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— Abstract —

Autoproliferation of Fibroblast by Exposure to Crystalline Silica
- Evaluation by H,0, and PDGF-AA<} TGFS -

Byoung Young Ahn, Kyoung-Ah Kim, Je-Hyeok Mun, Jin-Sook Jeong,
Eun Kyung Kim, Young Lim

Department of Occupational & Environmental Medicine, St. Mary s Hospital,
College of Medicine, The Catholic University of Korea

Objectives @ The aim of this study is to find out the activity of autoproliferation of rat
fibroblast exposed to crystalline silica and the role of mediators secreted from rat fibrob-
last.

Methods : The effect of a-quartz on production of growth factor (platelet-derived
growth factor-AA and transforming growth factorf) from rat fibroblasts were evaluated
by ELISA and immunocytochemical analysis. Gene expression of these growth factors in
rat fibrobast exposed to crystalline silica was evaluated by RT-PCR. Furthermore, fibrob-
last proliferation by culture supernatant of rat fibroblast was assayed by the neutral red
test.

Results : The amounts of H;O, and growth factors synthesized in rat fibroblasts were
significantly increased by the stimulation of crystalline silica(e-quartz), which showed the
dose-dependent manner to the concentration of e-quartz with the maximum response at
the dosage of 100 wg/cw. The result of RT-PCR demonstrated that e-quartz induced gene
expression of PDGF-AA and TGFP in rat fibroblast. We also found that supernatant of a-
quartz-cocultured rat fibroblast induced a significant proliferation of fibroblast.

Conclusion : Crystalline silica directly induce functional change in fibroblast such as
increased release of reactive oxygen species and growth factors. The products of these
functional change promote fibroblast proliferation via autocrine loop.

Key Words : Platelet-derived growth factor-AA. Transforming growth factor 8,
Crystalline silica, Rat fibroblast
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MNE

AAZ A BEA BERlo ZREW old 93k 7t
A HA-Zo] 5] YT & 9low ol XHF
olglx dtedl, FYsE B FFd uet
Zo] Ao} AgP&rrt tha2th(Beging, 1989).
AR bR o fHse Y&t w2
o Ho] ZWslrt Aetar Al A RiwstA &
AEle AHF Fo AR, o] Agke] ArA
< ofd WEIA HHAA Fe AHH

(Jagirdars, 1996).
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AW RHSAES ASete] v AT}
Felde Aoz Azsan Jdrh(Kamps,
Vallyathans, 1992: Schapira®s. 1994). ®h&
g AkaTe] A8-E AR AEEG Azl &
B3 TR E Ye ¢ e TS gl
A oojuge] ¥ F23 A48S steAle 2k
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ol

Moo 1o glo
ot
5,

2

>

(<)
=] 23 FRAdE AT gk A3A
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cytokine®] #H|7}
A7+l = ¥H(Donaldson%. 1998)
cytokine®] #HAZIA mheto] oS LTAH 1 A
ol o8 o AAAT. EIFAA F4871<]
HES A akA7] A 2 g T A E b 4T
A et olg AlEIE XdHF Weje v 7t
A Fa3 Aoz olgEx i (Donaldsons,
1988: Hendersons, 1991: Donaldsons, 1992;
Hill's 1995). 23y 22 A3d43 A 35S v F
g WA EE FHshe Ao TAYYIHe ol Alx
ool FoAE, a7 AFRAE, 2=l sS4
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PSS o] F HH|EE cytokineZ transform-
ing growth factor(TGF)Y platelet derived
growth factor(PDGF)&} 22 A% X152
AREAEZE FHAA o|E2HE FFal(colla-
gen)® A& FAI=F
wggto 24 gHd AxAE A
o AFAJA 9&E e e
(Flanders%s, 1989: Warheit%, 1984: Chang%
1988). AF7HA HAZXWAA 7} olel gt FFHK<
AEg BHlEhE Alzelw, AREAXE e AX
ZHRE 9" AFSHAA | wrgete AEER
A gk e, HSe STy F Hxy
AMEES ALo] FElsk sk}, 1 AE7)IEo
#obx TEFH 2ol o r Xdgste Aol B
Azl E ol 4 AFSAEAA Enlske Hf
NeEdETozs Ausir7t £53ich. weha] 7
22L& T AEEC] TAT Holgke 7435

AReE fidete FHAAEEA
77}t Ao g AT &
o olahd AHFRAE7} cytokine
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ARG FA ERo g2 e-quartz(Min-U-sil,

