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Silica Induced Apoptosis In Vitro and In Vivo

Ji Hong Kim, Hwang Shn Chang,Yung Mann Baag,
Byung Yong Ahn, Kyoung Ah Kim, Young Lim*

Department of Occupational & Environmental Medicine, Institute of Industrial Medicine®,
St. Mary's Hospital, The Catholic University of Korea

Silica exposure results in acute inflammatory response followed by chronic fibrotic
change. The mechanism for the maintenance of silica-induced inflammation has not been
understood yet. Apoptosis is a morphologically distinct form of programed cell death that
plays major role during homeostasis and in many diseases including cancer, acquired
immune deficiency syndrome and neurodegenerative disorders. Apoptosis is characterized
by cell shrinkage, membrane blebbing and nuclear condensation.

To demonstrate the involvement of apoptosis in underlying mechanism for the develop-
ment, of silica-induced pathological changes, this study was designed in vitro and in vivo
models. In in vitro study, alveolar epithelial cell line (A549) was stimulated with silica
and performed flow cytometry and DNA electrophoresis. In in vivo study, bronchoalveolar
lavage (BAL) was done to count the total and apoptotic cells from silica-instilled rats.

The results were as follows:

1. Apoptotic cell fraction of silica-treated groups (10 and 50 we/ar) was significantly
higher than that of control group.

2. Genomic DNA from silica-treated groups (10 and 50 we/ar) showed DNA ladder in
agarose gel electrophoresis, while group of 1 ug/a? didn’ t.

3. Total cell number and apoptotic cell number of BAL fluid from silica-instilled rats
(10, 20 and 40 mg/kg) were significantly higher than those of control.

4. Silica induced apoptosis of cells in BAL fluid was confirmed by microscopic observa-
tion with nuclear fragmentation.

These results suggest that apoptosis may contribute to development of silica-induced
pathological changes.

Key Words : silicosis, apoptosis, flow cytometry, microscopy
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N B

THFS 77148 £ 714 £39 Fgez &
AEe 48 A 3 7P 1A deid Aoy,
F2 2389 FETAAY)E e ERE F
date] LA HAAe] WHoz dFAQA FY
4 7] Ago|tH(Banks? Parker, 1998). o
FEo] #3e F¢ 71EAS 2959 HEFHq
A&sEd ole o 97 mucociliary clearence
7} AgtElo] sl el 7198 (Brady, 1991). &
A AARS F9o HE dgRINZE v EF
o8] 71 434 NXE AT BB 4,
cytokine® A1zl 5o wWiAEAE EuAic
(Rom, 1991: Saffiotti 5, 1994). °l8ig i &
AEL feEiatel g dFuteat AR3kE 29
B AAo] FFE FLATIE vdx 4y et
ot g4 glew TARC(International Agency
for Research on Cancer)dlA€ #elTH4ke #3)
EF B AIROAA 24 /28 5 dE ]
TOoE EHIFHIARC, 1997).

T B 7T AN dA93E ] ol e v
elllE 38 34 (antinuclear antibody)$} v}
Eol= QA (rheumatoid factor)e] #7}7} 2m
(Nagaoka %, 1993)d1 slov} oje] 71He o}
2 FHEA g 9. AWF FANA A7E b
E A2} FATE F8 ERNER 3l o]F
oA oy, HZ paraquat‘l LEE] AAE o
43l HAR3E fxda o] W s Auax
53] 28 s X AoA 2/ He &49 o 493
d Fg3tte d7a7r 2EHYAH(Uhal £,
1995; Jyonouchi %, 1998). #lojre] JZute-
2 AH3t #Fo B MEEC] FIFd & AL
ghe AR NS AXE Ao g8A gtoy #
Heme AYE AFE & olXEZEA|27} Filalo]
dojdrte Aol ¥¥ BRandUct(Hamilton £,
1996: Leigh &, 1997 Iyer %, 1997).

