Table 2.

Induction of mutation by Madder color in individual rats

D Animal Number of Number Mutant
Compound ;s)e Organ lD-lIlIJlg plaque of frequency Mean*+8.D.
% : forming units mutants (%109
Madder 1001 415,800 10 24.1
color 1002 690,300 11 159
. 1003 587,700 6 10.2
: +

0 | Liver] 004 598,500 16 267 183£69
1005 486,900 7 14.4
110t 435,600 14 32.1
1102 414,900 k) 7.2
. 1103 497,700 ] 16.1

! Liver | 1104 607,500 13 214 20.1£52
1105 505,800 12 237
1201 520,200 18 346
1202 445,500 7 15.7
. 1203 478,800 8 16.7

5 Liver 1204 739,800 6 81 19.2+98
1205 484,200 10 20.7
DMBA a) 1301 408,600 36 88.1

20 {mg/kg)| Liver 1302 585,900 47 80.2 78.6%£10.5
1303 475,200 32 67.3

a): Positive control (7,12-Dimethylbenz [a] anthracene); a single dose

Samples were prepared at 14-day after the dose.
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William G. Thilly: Have environmental mutagens
caused oncomutations in people? Nature Genetics. 34,
255-259 (200 A RMIF LI L b FINM Tz S0 b,
MIWAT G| R TRREROIR & A BIIMAENIC
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Kerry L. Dearfield et al.: Genotoxicity risk assessment:
a proposed classification strategy, Mutation Res., 521, 121-
135(2002) D JETOC I2 & 2 HAR RO WH ML A
S bhfanrEhiz.
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Present situation and perspective of risk assessment:
From the view point of food additives

Minako Nagao'* and The Ad hoc Committee of JEMS’

'Kyoritsu University of Pharmacy. 1-5-30. Shibakoen, Minato-ku. Tokyo 105-8512, Japan
? Japanese Enviconmental Mutagen Society

Summary

Kojic acid (KA), belonging to existing food additives for which compositions or usages arc not clarified,
had been used for prevention of enzymatic browning, In 1993, the food sanitation law was largely revised to
harmonize with JECFA, OECD and FDA. Under the new [aw, reevaluation of existing leod additives was
required. In 1998, it was found that KA induced tumors in the thyroid and liver of mice. KA also showed
genotoxicities; gene mutations in S. yphimurium, chromosome aberrations in CHO-K1 and CHL/IU cells in
vitro, and micronuclel in the liver of mice and hematopoietic cells in rats. Although it has not been clarified
whether liver or thyroid twmors were induced by genotoxic effects of KA or not. use of KA as a food additive
was banned in 2003, based on the fact that KA was not used in any country at that timse. The ad hoc commit-
tee which was set-up for a three-year task from 2003-2005 considered that KA was an appropriate model com-
pound to re-evaluate the strategies presently used to detect genotoxicity in vitro and in vivo, and to re-evalu-
ate the regulatory rules (use of genotoxic carcinogens as food additives should be totally avoided; genotoxic
non-carcinogens in rodents can be used as food additives). First of all, we confirmed the genotoxicity of KA
we demonstrated that genotoxicity in S hphimuriun was due to KA itself, but not due to contaminants, KA
induced TK mutations, micronuclei and DNA damage {Comet) in huinan lymphoblastoid cells, TK6 and
WTK-1. These results support the finding that KA is genotoxic in vivo. although it is not clear yet whether
KA induces tumors by its genotoxicity or not. Speculating that liver tumors induced by KA were due to its
genotoxicity, human risks to KA to which humans are exposed by taking fermented food products was cal-
cutated to be 2107 by the linearized multistage model.

