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= Abstract =
Repair of Chromate induced DNA-Protein Crosslinks in Rat Lymphocyte

Hun Jae Lee, Kwan Hee Lee, Yun Chul Hong

Inha University Medical College, Department of Preventive Medicine

Genotoxic agents can induce various DNA lesions. DNA-Protein Crosslinks(DPCs) were
known as the important DNA lesions which could impair gene expression because DPCs had a
high probability of resisting repair and persisting through cell cycle. This repair resistance of
DPCs could have biological significance but had not been evaluated clearly yet. Most of the
studies that have evaluated the repair of DPCs only compared the extent of DPCs repair with
other DNA lesions.

We injected K,CrQ,, a genotoxic agent, into Sprague-Dawley rats intraperitoneally(Smg/kg) and
isolated blood lymphocytes 12 hours later. These lymphocytes were cultured in the mitogen
added growth media and mitogen free media separately. The degree of the repair of DPCs was
monitored for 4 days by the K-SDS assay.

4 days later, the amount of DPCs decreased by 4.6% in the mitogen added media but increased
by 10.9% in the mitogen free media. These results showed that DPCs induced by K,CrO, were
not repaired easily and the DPCs were biologically significant DNA lesions. We thought the
decrease of DPCs in the mitogen added media was not due to the repair of DPCs, but from the
increase of normal cell proliferation. Therefore, it is very important to consider the proliferation of

normal cells when estimating the repair of DPCs.
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L ME

67} 2ESEES B HEAT(Langard et Norseth,
1975; Royle, 1975; Dalager -, 19804 o] Q)
o] RuEfdn APATE FalA 23 (Hueper,
1958; Frust 5, 1976; Tsudas} Kato, 1977)2} B3 o]
QA (Petrilli®} De Flora, 1978, Newbold %, 1979;
Tindall} Hsie, 1980)°] $HE #3544 E4dolnt.

AAT 9 AFATE TP B g3
FHEQL 335 #8497 AEe At 3l
279ty & & Yrh(Leonard F, 1980). B84
SRS FE AEY 22%8d o8 dHHn=z
(Patierno 5, 1988) 671} 37} I &31MEH] A X )
2 U5 A=t & AolE BolA| oy 484
el At 7F AFTo| H|5o|H FolL T2
£ B3l AE U2 f<lo] Hol 84 e7tet 7t 2F
SRHETeE AEEA 2 fAE0] 2 Ko7t et
yrh(Standeven 5, 1989).

)

g
Lipld peroxidat L)W ‘?22,"@
.

fc.

“OH free radical
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Figure 1. Uptake and reduction model about
genotoxicity of the soluble chromium
compounds.

784 AZ3RES] A% 7L uptake and
reduction model(Fig 1.)& ¥4 Haks] A= 3o}
(Paola 5, 1987). 3ol2 528 Fol AE W2 #31€

67} &2 cytochrome P-450 reductase(Gruber 5, 1978;
Cupo$} Wetterhahn, 1985), glutathione(Paola &, 1987),
ascorbate(Standeven 5, 1992) 52| 28} o5 371 =
207 Aglo] 5]1 o] 33 ol hydroxyl free radical
o] HlEHr} hydroxyl free radical > DNA strand breaks
9} 8-hydroxydeoxyguanosines 5] DNAL/L-S -f2te}
7 5 2(Alyar 5, 1991), 37} 22 DNASH 94 A%
£ 3} Cr-DNA adducts(Wolf 5, 1989)} DNA-
protein crosslinks(DPCs) 55 #4338l (Salnikow 5,
1992; Hamilton®} Wetterhahn, 1985; Cupo%}
Wetterhahn, 1985) DNAS] Ex] @ ¥74)| #AHE &
Ae] 848 WA RAEAEES JYERiA EcH(Snow,
1991).