Pennsylvania Glass Sand Corp., Pittsburg,

PA)E AHESIT. a-quartze A AHEE714
2R Fhelo] U 5 Ut USRS AAN)
Astol mp@ergor) G WA Hel 14
B 283 Al F AgIT

2. MzsHes

AHF2AEXEE Rat2(ATCC CRL-1764,
Rockvill, MD)& ¢33t} Dulbecco s modi-
fied Eagle’ s medium(DMEM)d] #FA1Z1 Al
£ 1x10° well®l 1= 2 6-well platec] EF3laL
37C, 5 % clitsteka wjdrlel wjkstant. Al
7t welldl 90 % = A71& 71ttt 0.1 % %
o} dAo] E3td DMEMOZ ZolFil 4817
Bt olakslErA wgr]dA AEELS WU glo
v F2o] A" FeE SAAHTE. 48413 F Al
XE DMEMCe=Z A& & 1, 10, 100 2 1000
ug/a e-quartzZF E3HE WX =2 wsiach. 4 &
o A&EFE 6707F A EHEH T, ERoE A=
3ol 24 Az & ulF AEAE ATl 3,000xg=
A EE st ERe A =
sl (Hy00)9 528 S4sla 32 459
PDGF-AA®} TGFRE S w714 -70Co] B
sttt vige] Hol e AlXEE trypsine® A
st} B-RAIZ] 3 Q148N (PBS) o2 Al H koL
A ZQ4E2 (cytocentrifuge)stel PDGF-AAS}
TGFB o gt WMz q g Algstdct. o
H Yx2TE equartzzt 2FEA] @2 wjgdS
Abgslthe A olgdle Adv 2L 2719 H)
& A& T =

h= =]
o X U

J

b

3. MREMIEZ vidENA H,0, 5= 5

wjkAE=AY H,0,2 =% Heinzel $(1992)
i o3l SHATt. = dEdo|

[e]
3 ae

°
_|E_,_|::,

o] 7=
HClE ¥
nium sulfate 20 49} 2.5 M potassium thio-
7keted 10 #3F ¥H-eAIZ v

ST % 10 mM ferrous ammo-

cyanate 30 #<

4. MREAME dferatXol L PDGF-AASH TGFB

o] &8
= o

BAERAA F PDGF-AASH TGFRY v=%
indirect ELISA(enzyme linked immunosor-
bent assay)WHoz =333 S =
PDGF-AA”} 0.1-64 ng/ml, TGFBE 2-64 ng/ml
Attt FFAIREX A PDGF-AA® TGFSE
o] &3} TFatdem, 2t Az
PDGF-AA® TGFR sZ & $4itsiaitt.

EFrzAL

b M7 2AMz=E

(Immunocytochemistry)

o of A E 5} 5 o Al

2438 et equartz) 3 "EAIRL A RA
Z9| PDGF-AASH TGFS d& H7] glate] W
A S AAlah. 5 1x 10709 AE2E

ARt EEfolzo] B2 5 1 % for-
malin(Sigma, St. Louis, MO)°] %49

PBS(phosphate buffered saline, Sigma, St.
Louis, MO)° 10, -10°C methanolel| 5%, =2
2]aL ice cold acetoneol] 283F HaE ¢OoZ A
XE . ol WSS EAMNS AAE}
71 A 7‘]'7}—? 10 % DMSOE 2&st= QA&
A (PBS)ol 10%7t BESAIA A XS] F zk
ki3 jr A S A&
Zt etol == WA= o] ‘315 peroxidase®] &4
1 918t 3 % H,0,5 T3l wiA
A 71 98] 5 % bovine serum albu-
min(BSA, Sigma, St Louis, MO)2.& 2331
o}, 217 PDGF-AA<F TGFBl thagt 3l 100 «
E A flo "ojma (AR Bk BREAIAT o]
ul PDGF-AA°] thgt @Al (rabbit anti-human
PDGF-AA, SantaCrutz, USA)= 1:202%,
TGEB th&k &l (rabbit anti-human TGEB,
SantaCrutz, USA)E 1:402.2 3Aste] Alg-a}
. AE EFolEE 2 WisRE FHlE] 1A A
iAol B Al 100 mit ¥EAA o2 SR
Zlo| =2 o] &3}t 13%—% PBS®Z Alx¥3
biotin A Ztzke] 221 A 100 me}h 1 Azt &
ot WA AT AEE oA AlASIAL peroxidase
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Table 1. Oligonucleotide primers and sizes of PCR products for PDGF-AA & TGFS

