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— Abstract —

Effects of Stem Cell and Myeloperoxidase on Sister Chromatid Exchanges
and Micronuclei Induction of Peripheral Lymphocytes by Styrene,
Hydroquinone and Trichloroethylene

Kyung-Jae Lee, Hyoung-Ah Kim", Minjung Shin”, Jae Hyug Sung”,
Chung Yill Park”, Hoon Han”, Se-Hoon Lee"

Department of Preventive Medicine, College of Medicine, Soonchunhyang University,
Department of Preventive Medicine, College of Medicine, The Catholic University of Korea"
Department of Microbiology, College of Medicine, The Catholic University of Korea”

Objectives : The objective of this study was to identify the possible role of stem cell and
myeloperoxidase (MPO) in the metabolic activation of styrene, hydroquinone and trichloroethyl-
ene, by investigating the effects of stem cell from umbilical cord blood and MPO on the fre-
quency of sister chromatid exchange (SCE) and micronuclei (MN) induction in cultured human
peripheral lymphocytes exposed to these chemicals.

Methods : Isolated lymphocytes from whole blood were cultured for 72 hours. The cells were
treated with 1.50 mM styrene, 50 #M hydroquinone and 1.50 mM trichloroethylene dissolved with
acetone (30 4 in total volume) at 24 hours after the beginning of culture. Control group was treated
with acetone only. Immediately after adding these chemicals, 1.3x10° cells/ml and 2.6x10° cells/ml
stem cell or 1.0 and 2.0 unit MPO with H,O, (for substrate) were added to the cultures. Slides were
stained with Giemsa’ s solution, and acridine orange for sister chromatid exchange, and for micronu-
cleus analysis, respectively.

Results : The results were as follows: 1) Myeloperoxidase and stem cell did not significantly
affect the frequencies of SCE or MN in the control group. 2) The frequency of SCE or MN
with exposure to styrene did not different from control in the absence of stem cell or MPO.
Sister chromatid exchange induced by styrene was significantly increased by adding stem cell or
MPO in dose-dependent relationship. The frequency of MN induced by styrene significantly
increased in the presence of 2.0 unit MPO. 3) The frequency of SCE was significantly increased
with exposure to hydroquinone than acetone treated control in the absence of stem cell or MPO.
Sister chromatid exchange induction by hydroquinone significantly increased dose-dependently in
the presence of stem cell or MPO. There was a tendency of increase of the MN frequency
induced by hydroquinone in the presence of stem cell or MPO, but not significant. 4) It was
found that trichloroethylene itself did not increase SCE or MN frequency. Frequency of SCE
induced by trichloroethylene was significantly increased with adding stem cell (low and high)
and 2.0 unit MPO. Even though stem cell or MPO increased the frequency of MN of lympho-
cyte exposed to trichloroethylene, the difference was not significant.

Conclusions : Authors found that the frequencies of both sister chromatid exchange and
micronucleus induced by styrene, hydroquinone, and trichloroethylene were increased significantly
with the treatment of stem cell or myeloperoxidase. It was suggested that myeloperoxidase may
therefore play an important role in the metabolic activation of styrene, hydroquinone, and
trichloroethylene and myeloperoxidase probably be involved in the myelotoxicity of these chemicals.

Key Words : Styrene, Hydroquinone, Trichloroethylene, Sister chromatid exchange,
Micronucleus, Myeloperoxidase, Stem cell

(H=d 200143 63 5, AMEHY : 20014 9F 1Y)
IMXXE - o] M 2(Tel : 02-590-1236) E-mail : ashlee@cmc. cuk. ac. kr
* 2 HATe shEStERSME 7 xes HAF(1998-021-F00228) X|H& 2o} 0| R0 S

315



tigtardelstslx] A 13 # AN 3 & 20014

M B

2Bl (Styrene: CAS No. 100-42-5)& A}
NN &2E H|ET MY EE, 71T, Ad dA
Sl de] AFgEn e BEXog. xE#E R
AN tAEZAE F7FeHA &A™ wgAZ AL
o] oA A Wol(chromosomal aber-
ration: CA), AfEMEA =2 (sister chro-
matid exchange: SCE), Z3A|(micronuclei:
MN) & Aoz waHom(Lee &
Norppa, 1995), Ad4 =& =2xe] Uz f=X
T e dxol H3 SCES CAZ ¥
(Karakaya et al, 1997). =3t 2 A7t <}
W 28AS A=A ST Aol AlrlH
2 itk (Matanoski et al, 1997).

gto] =24 =(hydroquinone; CAS No. 123-
31-9)2 Gl A ARl @A 2 kA, Gt
32 AFSETHACGIH, 1991). #Ale] thAlat
E 5 sy #Ald wEE Z2A gZ ] wol
Ao #FAFEE F2F% EFAZ(Vian et al,
1995), P25 o] &3 AAY AFPAANE stol=
2= o3 EFolA MNeo| F7igtta Bad
vl itk (Adler et al, 1991).