AEZHFE o3l FiEle ot DNA &4to)
Zt= 7ol B ool obA HEsiA] ot
21} DPCse] 7% th& Ao Hlsf o /37917 #
Hesta Bl Agshe §4¢] slof f3re] &
AL YT rIsAe]l o™ (Oleinick &, 1987,
Sugiyama %, 1986a, b; Tsapakos &, 1983) #7454
£ o8l fi=le] 28 DNA &4 H7ksi
A3 biomarkerZ {83t &84  Slvke Ao
ojni7t Aoka & = AtH(Popp F, 1991).

DPCs¢t @ Ag7tAe] dFe F2 454
B4 olF DPCse] A A=t 713, 2 H

"DPCs<}e] ##14], biomarker 24 DPCse] &87154

< TrEste e ApdelA At HI27H 9 AT
AjA] DPCse] ¥4 F=v tiF-Eo] Kohn 5(1976)]
7Wett alkaline elution techniqueo] 2j&] AAog &
M=o gith ey o] HEE M T E4LE o)
&3loiof st @ AAE BAste dexz 7 AR}
o] 485" DPCse] A FxE iz A¥ee]
elution rateZ Bl e 5o gtk ©
& zkn o} 28lste] DPCs7} biomarker24
840l 9I& 7FeAdo] Aol ®: BFetn dA) £3
E4 B2 Zree A7 A 8-S e ddde
ubA Aol BHAIZE it 2yt Zhitkovich®} Costa
(1992)] Qaf A|A1E K-SDS assayx= 7]29] alkaline
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elution techniqueol|A Yehte @& Beeto] AlE
2 BEAHA thekgt 2l DPCse) E443% &
TH=E FFAR 23F + A e 53
oleto] gl screening toolE #8351 DPCs2]
monitoring®| 75317 311 tHToniolo -, 1993).

DPCse] ojule}l AdAsie 1 Fasittn & 4 3l
£ B ¥R A48 Q7N diFE F2 §
24712 gi9)e] Tzl Z3 DPCse] B xRk
Brkskedl 24 12 (Sugiyama -5, 1986; Tsapakos %5,
1983), EAHZE A9 A X7t F27IZF % T4
ste2 Al¥ 34 F ¥ (Hamilton®} Wetterhahn, 1985)
7F Vehd B3 o3 AAE FEeA setebrle
ol&l$ir}h. Cupo$} Wetterhahn(1984)2- DPCse] A&
gbA ojolE Wl 7] fstde A 2A
DPCs9] 73S stefsjor & 2271 lS<= AH
#1531, Hamilton®} Wetterhahn(1985)& =2 3}3+E0]]
Zzg dAdA ol A7 DNAEAFo] AR ol whe}
Ahsle Are XY F2oR A% N EHRe o
Agctn Bastich. T2 o] EA(1996)2] AT
| AT benzo[a]pyrencel] 2]8] BALB/3T3 4-fol+|E
oA HAE DPCs7} AJte] Aub thd A A
o AAA RS F4S pEElR 7 AY dojuA
Ze Aoz Yyt ol o7 9] DNA &4
ZolA DPCs7} FAEA 9] dd7 #edo] v+ &
=2 9nlsta glot. DPCse] EobdS Hes) 14
371 AdiME vlad AR B B7E BEde
of 3t o] HFF A Xl FAE B F7H =
g Hrlslof ke Aol AF7HAY] dTEL B2
SHAE Zt3 et _

718dTe) dARE Resin DPCse E7aby
2 AEg P8 Hrlatr] A9 dizdeze A
A, 2Tl Hja] DPCse] 4% =7t I A2 Wl
E771Re &NN7NA ge ZREES Aol ot
3 EA, ofn] Wolrt dojd N EFRTN: H4) R
Al BRAEZE |9 A AHE ARk A W
o MEE o]ZalloF 3tar AA, F2o] AHE AEe
DPCs9] & A28 B3l 7I0E AXTHeR

Q1% DPCse] S Es7h Vet 279 R A 2
TEH AERG A G £ Qe BR AX U &
AL FAskE #F7IY B FAE AT U
o] B o] At HFslrt 7Hsstedof Firt.

