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Abstract
The ability of chemicals to induce sister chromatid exchanges (SCEs) in cultured cells has been taken as
indicating a potential for causing cancers. Tests for the ability to induce SCEs are widely used and are part of
guidelines for submissions to regulatory agencies. In the present study, based upon SAR analyses of 10,000
agents representative of the “universe of chemicals”, it is shown that the induction of SCEs is not highly
predictive of the ability to cause cancers. It is further shown that the reason for this lack of predictivity is due to
the fact that SCEs can be induced through mechanisms unrelated to the carcinogenic process.

Keywords. SAR; structure—activity relationships; sister chromatid exchanges; genotoxicity; mutagenicity;
carcinogenicity.

1 INTRODUCTION

The determination of the ability of chemicals to induce sister chromatid exchanges [SCE) in
vitro has been included in batteries of short term assays designed to identify potential carcinogens.
The rationale for the inclusion of SCE assays, based upon the paradigm that “carcinogens are
mutagens” [1,2], was that it would allow the detection of agents that induced genotoxic events more
complex than the point mutations detected in microbial assays and that it represented a higher
phylogenetic order than the former [3-14]. However, as more short-term tests and long—term
carcinogenicity assay results were released, it became evident that the induction of SCEs was not
highly predictive of carcinogenicity and in fact did not increase the predictivity of the Salmonella
mutagenicity alone [15-17]. Moreover, it was recognized that cancers in animals could be induced
by non—genotoxic agents [18—20] and, thus, would be missed by mutagenicity/clastogenicity assays.
Additionally, it was recognized that SCEs could be induced by non—genotoxic events [21,22]

unrelated to cancer induction or progression and could, therefore, confound the predictivity of test

* The article is dedicated to Professor Milan Randi¢ on the occasion of his 70™ birthday. His leadership of our discipline
deserves this recognition.
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batteries that included it.

Still, the ability to induce SCEs is retained as one of the options in submissions to meet
regulatory requirements regarding cancer hazards to gain approval for the manufacture, distribution
or use of chemicals and therapeutic agents. This requirement may be based upon the empirical
observation that the vast majority of recognized human carcinogens are genotoxicants [23—25] and

the perceived association of the induction of SCEs with genotoxic events.

The present study was undertaken to investigate the role of the induction of SCEs in recognizing
potential carcinogens using a recently developed and validated method designated the “chemical
diversity approach” [26-29]. While earlier studies had shown that the induction of SCEs did not add
to probabilistic predictions based solely upon the results of the Salmonella mutagenicity assay [15—
17], that conclusion was based upon the results of the U.S. National Toxicology Program (NTP)
cancer bioassays and related short term tests. The NTP database, with a 50% prevalence of
carcinogens, is not necessarily representative of the “universe of chemicals.” In fact, it has been
suggested that less than 5-10% of all chemicals present a carcinogenic hazard [30,31]. The present

analyses are based upon that broader population of chemicals.

2 MATERIALS AND METHODS

2.1 SAR Methodology

For these studies we used the CASE/MULTICASE SAR expert systems described previously
[32—-34]. Application of this methodology results in the development of 4 submodels, each of which
is derived from a different algorithm useful for investigating different aspects of the biological
phenomenon under consideration. The projections of the four individual submodels were integrated
into a single prediction based upon Bayes’ theorem [26,35]. In each instance the cut—offs used to
predict the activity of the 10,000 chemicals (see below) were set to assure the positive (or negative)

predictive power of the model was optimal.

Table 1. Predictivity of the SAR Models

Abbreviation Phenomenon Concordance”
CA Carcinogenicity: Rodents 74%
Salm Mutagenicity: Salmonella 85%
SOS Error prone DNA repair (SOS Chromotest) 87%
Chr Ab Induction of Chromosomal Aberrations 66%
SCE Sister Chromatid Exchanges in vitro 71%
SCE Mo Sister Chromatid Exchanges in vivo 83%
MLA Mutagenicity: Mouse Lymphoma Cells 70%
Mnt Induction of Micronuclei in vivo 81%
iGJIC Inhibition of Gap Junctional Intercellular Communication 70%
UDS Unscheduled DNA Synthesis 78%
3T3 Tx Cell Toxicity: Balb/c—3T3 76%
HeLa Tx Cell Toxicity: Hela 74%

“ Concordance between experimental results and predictions of chemicals external to the SAR models
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Each of the SAR models used herein had been characterized [34] with respect to its ability to

predict the activity of chemicals external to the model (see Table 1).