EfZ22d g9 (trichloroethylene, TCE:
CAS No. 79-01-6)2 a5A3% A/ g8 24
ol gl AlgE1 e 28 IFgER HH]
FE o] &3 A7ITte] Il AFolA Lol =
£ vRe 2 AgoA e TCE =& #Ao] 71y
o Y3 ey YZF 9uAY 58 doritn

SAT obAE =vhe] A7 Sdn
a

F=3te

(Medinsky et al, 1994).

g, TCE A= 54 40| ofyx thapzt
45 B3 5480 Jde AMRIER SsdEdn
2 (Lee & Norppa, 1995; Motohashi et al.,
1999). ol& Edd| digt ojde d7& diE 1t
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oMol tiatel FHF=Eo] $Edl, o EAES] tiAt
Aol 2% cytochrome P4500] #odsle] wt
4 BAE A ¢ Ao geA 9

et al, 1996).

=4, T2 agu AdRESLS AHFHQ
stem cell & E£33t= CD34+ AIEE &f3ta 9l
] (Strogl et al, 1993), CD34+ Al X+ nlid<% o}
AE 2ok, dxge AP Bk vha F B Ut
2 ZFAEL 0.5 % WA 2 % 3= ARt 9
tH(Civin et al, 1984). 53] myeloperoxidase
(MPO:; EC 1.11.1.7)%& tare] gy} &5
=7 A FRavhn e
H(Smith et al, 1989).

EFEES MPO+¥ chloroperoxidase®t #AFgH
o285 7 FE ] o ZAS]ol| Fo gt
2 434 ek (Duescher & Elfarra, 1992). H
So] WA Aty Fol slo|=2F =3 B3
Al MPO7F #edste] ek 7hs/dol B vb glof
(Medinsky et al, 1994: Smith, 1996) @A}
AL APELGS oy o5 E-d it
MPO9| #AE AlARStaL Uk, ey ofF 7k 2
@z} TCES thAte]l MPO7} #edsles o] &3
AMe A" Bt A9 gle Ao, MPO7F B
o] Eolsle Abte] AP Y stem celle] dto]==
FA=, 284 a8l TCEY thiale] #Hojske o
gk A7 HAFS AF ol
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o] Yo BHE Hojx & JaH
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way Fe FHgHen &
o]tk (MacGregor et al, 1994).
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TCEd stem cellelv AFe] MPO7F SCE<F MN
Hlzof ojugl ek nX|=X] dolR A} skt

Chat o e

1. A7 A=

1) 8=+

dlotdlo] HME® AN (200 Hlgd FhS &
ddogHE A|Fgol Ficoll-Paque (Pharmacia
Biotech, Sweden) 2 HIF5 Helsle] A& A}
L35ttt @EFE phosphate-buffered saline
(PBS)o.2 AMAs3sla, trypan blue(Sigma,
U.S.A.) gAez @dnF stellA 1 5 #Eeid
ot SCE¢} &3 Wix AdE Qe A vy

Z HZF = 2dnZNorppa et al, 1985:
Vian et al, 1995)% ouddS =& 1.3x10°
cells/m 2 7 ako] wjFd ol F=H3ATH.

2) stem cell

stem cell2 7IEggjstw
A g, AF
Hypaque (Bionetics, U.S.A)E ¥4
PBS9} &AyA) 7}
A A A3 hemacytometerS

At & BLA 323 of A
stem cell¥ Ficoll-
ek,
23¥ RPMI mediadl 27+ 13
o]-g-3to] stem

I ako
- =

cellFg &43 F W (-200) 2o dlss
HHE3to] stem cellE FHAIA AEZAE {FEAIZ]
T dAwYstn A5 Fste] widdd #4435t
Atk stem celld] v dnAdES AX wjg o
Z35ol 1, 28l RA 1.3x10° cells/mli® 2.6 X%

10° cells/ml (2= Wikl = w2 Haledo},

o] é“lﬁ% Eoto] sho|=2F = L, d8)2
0.05 mM, ZHGUE(LE, 2&)3 TCEGLEL
§ Oéﬁ‘)t 1 50 mMi o—l—e ;815]'93;11 %‘Eo]: '%‘
Ago] 3047t TS P2 H2ele] v
A7) dEEel oM E 30 1E A7HeT.