B Ao FHAELERY K,CrO,Z Sprague-
Dawley ratsel] oa}e] Hohe] lymphocyte Well &4
¥ DPCsE A#Fstz, #sl W lymphocyteE
mitogen®| FH7he wilel A iEA] G wiAIStolA]
ujekr A AR W DPCse] ¥EE K-SDS
assay 2 B4)3}od DPCse) Bk Fstas} &
k.

I SH7miE 3 B
1 HNZ H AESE

AFFEL Jsigte AFHU FEASEEYE

& oA Sprague-Dawley ratE ©]-8-3}dc). 4
Ao FHE AF 10592 FAe Bd 195
(185~210g)0131T}. 7] Hufokelol RPMI 16405+ S8
o} 3L GibcoAlZRE U3 Mg &712E
CostarAle] 24 well plateE A}831%ic). K,CrO=
AldrichA}ol| A, Histopaque® 1077, phytohemaglutinin
(PHA-M), trypan blue dye, Hoechst 332583} 718} A
ke BT SigmaAtZFE F{lstd AHEBIT-

o
0,
A

w

2. K,CrO 0l 28t MIZSAM 2 DPCsel| 34

1) A% 2 lymphocyte2) £-2]

K,CriO,= o] A e Agsd] &axz 5
syringe filter(0.22um , ComningANE o] &8 BFH IS
sttt 5, 10, 20ng/kge] &3S 0.5me) §fo= Tt
S0} 7+ A el B o) F4E skt o
27 05m9] Al AFerhE FYsIAT 1243
F | HAX Y E & 10ml FAPZ AAAE 31 6m
4 Agslgnt. 9A1Eel Ao Histopaque® 10778
3mE 9 F AEE Y 3mE 2ALHA Qo] A
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Lol A 3083t YA L2](300G)E 310} buffy coatZ &
Atk o] T At AFAol] F-/AIZ F A 108
7+ 94182 (250G)3l lymphocyte pellet2 LTt

2) A=A AA 2 DPCse] 3%
lymphocyte -3} trypan blue dyeE 1:12 EF

Blod SE7F AR A7) & hemocytometer® KA AE

Tt ET AXSFE AFSAT DPCsel 34 A=
& K-SDS assayoll oJ3) 3 Zzstaigict. o] ¥hie] 9z
7hs) Zlestd ohet 2} 2x 107 Qe AE
2 2% SDSE &{dke Ax&sl £97 weAZI
ol& AAAIQ) SDS& AEE SaA)7)H ST
ol 2ZEE P4t Aot o] He galE A &
ag - 700N WEAL F T Ba ZeiA A
A)7)H DNA7} kgt =712 Addt). of7)e) KF
iong 37}etd K* - SDS -l B3A)7} g0
SJo AdapA Dt ol BN wPARe 2 B
$2%0] Ho] gl DNA fragments LAE] ¥
o} El3 A4 DNA fragments AHEddl] WA el
3E9Le A DNAYE 2337 98 mz Bag
t}. € DPCs pellet-& 2-7A1Z1 el A 3ml A}
71z Sﬂ'ﬂ pipetting 2 3}od ice chilling(5%)8}1 ThA|
65TCR 7F(10)} o] AL 33 wrESH
DPCs pellet 2] DNA fragments YA Iz
mechanical shearinge] Et}. DPCs pellet&- 0.2ng/ml2]
proteinase K7} ¥3Hg fMol] H-FAIA 50T 3IellM
327 e A)7IH hildol  83)=m  DNA
fragment7} 3EH 02 w27 €} o] FFA} &
A sl DNAYS F3317] fal Eoke &d4=
Hoechst 33258(200ng/mi)®} wHE-A(ZIt}.  Hoechst
332582 DNAS} BolH o2 ZAE o] FJEA]
W3l51A B} calf thymus DNASigmar e 337|%
XZ A=t o] 8351¥9ar, DNA fluorometer(Hoefer
Scientific Instruments, Model TKO 100 /Aex=360nm, Aem
=450nm)2 FFS 930 24 DNALS A st

o o

3. DPCs2| &7

1) K,Cr0,2] £ 2 lymphocyte2] £2

DPCs9| 347 Alx=4 432%E AR KO0
o F2E 2. dxdite & 3%
DPCsE 3413} trypan blue dye exclusion testd} 413
o] AEEo] tizTol Ha) A7t fle FE Smglke
& Hgsldrt. 10mke)e] 43 Sprague-Dawley ratel] 5
7 W F94E Bt 1243 Foll @) 9] lymphocyteE
wels) Wit