2.2 SAR Models

The validated SAR models used for these studies have been described previously: inhibition of
GJIC [36], mutagenicity in Salmonella [37-39], SOS DNA repair (i.e., Chromotest) [40,41],
carcinogenicity in rodents (combination of results of bioassays conducted by U.S. National
Toxicology Program [18] and of those analyzed by Gold and associates in the Carcinogenic Potency
Data Base [42—46], cellular toxicity: cultured BALB/c—3T3 (clonal assay) [47] and HeLa: (dye
assay) [48], induction of unscheduled DNA synthesis in rat hepatocytes [49], sister chromatid
exchanges and chromosomal aberrations in cultured CHO cells [50], bone marrow micronuclei [51]
in vivo sister chromatid exchanges [52] and of mutations at the thymidine kinase locus of cultured

mouse lymphoma cells [53].

2.3 The Chemical Diversity Approach: Rationale

The procedure is based upon the premise that the mechanistic relationship between biological
phenomena can be derived from knowledge of the prevalence of chemicals which give identical
responses in assays designed to probe that relationship. Thus, at the time the electrophilic theory of
cancer causation was recognized [54] and the dogma that “carcinogens are mutagens” [1] led to the
development of surrogate tests for putative carcinogens, we discovered significant experimental
overlaps using rodent carcinogens and genotoxicants. However, further studies clearly found that a
significant number of non—mutagens also induced cancers in rodents. The basis of “non—genotoxic”
carcinogenesis is still under active investigation but clearly it derives from a number of different
mechanisms. Still, based upon the above premise, we should be able to gain a mechanistic insight
into this phenomenon by evaluating the concordance, or lack thereof, between non—genotoxicants
that induce cancers in rodents and agents that cause non—genotoxic phenomena (e.g. peroxisome
proliferation, mitogenesis, binding to estrogen receptor). Thus, an evaluation of the toxicological
profiles of a population of chemicals might reveal significant associations between ‘“non—
genotoxic” inducers of cancers and inducers of another toxicological phenomenon. The observed
prevalence of chemicals that induce both phenomena could then be compared with the prevalence
expected, if it is assumed that the two phenomena are unrelated (i.e. null hypothesis). If the
observed prevalence is significantly greater than the expected one, then it can be concluded that the
two phenomena are related to one another mechanistically. (Similarly, if the observed prevalence is
significantly lower than the expected one, it suggests that the two phenomena are antagonistic with

one another, e.g. they could compete for an active site).

In implementing such an approach, it became quickly obvious that there is a scarcity of

experimental data on the same chemicals across a variety of endpoints. Hence, the significance of
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the observed joint prevalences cannot be ascertained. The current approach was devised to
overcome this shortcoming. It is based upon the availability of characterized and validated models
describing structure—activity relationships (SAR). Moreover, while reliable databases of
toxicological models, when available, are usually limited to 200-300 chemicals, the approach used
herein predicts the toxicological profiles of 10,000 chemicals representative of the “universe of
chemicals” [55]. While no SAR model is perfectly predictive, when applied to a population of
10,000 chemicals, provided the sensitivity and specificity are approximately equal, we can expect
that the overall prevalence will reflect the true distribution. This in turn will allow a determination
of the significance of the observed joint prevalences. The results of these analyses can be expressed
as “A”, the difference between the observed and the expected prevalences or as “100A/Expected”,
which is 100xA/Expected prevalence (Table 2).

Table 2. Relationships Between Error Prone DNA Repair and Mechanisms of Carcinogenicity
Analyses Phenomena“ Observed  Expected A 100A/Expected P—value