2. WY

1) SCE ®IE
SCE ¥z 43S
H(1985)0] wat 2

A
o,
=
oS
rlo
z
(@}
=
o]
o}
Q
|
10,
\i
T

R LI EREEE

OlEM & - MPOZt AE[ell S0l 2fgt SCE2E mn 7501 DIX|= &g

olgo R uwjgstatt wigAe 15 %<9 fetal
bovine serum(Gibco, U.S.A.), 1 %9 L-glut-
amin (Gibco, U.S.A.), 1 %9 phytohaemag-
glutinin(Gibco, U.S.A.), 1 %2 5-bromo-2-
deoxyuridine (Sigma. U.S.A)¥ 82 %<
RPMI 1640 medium(Gibco, U.S.A.)22 F+4
Ak Z4zke] wloldel| wigAE 6 m¥ FHI
=, HF g F 22T FE7F 1.3%10° cells/ml
ol H&= 0.3 mE FH7tste] o2 37C 5 % CO,
sloll A T2A17E B2t vl kST

HjE JHAl 2441%F & FH|g sEhE
cell &9 == MPOE H7lslith.
Aol colchicine(Sigma,
= 7FekaL, wiek Al= 72213 =
aui 3to] 0.6 %<9 KCl 892 4 mX
—7‘%}3}95‘4. 37C 5 % CO, stollA <k 1083 wi<s
o
}2}_

=23 stem

AR webg ol EAN(3:]) o R 33 o]
DFA71aL d3F 20TCAAA 1213 o] B
NS AR T FEAS el E #
TE &gfo|zof "Hojmmy] F7] FollA 244171 o]
AZAZ ¥ Perryet Wolff(1974)2] fluores-
cence-plus-Giemsa G4 S WHAIZ] Husgafvel-
Pursiainen 5(1980)2] ez dAste] SCE 1l
5 AT Egfelm B4 AlRZ=slete] g
Atedo] WA (blind) o2 Aldsts] gt wljFd 46709
A7} Je 25709 metaphaseE 437 wj®
ol wl M2 50712] AlEdA SCEE #4353 th.
AExEY =5 Yellle A Z2GA 4 (replica-
tion index: RD)& ® &= 100709 A=ZEE A
7], 271, 37] metaphase® ®4slo] o
EAIBEE] thg 2o o]ste] AlAstATt.
1X Gy +2% Gyt 3% Gy
100
. RIs = AI22FEA 4 (Replication index)

Gﬁ?’\ﬂ 17] metaphase, Go=# 27] metaphase,
G54l 37] metaphase

oz [H .

Rls =

2) MN El=

YT w]¥e Luomahaara®t Norppad HHA
(1994)¢] "z o g olFoz ngstsitt. vk
AL 15 %9 fetal calf serum (Gibco, U.S.A.),
1 %9 L-glutamin (Gibco, U.S.A.), 1 %<
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phytohaemagglutinin (Gibco, U.S.A.)3} 83 %
°] RPMI 1640 medium (Gibco, U.S.A.)22 +
/HQO% Otﬂ 71— H]—O]O“OH 6 ml"/‘] 7‘0101—034_ _,_;qg
H2ZT(0.3 m)E 78I 37t 5 % CO, 3t
oA wl st 24/\]?}°1 gt 3 FH|g sEtEA
 stem cell®] FEd == MPOE H,0,9F 34
0.5 mlE A7}t
ket 2| 44A17bo] T3t & 6 ug/miS] cytocha-

lasin-B(Sigma, U.S.A.)E 7+ Hle]del] 4 0}03
ot B 2R3 = HEFE AN EYs] st
RPMI:Z®45(1:1) & ¥H= hypotonic solutionS 7—?
2 4 mA FQEATE ok 4RHE HjE T oA E
e EFA3 )R 33 o] AT wEA| R
5 %2 oPAEHEERE THAZTH o] g
AReste] AEde HEa e gEZFE &
| "ol ma] F7]FellA LR %‘ﬂ'OlE—% A
37| A7A| w5 vkl Hol - H
#3192 (Norppa et al, 1994), acrldlne orange
2 94 (Hayashi et al, 1983)% &lo] @3dn7
600u]&2 MNS 2433t