2) AT ] ME DPCse] 7% U A ¥4
*

E2l3t lymphocyters A|ESE A48 T mitogen
9] A7t 5o wWE wgFRTE fa ol
mitogen H7Hre] 7§ wigFYol] A7} PHA-MS) &
T SugmiFct. lymphocytee] 2] Fo] DPCs9
Fe sl NFEes o ik 19, 29, 3¢ ¥

42 Fo) DPCss} AZ52) WS S8t
4 EAXE]

TR AT wE AEEA B DPCs9] A}
o] ANOVAS®} Scheffe's test2# A stg.on, A}
23 T2 72 SAS(ver. 6.11)FHC}.

1. 772n}
1. lymphocyte®| Cist K,CrO,2 MESM =1}

0, 5, 10, 20mg/kg®] 8-F o2 B3 Ul FHE 3%l
Y HnFE 20mg/kg - 12A3F o)) rat7h B
% Zo| lymphocyte®] ¥27} E7F538H%c). trypan
blue dye exclusion testo] 2|8} =42 lymphocyte2]
HEZ LS YRToIAE 98.7%, SnglkgSt 10ng/kg R §
g A= A 97.8%% 96.2%2 Ve S8t
S BAE BE{rh(Table 1.). 10ng/kgZ FA 779
BEEE o] vlg] A Rkehp<0.05,
Scheffe's test).
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Table 1. Cytotoxicity and DPCs formation in
lymphocytes of rats exposed to
various concentrations of K,CrO,

dose Cell viability> DPCs™ % of  DPCs
(mglkg) % of viable crosslinked  coefficient
cells DNA

0 98.7+1.2 3.4+0.7 1.00

5 97.8+1.7 4011 1.18
10 96.2+1.5* 3.8+0.8 1.12
20 ND ND ND
F — value 4.42 0.73 -
p — value 0.03 0.50 -

a, b : The data were analyzed by ANOVA.
Values are mean+SD(N=6, each).
p<0.05, compared with control by Scheffe's
test. ND, can not be measured because all rats
were expired.

2. KLrooll 28t DPCs g4

= FolA= lymphocyte j2] 3| DNA 3 3.4%
7} el Ay} FRAFe] J Aoz ek}, Snglkgst
10mg/kg 0.2 B3t A= 247t 4.0%9) 3.8%2 =

o)) Hlg) F7HEAey FAA LR foldAe &%t
of. Z2FdMe] DPCsel 343 tixwolXe 84
o} vt Yehdle A ®Q) DPCs 3484

0

‘Ji

el gl oja) A&t

% of crosslinked DNA in exposed cells

DPCs B3 A 4=

% of crosstinked DNA in control cells

Smglkg % 79l DPCs FAITE 1182

10nglhg ™. Foishe we] Li2wch ¥7 Jepdoh
(Table 1.).

3. DPCs2} 5+ X MzZ=2f s}

DPCse] gAo] 71 wx ME5do] izl His)
2 27} P 43R SmgkgS FoIF T A7) u}
€ DPGs9 HislE stk #e]¢ lymphocyteE
mitogen(PHA-M)e} 3718 wiRlo|A wjeks g A] 1, 2
o] A Folle E2 239} wlsle] Zbz} 31%%} 21%
7} B7EER e, 3, 48 Folle 51%) 36%7F HASA
t}. mitogen& H7EHA] e wiRlollA] wjoker AL X