1 SOS" & UDS" 690 270 420 155.6 0.0003
2 SOS™ & iGJIC” 361 338 23 6.8 0.2

3 SOS" & CA" 936 413 523 127 <0.0001
4 iGJIC" & CA” 1151 915 236 25.8 <0.0001

“ For abbreviations see Table 1

The approach can be used to confirm specific hypotheses (e.g. the electrophilic theory of cancer
causation) as well as to generate new (knowledge—based) hypotheses driven solely by the data and
the availability of appropriate SAR models. Thus the induction of error—prone DNA repair (SOS
chromotest) as a consequence of exposure to a chemical agent is taken to indicate that the agent is a
genotoxicant [40,41]. Because the vast majority of recognized human carcinogens are
mutagens/genotoxicants [23-25,56], a positive response in that assay is taken to indicate that the
inducer is associated with a certain carcinogenic risk. Analysis using the “chemical diversity
approach” [26] indicates that the SOS chromotest is significantly associated with the induction of
unscheduled DNA synthesis (UDS) in rat hepatocytes (Table 2, Analysis No. 1). This is evidenced
by the significantly greater observed than expected (A = 420) joint prevalence of chemicals that
induce both phenomena. This is not unexpected as the induction of UDS, like that of the SOS
chromotest, is also a genotoxic event. On the other hand, there is no significant interaction between
the SOS chromotest and the inhibition of gap junctional intercellular communication (iGJIC) (Table

2, Analysis 2). This presumably reflects the non—genotoxic nature of iGJIC [57-59].

There is also extensive overlap between the ability to induce the SOS chromotest and the ability
of such (genotoxic) chemicals to induce cancers in rodents (Table 2, Analysis 3). This, in fact,
reflects the genotoxic induction of cancers and provides justification for using the SOS chromotest
to identify potential carcinogens. Mechanistically, this presumably reflects the electrophilic theory

of cancer causation [54] as reflected in the mutagenic activation of oncogenes or the inactivation of
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suppressor genes [60—62].

Finally, when the prevalences of chemicals that inhibit GJIC and induce cancers are examined
(Table 2, Analysis 4) there was a significant increase in the observed when compared to the
expected prevalence. This confirms the non—genotoxic basis of carcinogenesis. Taken together,
Analyses 3 and 4 support the notion that there are two mechanisms of carcinogenesis or that these

may be two sequential events (i.e. genotoxic initiation and non—genotoxic promotion/progression).

3 RESULTS AND DISCUSSION

An examination of the joint prevalences of chemicals which are potential inducers of SCEs, as
well as of other toxicological phenomena, indicates (Table 3, Column 1) that the induction of SCEs
is associated with a number of other mutagenic, genotoxic and clastogenic phenomena (Rows 2-8,
10), but not with the inhibition of gap junctional intercellular communication (Row 9), an
epigenetic phenomenon par excellence [57]. The overall profile of SCE is quite similar,
qualitatively, to that of the induction of mutations in Salmonella (Table 3, Column 2). It is
noteworthy that both show significant joint prevalences for the induction of cellular toxicity in
cultured mammalian cells (Rows 11,12), reflecting either non—specific toxicity of SCE-inducing
agents and/or attacks of non—-DNA nucleophilic targets by mutagenic/genotoxic electrophiles [63].

Table 3. Relationships Among Genotoxic and Cytogenetic Phenomena.” For Abbreviations See Table 1

SCE" SCE" SCE" SCE" SCE" SCE" SCE’
SCE" Salm" iGJIC" Salm" Salm~ SOS™ SOS  UDS® UDS iGJIC"

Row (O (€) @ & © O & O 10
1 CA 30 53 26 129 31 200 4 106 8 69
2 Salm 37 3 265 -2 149 6 54
3 SOS 33 140 7 265 81 163 4 -4
4 ChrAb 75 30 8 159 22 158 66 133 59 105
5 SCE 37 3
6 SCEMo 49 27 4 96 19 103 43 75 41 49
7 MLA 45 51 2 152 18 174 25 93 31 62
8 Mnt 39 24 0 85 1m 91 33 64 32 39
9  iGJIC 3 3 54 33 4 6 35 -6
10  UDS 22 82 1 1499 47 163 0 35
11 3T3Tx 60 28 13 170 -1 169 44 135 39 70
12 HeLaTx 29 49 17 166 53 204 6 112 6 53

“ The number in bold indicates that the difference between observed and expected prevalences have a significance of
p <0.05.

In order to evaluate these associations between the induction of SCEs and other toxicological
phenomena, we used the co—association of SCE induction with the ability, or lack thereof, to induce
mutations in Salmonella (Table 3, Columns 4 and 5). This is based upon the assumption that the
induction of mutations in Salmonella is a paradigm for genotoxicity. In fact, “genotoxic”
carcinogens often are defined operationally as mutagenic carcinogens [18,64]. Accordingly, we

determined the prevalence of the combination of SCE inducers, Salmonella mutagens and a series
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of toxicological endpoints and compared these to the same combinations wherein it was assumed
that these were Salmonella non—mutagens. Such analyses would allow an allocation of the

contributions of genotoxic and non—genotoxic mechanisms in the induction of SCEs.

