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DNA #EEEFENETOERREOLZEMFTMICB W T AR (A ITE) BE
(biological (or real) threshold) | &V )35 2 F 035 CEXAMEINITEERBRECHL. Z0E
A J7 V3 DNA % EHEAZ & 50 E 23 DNA S EEHER 35030072030, Bk r7 82 (4]
RNLZEIRE ) OFEBUINE LT 52 TOEMFEN LT 2 ARER TERW (F 2 TIEE A
= A LIV B ERNFEETD, LVILOTHD. ZORBEICSWTHIEZ AV 1R
SRR BB A VT, DNA (BB RIEREE B AR ISR DR E R F R T 52k
WZEORRRTE AT o 7. EAEBRIL S, yphimurium O O°-methylguanine methyltransferase K45
¥k (Aogtst, Aadast), X7 1A F RER EAEHE KB (AuvrB) , 8-hydroxyguanine (8-OH-G)
DNA glycosylase KR (AmutMsy) , W NZ E. coli DRI VA F RERFEE KRB (Auvrd)
T, 20 FERDOE BJFUIZ OV TRETL .

MNNG, ENNG, EMS, ENU, DMN, DEN D L5727 LF AL BT, YG7108 (Aogtsr,
Aadast) BEOY YGT113 (pKM101 ZFH 5 YG7108) NZ DB AR CTHD TA1535 BILO
TA100(pKM101 ZH %2 TA1535)IZ~CTERENLDTRNE RFEM A RL7Z. MNNG
Tid, YG7108130.00025~0.25 pg/plate O H EIIZ W TR RO 2~100 F 0 Ban
=—HEFEF LN, TAIS35 1XFRICH &R CRMEXREFEOEEZRL, 0.5 ng/plate LHL
IR R == DOWEIE MR DAL, EREREZFHR T HECHEIZIT 2,000 FREO
BEWRLLIZ. —F, 4-NQO, AF-2, 2-NF, MX D X577 /LF MEANZ BV TIL YGT113
ETA100 EDRIZHAG R ERIL AL -77. 4-NQO, 2-NF BL U MX 2OV T TA1535
(AuvrB), TA1538 (AuvrB), WP2uvrd (AuvrA)eEIHOEAERE TA1995, TA1998, WP2 &TC
g9 5L, ZBRERFREBRARICHDDRZER 30~60 ERRE) BALILE. 4NQO 12
DUVT YG3002 (AmutMsy)e % OB ALK TA1975 L CHET 58 10 (ERRE DBV DAL
0, L KB EOBRCABREZ R CIREVLRHILOD 10 LT ThoTz.
ARFFEUCLD, EERBRIZB O THLNIZRALE EPFRIND A BICB VT, EF:
DNA B R ESH DB AR TIXERE ROFEPBD LI TORNIE AL 2. Z ok 3
id DNA ZEBERETOERFUCBVTHIERE BROFER NP ALNIRN T AR5
B RTFETDZEERBLTND,

Biological threshold in DNA-targeting mutagens

Toshio Sofuni
Formerly Division of Genetics and Mutagenesis, National Institute of Health Sciences,
1-18-1 Kamiyoga, Setagaya, Tokyo 158-8501, Japan

The concept of a “biological (or real) threshold” is attracting interest as an evaluation criterion
for the mutagenic activity of DNA-targeting mutagens. This concept is defined here as “a
concentration of a chemical which does not produce any damage through its inability to perform
the necessary biochemical reactions, even though present at the target in finite amount”. To
clarify whether this criterion is indeed applicable to DNA-targeting mutagens, we re-evaluated
the mutagenic responses of 20 test compounds using DNA repair-deficient bacterial strains,
such as S. fyphimurium strains lacking the O°-methylguanine DNA methyltransferase genes
(adasr and ogtst), the nucleotide excision repair gene (uvrB) or the 8-hydroxyguanine DNA
glycosylase gene (mutMsr), and E. coli strains lacking the nucleotide excision repair gene
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(uvrd).

All the alkylating agents, such as MNNG, ENNG, EMS, ENU, DMN and DEN, exhibited more
sensible mutagenic responses in strains YG7108 (Aadasy, Aogtst) and YG7113 (YG7108
containing pKM101) than in the parental strains TA1535 and TA100 (TA1535 containing
pKM101), respectively. Upon applying MNNG, YG7108 showed about 2—100 fold increase in
the number of revertants above the spontaneous level over the range of 0.00025-0.25 pg/plate,
whereas TA1535 did not show any significant increase in the number of revertants over the
same dose range, though an increasing tendency of the number of revertants was observed at 0.5
pg/plate or above. This indicates an approximate 2,000-fold difference at the mutagenic
concentration level between the wild-type and the repair-deficient strains. On the other hand,
non-alkylating agents, such as 4-NQO, AF-2, 2-NF and MX, did not show any differences in the
dose-response relationships between YG7113 and TA100. When non-alkylating agents, such as
4-NQO, 2-NF and MX, were applied to TA1535 (AuvrB), TA1538 (AuvrB) and WP2uvrA
(Auvrd), clearly different mutagenic responses, i.e. about 30- to 60-fold, were observed between
the repair-deficient and the parental strains (TA1995, TA1998 and WP2, respectively). 4-NQO
showed different mutagenic responses between YG3002 (AmutMsgr) and TA1975 (about 10-fold)
though the application of other oxidative agents such as hydrogen peroxide resulted in less than
10-fold differences.