Keywords: kojic acid, genotoxicity, tumorigenicity. risk. regulatory rule
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This paper was presented to the symposium 3 "Perspectives of risk assessment for genotoxicity” at the 32nd JEMS annual meeting. 2003.
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BRI DT, ETHEOREII O fh
LB TEETH S, Wit isl, Hitk~—»A—
DEICELIhEH, ThEVRIENEES T3
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2R (2002~ 20034) DIRET, MM IURSEM
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COENBROS—IIEEWEM SRR TO, R
BHBIUFMCMT 2R DWT, £, BE
BoNTWARRICU DY ARSI TLERAAL MZDWT
W5,

RSRIIMORE

bAEOSFMOBEE, FREs (HEEdH
OEFICI > TH 550 FE EARAT 5. BIEEHEHS
S TV A SRR R, BTREnY,
KEEF, Tofucafizhsg., FHRI3F1HEET
FHFN338, 489, 612 B XU T2RHHZ. IV
BEERENY, WhdSRRENWICIE L, 19950
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8o EREEEAREE N TV Ao, LW LEREDHE
BT, SBIASA N, (L aEaA KRtk 2
fid, & THIR - BEOENERENTED, Ik,
FEfEmMIc DWW T B IR - BREDREMNTRI TR b
TW3. ZTOLSHHET, avUihlEHEREMA
MUl THAAHEESRE N, 2002 F 12 HIC3E - 180
WEFESEHE - AN EHTE, ARRSEAR
VT FOTEEMER B BN, Eh, 2002 I3
MmN o HD, NIy FIAPEK
¥, WTOMHLT-t, 20034E 10 FlICiRhen & UTHER
L&avwk SHERENL HEIRE, 2003).

2 ThAREOAGENHORRIC OWTTRIZEN
5. WIS AT RNl 5 80T L TR,
FAQ (Food and Agriculture Organization) & WHO A&
ATHEL LI a—F v 7 A AR EIRBRENS (CAC)
HHAH, AAEI—F v 7 ANUEHTSHE. a—F
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& A BRIy - R TTHIESIC R P T E DI R
L Twv 5 o5 JECFA (Joint FAO/WHO Expert
Committee on Food Additives; FAO/WHO & E & iR
WHEMRLIE) THS.

HAERORRENOMSIHICET 2B E LTERE
NTVHHOE, Q28 HEHRSHERE, @90HK
HEEHAR, @ VENRERSaEAR, © B
ey, © MMM, © ROAMRR, @ ERRMY
PSS FERAMER SR, ® PURNKR, @ £R
BRSO —FMMMARTED FIEEEETRS
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DREEE L LT T, MRS ERERR
ER, . ShELEITEERE AT ARG A R R, 1.
VP o iR F O S NGB R B L, b DB R
ZHIRT 5 EMSH BRI, LR, 3
TP avnRL, o WEEHY DG TR R,
o RO PR, RTINS B G B B AR,
o iR AV BIERIEAR, MEYRHVEDNA
{215E0%, MHTLIIHEA W% UDS A5, ML
ERAVSSCEMBRERMENET S, EkoTWd (U
S E A TR ED.

BEHEOIMIZIE in vivoDF— XHFFRENSE L,
FNETIFS in vitto DF—2HEETHS. DED,
in vivo Tt U TRETEIC /2 20 {ESHEMITE, invive T
U TIRIEMEASRI A EERTHENRD S, &
fo, PUAEMEMCAEREERB TR VWS 2 21,
FOMILE RN DNA L RIST SHERNRD T
Mo, BRI ELE TS,

HHAROMBOIEMCOWTE, hABIETL
JECFATY, BAAMEEHL, In vivo TEEBEHMEMAR
TN, ORI e LToERERESGATY
v, QR SEASA NI ERARIE L Ty An 2R
LTV JECFAOXRIEZZTDEETIKGIATS
(Food Standards Agency, UK, 2002).

All studied necplasms contain mutations of one type or
another; there is a single copy of DNA in every cell, there-
fore, it is reasoned, there can be no threshold of damage
below which DNA damage has no conseguence, hence,
there can be no safe exposure level to a carcinogen that is
genotoxic.

