-6, TNF-¢ol th@ 33 E o
231 g Ee] TGF-89 B4 A #, & &
st

oA W Wl
1. 2| Tite] Ed|

Dauber 59 ugg olg3to Silica (SiO, F 80
%7} QJA=27] 1-5pm Sigma co.) ¥Z& 1IN HCl
o] B3 #9 ¥ ZR4E ANt AN F 7A
g 23319 200ColAM 241k $ A EHEEA
A HELE AASAH.

2. Balb/c HEHAME E2|

25 25-30gme] &% Balb/C& %33 €22 34
A7 ¥ HAE H&ste Percoll gradient WHE
olgsto] FSIATHY. Fedtd HE¥ AL B2
e AE %, 88ume) steel gauzeo] FFHAIFT
=9 A ¥E ¥E 1.080, 1.070, 1.030 Percoll &
a9l 2HAA 4°C, 3,500 rpmellA 3083 ¥4
2EAAT. 112 1.0803 1.070 Aole] MEE 85
st} Ca**3} Mg**o] ¢l phosphate buffered
saline (PBS) 2.2 M3 ¥ & A ¥4} trypan blue

dye exclusion testz A&&& U3t VE=
= 98% ololglon, u]Bo] esterase P4
(nonspecific esterase stain) 0.2 M¥ zPd& 3o
95% olato] t A EY& H3IT

3. SiEcHAlMZ S| uie)

=g NEE 10% FCS auA|d] 2x10°%/mlz
o] 24 well culture plated]] zZzt 835 0, 0.2,
1, 5, 25g/mle] silica® 7}k 37T, 5% CO.
71 Wg7lelA 0, 2, 4, 8, 12, 24 A%t B WY
& & APA& FAsK IL-6, TNF-a, TGF-59|
wufere 2389t In situ hybridization& #3}
o] chamber slide(Nunc, IL, USA)d 2%10%/ml
o] qI£E 0, 0.2, 1, 5, 25 g /mle silicas}t §A
37°C, 5% CO, 7KFuik71elA 0, 1, 2, 4, 8, 12,
24 A7t B9t uigste] AAgde vEln, A= 4%
paraformaldehyde o 5% %3t}

4. Proinflammatory cytokines % S3jatale| H
x|

Proinflammatory cytokines& A% &3E &
olx 7] $i5ted ikt AJH|Zo)| recombinant human
IL-18 (Genzyme), recombinant mouse IL-6
(Genzyme), recombinant human TNF-a
(Genzyme)& 247} 50ng/ml2 AZslRen 1
1 IL-18, IL-6, TNF-a& FAld 24712 A A3
%, 5ug/ml9 silicast 4 37¢C, 5% COAAM
24 A7t B wjFtTt. S F faEesi 43
de TGF-9] Sl 24& Siste] A¥d 744 -
80°Cold BHEstgc okgd 2x10°¢ AE&E in
situ hybridization 238 $i5}d Slet Ze P
2 chamber slide (Nunc. Co.)dllA wjdtdtt.
monoclonal hamster anti-IL-18 Ab (Genzyme),
monoclonal mouse anti-IL-6 Ab(Genzyme),
polyclonal rabbit anti-TNF-a Ab (Genzyme) 10
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ug /ml & 4zt agjn IL-18, TNF-a, IL-6& 5
ug/mle] silicas} g7 37°C, 5% CO,o A 244
T FE Sie 2o oz wl Ay

5. Cytokines2| &%

a. Tumor necrosis factor-a9| &3 upy
TNF-a9] A cell lytic assay & o|&3}gon
TNF-q9] ojqis}m, actinomycin D (Sigma) 2
2E gFe] L929 HEmME & o]ast bioassay
2 533U, L929 He-EAEE 96 well-flat
bottom © & % microplated] £33 % AAQ 5&
Al2kQ]l thTNF-a (Genzyme, USA) & 2000pg/ml
T 0.64pg/mle] BE717) 50 40 W Bagc). 8
u#g /ml actinomycin D | 30 AR E 5
% CO, 37°ColA 18A17F wikstlry. ujok % 0.9
% B2 As 200 40 = 13] AHE % 20% etha-
noldll =<1 0.05% crystal violet LB 500 8 B
T AEE 8% ¥ 52 B2 yHsin 23|
. 100 ¢ 9] methanolg Hrlsle] Mol Fo
# crystal violeto] fglgjo] 1} A Hw 595nm 4|
AN 23 %S 2482 439 TNF-eo %o T
B Act.