The present results indicate that the wild-type strains having normal repair capacity show no
gene mutation induction at the concentrations at which gene mutations are clearly induced in the
repair-deficient strains through DNA damage. Thus, the present results suggest the existence of
a “biological threshold” below which no mutagenic response is induced by DNA-targeting
mutagens.
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Threshold of genotoxicity—Power of the assay—

Makoto Hayashi
Division of Genetics and Mutagenesis, National Institute of Health Sciences,
1-18-1 Kamiyoga, Setagaya-ku, Tokyo 158-8501, Japan

In the developed countries, people may have contact with up to a hundred thousand chemicals
in their daily life. During the course of safety assessment of environmental chemicals,
genotoxicity is now routinely evaluated. When genotoxicity assays were introduced, people
tended to consider that genotoxicity equated to carcinogenicity. After accumulating information
about genotoxicity mechanisms, there is no more such tendency at the present time. It is
believed that there is no threshold for genotoxic chemicals, as derived from the hypothesis
based on radiation biology. Accordingly, the idea that acceptable daily intake (ADI) cannot be
set for genotoxic carcinogens is supported. Recently, however, it is the international trend to
believe the idea that there is a threshold for non DNA direct-acting chemicals but not for DNA
direct-acting ones.

It is, of course, important to make risk assessment based on theoretical consideration and best
science; it is also important to assess practical assay thresholds. If we consider that a practical
threshold exists when no genotoxic effect can be seen at a certain exposure to a chemical, such
data are accumulating even for DNA direct-acting chemicals. Another important question raised
is the power of the assay to show no genotoxic effect. It is well known statistically that larger
sample size gives higher power, i.c., higher sensitivity can be obtained when more cells are
analyzed. We examined the sensitivity of the rodent peripheral blood micronucleus assay using
3 model chemicals (mitomycin C, Ara-C, and colchicine) with different modes of action in
induction of micronuclei. It is known that there is no practical difference among animals when
1000 cells were analyzed manually per animal. We analyzed up to one million cells per animal
by flow cytometry in comparison to 2000 manual analyses as would be routine practice. Based
on the million-cell analysis, a difference among animals became apparent that was not evident
from the 2000-cell manual analyses. The result showed that the sensitivity of the micronucleus
assay could be improved when cells but not animals were considered as the statistical evaluation
units. The practical threshold for DNA direct-acting chemicals and the power of the assay
system are discussed.
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Investigations into potential thresholds of genotoxic activity

JMParry ,EM Parry', E Quick' and G Johnson'

(Paper presented by D Kirkland®)

'Centre for Molecular Genetic and Toxicology,

School of Medicine, University of Wales Swansea, Swansea, SA2 8PP, UK
2Covance Laboratories Ltd, Otley Road, Harrogate, HG3 1PY, UK

Irrespective of the mechanisms which result in tumour formation, the end results are cells with
changes in genes related to cellular events such as control of proliferation and tissue events such
as abnormal angiogenesis. It has become increasingly clear that these genetic changes may be
derived from a variety of mechanisms including those produced by exposure to environmental
agents including chemicals and radiations. A key question which arises when considering the
control and regulation of carcinogens is whether we can identify exposure levels below which
no changes are induced that may lead to events in the cancer process i.e. the setting of No
Observable Effect Levels (NOEL) and /or thresholds of activity. Thus far, in the UK the
Advisory Committee on Carcinogenicity has advocated the acceptance of the concept of
thresholds of activity only for non-genotoxic carcinogens and the Committee on Mutagenicity
has recommended the need for data which evaluates the potential for dose response thresholds
for chemicals with aneugenic activity.

We have been undertaking studies to evaluate the hypothesis of thresholds of aneugenic activity.
These included detailed analyses of the dose response relationships of a range of chemicals with
diverse mechanisms of action. In the case of the plastics component bisphenol A we have
demonstrated a thresholded response for the induction of aneuploidy which correlates with the
modification of the bipolar structure of the mitotic spindle.