A Zo|Xe] ol XTEAIAS HAE FolRE HPY
< AQPAoR2e HAE B AE 24 g43
F&D ¥ 4 274 BAM, PFoEe
X &£39, in situ labeling i3 A7149%
W Fol AT AR AEY WS AA|E0A

#olga ¢=lA Ut

E At FuFe dyadF e doddvin
d2iA e Z18A HE A EANA FelFate o)s}
o] olXEEAAV} dojue AE Huz el
ool Ald@NA flFAHE 28 HIEAFW A L)
A feE A549 A ¥ xZ2A]H DNAE F33}q
A7l Bl AAElY] ol EZEA XS A S #F
3, FAE 4718 B3 feldite Fxdl
g OlX T EAAS WAL E A F3eual 3R
o} 3 7S FEAE 2de Z#A AE A
4 ) NEA olZEEA29 LS PeFgH o
2 #dstaA s

AT B
1. RERM £

2 Ao AT RE7FA(SIOz) S Min-U-Sil
5 Crystalline Silica(Berkley Springs, WV)e]
] YAA71E 0.6-8 wmolx, 7ol 5 um o5}
98% °14Z AX AU, A2 HHHAME A Gl
99.5%°1M WEae A% AR gt £3&
100 vg/me] F== 2A17t F 235 A2)se] 4
coll 28, A3t

2. NEg =4

1) MEZS Y ofEA

Add mdoME A549 NIX(ATCC CCL 185:
American Type Culture Collection, Rockvill,
MD)E o]839t). A549 AXE 10 % SElofd
# (Fetal Bovine Serum(FBS), Boeringer
Mannheim, Mannheim, Germany), 2 mM
Lglutamine® 1.5 g/L &40l A7 F-12K
#}A] (Sigma Chemical Company, St. Louis,
MO)E o]&3l wjgFatsict. ¥ o83y ¢
&} 0.05 % trypsin®& WiYRo2RE NEE B
gAZl F uiAE AAAT. XV 2.5 x 106
cells/welle] H|=% 6 well-plates(Corning,
NY)ol &5:3t3L oj4tsigth wjgr|olA] 24413
gt WF 244 F WG AEEE AAn
10% FBS7F 3718 wiA& 13 A3 & fe
A FEEE BRI on 9 FEE 0,
1, 10, 50 we/aro 2 B} ERE £33 F 4,
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24, 48A1% F ¥ 542 AARL MEE
trypsinizationdld W¥FROZHE Hojd F FA)
¥ 2% DNAY A7YFTULE ofELEAA
& #FAY. FEHAAE HEHA ¥ 7 o
ZToR don, AP A W urEsl BAA
2t

2) FMZ ZXH(Flow cytometry)

A549 AXE A fFdo g MAF F 200 x
g2 58 Et 94EEE cell pelletS 20 4
Annexin-V-Fluos reagent (Boehringer
Mannheim, Mannheim, Germany)$ 20
Propidium iodide(P)9] ¥ZHRARES A/
100 #4 HEPES buffer& A& A7l £ 15%
<t WA AT, FAE7IE FACS(fluorescein
activated cell sorter) flow cytometer(EPICS
PRO FILE-2)& Annexin V$} Pl H&< 93
<} 488 nm laser excitation line2® 2} 515
nm$ 560 nm ©]’49] band filter& AH&-814tt

3) A549 MiZoflAe] DNA £21 MI|YE

frElTAHE AeiekA & A549 AlX e A&
AB49 N XEF 48 AJZE viFE QA ko g A3
3lit}. Apoptosis DNA ladder kit(Boehringer
Mannheim, Mannheim, Germany)-& Al-&3}o
DNAE ¥23%th. &% DNA¥E spectropho-
tometer2 2L L2 AH(50 ng/m)3 F 2%
agarose gellA 50 volt, 2 A7t A71QF3}o
ethidium bromide @4o] 2§ DNA ladderZ
3zt DNA9 Z71& vehlle FAAE 8-
587bp Z71E EAIE 4 3l DNA Molecular
Weight Marker V(BMS, Seoul, Korea)& AM%
3l A7 5S I