Gene Primer Size(bp)
PDGF-AA Up 5 AGAAGTCCAGGTGAGGTTAGAGGAGCATS 304
Down 5 CTGCTTCACCGAGTGCTACAATACTTGCTS
TGRS Up 5 ATGGTCCCCTCGGCTGGACAGS 998
Down 5 TGGCCTGCTTCTTCTGGCTGGCAS
GAPDH Up 5 TGAAGGTCGGAGTCAACGGATTTGGTS 983
Down 5 CATGTGGGCCATGAGGTCCACCACS

conjugated extravidin(Sigma, St. Louis,
MO) 100 #E 718tz 1A1ZE B9t w210 &
immunoperoxidase 94 AR AFEA
¥9| PDGF-AASH TGF g 289 F71E 4 #Hslr]
Asted F 500709 AMEF WARESAAE 1Bl Ax

o
g Aol AL F MEes Tad.

of
B

6. PDGF-AAS TGFRe| 7TAL L&

AR Y AR ATl otk AREAEY
PDGF-AA® TGFFSY mRNA 2de] Wil
RT-PCR< o] &3t #zsigitt & A& 10 cm
iAol Ao AREAEZL 90 % HE 3+ ¥ o
quartzE A 2lsta 24 AI7F vttt wl kel
@ & Tri Pure Isolation Reagent(Boehringer
Mannheim, USA)E ©|&3te] RNAE F=%
< First strand c¢cDNA synthesis kit
(Amersham Phamarcia Co.)2 cDNAZ 43}
Ak, 4zt PDGF-AASH TGFAY primer$t
cDNA & 5 4E& Pre-Mix PCR Tube
(Bioneer)oll ¥, FHEg-qo] 20 meo] HEE F
F4E 71stdth. PDGF-AA, TGFB 28w
internal standard® A¢-¥ GAPDH®| primer
A7INE¥ PCR 4HE9] =7 Table 13 #Zt.
PCR< o] &3t 3029 ¢cDNA SZvhg-S HAls)
g=d., PCR &1 FdstAl 95¢CelA 30,
annealinge 58CelA 30%, extension< 72¢Col
A 187 vEgAIZ T PCRe] €4 5 10 We] &
Zd PCR 4HES Fstd 2 % agarose gel 3ol
A71g st en, o3 DNA W= A&
ethidium bromide @4 o2 Az},

uls

7. MREME SMEY
96-well platecl rat fibroblast(Rat2)E welld
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1x10°/welle] =2 EF3te] sl 2447k
% 0.1 % FCS7F 234 iR 2 Zolal ThA] 484]
b B}t vFste] AEE] WgE gloy S22
A Fel 2 FAAZT. 48413 T Al2E DMEM
o2 AT HFEAEZ(Rat2) W dEdoz nl
o] . 24 81 48 A7 F neutral red W
(A7l 5, 1999) 2.2 28 MEFE 3T

8. £AIstx ZH

= (=N

Al Agwd dzawzke] zte] g
Wilcoxon 138 ™HE Aletdnt. Alztel] &
gl Bl o wsle] g2 GLM(gen-
eral linear model)2] trend test® 73t T}

2 1
1. H,0,°| ¥4

w7 Akarlge] sl HyO5 S48k e

BA|ze] 9 Ak Aol WX
= 9¥FS Db T 94 aquartzd] F=
S /PIEFE AfEAE] wgde] H,0,°
= Al STRekglen . #31e] F=7F 100 we/er
o A Hy0,0 s=7F A S Blet

2. PDGF-AA%} TGFB 2| A4

A9 AHEALE AYY AR BES 2
Dete] AT F 24 AR WiFele] 1 33l
W PDGF-AA®} TGFRY ¥=% ELISA

243 AR Fig. 29 2Tk A BABE
100 we/ee] B WA NGl wA A
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Fig. 1. Effects of increasing doses of a-quartz on Fig. 2. Effects of a-quarts on production of
H,0, release from rat fibroblasts * 1 p<0.05 PDGF-AA & TGFP from rat fibroblasts * : p<0.05

Table 2. Proportion of positive repair cytokine rat fibroblast 24 hours after exposure to a-quartz

Conc. of a-quartz(ug/cr) % of PDGF-AA positive cell % of TGFRB positive cell
0 11.6+0.2 10.4+0.4
1 16.4+1.2* 16.4+2.2*
10 33.0+2.3* 28.0+2.1*

* Significantly different from the control groups, which were e-quartz free.