2 A5} vlmale] 2T 54 vt DPCse] AR 7
o) mhe Wish= BAE 02 Rolsix| = eEUrHTable 2).

ARV T}l b A Ere] SHE B, mitogen©] 3
7V A] b wiR| ol A w5 wlF 1Y Fol] 3.4%
7t 7RI v 2% Ag i 2, 3, 49 39
AL 27 6.1, 145, 21.9%% 3L ol& BAZLE &

Table 2. Cell growth and repair of DPCs induced by K;CrOs (5mg/kg).

time after exposure

cell growth’(% of time 0)

DPCs’(% of time 0)

(days) mitogen(+) mitogen(— ) mitogen(+) mitogen(—)
0 100.0 100.0 100.0 100.0
1 106.9+9.7 103.4x 7.0 103.1+17.7 104.3+14.5
2 103.4£8.0 939+ 54** 102.1+25.2 100.6+17.6
3 100.6+7.8 85.5+13.1** 94.9+26.7 107.1+£23.0
4 93.8+9.3 78.1+11.6** 96.4+24.0 110.9+23.4
F — value 2.76 14.7 0.38 0.74
p — value 0.051 0.008 0.81 0.57

a, b : The data were analyzed by repeated measures ANOVA.

Values are mean+SD(N=10, each).

=+ : Significant difference compared with time(0), p<0.01
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o8 24Ach(p<0.01). A mitogeno] H7 1 viA] st
olA wiFet A= wlk 4U T th ZHAE AL
2 Uepovt EAF R folsiAle $3krH(Table).
o 43 2] mitogeno] H7FE viR| Sl E M ES
o] Wzls} A gro} ujek 42 Fof trypan blue dye
exclusion test2 M ¥E2| AP&E&E 8213 A7 91.2%%
=7 wjdgAlof] Blsf Zhanslo] ATt

4, ujex7dof| thE DPCs &} 2kate| Xto|

K,CrO0l| 29 lymphocyte= AJE&0] FHan o]
mitogen®] AEZ2 Fart 374 Jehux|&= &9t
mitogens  Hrbste] Wl RN AHAS
mitogen H7Felx] % wjFe 2 vlwapd A)
Zbo] Zzpge] wtet AAHoR AErt FUkEn
DPCs= Tha ZHAE = & Hola {lrh(Figure 2.).
I3 mitogeno] H7IER] ok wi|StollA] wjget
735l e ATde] ATteted = DPCsel zHart A3
ERER] gdglel.

% of ime
20 (0)

120

110 4

70 "= mitogen free, DPCs ® mitogen added, DPCs
& mitogen free, cell growth  © mitogen added, cell growth
60 T T T
0 1 2 ) 3 4

time after exposure(days)

Figure 2. Comparison of DPCs repair and cell
proliferation

Iv. 1 &

d|

DNA &30 2 sl dddAFAxet gz
FAA 59 FH FR7E &Y Z2 HYdErE

A

4o 27l @A) Axdelrt 38 &+ Ut
(Zhitkovich 5, 1992). DPCs& A X o] B2
Agai ZAE A& fdAte] Eal d o
ol s fid 7hsAdo] 2 DNA &3¢ & Ffol
B 2 (Fornace &, 1982; Taspakos %5, 1983; Sugiyama
%, 1986) 2] FHEA RS2 DPCse| A%
o wheh wd S el  31E Aol

DPCsE B4J3he sy 822 ¢uiA e AL
Z¥ cyclophosphamide 52} alkylating agent(Grunicke %,
1973; Bwig 5, 1978; Erickson &, 1980)¢} formaldehyde
(Cosma 5., 1988), £ 5 VA (Ciccarelli®} Wetterhahn
%, 1982; Costa 5, 1994y} Z=(Salnikow 5, 1992; Xu
5, 1994) Fol hx Apdst ¥d(Chiv 5, 19845 2
24 IAk= DPCGsE Fshe Z1o= aRIET.