b. IL-69] £ why

IL-6 °|&4 BY hybridoma AHEF9] 24%8 o
23 3-(4.5-dimethyl thiazol)-2.5-diphenyl! tetra-
zolium bromide (MTT) colorimetric method & A}
B3, of&ay IL-6 2]&4 B9 hybridoma
NEFE 10% FCSYAN=|9) 2u/mle} rhIL-6
(Genzyme, USA) 2 jo}3}t % 33] A8l 10%
FCSeAui 2 5x104 cell/mlz £33} 96 well
culture plated] 100 u¢ 8 2 wello]] 7}8}1 rhiL-
6 EFA9E 4,000pgolA 1.28pg7}A]e) =x 2 5
Wi BM3te] e F, AAS Suj4H 54slo] 37
T, 5% CO, 7}5u1%7]9 A B9 hybridoma A)x}
Zo] 92A1F WiF F 10wl o] MTTZ A7kt 4
ARY WREAIZL F 2540 9 acid SDSE Ak &

2477 WA 27} Hohtow 620nme)A
micro-ELISA reader2 &4J3}{t}. F45E 2%
3lo] B9 M 29| 3458 2435l ¥ interleukin
-69] B9 AE Z4%50) ghio] AU IL-62) &
& 7.

c. TGF-4o| &3
TGF-8 &4 o2 9A=)= mink lung fibroblast
MIZFQ] MV-309 HE 229 AJAATE 243
224 TGF-89 %& 23 4 UdcHe. Mv-
309 cell line 5% FCSo] &89 @Az x|
oM 349 Ao trypsin HeEd § Hyyre
35 sk APl ZHAAT. 5040 9
MERFZE H7bsta 37C, 5% CO, 7hgui o)
AN 3AIRF MFE F M"Y FEgYm RPMI
1004 & flat-bottom microtiter plated]] g& %
TGF-£E 10ngolX 0.6410pg7tx] 5ujx 33
o BEEAE wEo] 100l & 2 wello] ¥Yu A
A& 298y BMste] Wz Frlsigg. Ade va
9271 B 377, 5% CO, 74 HL7)oA ujg
& ¥ MTTE 718tz IL-6 oA &8 wy
o2 APyt

6. In situ hybridization

Chamber slidec]|A] Wj¥E MEE F7] ZojA 2 o
2l1, 4% paraformaldehydeo 2 5%7} AR
¥ 49 W7 70% ethanole] B@stch. Slide
= 23] €3¢ B7] 9Jsled poly-l-lysineo.z ]
23k,

a. RNA probe 2| =
Probee] Az digoxigening o]8% in vitro
transcription W& AJgisc}e e,

1} Vector 9| FH|
Vector= BamHIs} Hind Il enzyme site7} =
2746bpe] pZEM.4Z(Promega, WI, USA)& AL
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354t} pZEM.4Zo] Eoide JM 109 straino 25
&) small scale preparationdte] dUct. 3| 7
&3}, 254g/mle] ampicilline] #7-59f 3l 10%
LB agar plateo] JM 109 striang HF3dt 124
7t olA} HiFAlA Aigk colonyE 5mle] 10% LB
mediadl] A3t} WA wAlZTh TR wigd
1 mle 33l 12,000rpm o2 4ColA 3027 ¢
Alralatn AHde wE g 50mM glucose,
10mM EDTAZ} #4550 sl 448 37H £ 2
A3 o]9) 0.2 N NaOH, 1% SDSE& 7}3}3 5M po-
tassium acetate® & 4jw=r}. o]o] 12,000 rpmo.
2 4CA 58 AR sn 4YYE Lol phe-
nol/chloroform& ¥i 12,000rpmo.2 4ColA 2
B2 9A18 st 43P9e det). Propranolole
2 DNAE #7247 F 70% ethanol2 A3},
o]0} RNase7} ¥715o} U&= FHol DNAE @
zo0]31 Hindll & enzyme digestion&}e] agarose
gel’doll 4 2746 bpe} pZEM.4Z DNA band & &l
3tk goix DNAE =5 agarose gel ruuning
slo) DNA band& A& ¥, gene cleaning2 & 3
A3t transformation &v]E 3t