? = A i : - . et o

Fig. 3. Cytoplasmic immunolocalization of PDGF-AA with immnoperoxidase technique in rat fibroblast

cells after stimulation with e-quartz. A. The expression of PDGF-AA was presented in rat fibroblast
exposed to a-quartz(10ug/am’) B. The expression of TGF B was presented in rat fibroblast exposed to a-
quartz(10ug/ar) C. Cytocentrifused rat fibroblast exposed to e-quartz(10ug/cw). Control for anti-growth
factor stain using dilent only.
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300bp— ~ PDGF-AA

«GAPDH
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Fig. 4. PDGF-AA m-RNA expression in rat
fibroblast exposed to a-quartz. Rat fibroblasts
were grown to 90% confluence on 10cm cultre
dish. Cells were incubated without(lane 1), with
lug/a*(lane 2), and 10ug/en’(lane 3) of a-quartz. M
: 100bp ladder marker.

PDGF-AASITGFBY] =7}t
ug/erol| A HTHAE UERIT

3. PDGF-AAS} TGRS Bioisfsteiay

7t e, 100

SRSAIZ AREAMES] PDGF-AAS}
x ] _Jﬁ_jj_zjs_]'—ozl A _0_ /\l

a-quartz9} ¥
TGFBe] #dS B7] flste] W
Al thH(Fig. 3). ARFEMAXU PDGF-AA<
TGEA7Y EAlst=AE Hslstd S AAlste] &
44Q1 FRl& g vy A2 st F 5007H<] Al
Z ANk S BHel AEE Mo WEES T3
M‘:}(Table 2). ZzTdM= PDGF-AA FAAAE
7} 11.6+0.2 %, TGFR 84327} 10.4+0.4 %
2 #Z" v equartz®2 A3 AEe] A9
a-quartz =7F 1 w/or & W PDGF-AA /34
¥7} 16.4+1.2 %, TGFB FEAE7 16.4+2.2
%, 283 e—quartz F=7F 10 wg/owr & w Z+zt
33.0+2.3 %, 28.0+2.1 % & e-quartze] F=7}
S7Feel whel WAvkgd-S Bl Mx27E dA A
=7kttt

4. e—quartzoll 2|8t PDGF-AA2} TGFR2|

e

SHX}

a-quartzZt AREAZS] PDGF-AA® TGFB
AL ddol mX= 9 Fig. 4 ¢ 5 oA B
= et Zo] e—quartzd F=7F TR0 #
10 wg/eaw?) PDGF ¢ TGFAS] mRNA o] 37}
st om, GAPDH mRNA®S @3 dHoE W3l
7} AT,
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900bp—

Fig. 5. TGF # m-RNA expression in rat fibrob-
last exposure to e-quartz. Rat fibroblasts were
grown to 90% confluence on 10cm culture dish.
1ug/cir(lane
100bp

Cells were incubated without(lane 1),
2). and 10wg/cr(lane 3) of e-quartz. M :
ladder marker.

130
Concentration of a-quartz(ug/mi)
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24 48
Time(hr)
Fig. 6. Fibroblast proliferation by culture super-

natant of fibroblast stimulated with e-quartz.
*p<0.05

5. e—quartzol 2|st MFZMZo| X754

a-quartz® A8 Wi
T AFEAEE HlF

-quartzs= 100 JJr 1000
Sl A 24A1F v <FA] 108.76+2.18 %2}



104.98+4.04 %. 123l 48A1%F wiFA] 124.2+
4.0 %9 111.82+3.24 %= AFRAEL] F4 0]
frelshl S7kstsler, 53] 100 ug/en A5l A
7Pt 71 dA sk,

il &

ARy ARl APz FYUHW wHgAQl
Ao st ole A5 0] ARsE 1Yy
=l, Afslete A FdxAo] AFREAES o]
AZZHE e Axe B4z X35e AS
dAE=H(Wagners, 1974). IAdE AHFRAE

7F A EY AIAAEERE E8E cytokined
GBS ol FABHA Aol Z1Er AlES
71424 (extra—cellular matrix)& WEoUE
FEAQ Ax2 AALAAR, 2] AFEAH A
FEAZE A o87FA cytokines ¥B]3l] X
22 (autocrine) =& AHI} tE AEEY
(paracrine) 7I's°lvt F2ldl Y& nA= &7
Axzz Zg3ths Zlo] gsxla Ao (Driscoll s
1993: Lasky% 1995: Driscolls 1996). wa}A
AT E HY AHFEAES rat2 cellS 2%
Feliat 319 a-quartz2 At o ¥k
#Ee Az w4 Atar], PDGF-AA 18
TGFB7} frelstAl S71staict. ol¢k 22 Az}
AREAEY ARE ARzl A5 93t
AR TS YERd S AAbske Aot
Bzlo] HgUE S dxE oz B xdi4A
ol &2 o]F Aoz ¢ =)
ojdt), wEhx] Exlo| o3 HAS

=

=

!