To investigate the potential for the existence of thresholds of activity of DNA reactive chemicals
we have undertaken the analysis of the mutagenic activity of the model methylating agents
methyl methane sulphonate (MMS) and methy! nitrosourea (MNU). We have generated detailed
dose response data for the induction of both gene and chromosomal mutations in cultured
mammalian cells. These studies have demonstrated that MMS, which generates N-7 guanine
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adducts, produces thresholded dose response relationships whereas MNU, which produces a
substantial frequency of O-6 adducts, produces dose response relationships without evidence of
thresholds of activity even at the lowest measurable treatment concentrations. Our data
demonstrates that the ability to generate NOEL values for DNA reactive compounds depends
upon factors such as the sites they modify within the DNA helix.

In vitro (ZRWTCRRHEMEICBIMELH DT LRI B OHLFEMO A TIL 76
2

F— Bk H—rIUR
oy 7 ARFSERRT, UK

BT ER 2 0E, (FFEMIRE VDB EEERB RO R GERAFEWEIZH L Ttk
Ra G2 D817 BIEFE RN A3 E L 7= (Kirkland et al, Mutat. Res. 584, 2005, 1-256).
In vitro (ZBITHBEMNFHEROZAL, BENHDIETIAD =X AZBERL TWDLEE XD
ZEMWTED., TNHDELIE DNA BELELELTIENRRESNTEY, FEMIZKDIIHIC
SEEND:

o IRim7e, FIITIEERMIRE FIZLALD

o ANEHOE, BRI HICLELD

e DNA ZHEELRWERIZIAH O

ENENDOEEIZDNT, FOAN=A b T HETHEEZ OGN EREEL TLICELE TS,
LL7Zeh3s, MIBERIZ DNA (Z/EH T3, £7213 DNA B LN AT = AN LD %
TR ORERT-DIEUIENTHY, BEIL, DNA ICEFEEMRTLIBIESNET B2
H=A LB EINTNDD T, EORMEETHREDOLOTHS. IEDNAEEME-ITH
EDOFEEE T FTHIIMNE TV D OHHLOD, A &b BIELL T O ERIZ B\ T
DNA [ZIEEAEH T A = X LM QRN R FER T A0 N5 A9,

Is It Possible To Obtain Convincing Evidence of Threshold Mechanisms of
Genotoxicity In Vitro?

Dr David Kirkland
Covance Laboratories Limited, Otley Road, Harrogate, HG3 1PY, United Kingdom

ABSTRACT

The specificity (i.e. ability to give negative results with non-carcinogens) of mammalian cell
genotoxicty tests is particularly poor, as revealed from our recent analysis (Kirkland ef al, Mutat.
Res. 584, 2005, 1-256). In a number of cases, the “false positive” result in vitro may be due to
a mechanism with a threshold. Many threshold mechanisms have been described that could
result in DNA damage, and these may be conveniently grouped as:

e LExtreme or non-physiological conditions

e Metabolic differences or overload

e  Action on non-DNA targets.

Examples from each category will be discussed together with the types of experimental

evidence that may be obtained to support such a mechanism. However, evidence to support an
indirect or non-DNA mechanism is rarely absolute, and it is usually possible to question
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whether a second, non-threshold (or direct DNA mediated) mechanism could be involved.
Whilst evidence in support of a non-DNA or threshold mechanism may be being gathered it
may also be necessary to demonstrate absence of a DNA-mediated mechanism, at least at
concentrations below the threshold.

In vitro WESHRBRO BT AGMEFEREOELRTILIALEOT7r0—T 7 BE
Al =K LD EEE

Nu=y FiR—
Y )74 T T TR, TTA

BEEM A TG B OE RN R DM A O ITEE T ERE R EERR T
S AR H % in vitro BRER I L THERLEALTIBY, in vivo HEBMPY T 5560
%. In vitro 3B, B o @ K R EHRMAT ORISR QLB LA R TP EE IR
<, in vivo BT D EEEEHASRIEL B LN OB URRD LIS, Sl T,
DNA 2 B L EH A ER D L2 DNA LR LRWS R BREENE OFE
P F ANSND LS5 TRz, 2O LHRVERBEFIC OV T, 2O A BT Tl
EMVE TR LA JO 7 B A O FETED AR I ANLIA S0 TETz, Ll
B, =DM RS ACES TOREBRIEAEE s, E0E, BV DO ThOHEFERT DRI,
Ve FRES PR LT B DI E0 DNA SERERG LRV &4 R 7D OIBIMERERANE H ZR &
7. R ¥ HEEY BOEMEL S RN ER (L, BEFEERBRICETD
EpsT— 2 ay 7 (IWGT), ERA A RHAFERTLSL) 235 EITH THY, HEROTDIZE D
IO EINERER A F T AL E N B A VEHEEE T 57201 in vitro MRS R O 2 M2 F
HCh, BB OESAIRAETS. DNA EEEMAECEYEICOBRENFET b LR
W, ETAEZEHLD, FEIELZITANDISITIEESTY VU, In vigtro TOREMERE R
in vivo THERTXARNEAIZ, in vitro TEESROOLNIZABICETELSRVOT, in
vivo CIIZOEENFIE L, LOZERMPUITUITAREND. TOL7 I ARmcE
EOFEELREICRD TNDIEAD. BAFIEEEEHETIZZRNA, in vivo IZBITOER
EMEL B, b bR, RENEME L, 25, EHMICIITS DNA LOXIE, DNA
1 Ve o fa R, JMIRARERE, TR M RO KR, SRR CHRBRTL. AP —RORENLY
ZIFI~DBAITICEE, ZE D E S ERRA CRE L RARER LR T
BRI T DITIEE DAT v T BUBETHY, ETITRANS L ERTIDIC, FEBIEERE)
DOFREMEC SV TIRABONEB ChAS. fHRIZBWT, L0bIFIURE B~ DIME, JA
SERICBNT, BEEMET — 2 ORI ECDFTREMEDHD.