JECFA TR, TV F o« v 2 RELHHESAL
M4g 5Tk, RS -» TERBREMTHESAM
EREEVITINS 455 L, BEHHERTIEDNA
WTIHSFRHEE N DO A B AL THRAERT 550
HDHTEERRTVEA, INSEUNICERDIESNE
SOV T E T, SRLTWaY (Food Standards
Agency, UK, 2002). hhbiid, IF-EHDin vive T



WIREEZRTH, o hHETHESASRRE 20V
BEDNHZOMITELMETH L EELTVE.

in vivo i {REPEOGR BN, FHEAIC L) S MR
EETE Ul d OIS HEIC WL S ATV B A,
LEWIC K> TR LI EDR S 5. RlAE
MelQ—DNA Ak L1, 1HIETRATED 1770 T
HH (Nagao et al., 2001). N-NO-dipropylamine ¢ T
PETRBETHIABRHNETRENETH B
(Noguchi et al., 1994). Fiz, FEERET, TR
EEleEh b old, CESTTRESSERL TV
WM DTSRG T L,

PLEd& Sz, avVBolElE Lass, BT
HBNTWBIFIEDRAEEEZ, —53 DMNEERRIC
M CABHSREHL TV 5.

Ly 77

I IREINE (Aspergillus oryzae) DFEERT B0
MTHEERAB XA v ARMERRZETS. F

Table 1 Carcinogenicty of kojic acld"’

Kojic Acid Tumor incidence (%)

% Thyreid tumor Liver turnor
Male 0 2 48

15 65" *? 69

3 877" 47
Female 0

1.5 a 4

3 1 10*

“Fujimoto et al,, 1998. Kojic acid was administered to B6C3F1
mice in diet for 20 months. Effective numbers of animals were
between 48-53.

“ and *7; significantly different from the control value at P <
0.05 and P < 0.01, respectively

2+

ot —YORFEMIcE 200 THS. iGN
(MR COHERY B ORUERIED B X UERS
Fhih (ERESD & LTHHEA TS, S EEOS
RiC&H, RIETH, SN e LTifEbh T
V1998 IR T RIS E LT, FIRIRHR 5 X UG
EAFMEMMB I -, BHSAEE, Fujimoto 5
(1998) DEEITRE DIV TR & D% Tablel IKRT.
FURIRIEGIC ML TR O B0 T aE—2 3 VERIC
FBHIEMN, RUALBLUTS Y FPTHRMENTVS
(Fig. 1) {Fujimoto et al., 1998; 1999; Tamura et al,,
2001).

—F, 7TV in vivo THM{ZEEABINE R, £
IR UM TMER RNt e by, HaTEEit
PAMTOEREN R E N, &6k, ps3t 7o
T REHOIESATERT, TV VBDRIENALES
ML 2 HETELM »fz (Takizawa et
al., 2003).

i, Y AREEEESCREBENERESENTED
SRHT# Table 2 45 3 U Table 3 i fh .

I VEORHEEL, TILERASHEBRER, Wi
R EREE TEE Sy M 8 BiEs
KRR I3 2%, w7 20F (R, HAEP
BUHLNETHBMETH oM, <7 XHH (B8 B&
U7 MRF GhiEnD AHEARERETH /2. ZLT,
COFw b ETTABYSREEERBOBEFRHT
ZDAREBIC W a0 FohY, 2002 SEDREE TR O UEe

0"~

HO -~
(o]

Fig. 1 Kojic acid

Table 2 Genoloxicity of kojic acid in bacteria and mammalian cells in vitro

Marker for DNA damage Cell 59 No. of experiments Result
Bacteria
SOS repair E. ol with and without 1 Negalive
Rec assay B. subtilis without 1 Positive
Gene mutation S. tsphimurium  with and without 6 Positive 5; Negative 1 (5§ mg/mL)¥

Mammalian cefls

Hpre¢ mutation V19 with and without Negative (3 mg/mL)
Hpremutation L5178Y with and without Negative (1.4 mg/mL)
SCE CHO.KI with and without Positive