Z4zke} fREg £49) DPCs 347143} B
< dA8tA Al el o] DPCsel BE3H] 9f
P FHEY 22 gt Aol7t s 5 k. YA
& AX ol A NI(INi(Il) redox cycling #44-S &
8 free radicalS &3l DPCsE dAste Zoz
FZHU 28| & 371 A80[20] DNAS o

7‘,::,‘

2 Y4357 Boh(Lin 5, 1992). 28] % DPCsE
ZAsld AFHAE BAS A A FA sk
olu) Ak 2= cystein, tyrosine, histidine 52| 21847} &
-SH, -OH7|7} 37} A2&0]2-& 7} 2 3} nucleotide
¢| phosphate backboneo] A% Fog yeldt
(Salnikow %5, 1992).

DPCse} B 2 F2430] wis) o} Be A7}
ol FoRAE esie). ATEAS Aol Asled 2
s} vls7k 4R ket Yoz s age
o7 ¥4€ DPCse H577F A9 =4 ¥ Ao
E3n%E WH(Ciccarelli 9} Wetterhahn 5, 1982;
Tsapakos &, 1983) formaldehyde”} §'23%F DPCs:=
w3 4A By7t He Aoz VEgtH(Grafstrom
T, 1984). TAEAN IFL AIXE 2 F93 o
AlA, ol¢t BEE DNA 49 e & dejA
glont ol Z5e] DNA &) webidst 24 2
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7F ARl 4] gt Azt T2 ZF oA &
© DPCs7} ZE9] e A3 ¢ @do] e
uole DNA &9 Zloleta A3t glom, o
DPCs7} A7H3 30 we} 5752 a1 A &Eo] #

o fr L %

= =2
Zm9 % 91g olt}. DPCs ks 7|43 7|12
ol 2§74 249 DPCsIA A=

bl
g #Edste F F5EoR gl 2% DPCse] ®
3 =S b2 DNA &4e] Hsle) vlmslet 23
on AEZF2 0= QI3 DPCse) 3|Mg 1eisa] &
k.

£ dFdMe 2ol 23] rate] A ol A P
DPCs7} vlad A7l AA WHslshs FdE MES
A& s {Fd DPCse] By 2 =g
T slaat et £ Al e 94 DPCse] B8
Bt A FEZFE AP 98 Mz o
& Al 365, 10, 20mghg)ys T T AXSHH
DPCse] AR EE Aot A A48 593
oz FQIFH t)zTelAe) background DPCs 9H(%
of crosslinked DNAYS AX| DNAS| 34%= vjehl
Costa 5(1993)0] B3} 1.17%8h= thh 2fo] & Holy}
K-SDS assay’gollx] DNAE mechanical shearingdh= %
ojl e} background & @8 = loem g F34
o] vlme 2 duj7t gt DNASL 724, sldidoz
225 DA} 9l nuclear protein(E4, histone $)&
R BFHEAEE B3] DNAo| z&sixut
topoisomerase ¢} nuclear matrix protein-2 DNA$} /-2
& T2 FAH o2 7)15E F35H(Lin 5,
1983; Chen 5, 1991) o]} 3t DNAS} ghilzzko] g4t
Al Fqd3te g QI3 background DPCs7} &%t}
FHEY EZ 98] FEse DPCs7b A/3AA
background DPCs7} 371 AUA] ol H nA4AA
A2 DPCs7} AE ZIAE Wl At o 77}
A EEJct. A 93 Fdd DPCsE W ek vhl
o7 BA% A7} background DPCsollAle ZHZo| <t
%]& actin, lamin, P97 protein 50] 2] X2 thiz
24 DNAd} Agtd 7oz el (Wedrychowski

=, 1985, 1986a, b; Miller} Costa, 1989, 1990).