Relevance and follow-up of positive results in the in vitro genotoxicity tests: importance of
threshold mechanisms

Véronique Thybaud

sanofi aventis, Vitry sur Seine, I'rance

The standard genetic toxicology batteries of tests generally consist of in vitro tests able to detect
gene mutations and chromosome damage, completed or not by in vivo tests. The in vitro tests,
and especially the chromosome damage ones, show a high frequency of positive results that are
not corroborated by genotoxic or tumorigenic findings in rodent studies. It is now well accepted
that some compounds induce genotoxicity via non-DNA reactive mechanisms, such as DNA
synthesis inhibition, disruption of mitotic spindle, etc. For those mechanisms, is it more and
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more accepted that threshold doses exist below which no genotoxic effect occur.  Nevertheless,
further testing is generally requested to provide on one hand information on mode of action, and
on the other hand to demonstrate the absence of direct DNA interaction, before concluding the
initial positive results are of no or low safety concern for human. Several on-going initiatives
involving scientists from academia, industry and regulatory authorities (e.g. International
Workshop on Genotoxicity Testing, International Life Sciences Institute) evaluate the relevance
of in vitro positive results, in an attempt to provide recommendations for the selection of
follow-up tests. Information on the on-going discussions will be given. The idea that threshold
mechanisms might also exist for DNA-reactive compounds is today not well accepted. When an
in vitro positive result is not confirmed in vivo, it is sometimes stated that the positive
concentrations at which the effect is observed in vitro cannot be reached in vivo, and therefore
no damage can be induced in vivo. Such a statement indirectly implies threshold mechanisms.
Like carcinogenesis, though less complex, mutagenesis in vivo results from multiple steps, e.g.
absorption, metabolic activation and detoxification, interaction with the DNA in the target tissue,
DNA repair saturation, cell proliferation or apoptosis deficiency. To move from hazard
identification to risk assessment, it might be advisable to examine the possibility of non-linear
(or threshold) response of each component and define which steps are essential and/or limiting
for the appearance of stable mutations in the target organ. There might be some change in the
future in the way genotoxicity data are managed, in particular in the extrapolation to very low
doses and risk assessment.
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bIER, BEERBDIET — 2O RDBLETHD, Ei2, MelQx 1E, Ty MF Lacl 222
HROCTREZ R TEBLbNAD, EEEDIILT —F DR AP LI THD,
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Do we have enough data to demonstrate the presence of thresholds in mutagenicity
induced by genotoxic carcinogens?

Minako Nagao
Kyoritsu University of Pharmacy, Japan

In Japan, use of direct genotoxic carcinogens for food additive, animal drugs or agricultural
chemicals is legally prohibited. However, molecular events occurring after DNA damage have
become more clearly understood than before. Thus, it is an appropriate time to reevaluate effects
of low dose genotoxic carcinogens on the living systems.

The presence or absence of threshold is a key point in evaluating the risk of chemicals.
Real threshold is a dose below which the measured effect does not occur, and it can be obtained
by extrapolation to lower doses of the dose-effect relationship which can be clearly obtained at
doses where the effect is not disturbed by background levels of the living systems.

It is well known that UV and MNNG have thresholds in induction of mutations in bacteria or
human fibroblasts in vitro'™. However, it has been reported that there was no threshold in
induction of micronuclei by PhIP in peripheral blood of mice”. It can be estimated that there are
no thresholds in induction of gpt mutations by MelQx in the liver or colon of mice according to
the data by Masumura et al.”, although the number of data points is too small to be confident.
On the other hand, there seems to be a threshold in induction of lac/ mutations by MelQx in the
liver of rats according to Hoshi et al®, although again the data points are too small to be
confident.

To incorporate threshold concept to evaluate hazards of chemicals, evaluation of the hazard
derived from exposure to multiple numbers of chemicals at doses below their thresholds are
needed to be clarified.
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