2orr Kot oft rlm

9,
o

<

ATE F2 A
ETHRAMNEE FHOEZ o Fojxau Yt
(Rojanadakul®%, 1993: Kim% 1999). 28y &
e gEl JIAEZE FHIAY H Zo 2 A o
228 A2 HER B0 74 & ge® Hid
F8 AE AfrAEe wgs dod
o2 Azten | AAR HdYF FHSS

S 5% AFelA, A AREAE el
xlo] gHalE Aol AR ul 9l

. 1985) &xI# AFmAlEsE AHH

ot 4y N
|
ol
X
oo @ m [o o

=
2

”

9 el 7He F8% F8E skl cytokine
< 233 oy ¥ S Evjsled 9o F2
g AsAgEdR A&3h(Vallyathan # Shi,
. 1998). 8y H Aol ofshd
A ole]e] XM= ROS7F Aikd 5 gl
o] SHHE vt o (Baes. 1997), £ Aol
AHY TR AFE e AREA T uk
ST HyO0] AAke] 7112
H, O dx3 AsdgdEda 243kl tran-
scriptional factorg A=38tz o8 7}A] wi/l&2
o BHE F=F 4 Ut} ol Al H{EA
X7t ARY AR vkl ofste] THAEL
249 9 i & sl dr) Hid

2 Al flolA At bie} o] HHFREA
T RS doA HAFEAET AFSHAAAA
PDGF-AASH TGFRE =43t9em, PDGFE
30-38 kD9 polycoprotein dimer2 A% B
chain®] o|F&sldsor wrEojAH, AA EE
BB homodimer®=+% AB heterodimer ZeZ 3}
< izt Eg3tEo] ¥ YE™ monomers
A7) glth(Heldin® Westermark, 1990). =
€ A ZEL PDGF a9} p5EA1E 7IA 2 o
L
\:

N,

, olglg FEAEC] T 7SH R aa, af,
e ez EA3dth(Seiferts, 1989).
Bonners(1993)9] Aol olshd AHEXIo =
H AREAEYE PDGFe &A% Agidoz i3
o] Zthso] PDGF-AAcl th3l uk-g-Alo] =A
7¥ehH | =3 Lasky$(1995)2 # o #Hd-F=A
of MWEAS WEAl7|HE PDGF-AA7L A
2 3H e dddgE 21 #ES. oEbA

A

TN BAT WA AREALZRE 2

HoofN et

lo ¥

O A3 AFY ARl HAAEAX
PDGF-AA9] #H|5 £3%s #2323 & it
TGFRES AgEz1017ke] shtEs AHA{EAE
FHd0] du s AREAEE
(Jagirdars, 1996), Alxejztdel 58 7
71 5. AR3t B F23 75 E e 2

deiA th(Jagirdars, 1996). TGFA= PDGF-
AASH PRV R AHY A A <jste]

215



tigtardelstslx] A 12 A 2 & 20004

ARFEAEZEZEE S Aito] &
TFRHER o2 A58 AFEAMEY v gSde
To| AfFEAEe] F4&
o2 A7t
AR R QAW AHEAEE E3g 7+
AEZELS g7E S22 FAE FHz EAg
(Laskys, 1995). w&hr] £ dAelre a—quartz
2 Agel] A o] 84 =8 0.1 = %
o] NEYEEC] o] FFEo G R FAHH %L%Zi
o2 FAEA e oA Ex1E sk
olde] AR Hol AFEAEE ZAAY A
Zze] 2 ukgof o3 whAd4tAar] T PDGEF-
AAS} TGFBZ-E AAERAA] RS S7HA17]
= 5 71549 ane] 9&s FIYstd HRHEAE

AEe] uf

Agd Wee Hole #5H Az} ohiet

EH WSHE Bel SYRAL Bulsd ANE

g AP A WIOEA FF R

o% AREEge] ARE APYFS ANNGT
2 o

AFEXJNA(PDGF-AASH TGFS) #¥l5s <ot
17] 918 ELISASH WA 238t ¢

AASH TGFB o F3x 23 < ¢
PCRZ. 8la 433 #F

ﬁ%&xﬂu PG EAN] HRBAE FHS B
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