2) Insert DNA<| Fd|

IL-18= RT-PCRZ, TNF-a, TGF-8, IL-6&
PCR& AJ33}drt. 2 cytokinee] PCR product$]
37} IL-18%= 312bp, PDGF+ 369bp, IL-6+
422bp, TNF-a%= 361bp, TGF-B+ 360bp7} ==
£ A Y5ttt RT-PCR3 PCR productst phe-
nol/chloroform ¥ isoamylalcohol2 purification
3 %o BamHIz} Hindlll enzyme2 2 37CejA]
2A17t ol wrgAlRl ¥ digested DNAE 1%
agarose geld] runningA]# cDNA band7} U&=
gel 2Hg Z2hljo] gene cleaning& Al33}e] in-
sert DNAZ <A} spectrophotometer (UV
light 260/280nm) A =& &Yt o] insert
DNAE t}A] 1% agarose geld] running3le] $j¢}
ZU% band$17He H¢I=E transformation FH]

€ 3.

3) Cytokines2| transformation
Mz 2z} cytokines®] DNA$S} vector DNARI
pGEM.4Z 4 ligationAlZth. ©] vector DNAE in-
sert DNAS} ligation Alg)3s}l7] o] BamHIz}
Hind m 2 X 2l&}ld spectrophotometer (UV light
260/280nm)oA %8 ZA3sl3z LigationAldl=
vector DNA$} insert DNAE &3 & 1 unit9]
T4 DNA ligaseE H0] 16°ColA ¥ kg Az},
Ligatione] Eu9 transformation& $3}e] DH-5
Z competent cellg 7HE2it}. Competent cell}
2o 4} BE ligation mixtured EFI F 3083
4de YA FUhr} 42°C oA 90%7F heat shock
& Z 32 LB mediag Hriste] 1417 B¢ S
3gt}. oA e Y4EeE AFERAIIL o] am-
picilline] ¥§¥ LB media plated] HFAIZ th
16 A1t Fof A& FF& 3l DNAE A3}
et

o714 1h& plasmid DNAE BamH13 Hind M
2 9F 147 o]4 37°CHlA WHg-Al#H vector DNA
(pGEM.4Z) ¢} insert DNA ¢] band& #<I3l%ith.
o714 2235 plasmid DNAE insitu
hybridizationo] ¥ 8% RNA probe& P& tem-
plate 2 ARg-3}dch.

4) Probe<} ®|=t

%23 plasmid DNA9|A] antisense probeg& %t
57 94 plasmid DNAE linealization AjZl ¥
template DNAE 5-10ug/uf & AF =2 ¥
Eo] %9}t Template DNAE ©]& in vitro
transcription® A]#AA RNA probeg WHEoH
¥ A A2 11-digoxigenin-labelled UTP & A}-8-3}
4ic}. In vitro transcription® antisense?| 7%
& T7 polymerase, sense] 73-9-= SP6 polymer-
aseE 0|4 dgith TGF-8¢ 74+ PCRE ]
£ digoxigening H &A1 Z . PCRAIYA 11-
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digoxigenin-labelled dUTP& A}M-3}9ct}. Label-

ling efficiency:= anti-digoxigenin alkaline
phophatase& ¥Fg-Al# semiquantitative dot blot

analysis& A3 g<l3lc}.

b. In situ hybridization

Cytospino. 2 THE slideE A-Lolx HAzRA7|3:, o
o] 4Co|A 4% paraformaldehydes 587t 24
AlZA}. SlideE DEPC-water2 %& % 70%, 80
%, 100% ethanold] Z+z} 587 whef H=EAIR
. $dM TE RNA Z& DNA probe,
hybridization mixture, t-RNA (25 ug /uf)2 &
e & 30u0 & =399 911, sigmacoteZ A
2|8 cover glassZ Qo] 37°C oA 16A17F wH&A]H
ok vk 2 X SSC, 1 X SSColA] 7}z 30&, 0.5
X SSC=& 37°CelA 3083}, 0.5 X SSC= A-eojA
3083 AA3IH}. o]o] sheep serum3} triton-X
7} 234 blocking solutionez 3087t X%,
1:50002 34" anti-digoxigenin-alkaline
phosphatase conjugate® 247t wH-A1Zic}. Buff-
ered solutiono 2 3087t AlA%E, NBT 4544,
BCIP 3.5u¢ ¥ £33 9& (33 5] vhg-g @
#3t%tt. Anti-sense probeE AME-§l slidec] A=