3. SE4HH 24

1) Y FuHS U 7)X) HZ MEHY &S

AF 250~300 gme A #F (Spraque-
Dawley)& ©|-83} Ketamine(25 mg/kg)S &
& FAEl] A vlAZ 1 ¥ 839 ARE
ANEA 7EE B2 O /T FdPde
10, 20, 40 mg/kg7t 8 0.5 m A2drE
1 ml FAPZIE o] 43819 7I=dl2 d3ld FAsK

o 92T 0.5 ml QYA AFET Y% gt
9 & 5rlER Y. FY 13 Fd #F )
urethane(0.12 g/100 gm)& B FAlele] n}
AT F AEs] 718E AR T Fuxa(6 )
& 718 Adsct. 138 5 ml 4 F 100 mo]
37 T AEHAFE TAPNE o83 Y3
sk R VPR HE A3es HAE
o}, 34E AHAL 50 ml conical tube(Falcon,
Franklin, NJ)d] B2 ¥ FA] 454 2839,

2) 718X #= MXHoiAe] ME BHE

718 HE AAE 300 g2 1083 4TAM
LAELT F F2 cell pellets RPMI-1640 =)
A (Sigma Chemical Company, St. Louis,
MO)2 A7t & AESFE cytometer® &
Asln, AL PYE&L trypan blue exclusion
oz ZA3l9ct. cytospin(Hettich)S& o] &8l
0.5 x 10%/mie} NEE 2 slidedl F-FHA7|z
g&2 3AFE Diff-Quik(Baxter Healthcare
Co. Miami, FL)E4Z 3t 448 Axe 3
HE 27 93ld vl (Olympus) #F(x
1,000, oil immersion)& 3tgcl. 2 5 1,000 7
9] NEoA FeEH R olXZEA|AV} Uojd
HEE AAR, olEZZEA| 29 4270 #FE WX
A M EE #Ystqrt.

4. EASE 24

AgAde SAS TEaYE o] a %, A8 A
AL FHA+IAFUAZ FASIYCL. AldaY A9
A iz FlAbE A= 2o fold 33
€ Wilcoxon rank sum test® 3%t SE48
2o HzxEF feate FYT oA 7)
#A W E A¥AUe) F MEL) HE gAAES
9] goj4 HAL Kruskal-Wallis test2 3},

ATdn
1. Al 2ol M2 S5 oA

Rl 2% A= (10, 50 wg/a)d
o] A& AEE VIS o 4, 249 48X )
F7IRte A B E0E A oA FelsA @
eHp<0.05) (Fig. 1).
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O}XLEA| 27} BT AXE e fETAE 10
wg/ert AR BEIL 48A1F WFAIZl TS Alejstae
HzT# HustdS o 4, 249 4871 w71zt
A BF E£3& A TolA st Edvp
<0.05) (Fig. 2).

AAE AE Fe felidd A2 2o gz

*nP<0.05 in compatrison with control group
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Fig. 2. Viability fraction by sillica concentration
and culture duration.

*p<0.05 in comparison with control group
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Fig, 2. Apoptosis fraction by sillica concentration
and culture duration.

TR 4827 W FAIE A Jekar 49 24413 vl ek
Aol fel8tAl Eskth(p<0.05) (Fig. 3).

2. Ab4Y MzollM FETE DNAS| TV |HE

zd fel kS ARgE Ab49 AlXoA 2
% pgenomic DNAE X71¥%< 3idch feElwat
& 247 10 wg/em, 50 wg/ewe A2 FoA] ofEZL
EAzo Bojzog HolE 50~300 bpel DNA

*p<0.05 in comparison with control group
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Fig, 3, Necrosis fraction by sillica concentration
and culture duration.

Fig. 4, Agarose gel electrophoresis of DNA
extracted from A549 cell in control and
silica-treated groups.