The results clearly indicate that when the combination included Salmonella mutagens (Column
4), that there was a highly significant association with carcinogenicity (Row 1), as well as with
other mutagenic, genotoxic and clastogenic endpoints, as well as with toxicity. On the other hand,
when the Salmonella mutagenicity response was negative (Column 5), the association with
carcinogenicity was abolished, as was the association with primarily genotoxic phenomena
[induction of error—prone DNA repair, mutations at the thymidine kinase locus of cultured mouse
lymphoma cells, induction of unscheduled DNA synthesis (UDS) in rat hepatocytes (Rows 3,7,10)].
On the other hand, although the association with clastogenic effects [chromosomal aberrations, the
induction of micronuclei and SCEs in vivo (Rows 4,6,8)] was decreased, it was still significant even
for Salmonella non—mutagens (Table 3). Clearly, the non—genotoxic induction of these phenomena
is unrelated to carcinogenicity, since the latter joint prevalence became negative (Row 1).
Qualitatively, similar results were obtained when the induction of SCEs was paired with the
induction of error—prone DNA repair (SOS chromotest) (Columns 6 and 7) or the induction of UDS
in rat hepatocytes (Columns 8 and 9) which are also considered to be primarily genotoxic events.
This then establishes further the contribution of non—-DNA damaging events to the induction of
SCEs.

The present results confirm and extend the previous findings, based upon a more restricted
population of molecules, that the induction of SCEs does not improve carcinogenicity prediction
beyond the conclusions based solely upon the results of Salmonella mutagenicity tests [15—17]. Our
analyses clearly show that when a chemical is non—mutagenic in Salmonella, a potential to induce
SCEs is not related to a carcinogenic potential. These findings extend to the relationship between
carcinogenicity and other primarily genotoxic activities (SOS chromotest, UDS). They indicate
further that the conclusions reached with respect to the induction of SCEs apply to other clastogenic
effects (the induction of chromosomal aberrations, SCEs in vivo and micronuclei), all of which

appear to have non—genotoxic components [65].

In fact, some of the present findings of greatly decreased projected prevalence of “non—
genotoxic” clastogenicities (i.e. significant antagonisms) suggest that some of these phenomena
may actually interfere with the carcinogenic process by competing for common precursors or
intermediates. In the present context, a potential for inducing SCEs coupled to a genotoxic potential
(e.g. Salmonella mutagenicity, UDS induction, error—prone DNA repair) increases the reliability of
carcinogenicity prediction but not the probability itself. Thus, a positive response in the SCE assay
coupled to a positive genotoxic response (i.e. a positive Salmonella, UDS or SOS chromotest)

reinforces the result of the genotoxicity assay and hence serves as a confirmatory result.
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The present analysis is based upon the behavior of a population of molecules and is used to
derive mechanistic conclusions, as well as to place the role of the SCE test for carcinogen
prediction in context. As such, they can guide the health policy analysts who must devise strategies
to protect the public from the hazards associated with xenobiotics [66]. However, our conclusions
must not be taken as an indication that generating experimental data for individual chemicals is no

longer necessary.

Acknowledgment

This study was supported by the National Institute of Environmental Health Sciences (Training Grant No. 5T32
ES07318-02) and the Vira Heinz Endowment.

4 REFERENCES

[1] B. N. Ames, W. E. Durston, E. Yamasaki, and F. D. Lee, Carcinogens are Mutagens: A Simple Test System
Combining Liver Homogenates for Activation and Bacteria for Detection, Proc. Nat. Acad. Sci. USA 1973, 70,
2281-2285.

[2] H. S. Rosenkranz, Aspects of Microbiology in Cancer Research, Ann. Rev. Microbiol. 1973, 27, 383—-401.

[3] B. A. Bridges, Genetic Toxicology at the Crossroads — A Personal View on the Deployment of Short—Term Tests
for Predicting Carcinogenicity, Mutation Res. 1988, 205, 25-31.

[4] L. D. Kier, Comments and Perspective on the EPA Workshop on “The Relationship Between Short-Term Test
Information and Carcinogenicity”, Environ. Mol. Mutagen. 1988, 11, 147-157.