MN 42 &glo|=g thA] ZEste] 3 Aldo]
MPoz Algslty 3 &Fghol=d 217] (inter-
phase) A2 Z 500702] oA E Alo] MN= &4
sto] w) X2l 1,000702] o]HAE EA 5t Al
TEA AEE HAFE AFXEIA S (replica-
tion index : RD+ vl +% 100071¢] 1, 2, 3, 4
719 215 At o HEER BAEtn s
2o 2o Aielgtt.
1XG+2XGy+3XG3+4XGy

100
. Rl = AIXEEA 4 (Replication index)

Gl—xﬂ 17] interphase, G2=4] 27] interphase,
G3=A] 37] interphase, G4=#] 47] interphase

;

)

¢

_lﬁ O e & = 7
W 4o rlr
9

Rly =

3. 4 &4

SCES] ¥z} MN §lxe] #42 %98 SAS
6.12(Statistical Analysis System version 6.12,
1994) & AH&ste] BAIAEsIATE SCE &= 4

< 98 2 24 =¥ SCE Rl=e] o] vz
7} 27te] SCE ¥lze] JolE HuxA} t-testS o]
S5tlon ZF E4¥ F=3F SCE Wk Aol& H

=

A AR (ANOVA)Z Duncan’s ©H5H| @
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2} (Duncan’ s multiple-range test) 2 Repeated
measured ANOVAZ A5t MN £4& 9
&l FlolAlFHH (¥-test) S AAISATh

2 o

1. stem cello] AE|3,
o|st SCE2} MN El=

slo|=23F= % TCEd|

of olxl= (&)

1) ==

siHEAAl AAIQ1 oMAE WS HUMEE tix
9] Hi SCE =+ 7. OO+2 187H/~}\——D:1 stem
cell& FH7gtol wel SCE Wx=& 1.3x10° cells/
ml= 2.6x10° cells/mlolA 7—1'74 7.54+2.4970 <}
7.68£2.39= Z7tstRAT, BAIACR folst
A gksgkth, RIge 0.0, 1.3x10° 2 2.6x10°
cells/molA 22+ 1.71, 1.76, 1.59%tF. MN-<
stem cell® =7} 0.0, 1.3x10°, 2 2.6x10°
cells/mQ w) ztzt 7.7 gy, EAACE &
oA gkskth. RIyE 0.0, 1.3x10°% 2.6x10°
cells/miol Al Z¥2y 1.74, 1.76, 1.68°]%t}.

2) AE|of 2|5t SCEQF MN2| HIT w5}

wjeFlo] ~gjA =} A stem cellS Z2F 1.3x
10°27F 2.6x10° cells/m® H7lslS W] SCESH
MN H1% ®3=, stem cellS H7FekA] 294S o
P SCE W=7} 7.79+2.31702 dizxTol ]3|
frolg 27F Ak, wjgdel] A A A7t
gt stem cell®] F=7} F7Fgol| wet AAk SCE #1
T S BAR Sk stem cell 1.3x10°
I 2.6%x10° cells/mlE H7Fst9 S W HH SCE ¥l
Z=7F 742y 9.01+2.157019F 9.05+1. 72712 4%
A7FHA sk woll ®lste] folstAl Frbetlth
(P<0.05). ©] W] RIg&= 0.0, 1.3x10°, & 2.6x%
10° cells/miol A Z+z+ 1.88, 1.51, 1.73°]IAt}.

2E# =ZA] MN HEE stem cellS H718HA]
ks o S7i e, 1.3%x10°7 2.6x10° cells/m
A% 10, 12702 3t Aol gt Riye
0.0, 1.3x10°, % 2.6x10° cells/miollA Z+z}
1.63, 1.72, 1.61°]t}.

3) sto|=23 =0 2|t SCEQ} MNe| HIE s}
Hjekalo] slo]l=g2F =3 37 stem cellS zHzt
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Table 1. Mean frequency of sister chromatid exchange and frequency of micronucleus in
cultured(72h)human lymphocytes after a 48h treatment with 1.50 mM styrene, 0.05 mM hydroquinone,
and1.50 mM trichloroethylene in the presence or absence of stem cell