ST 2] ukgo] Ho|WA, sense probe & AN
g slided| Al 3jn|3 Ao whgo] viehd w7tz
71038t} o] EDTAZ} 3449 buffered solution
o2 g FUAFIL BAu AN gl
ack

2 5
1. TNF-g, IL-6, TGF-8 CH&% 2}

TNF-a 70 AM-E A3 AE5E 1x10° A2
silicaZ 259 BE FEIA silicaz }2ahx] @&
& Ad YAFET 2A0H TNF-ag] AAo] 27}
5)7) A=akch. Silica 0.2 /mlh 5 /ml9] 5
EollM 4AA Hue] AL o), w8,
1227+ silicas] BE F=oA 7HAEAL. 24
AAE silicas AF8}A] @ A P50 7}
SRR, AR Z7HEAD silica 0.2 g /mlzH
5ug /mle} FEoANE 714 AHE Zasidn). B3
silica 1 pg/ml¥} 25 g /mle] FEoXE 24125
5 Z7HER, 24AE Z7)Es biphasicdt <
3E& B3t o] A2 TNF-a= silica @ 24
47T A2 Z715He & 4 1Ak (Fig.lA).

60 ]
oo no2 si]ical
i 0.2ug silica
50 Lug sitica
= VY Sugsilica
E O 25ug silica
3 407
4
'
£ 307
20
107
1d
0 I T T T T T 1
0 2 4 8 12 4
Hours
(A)

1000 —
900 O-O no silica
OO 0.2 g silica
800 1 OB ] pgsilica
- V- S pugsilica
E 700 O 25 ugsilica
g 60 7
3
= 500 4
400
300
200
100 J
0
F T T T T T 1
0 2 4 8 12 18
Hours
(B)

Fig. 1. Time and dose response curve of TNF-a (A) and IL-6 (B) production from macrophag-

es (1 x10° cells) after silica stimulation.
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20 O~O no sitica
OO 0.2 pgsilica

18 OH-A | opgsilica
P75 uy silica

18 O 25 pg silica

TGF-p (pg/mi)

Hours

Fig. 2. Time and dose response curve of TGF-8
production from macrophages (2X 10°
cells) after silica stimulation

IL-6 ZAd] AME FHA AEPE 1X 106712
TNF-qo}= 28 2, 4A7HE oFFd Hskrt fisd
oy, 8AITH AdRAEel ke 4278 BA
t}. Silica 0.2 ug /mle] XA ik 8A1HA IL-
62 B A BY:, lug/ml oA 25ug/
mle] FEZ Z71 $8 IL-69] 4% FAs
Ak, AARNERTE FTHE AN L-6& A
Exda Mg 1228 oA a8t 244
748 Z7¥8k= biphasicdt 274& 2o o} (Fig.
1B). TGF-8¢] &34 AH-2 23 AlxFE 2x10
s gom, silicad] %z} BAIGLO] 1417 FE 124
A e wjekdoME TGF-p9 7Pt #3857
gttt Wik 24 A1 AGBATE F7HE B o
g, silicag AFAjE F7slon, 53 silica 5
pg/mlel EEdA Hne F718 BAY F AMH
(Fig. 2).

2. IL-143, IL-62} TNF-e2| TGF-3 84dol| cht &34
Silicas} 3 IL-18 (50ng/ml) 2 AFAlE silica

U= 230 ol@ TGF-Be] B33 xjol7} girk(p
>0.05). Silicast ¥ IL-6 (50ng/ml) & A4FA]

*k

TGF-B {pgimi}
e

) nowiica  sikca g s THFa  TNF-aulL-) TNF-a ¢iL-$

TGF-B (pgimi}
w
=

20 *

®) no eiica silica ant-l-1g  #oliLS  ani-TNFa antldL-1+L4*TNF g

Fig. 3. The effects of proinflammatory cytokines
(A) and the anti-proinflammatory
cytokines antibodies (B) on the produc-
tion of TGF-gwith silica.