Lane 1: DNA Molecular Weight Marker

Lane 2, 3, & 4: Si0,(50 wg/cw) treated
group

Lane 5, 6, & 7: Si0,(10 ug/ow) treated
group

Lane 8: control group

Lane 9 & 10: SiQO,(1 wg/aw) treated group
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Table 1, Means of total cells and apoptotic cells in BAL fluid at 1 week after rats was

instilled with saline and silica

Group () Total cells(x 10°/ml) Apoptotic cells/10%ells
Control (5) 2.5+0.1 3.2+1.8

Silica 10 mg/kg () 4.6%0.5* 22.5+8.1*

Silica 20 mg/kg(5) 10.2+1.3* 20.1+6.8*

Silica 40 mg/kg(5) 12.9%+1,9* 50.4+17.9*

* p € 0.05: compared with control group

ladder’} #&¥ = (lane 2~7) ¥ dZ2TH 1w
Jemd A2l Tl Ae #EEA G (Fig. 4).

3. 7IBA] HE MHHolMe| BHE oA

Agl 24 0.5 cest FElHAF 10, 20, 40 mg
/kg& 247+ 5 vlele] @F e HAAUR 4 F 15
el 7184 HAE HHeE AlFgsted Bzl 100 cc
9] N1BA HAXE ANFANe F NEFS o]E F
103 7o} MEoA o}EZEA|AT} ot A XSS
Diff-Quik d4H-& AHEst AUt F A xS
OIEZEA AT} dold HESFE AT S dx
ol Hate] fElAbE UL TN frelEA &
A U} (p<0.05) (Table 1). FU& Felt4te]
%ol BEFE F AEFS} o}XTEA AV} LAY
ALY Z7Vehe A%S B

4, 17| w|ZCiAMEe| HEE0|H A

Fig. 5& 83 NA #2]74H& 40 mg/kgE T4
& F 1A Z18A HE AHeS Adsid de
HERAAES] FgAvZE 2748 (x 1,000, oil
immersion) olth, IFARE FAIF H Ed2]A] Lo
Al OlZZEA|29] EXQ #o| o] #EAH
At

L

Ao AP ZA FEGHoR FAld o7 A
o olZIZEA| 2] o3 AMFEGo 2 R A
Abe ALYl ol Py w3 g FHe=
£ WA due AEddeR Y 994 des
FEH AHEE Fusle W olEZEAAE AXE
&} 27|17 FolAa o] EEHHAT A ET}e] 13
g FWEkAl de A2lE AdAde] FegEe @

Fig. 5. Micrograph of alveolar macro-phage
showing nuclear fragmentation (arrow) (x
1,000, oil immersion)

Aolgta gelx Ut (Klaassen Gregus,
1996), ©oITEZEAIAE o WA, FHAY WUARA
FFF9 violga EAg, MY F¥2 ZINF
59 A7F WedE, AYEFY R Fo 94
37 gty Fo] A7 A /A=
Todte o2 YW ofEXZEA AT AulA A
FAFEEZER ol HAE A F2 HA AE
Ax F2 Yeive AEZAEEANYC] Eu=d]
t}. (Solary &, 1996). F|Ale} o}XZEA|AE F
71 WellA FAldl Jeh VT ot AI7EH &&
FA Aelg Fuk deojdtin Ith(Leist F,
1998). AEFA] 93l Jehte ALt ofx
BEA 20 AFATE @] 22} Fold Al Al
£ E3lo] AgEr}(Leist® Nicitera, 1997). o}
FIEAR 3 §& Ardarst o7l A7A
ol frElatatel FelHel vehde AESA] 4
Z& FEAA BT AR HAE ZIYke AR
ola| =2t} Bleomycin, ¥, ERE9] Ath 5
HEF3 eSS XA T A FE &
ZAZE W olEZEA 27} BHEYT O}ELZEA]
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2 NFEAERRARE AR F5eheat A A3l
Add 71Ade] HxH UK Hamilton &, 1996:
Iyer &, 1997: Leigh ¥, 1997). =% Wd#3}
A EAZ AT &4o] YT o MEFHNEI} B
2 719 & e Aol RnHArH(Uhal ¥, 1995:
Jyonouchi &, 1998). old] & AF& FEit4ite
o o3 A549 AEA ofEZEA|AT} doji}
£ AE FAXZ SAY A7 5HE AS3ld &
Fagom FHE AMRIY =EFAY R &
I} }EXEAL WATE AFHoT AFIY
th. & dFoAe FAAks} ofx T EA| A0 7HES
FHAE ZH71E o83 Annexin-Ve PIE A
gt oot 1 dle MEAAN AL o
ojud M ¥ulo] vglo] R o] FrlHud Pl
7} o) RHAHAAT AT AT} o} ETEAX A
X AEgo] BEFEE Ple B3R ger)
EF Annexin-VE AZ= & e phos-
phatidyl serine(PS)# A¥& o2 A= B2
Z ol EZEA 27} dojutd METU] Y- PS7t
Axet 982 x250] Annexin-V7} Mxuto]
AR OE ofXTEA| 2] WYARE HHOR
& 4 tHFadok %, 1992).