Chromoseme aberration CHO-KI with and without Positive

with and without
with and without
with and without
with and without

Chromosome aberration  CHL/IU
Chromosome aberration  ¥79
Micronucleus HepC2
Microaucleus CHL/IU

—_ e = BN R e et

Positive and Negative (5 mg/mL}
Positive due to toxicity

Negative (8 mg/mL)
Inconclusive (2 mg/mL)

"December 2002. Censultation meeting for dugs and foods. MELW
# The maximum concentration used
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Table 3 Genotoxiciies of kojic acid in viva"

Marker for DNA  Lowest effective dose  Maximuim dose Number of

Tissue, cell damage (g/kg X times) (g/kgXtimes)  experiments Result
Mice
Bone marrow (adult) Micronuclei 1X2 3 Negative
Hepatoeytes (adult, PH)  Micronuclei 1x1 1 Positive
Hepatocytes (adult) Comet N1 11 2 Positive and negative
Liver (adult) LacZ 16X28 1 Negative
Thyroid {adult) Comet 0.75%1 1 Negalive
Rats
Bone marrow (young) Micronuclei N2 1 Positive
Peripheral blood {young) Micronuclei 2X2 2 Positive
Hepalocytes (young) Micronucle 2x1 2 Negative
Hepatocytes (adult) Comet 1x1 1 Positive
Hepatocytes (adult) uDs 1551 1 Negarive

** December 2002. Consultation meeting for drug and foods, MHLW

Tahle 4 Cenotoxicity of kojic acid in human lymphoblastoid cells ™

Effective concentrations of

Marker Cells Resuli kojic acid (mg/mL)
Mutation (TK) TK6  Positive 1~4
WTK-1  Positive 2~4
DNA damage (Comet} TK8  Positive 2.5~5
WTK.1  Positive 2.5~5
Micronuclei TKé& Positive 2~3
WTK-1 Positive 1~2

" Cenotoxicities were examined without $9 mix.

HrfrsiRmm e LTREREhTWaEb -2 et b
B, FRKLOBIBEONIbITHD.

a7 VBOBAGEEOEFH

S EOSRESTE AT, ABOSTREEHEEIED
MESEFRL, BBEony boloIic X 3N
RS A EHIC, ESIKT—-ADO@ERETEI LS
513 Uiz,

L HVERSHE, KBRS EkRE R

IFONL STy LD VR, BRI (5312),
EEMAL A (2Y181), HBRUME (052K2516) %M
Wi, A EF T TAL00, TASS, TA102, KI5 IA
WP2uvrA/pKMIOLIZ B L, wWTho oy F EIIERE
BOERFENRR L, S mix TEE N TREkRT e
{Egflic & o 7. s TAL00, ~59 mix T, ~ 100
TRINS—/mg THol. ETHIKIVIVEEHPLCT
IYEEL, 459 mix 3350 59 mix THHM N AT EE
AOvVEsc RS o eEYIGMCLE

2. b hESEEIC IO B E
WEFLRIORRME & Ui, VR b Pl S
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TERFENS, T, avUBOBERRICEBURE
WP Hpre B EEM & LIZIBHT M T b v T iehi,
TG TH 2 D, TKEFEME Lizki
BiTir ol Hui-diEd, © b o SSERREERE TK-
6 (TK*) HXTWTK1 (TK™7ps3™") TH3. TK
ZE9L, EE, DNAfHTE (OA Y B WIFhEEETES
Sfc. ZESREREANE BRI BHIE D 2 X
CREEEmAEE S 2mg/mLTH T

frERinoEEtcR, BimtoBiciuvoha
SRERS PRI LS 10 M BEBENT VAN (£
DAL DNA S FEEIS LAY, Wb A0S S
WEHEHEMITRE S EFEAT S THS, Scott et al,,
1991), HAEXFECHTEZENREENIS, L)Y
JUIERRERAIIC 5L B ek MEHSE B KD IEF
Thizk £AbN15.