Chermical Stem cell SCE'/cell Micronucleus’/1000cells
(cells/ml) Mean+SD RI§ % Rl
0.0 7.00+2.18 1.71 7 1.74
Control 1.3x10° 7.54+2.49 1.76 7 1.76
2.6x10° 7.68+2.39 1.59 9 1.68
0.0 7.79+2.31 1.88 8 1.63
Styrene 1.3x10° 9.01+2.15* 1.51 10 1.72
2.6x10° 9.05+1.72* 1.73 12 1.61
0.0 8.84+2.05 1.48 9 1.62
Hydroquinone 1.3x10° 10.56+3.76* 1.65 11 1.56
2.6x10° 10.99+3.82* 1.73 12 1.53
0.0 7.05+£1.96 1.80 7 1.70
Trichloroethylene 1.3%x10° 8.65+2.20"" 1.73 9 1.68
2.6x10° 8.83+3.09** 1.78 10 1.64

"1 Mean number of sister chromatid exchange observed in metaphase cells. The frequencies of SCE was
counted from 50 cells per treatment (25 cells from two duplicate cultures)
': Total number of micronuclei (MN) observed in binucleate cells. The frequency of MN was counted

from 1000 binucleate cells per treatment (%)
' Replication index in sister chromatid exchange
' Replication index in micronuclei
* 2 P{0.05 compared with 0.0 cells/ml stem cell
**: P<0.001 compared with 0.0 cells/ml stem cell

#

: P€0.001 compared with corresponding control

1.3x10°7 2.6x10° cells/m® H71et3 S wje
SCESt MN Hl= ¥3le slel=z2dE 7] 3
T SCE ¥1=%& stem celle] 1< ul 8.84+2.057)
2 iz vl8l Sk an(P<0.001), stem cell
A7} F=o wet SCE Wxer) 3-wedAz &
oA F7kste] 1.3x10°% 2.6x10° cells/mloA]
Z¥7y 10.56+3.76, 10.99+3.82& #<lstAl 57}
3 tH(PC0.05). RI¢E stem cell?] ¥=7} 0.0,
1.3x10°, 2 2.6x10° cells/mid w) z+z+ 1.48,
1.65, 1.73°]4t}.

MN == stem cell®] 5% 0.0, 1.3x10°, ¥
2.6x10° cells/mielA 242+ 9, 11, 127192}, &
93t zlol= giddth RIyE 0.0, 1.3x10°, & 2.6
x10° cells/mioll Z¥z} 1.62, 1.56, 1.3 ¥
= F7bel| wet skt

4) EE|ZZ220i|g2lo]| 2§t SCERF MNe| BIE 15}
wjekalo] TCE® 37 stem cell® Z+zt 1.3x%

10°7}F 2.6x10° cells/m 718t wel SCE ¥l
T W3lE, TCE =% stem cellS #718HA] e
A5 HHESCE ¥lx=rF 7.05+1.9670 = thz=+=
folgk zol7F ATt stem cellS 1.3x10°% 2.6
x10° cells/mis& HA718E W SCE wWx=x ztzt
8.65+2.2071¢} 8.83+3.0971 2 stem cellS 7}
314 o W3] folstA FrhekA T
(P<0.001). olw RI¢= 0.0, 1.3x10°, % 2.6%
10° cells/miol X Z+2+ 1.80, 1.73, 1.78°]1t}.

MN Hl1=% stem cell® &%=7F 0.0, 1.3x10°,
2 2.6x10° cellsy/me ol 22t 7, 9, 107199214,
ol zlole gtk RIyE 0.0, 1.3x10°% 2.6
x10° cells/miolA ZtZ 1.70, 1.68, 1.64% %
7t whet 2kt

or o
e
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Table 2. Mean frequency of sister chromatid exchange (SCE) and frequency of micronucleus in cultured
(72h) human lymphocytes after a 48h treatment with 1.50 mM styrene, 0.05 mM hydroquinone, and
1.50 mM trichloroethylene in the presence or absence of myeloperoxidase

Myeloperoxidase SCE'/cell Micronucleus'/1000cells
(unit) Mean=+SD RIS % RIL,'
0.0 8.52+2.92 2.23 8 1.83
Control 1.0 9.04+3.60 2.19 9 1.72
2.0 9.084+2.92 2.08 10 1.73
0.0 9.62+3.45 2.08 11 1.50
Styrene 1.0 11.66+2.95** 1.96 18 1.67
2.0 12.18+3.49** 1.82 23* 1.76
0.0 14.90+5.17 1.55 10 1.77
Hydroquinone 1.0 15.40+4.61 1.49 12 1.51
2.0 16.60+3.78"" N/A® 13 1.47
0.0 9.04+3.69 2.01 11 1.79
Trichloroethylene 1.0 9.56+3.27 2.05 12 1.66
2.0 12.04+3.75** 1.96 17 1.62

' *: See Table 1 for sister chromatid exchange and micronucleus analysis, and for replication index (§,?)