2 d7dlA e7F ZIFEY K08 T &
£33 DPCs &34l A-832 SnglkgllA] 10mg/kg
o AEtt i g4 JeREth ol I EIRIES]
DPCs3A 538 & 713t th2 A5 (Wedrychowski 5,
1986a; Cohen 5, 1990; Chen £, 19914 d35=
o]gollXl= DPCsE Aol F718kAl YAV 2313 Za
A Vel Za fAlgE Aot o] 9 2 DPCse)
saturation@*Jol] thall Wedrychowski (1986b)}= 1LE %
ol 32L& chromating®] conformations W3A|711 22
23 AgolLo] AFRFAR HIshke Ao Haide
2% DPCs @A #go] Astdrin dsta stk
DPCsE AXEA ] UehtA] g Asmodre 2
7] ARk Aoz deiA la1(Sugiyama, 1986a;
Cosma 5, 1988) o] @7 Xe FAZtol] AA vk
35 DPCse] ®ists d&stzt stgons MESA
o] Y& £&oT DPCsE FEsIAT}. trypan blue
dye exclusion test2 713t AT L &F—vhg &
FHe Rolm FUhEtHoY Smlkgel &BAME
lymphocyte®] AF&o] 97.8%= thxol vl&) frolgt
Aolg Kozl Frh olgfd Ao ZAstA
DPCsE-7 #2-E 93 S 8302 SpgligS 2R3}
pig

7120 DPCse} B7oRdS Bug Aot o
F2 Al xR MRS AAH o= HolalZ] Al
EFE o83V FEOA AAEY EAS FUT
T U3 AIRE A 02 Bl 23 M EE o] &3}
At 2o} ojg} e MREE o] fdhe AL {AS
4 B4l 93t DNA &40 5E7dE skt
AR o5 4 Ut} Grafstrom $(1984)2 human
fibroblast strain¢]l CRL 1187 cell line& ©]-83 A&
o] formaldehydeol] 2]&] ¥ DPCs7} 244]3L o]
Wel Ao E3ggvn Hudgo. e
formaldehydeo)] 2]&t DPCs7} tha EAof ojs) ft
g e @ H7ide wi 2zstAl AA=
g 2olUS T= Jov} o] AE AA7} vl - w2 A
ek 540 o] E2 A Fel| FGAIR] 8l
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7t vehte AX 34 A7t DPCse] B+
48] Ml slglE sbsAlo] At Tsapakos 5(1983)

< AFHYES rate] FAZ F oF 40X 7kl AHA
ABAE Yel] 420 DPCse] ¥stE #agt 49 vih
ALH7E shi g8 F79 DNA &332k g8 &
To] Agsl R &EQrty B389t Hamiltond}d
Wetterhahn(1986) ZE3132-8 chick embryod] £
g 'Thg EA ) DPCs W3S #3H A
24X7} Fol& DPCs7} ok 25% A& 7+Aast o of
713% BRAEN % 20% FHE RE n2EhE A
o} BFEA vk sjA e g vk gl

2 dFolx] sl lymphocyteE Y rtRzAo)A
HiFets R olejol] mitogend ©]&3lod Q1YHoR
45 AlA DPCse| HIghE At 212 A9 54
o] DPCs9] BF A=E sidshetl viXe 43 3
7¥et7] A Hct. :

E 29} 38 204 HEo] mitogenS A7IBHK] e
ZZ1 A wjFet B 9ol AZEd] At we) B
7} A o]Fox|x] ¢kt whd] mitogens A7t
o] w3 Ao M e Bl 3Y o] Fo tha Fhade
Ao Yehyitt. ey o] ol w2} Zalst
Hlwal DPCsol frolgh Zag Holxe E3ct. v
49 Fo] SAE NEFE R A HESe
v -& W mitogen H7hre] 9= A Aolr) ¢l
Yo, mitogen ¥}H7}Ee AfolE B3 0 e
13% v|gtolQith. ol AEe] AR 91.2%2 uY

AF BA WMAE 2 pase) glon
mitogenS 715t 7ol = BE lymphocyter} 4| £

xia 228 2498 2L o AT sol
227} QL& Ao Azkee
ole) Al 280 4 49 DRCSE 2
WSt Fle) B Zohe A= ek

3 mitogen© 2 A91AR MEZAE fEe 21

oA Thh AslE S Holm Q' AL A &

T7h HRN wlge] ohEt AR S azst wEEA
71 g Aoz ). :

WFEY Q7L AR BYE He RS #
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