%, # :p<0.05 vssilica, anti~IL-8
% % . p>0.05 vs TNF-a
$,#4% : p>0.05 vs silica

= silica @502 AF¥ A$ Bri= TGF-8 440l
a3 7A9e B4t (p>0.05). Silicagt TNF-
@ 50ng/ml& ¥ AFA] TGF-B2] 4L BA 3
271519008 (p<0.05), TNF-a 50ng/mls} IL-6
50ng/mlo.2 FA] AFAlelE TNF-odll & TGF
-gel ¥l Fvkle A¥E B (p>0.05)
(Fig. 3A). o]e] Atz TGF-B<] ¥4 TNF-«a
7} 283 98¢ &9 IL-18, IL-6= TNF-29]
TGF-B8 8o & 9T VXA 88 ¢ F AUt

3. IL-18, IL-6, TNF-o2| E&/8H =20}

IL-18, IL-6, TNF-a2] 23134 & A3 ¥ silica

— 829 —



~ S.Y.Kj, et al —

Fig. 4. Light microscopic findings of in situ hybridization for macrophages stimulated with silica
after 2 hours by IL-18 (A, 400x), IL-6 (B, 200x) and TNF-a(C, 200X ) antisense
probe. And the expression of TGF-8 was shown in macrophages stimulated with silica
after 12 hours by digoxigenin-labelled TGF-8DNA probe (D, 100 x )

A5A] anti-IL-14 antibody 10 ug /ml& TGF-8
o A& T YL YR (p>0.05) anti
-IL-6 antibody 10ug/ml®} anti-TNF antibody
10p¢ /ml 242t 4202 % silicad] oJ3h TGF-8
o AL dAANZE BEE 5 UUTH(p<0.05).
Anti-IL-18, anti-IL-6, anti-TNF-¢ antibody =
FE B FA8UE WE silicad] 93 TGF-8
o B49%E AL BRE 5 AUTH(p<0.05)
(Fig. 3B).

4. In situ hybridization 2| Zdz}

Silica 9] s=ok= #AIglo] antisense probe IL-148

¢l mRNAE silica 22 2|7+ olF RE Fiz)y)
AFstgon, 2447 72X Aoz UG
(Fig. 4A). IL-1pB sense probedAj:= S90] 3§
TEEA] it

IL-69] 79 silicad) ¥z BAIgle] antisense
probe2 hybridization A]7]W mRNA ¢] o] 4
AR RE Uehdr] Algsid 124208 2Es
o] 24=EE 2748 By (Fig. 4B). TNF-a 9}
4= 2A0RSE mRNAS Bde gag = A
AL silicam 2AFE Aee} 2Fsx] e we
slided] ] #&=lon, 53] A%FE (0.2 4g /ml) <)
silica2 A=31%& 79 29 godo] b2 A3}
Al B2 olF 4, A= o] Sofo] 7t
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A8 12417 A A 22EE & F AUH
(Fig. 4C).

TGF-82) #$< silicaz A3 AY silica® zh
2a1x] 4 P2t ZFA 1242k mRNA S 2@
o] 71 7kl uehde #AY 4 UUH(Fig.
4B). IL-18, IL-6 & %17} 9502 AFA silica &
=x12o) 8l3te TGF-89 mRNA ¥de] F7EA
ororajgt, TNF-¢& @502 AZAlE 12470 8
A& 2718 BEY 5 Aok IL-18, IL-6, TNF-
a8 25 o] AFAIF| A, & IL-18, TNF-a&
IL-6, TNF-aZ FAld] A=A TNF-o @502
A28 Asel FARIC.  Anti-IL-18, IL-6,
TNF-¢ antibody & 2tz FoatAY & A7HAE
ZAlo] Bdt Ao silica BEOR T ¢
9} zpo]Ho] Ut

L

Silica ¢a}el] o3 WA AFWgole HEHH
AE7L 228 J8L 819 silicad T HZhY
H|¥:= eicosanoid metabolite, destructive proteo-
Iytic enzyme, inflammatory growth factorg-2} oj
NEe Busle g3Hee doyn gFugel A
53} BANA ARolAEe] F2T 22| 35 ¥
8% ndde] ¥4 ¢ AHoz HAR3Fe] YT
th #o) A, AT Agol o7 sede] Af olF
A =g mAe] Aito] QAT silicast 2
HAAAQ AFE F, A, ARFIAG BA, 5
4 B4, F2F  (hyperoxia), Ar27] (oxi-
dants), 3/thA}A] (antimetablites) 5ol 2|3t =%
W Mzadle 88 Foi4do] Z7skAl =1 o]
A wgTe Fa 9 AL Jehde, T30
26 BRA AREAEY GE 3o vA
A2 mdde] Ao] WS Hh. o] FHAe|
A silica® @213 di2AEof A £H|HE cytokines
o] gL WSR3 WA AR FaE q4¥e
@l Borm%-& Aebgel dxdAHTE WEL