3. In vivo il {fmadith

Table 4T kDI VBIE LacZ v S/ AV 2 =
w Ry ATCREEORENH S (Nohynek et al,
2004}, LAL, BFEAMAMABREINORH~> R
ThaT e, 5, MERIRLGTHEI kG, YT
MRS T A C LIC X O IERERETZ > TY



Table 5 Risk evaluation of kojic acid naturally present in fermented

foods

Human exposure
0.6 g/ kp/day
HERP Index

Based on male mice thyroid tumor  TDy, = 1.4 ~ 10 mg/kg/day

Based on feale mice liver tumor

TDy, = 1 4 X 10" mg/kg/day

HERP index = 4.2X 107 {thyroid}
HERP index = 4.2%10™ (liver)
Linearized multistage model for genotoxic carcinogen

Mouse BMD,, = 29.600 ppm
Mouse LED,, = 18.600 ppm

Mouse kojic acid intake at LED,; = 2.4 X 10°f “g/day
Hueman tumor risk  0.6/2.4 X107 X (50/0.025)°™ = 1.67 <107

%, FIRE - AaNEERRSICIRILE NI ERED
BREIDS b= A& Uy PO, FAFNEFHBSL TN
Bl Istr BRI, B EASRIIORRSRTEY,
RGOS DWTOHEBMEETH o . Mg
DM, SESITYIROBEAL EOLRMR LI ET, &
BT ey AMCRESEORRBICESH LG
REOELART 200 EIBRTEFHTHS.

REFDOIAVVEDY X7 EHE

HOE - i EERae T, BMASRICE B
UHED U R F{ATRER, URMY 41 Bk, ¥3ih32 £,
20 Ktk 5B, T 2N GR 405 ppm BXTU L
ppmiHET, B URESS L ppmIIETRINENT &
M nTwad, EERENTICIEDE, 1O
pEMI3g, TEh27 mL E L, MEMES K TERINCIZ T ppm
OATVEAGENTVSET S L, a0 IVFOEIT
1306 g/kg/day EREIE 6N 5.

ErOaV IR T S RTALIZ06 tg/kg/day & L
T, AUVBICEIENAY A OREERAST. —2
1Kfie L <MV BHTVS, HERPindex (Human expo-
sure to rodent potency index) KT, K[HEPAAHK
SRR AT Y A 7 FHII LTV BRIE LB E
59 (Linearized multistage model) HiZAE-SW T
Uiz $5U% Table 528,

HERP i, #EAAMIIAEESETH SO ERD
T, BRSNS ACBVCTHAMARRTH D, W0
AT S OREBRICEH S F—2%8, TOEE
b MOERIT 57 TH% (Gold et al, 1991). BBC3FL
< o7 AMERIRNREIGE 5 KO BECIF1 = 7 ARG 58
LD HERP I ZHhEFHh VSD (virtually safety
dose ; 10 DJEMNAH) D1/10~1/100TH ol &
5, Tamura® {2001) EHREAEEAGCHIL Tidaw &
E£0)NOAEL (no-observed-adverse effect for thyreid
tumor-promoting effect) #0.03 % (15.5 mg/kg/day)
ELTV3, —RHICIE NOALE L AR E100 2 T

| HEFEEIA R N5, HoWil 155 "g/kg/day
R, AL FREENULTD1/260 L7525,

MBS ERBETIVCIBMD, B L UFLED, ZF %
(AR &, 2001). ~X>F<—~#4 (BMD, Benchmark
Dose) 1IRZIE Wiz RN TORR—RISHERO TH
ftimiEdT 5—20[MHEThD, FENAKERTIERL
ZEHMOTEI LT, 10%OIEHNAEOH
(BMD,,) M TESZ FIRITHS. KHVAEHROT
— % & b Multistage model (Armitage and Doll, 1961)
9t o TBMD , &keh, {KHIM 95 %EERHROM
LED,, {Lower 95 % confidence limit for the dose giving
the animals an increased tumor incidence of 10 %) %K
A, FNX D EMAENIC U ARG, ok
BEELRTELTY A VRIS 2HETHS. D
T, EiNIARRRICERT S, Tabbik
ED073E (W) REATLELTWS. TO
BRI TEFRSAD AT VSD IR DRV 165X
W0 THo7z