*: P€0.05 compared with 0.0 unit myeloperoxidase
**: P€0.001 compared with 0.0 unit myeloperoxidase
2 P<0.001 compared with corresponding control

*: Only 5 cells were scored due to toxicity

" RIg was unscorable because of the cytotoxicity

2. myeloperoxidaseZ} AE[# 3slo|=E2F= U
TCEO|| 2|8t SCEQF MN 2l=ol| o|x|= FEk(E 2)

1) ==

i x7e] W SCE ¥xE 8.52+2. 927050,
MPOE A7}l wgt SCE ¥x+& 1.0, 2.0 unit
oA Z+z} 9.04+3.60709F 9.08+£2.9202 F7138h
FARE, BARCE fofetA] Ut Rlge 0.0,
1.0, 2 2.0 unitellAl z+z} 2,23, 2.19, 2.08°]%1
. MN< MPO9 ¥%=7} 0.0, 1.0, 2 2.0 unit
d o Ztzt 8, 9, 10702, +93 Aoz} gt
RIyE 0.0, 1.02F 2.0 unitellA] z+zF 1.83, 1.72,
1.73°133 5},

2) £E|Ho]| 2|5t SCE2F MN2| HIE #H5}
v o] 2Edla} A MPOE #H 1.0, 2.0

unit® Ar7FetdS e SCE ¥1=¢F MN ‘?l‘: Ll
g, 28 w24 MPOE W71 99re o
T SCE RI%=7} 9.62+3.4571 =2 djz=Tl vla] £

g ztol7h it wigFel ~HAlR A H7reE
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"2 w=rb S7Kbel wek A SCE Wles 37t
3l MPO 1.0, 2.0 unitE #7laiie o 24
SCE ¥l%=7F 242 11.66+2.95709F 12.18+3.4971
2 ERE Ul 4ok el nlste] felsiA =
7FSHATH(P(0.001). ] we] Rlge 2.08¢141 1.82
Heldon BAas 7t ueh skl

2Ed =34 MN HEs MPOE 7K 3

< W 1IN 22} froldh 2fole gilert MPO
£ 2.0 unit H7F6IGE W MN W=7t 23702 54
5 7R ske wel via) el Skl
(P<0.05). RIy= 1.50114 1.76 HISitt.

3) slo|=23=oi 2|3t SCEL} MNQ| BT s}

Hjdlel] stol=2F)=3 A MPOE 717} 1.0,
2.0 unit¥ #H7Fetsls o] SCE ¥l=et MN ¥l=
Hals, slol=2F = H7M] Hi SCE Hl=&
MPOE #7184l &%k W 14.90+5. 17712 d=
%Loﬂ vla] felsiAl F7tetlan(P<0.001), i z;j

o wgt SCE W=7l fosH =
2Z 2.0 unit A7 ASdE AE

S7ketel &

=4 (cytotox—



ic) A7HA BATHP(0.001). RI= &4 7t
A ok wl 1.55=2 wkon &4 Hyle] uwef
FHaatalt.

stol=27E H7M MN Hlees 542 vl
2 koks w 1070Z diZzol vls] feld Aol
AATE TS T o] mE {og Apo]E Hol
2 gt a8y o2 4 =4 MN Y=s #
2% wole gy wddd sol=2H =T T
MPOE #7FelaS w dnZ #EoA Hole Al
X ZEE A4 ZUTh ol SCE Wlm a4
1o Fro] slol=2F =y A &4 2.0 unit:

N

1=
A S W AEEAY FFe B HE gkl
W, ol BHslA] itk Az o] we Rlge

MPOE #7lsHA @ske o 1.77°1%1em, MPO
S A7Hetel wet Fastel 25 2.0 unit A7kt
= We RIy7F 1.47= Stopsith.