OlXLEAI2S E ThE 542 DNAe #3&
Bax A7]|9%S AYAEH ofEZEA LA
Ayt oz UehtE 50-300 bp 279 BAE =
DNA ladder7t & #AHAN 2 4). fdw4at
< AER FIAY FEHA 1 we/ag X E]FE
A549 A XA DNA ladder’} ®olz] && AL
Az fElTFito] olEIEAAE WAYAFA] &
< Aoz HAHALT F FAX F9UH AN
39 ZeA JeErd fETate] wxg oy
BEAl2] wigAEoe] 4o WAE MUEe F
Az =ZAHE o MAEFC] £E4F oF
ZeAlze BPFErL FUBIAYE Timblin %
(1998)9) A@dz}el A A}

TG AF A FEHAAE 71BN FHT F Al
P 718A FHE2AY SN Q& AME 1,000 2
OIEZEA AV} dojd MEE AN A FAXE
o} 7k A R A Byt

& frelaks A E A549 XS fAe
71BN FAF FF oA ofEZEA| A HHL
frelTtate] 9 2AukgA] Jehde ¥ A

A7 A oW, ol fel At 4% dH3t # v
7 AN BAE ¢ e Aoz APdEd.

2 B

AN FFA =2HUAS we] Weay
W3}l 7)1Ae] Fhig olXTEAAV} BREEE AE
Bax 498 ndy $EAY 2o 4L A4
9ok AYy mdoy fFAL ZaAz
A549 A ZE A}83d] $4E £33 DNAS 3
23] A79TL ST FEAY mdRE 49
FAE B 2% e DA AT ARy
A de HEE ALt

Z}zte) YA e e 2ok

1. FAE S8l FETFR10, 50 weg/ar)E
Z2A17] A549 M XA tRFHYG ol XETEA|A
2o fofatA E3tet.

2. 1 wgfare] $2)74E AP TN DNA
ladder7} YERA] @2 W 10, 50 ug/ere] f<)
FAE A2 MEAME DNA ladderst & &
gich

3. @AY ABA HAE AFAe F MEpe}
SJEZTEA AL BPF AXSE KTAH0, 20,
40 mg/kg)e 3T DolA WETRT FojetA
Z7beT), £ @nA wHo|A o}EZTEA| A
AYAQ o] B 274 BIY 4 YA

Y ARE2A NE AUNE} AE gy
TolA fTFA =2HYUS W FEZEA AT}
s, Sa-ne BAY Jee ¢ & AN
% B} ohekg 28an S AHsle] ol
ZEA 29 YA -7)5HA A& Yy Ay
Wohabge) Adge] dig AsALAY 98 A7
7t wag Aoz AzE,
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