L} silicas} e F7|YgAE AF3RE o FEAd
H|ste] TNFo] 2ul7} d#3] @o| ujge #¥3}
3% Piguet: silicad) o3 slAdfr3l5ol f4d
mouse2] AW A TNF mRNA 2] &do] F7}3)
o & AgdA TNFd tigt FalaAdl 25 sili-
cad] &% muAe] o] &H3| AAHE BF3}
o] TNF7} silicadl] 2% Hge] &3t 289 F4a
3 48L& Ao FHHIAAND. & IFME sil-
ica® #HF YAMEE A=A TNF-0 mRNAVE %2
7] 2A AR wWaA ddo] Hoj 4AIRM diRE
o] NE7t ZAF FH 298 B I, AT g
Aol gwoke sxd @E zols UATL,
silca 2= F 4A17H) Fd|2 F7l8le &4E Ko
zo] silica AFA] GFAHEA TNF-eo] #H]7}
ojfoj ® gt olg} Byl Al7]7 T cytokine
o wja Zrlof wEEe #HA AT 24y,
Pigueto] AgdAe A3l o8 702 35
£ TGF-SmRNA¢] &de] ¥alE wash) R3id
=4, Williams%& rate] ) silica o & &
gz Asierdag AB Afels TGF-gleo] 4t
A4 F99) QA E9} AFEAE WolM TGF-A1
o] wae s silicad] 3 AHREA
TGF-g7} BARE AN, & AFNNE sil
ica T & 24 A7, BE FEAM FUIstq GF
A Zo A silicadl] &jsl TGF-82] BAe] F71d&
#elslg 1 1 A)7]= proinflammatory cytokine$l
IL-61+ TNF-a9] 37} Fel F7t=lol TGF-82] 4
e x7] 4398 Hoke 719 43We &, AF
3 B B Aoz AP} Williams 59
A M= TGF-F2] dde FulZddo] 34 & £
dgi Z7E2g2 TGF-8+ silica A= ¥ 7] §%
wher|Rohs 7] ARkt B9 Ao &
Ao, silica Fof F 271%E oA H] ¥4
oAl Al7I7kA 9] AIZEA sl e cytokines]
AEgA ol thet AdFo] glol HAdRstAAAA TGF
-B9] 71%& olsial7} Y= AA (in vivo) ¥
£ 5% TGF-B9 AI7t3 ¥stE oh= Aol B8 ¥
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Aoltk. B AFME silicad] 3 WA e
TNF-a, IL-6, TGF-B] 4] A|712Q) 2lo]g ¥
et ol silicac] <3 AfsTge) 279
¥hgol #ddl= proinflammatory cytokinese} A
3t cytokined] TGF-ge] HAmHoIxsl ua
A7t 988 AleRed olol te s BEge T
5| Yyl GelA ek, IL-188 IL-62) )
& #88 IL-6+= TNF-9] B8|& 7] 3o IL
18, IL-6, TNF-o7} M2 42382 sh= @59
& AA Afsi#Aol WyAy. =8 TGF-B9
B4l ¥ proinflammatory cytokinee] <&e
obd &3] ¥4 oA ekort Phan®t Kunkel® &
rato] bleomycing o3 & TNF-a9} TGF-£oll
A HFE dYolA 271 TNF-a7} 27153 o]
o] TGF-£¢] mRNASg} @ido] Zyls]= Ao