4) TCEol| 28t SCE2t MNQ| gl 5}

Hjekelo] TCEZ 371 MPOZ Z+7 1.0, 2.0
unit® 7R S wWe SCE ¥Wl=9F MN ¥xE,
TCE xZA MPOZ /ISR €& A%d H

SCE W=7} 9.04+3.697M2 tlzT3 #93 2]
7F 995k, &4F 2.0 unit F7eIES W 12.04
+3.75712 MPOE ZH7ISHA] &skE wleo |t
foetA 7k eH(P<0.001). © #l RIE 2.05
oA 1.96 B E EALt,

MN Hlz W32 231 MPOS #H7behA] &
] MN RI=7F 11702 23y fod 2jol8 B
olA] sk FA b mE Folg zolx gl
t}. o] Wjo] RI,E 1.79914 1.62 M= MPOS
A7VeAl &gk W RIy7F 1.790190em 4% 3
71t whet zhAekelnt

[}
=

AT el £3) AH8E T 9 23
=7 epgFastel Anael AVlHT sl
szl TCRAMe WAk 24t
AAE G 2AaA ST o2
o) AZAAEA PPS olgate] gl stem cell
3} 228 At MPO 471 2E)3l, dol=27)
= % TCE 9% Abge] wxde Ymolx

© 2 |y 2

O™ & - MPOZt AE[8ll S0l 2fgt SCE2E mn 750l DIX|= &&t

p

SCE¢H MN RIZe] ojugt Jaks njAe
Huz A7E F33siant.

AN delr A ZERAZE 5 ZERAE
1o} 4 o 9414 (primitive)olgle 545 7
3Tk HaAer Adddels CD34+l A7}
14.8%10Yml AEZ ZA5H ANdAe d=zp1z
A 28 2AH ¥ (lymphohematopoietic stem cell)
oAl BHE = CD34+ AEZF7F 1-2 % A= S

| Lo

-

2 =259 1-2 %, YW= 0.1 % vTte=z
dxFA BT Fo] S0t (Serke et al, 1991).
ZAM} AuAEE Fate] |EZ & 7h

. A
(e

3stEd, 2 stem cell® MPO =2 233}
218 3]

. 2HdE, dfol=2H= 2 TCE =

izl vl3] f2le Aol gtk ot ~E
e .0 unit F7letdE =W MN Hl
7V et &4 KA &kE il HlS)

~Eldle] Bek H2 Ao o, el o
WY BrY YZSE, YTE 2R 9@y S

o] Aol AAE Uh(Matanoski et al,
1997: Motohashi et al, 1999). =B
cytochrome P450] 28l o|ZA7]E 7B Akskx
galoz AkgtE=d oAl e Ao SdE
o EA o F5A4o] gt 245 ariER dEA
Ak, ~Elzle] thalelE oxyhemoglobing &z
AAA = A9 WA (Norppa et al, 1983)
¥} prostaglandin endoperoxide synthetase
(PES) 59 28 Sol #odgitta daHA vk
(Stock et al, 1986: Lee & Norppa, 1995).
MPO7ZF 2El#le] thAte] #odste Ao oieh A+
2% MPO7} zEJlol] tigh 23 ARL o ZA| &}
£ dod 4 k= B (Tuynman et al, 2000)
T oE Wolth, E AFdA UEhd A Ee
MPO #7}t] m2 SCE ¥z} MN Rlixze ZA3tes
MPOZ}F =E3e] thald &3} ol doste]zt
€ 7Fe S AXlshe 3 or AztEr

Ty 349 2749 9

#Ao] dtH(Zhang et al, 1998). L3k
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AT 2 QARIEEC =29 Alghe] wx
4 SCESH MN W=7} S7tse 5] #
Fom o5 UAMIEE <3 MNRIEe F77}
#2520 Robertson et al, 1991). FFdAE
MPO7Z} #iAl giAtel] #edste] 1,2,4-benzo-
quinone¥ Z& 54 EZS AT A2 AAH
AtHSnyder & Hedli, 1996). ¥ A7ZA3} A|t)
a9 stem cell MPO7} dlol=2F] = <3
= SCESF MN9| RIZ=E IVMF+ Aoz
Hol o]Eo] jlo]=23E thitel] #Hodhe 7H A
o2 HAFAY 3 o] AFolA= stem cell
MPOE #7134 &%& W= slo|=2F = o
SCE ¥Wl&=7} tizwd| Hla] folatAl F7kek AL
stol=2d] = AA7F WAl AsAE Fo
sltol7] Wl (Vian et al, 1995) 2.2 s},