Bhilc

I VESMAETEENAYTIT S B &0 15
T, o UL, PEFREAL E LTSI
Muebshtwsg, e, HLldavwdgAbolk
BESMAIES BV SV S FEHFIARSONTWBIRET
HY, w7 ATESANMEGEHC L HEHEI NI ON,
S MBRBPANEE R T O, W EOHEHEHEE S
EHRFEN TS,

e AT VAOEGMEEPARII TR E LT
$, BEEHELIESAN LIRS T, 2 VEEOO
D2 RN TR E V- TRFCERCTHS S, L
L, EFORAREHROMGTEROBRTHD. ¥
DETOBBE—-D2OETTIL R > T 200, B
ADBENTSHASS. £L{NDL PO, WANWAE
HTIC& b EERC XNEAGETEROMREEZL LN
DT, FIILODYRA RN LS TSR EL
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Abstract

Toxic cyanobacteria (blue-green algae) water blooms have become a serious problem in several industrialized areas of
the world. Microcystin-LR (MCLR) is a cyclic heptapeptidic toxin produced by the cyanobacteria. In the present study, we
used human lymphoblastoid cell line TK6 to investigate the in vitro genotoxicity of MCLR. In a standard 4 h treatment,
MCLR did not induce a significant cytotoxic response at <80 pg/ml. In a prolonged 24 h treatment, in contrast, it induced
cytotoxic as well as mutagenic responses concentration-dependently starting at 20 pg/ml, At the maximum concentration
(80 pLg/ml), the micronucleus frequency and the mutation frequency at the heterozygous thymidine kinase (TK) locus were
approximately five-times the control values. Molecular analysis of the 7K mutants revealed that MCLR specifically induced
loss of heterozygosity at the TK locus, but not point mutations or other small structural changes. These results indicate
that MCLR had a clastogenic effect. We discuss the mechanisms of MCLR genotoxicity and the possibility of its being a

hepatocarcinogen.
© 2003 Elsevier B.V. All rights reserved.

Keywords: Cyanobacteria; Microcystin-LR; Micronucleus test; TK-gene mutation

1. Introduction

Water pollution by cyanobacteria (blue-green algae)
causes serious environmenta! and public health prob-
lems in several areas of the world {1-3]. Some genera,
such as Microsystis, Oscillatoria, and Anabaena pro-
duce microcystines, cyclic heptapeptides, with potent
hepatotoxic activity. Fifty different cyanobacterial mi-
crocystines have been discovered. They have caused
the death of fish, birds, wild animals, and livestock

* Corresponding author. Tel.: +81-3-3700-1141x434;
fax: +81-3-3700-2348.
E-mail address: honma@nihs.go.jp (M. Honma).

[1,4] and sometimes have had adverse health effects on
humans through contaminated residential water sup-
plies [5,6].

Microcystin-LR (MCLR} is the most toxic micro-
cystine. Only 1-2 png MCLR given intraperitoneally
is lethal to mice, with most accumulating in the liver
[7,8]. While MCLR hepatotoxicity has been well
documented in vitro and in vivo [9-12], few reports
descrbe its genotoxicity. MCLR is not genotoxic in
the Ames test, although cyanobacterial extracts are,
both with and without metabolic activation [13]. In a
human cancer cell line, on the other hand, MCLR in-
duces point mutations, and it produces DNA fragmen-
tation and degradation in mouse liver in vivo [14,15].

1383-5718/$ — see front matter © 2003 Elsevier B.V. All rights reserved.

doi:10.1016/j.mrgentox.2003.09.006
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To evaluate the in vitro genotoxicity of MCLR, we
used the in vitro micrenucleus (MN) assay and the
thymidine kinase (7K) gene mutation assay on treated
human lymphoblatoid TK6 cells [16,17]. The 7K gene
mutation assay is capable of detecting a wide range
of genetic damage, including gene mutations, large
scale chromosomal changes, recombination, and ane-
uploidy. Most of the changes occur in human tumors
and are presumably relevant to carcinogenesis. Use of
a human cell line makes this genotoxicity evaluation
appropriate for human hazard evaluation. Molecular
analysis of the TK-mutants may help us understand
the genotoxic mechanism of MCLR [18,19].