Ho} TNF-a7} TGF-8& 37144 AL A4 819
o £ d7dME IL-18, IL-6= TGF-89] A4
o FFE vAA @hoyt TNF-o A]Alo)=
TGF-89] A FE 771, silicast FAlo|
AFE B¢oll= TGF-B9f AAo] Fotstgct. E3
ol& #lslr] A% F3IA AYPHE TNF-aof
& FgAE silicad] 2Jd TGF-B9 4452
HAAA TNF-e7t TGF-B2| A4 #oide &
4 ATk o2& TNF-a9] TGF-B9) tjgh A4S
in situ hybridizations] A TNF-g HXX)A] TGF-4
mRNA 4do] Frksk= ZoE 2o TNF-o9
TGF-gol dig g2 A3 §d2 Lgq4
A o]0l A Aoz FHeY silica BEAFZo o3
TGF-g mRNA wdzle] 7218 A¥e ¥} #43)
& "a7t g Aoz AlRET. IL-6& wi$ Tk
& 71%5& 72 Y= proinflammatory cytokine
o2 S EN NS adhesion molecule AJ31A]
A AN FEE MDD, B3] JAdZMe
A7rAgAge] B BHo| glon], collagen
Aoz Bl wHdR3F5d F98 d¥e @
Aoe A9 Jay YRdNE FEE4EL B
e BaE o)™ ARzl IL-69) Ags

715 ok B4 ot} 2 A™e|AE, L6 sil-
ica 2ol sfaf BTAEHAN WAL ZhEgont
TGF-8 A4 te BEA42 083 2848
He e Zne woiFn 9o} IL-69) e o
g o7IAE ¢ 47} 90Tk E=E Aderka S103}
& @) TNFo & IL-6014] ane pae = o
o IL-6 AFol} AR Wt 7)54 Ffol7} e
Aoz 2390,

22408 silicaxtZol o) HAYAAEE IL-
6, TNF-e, TGF-87} &AM &Ho g Hujsin] 213 =
71E TNF-a7h 71497 §4sin $710) TGF-4
7} W=D TGF-p8) 4ol TNF-a7t 2o
qgs ¥ Aoz AREUH

2 o

AT :

FE) At (silica) }Foll Qs HFU dj2lA) oA
¥4 == proinflammatory cytokines$l IL-15, 1L
-6, TNF-@¢} fibrogenic cytokine?l TGF-g,
PDGFE= A3 fFol ul$ a8 oJats 3.
et o] cytokineo] A} s uAA| o
iMe oby #4413 Bl wiglt. £ d7= Balb
/C mouse®] HAZFTHEE silicaz z=4] P45
< IL-6, TNF-a} Hd43te] 283 §x)o 28
B e ¥ Ao JYsE TGF-89) A4S B
@sta  TGF-B9 AAe]  proinflammatory
cytokineo] B Ggol] thallA gol Bux} 3}
k.

-

Balb/C¢] HANANEE silicaz 2}33 % L-6,
TNF-a TGF-B2] <9%& bicassay2 =#3lgn
mRNA 9] #38£- in situ hybridization& =3 B3
dtslen, thAMES] TGF-8 A4dl Wiat IL-18,
IL-6, TNF-ao] %%e 9] 93} L-1, IL-6,
TNF-go] oigt Z3FAE olgsld hayxe)
TGF-g9] A4 oA &, 55 B}
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2 o

Silicaz AMEAZA] TNF-a= Z7] 4X7H
19 FAse Hyon, IL-6+ silica 0.2 ug /ml<]
F5olA ujoF 8 A7 BAsel 7P B WY
1247 oA 2ol 2440 Sk
biphasic® 474& Bo F}. TGF-B+ silicas]
oz} BAIge] wF 2440 AW FE ohdzt,
silicag A=Az ZVEgtt. Silicast TNF-a
50ng/mle 7 AZA] TGF-B2] A3 dA3 3
7}5)9le.8y, TNF-a 50 ng/ml3} IL-6 50 ng/mle.
2 %A AZAoj= TNF-aol 98 TGF-8<] 84
o] Z7}sh= Ae Bt TNF-a2 Z33AE A
x| ¥ silica AFA TGF-9] 445g HAAF
o #8% + T Anti-IL-18, anti-IL-6, anti
-TNF-a antibody 25& $Ald] F3ige dx=
silicadll 2% TGF-89] A4%5& AL B¥Y
% qlalch. Silica AT F dIAMESY in situ
hybridization®]lA] TNF-¢ mRNAE 2A|7AR-E
We59T 1L-6 mRNAE 4AIZRE BHe ¥
8AIZH 24503 TGF-mRNAE 124178 73
3% HEE 1t

# E:

Silica zZell o8 HFNAMEE AF Z7lde
TNF-a7} 7P3AA #8453 ¥7]9 TGF-47} 84
=} TNF-¢7} TGF-$ 340l 588 488 ¥ 2
o2 Algs A
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