2T AT g, TCEd 93t 7k =84 2
dzAle] detdel teidE ot =Te] o7}
At (Morgan et al, 1998: Sujatha & Hegde,
1998). 4% AFoME= SCES MN W=7} F7)s)
= 2748 B3 JH(Kligerman et al, 1994).
TCE+ cytochrome P4500 2J8] F= toll A thA}
=o] chloral hydrate® A* E|EZ2Z2deE E
YFRROMEA To tAlEta A gt
(Fisher et al, 1998). Z1&iy} TCE thAlzbgel
MPO7} #tefsts Ao talae o2 A4 uprt
At 2 AoA TCEC stem cellely MPOE
A7¥8l9S vl SCESF MN H1=7) Z71d Aeg B2
o}, TCE tiAlzbg o= 2l 2 slo]=27]i=3} n}
712 cytochrome P450 ©]¢j<l MPO7| #d=
7Fede AR Al Fa ivtn AzbE
uteba] o] 5 ERIsH] fsiAE TCEd et Bt %
2 A7t e oz AZI

B ARaE ~gd, so]lemF= W TCR
93 =¥+ SCE9 MN ®IZ=7F AFEe] stem
cellzZt MPO 712 &8-8k8 #AZ F7isEe A
= FHaen o224 olE Ezo tAlHA el
microsomal cytochrome P450 5ol 2]g Zujz}
ol¢lell stem cellzk MPO<2] Zufjz}go] &
Aoz AABIATE. wekA olE IEEHES

s

o
=

1o

o mh AL oo

(in vitro)olA o]Fojxl Aol ZEI AhE
stem cell® MPO7} g3, 3slol=2F= 2
TCEel 2]3F SCE®F MNF=o n3]& da-
deaa PPAoRE gAd B4t oARE
g Aio|BR % ALAQ At 2e¥ Ao
AZtETh, ek, AP Y FolA el stem cell

e
o

Er}.

e o
=5 0 2, solmRAE ¢ EERadE
A (TCE)°] AF# <9 stem cell¥ human

myeloperoxidase (MPO)l| <& thrlyd &4J 3ty
215 tHstaat 2, slel=2F= 9 TCE
A1) stem cell =5 MPO 49 H717} o]
setEAd ogh Al A EA wH(SCE)F &8
A (MN) Rlzol wX= Jg-s B3
D A7 Ao AEdA YT Balske]
T2A 75 o] Fu FstE] Ml 24A1 7R 0.05
mM 3dlel=2F=, 1.50 mM =g#H, && 1.50
mM TCEE HA&7Fo] 30 mrl H=E oM Eol
s te] ko] F9I5HH N T oA EL
Agsnt, gehEd A § SA] 1.3x10° 2 2.6
x10° cells/ml T=2] ANTHC2HE U2 stem
cell MxHo AFZFdel} 1.0 2 2.0 unitd
human myeloperoxidaseZ H,0,9 37 FH7}st
Act. SCEEAS 93 siddos mdEs 2.54
7t el colchicines 7kt & F88te] Giemsa®
A& 3o metaphase AlZolA SCEWIEE #4135}
ATk MNEA S gk wjFdol= wfd7hal 44413
Tl cytochalasin-BE 7}l 1 acridine orange
Gl F olah Aol MNFZS 24313t

Znt : 1. stem celle]vt MPO AAl= SCEY
MNE] %ol g n|x]A] et

2. stem celle|t} MPOE =Eldd 93 f=
© SCE9] RI=E &7F-W-IAIR Folstl S7HA
Za, MNHIZ=S A% stem celle]tt MPO| 23]
7kl Aol ey 2.0 unit MPOE #H7t
gt Aot "rkelA] @2 Aol Hgte] felsiAl
7kttt

2 0

it

=13=G/

0.
NI



3. stol=2FE=L stem cellelvd MPO7F §l=
oM = tiZatel| Hldle] SCEWIZZF tzat|
Hsle] =9t} stem cellelyt MPOE slol=2)
=o 93 SCE ¥l=E 3 W3TAR fsiA
S7IANAAR, MN9| Afole S7MA17e A
AL B folg Afol= oyt

4. TCEAAE SCEY MNHIES Z7HA71A] ek
o} stem cell 1.3x10° 2 2.6x10° cells/ml &=
BFo|A SCERI=E froJstAl 57 ZH 2 MPO=
2.0 units=ol vt f2s S7MAZ T stem cell
o’ MPOES TCEel <3 MNRIZ=E S7M17]=
Aol ALt Felgh Aol oAt

ZE  ARES 2HAY, slol=2F=, 2 EF
2R 3 FeHe A A ST &
Aol RIErt Alte] stem cellelut myeloperox-
idaseoll 9J&l S7IES AN, o3 Az
= myeloperoxidaseZt ©l€ &9 dirdEds)
o] TeddHe ¢hAlEla, I olulw o] BAES] F

FE93 o] sle Holeta Arldn
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