2. Materials and methods
2.1. Cells culture and chemical treatment

The TK6 human lymphoblastoid cell line has
been described previously [18]. Cells were grown
in RPMI1640 medium (Gibco-BRL, Life technol-
ogy Inc, Grand Island, NY) supplemented with
10% heat-inactivated horse serum (JRH Biosciences,
Lenexa, KS), 200 pg/ml sodium pyruvate, 100 unit/ml
penicillin, and 180 pg/mt streptomycin. The cultures
were incubated at 37 °C in a 5% CO; atmosphere with
100% humidity and maintained at densities ranging
from 10° to 105 cells/ml.

MCLR (Cas.# 101043-37-2) was purchased from
Wako Pure Chemical Co. (Tokyo, Japan) and dis-
solved in phosphate-buffered saline just before use.
Prior to their exposure, the cells were cultured in
CHAT (10 pM deoxycytidine, 200 pM hypoxanthine,
0.1 pM aminopterin, 17.5uM thymidine) medium
for 2 days to reduce the background mutant fraction.
Cultures of 20ml at 5.0 x 107 cells/m! and of 50ml
at 2.0 x 10° cells/ml were treated at 37°C with se-
rial dilution of MCLR for 4h and 24 h, respectively.
They were then washed once, re-suspended in fresh
medium, and cultured in new flasks for the MN assay
and TK gene mutation assay, or diluted to be plated
for survival estimates.

2.2. MN assay

Forty-eight hours after exposure, the MN assay
samples were prepared as previously reported [20].

Briefly, approximately 10° cells suspended in hypo-
tonic KCl solution were incubated for 10 min at room
temperature, fixed twice with ice-cold fixative (glacial
acetic acid: methanol, 1:3), and then re-suspended
in methanol containing 1% acetic acid. A drop of
the suspension was placed on a clean glass slide and
air-dried. The cells were stained with 40 p.g/ml acri-
dine orange solution and immediately observed with
the aid of an Olympus model BX50 fluorescence mi-
croscope equipped with a U-MWBYV band pass filter.
At least 1000 intact interphase cells for each treat-
ment were examined, and the cells containing MN
were scored.

2.3. TK gene mutation assay

The TK6 cell cultures were maintained for 3 days
after exposure to permit expression of the 7K de-
ficient phenotype. To isolate the 7K deficient mu-
tants, we seeded cells into 96-well microwell plates
at 40,000 cells/well in the presence of 3.0 pg/ml tri-
fluorothymidine (TFT). Cells from each culture were
also plated at 1.6 cells/well in the absence of TFT for
the determination of plating efficiency (PE). All plates
were incubated for 14 days at 37°C in a 5% CO,,
humidified incubator, and then scored for colony for-
mation. Plates containing TFT were then re-fed with
TFT, incubated for an additional 14 days, and scored
for the appearance of slow-growing TK mutants. Mu-
tation frequencies were calculated according to the
Poisson distribution [21].

2.4. LOH analysis of TK mutants

Genomic DNA was extracted from 7K mutant cells
and used as a template for PCR. The PCR-based
LOH analysis at human 7K gene was described
previously [19]. Two sets of primers were used to
amplify the parts of exons 4 and 7 of the 7K gene
containing frameshift mutations. Another primer
set for amplifying parts of the f-globin was also
prepared. Quantitative-multiple PCR was subjected
to co-amplification of the three regions and qual-
ify and quantify the PCR products. They were
analyzed with an ABI310 genetic analyzer (PE
Biosystems, Chiba, Japan), and classified them into
non-LOH, hemizygous LOH, or homozygous LOH
mutants.