[5] C.Ramel, Short-Term Testing — Are We Looking at Wrong Endpoints? Mutation Res. 1988, 205, 13-24.

[6] J. M. Parry, The Equivalence of Assays within Individual Guidelines for the Testing of the Potential Mutagenicity
of Chemicals: Problems Associated with Battery Selection, Mutation Res. 1988, 205, 385-392.

[7] A.E. Auletta, K. L. Dearfield, and M. C. Cimino, Mutagenicity Test Schemes and Guidelines: U.S. EPA Office of
Polution Prevention and Toxics and Office of Pesticide Programs, Environ. Mol. Mutagen. 1993, 21, 38-45.

[8] D. J. Kirkland, Genetic Toxicology Testing Requirements: Official and Unofficial Views from Europe, Environ.
Mol. Mutagen 1993, 21, 8—14.

[9] H. S. Rosenkranz and F. K. Ennever, New Approaches to Battery Selection and Interpretation; in: New Trends in
Genetic Risk Assessment, Eds. G. Jolles and A. Cordier, Academic Press, 1989, pp. 401-425.

[10] B. A Bridges, Short Term Screening for Carcinogen, Nature 1976, 261, 195-200.

[11] D. Brusick, Principles of Genetic Toxicology, Plenum Press, New York, 1980, 199-202.

[12] W.G. Flamm, A Tier System Approach to Mutagen Testing, Mutation Res. 1974, 26, 329-333.

[13] ICPEMC, Mutagenesis Testing as an Approach to Carcinogenesis, Mutation Res. 1982, 99, 73-91.

[14] . B. J. Dean, ed. Report of the UKEMS Sub—Committee on Guidelines for Mutagenicity Testing. Part I: Basic Test
Battery; Minimal Criteria; Professional Standards; Intgerpretation; Selection of Supplementary Assays. Swansen,
Wales: United Kingdom Environmental Mutagen Society, 1983.

[15] R. W Tennant, B. H. Margolin, M. D. Shelby, E. Zeiger, J. K. Haseman, J. Spalding, W. Caspary, M. Resnick, S.
Stasiewicz, B. Anderson, and R. Minor, Prediction of Chemical Carcinogenicity in Rodents from in vitro
Genotoxicity Assays, Science 1987, 236, 933-941.

[16] E. Zeiger, J. K. Haseman, M. D. Shelby, B. H. Margolin, and R. W. Tennant, Evaluation of four in vitro genetic
toxicity tests for predicting rodent carcinogenicity: Confirmation of Earlier Results with 41 Additional Chemicals,
Environ. Mol. Mutagen. 1990, 16, 1-14.

[17] J. K. Haseman, B. H. Margolin, M. D. Shelby, E. Zeiger, and R. W. Tennant, Do Short-term Tests Predict Rodent
Carcinogenicity? Science 1988, 241, 1232—1233.

[18] J. Ashby and R. W. Tennant, Definitive Relationships among Chemical Structure, Carcinogenicity and
Mutagenicity for 301 Chemicals Tested by the U.S. NTP, Mutation Res. 1991, 257, 229-306.

[19] G. M. Williams, Definition of a Human Cancer Hazard. in: Nongenotoxic Mechanisms in Carcinogenesis,
Banbury Report 25, Eds. B. E. Butterworth and T. J. Slaga, Cold Spring Harbor Laboratory, Cold Spring Harbor,
New York, 1987, pp. 367-380.

[20] A. C. Upton, D. G. Clayson, J. D. Jansen, H. S. Rosenkranz, and G. M. Williams, Report of the International
Commission for Protection against Environmental Mutagens and Carcinogens Task Group on the Differentiation
between Genotoxic and Non—Genotoxic Carcinogens, Mutation Res. 1984, 133, 1-49.

233
BioCHEM Press http://www.biochempress.com



Relationship of Sister Chromatid Exchanges, Genotoxicity and Carcinogenicity: An SAR—based Analysis
Internet Electronic Journal of Molecular Design 2002, 1, 227-235

[35]

[36]

[45]

[46]

S. M. Galloway, D. A. Deasy, C. L. Bean, A. R. Kraynak, M. J. Armstrong, and M. O. Bradley, Effects of high
Osmotic Strength on Chromosome Aberrations, Sister—Chromatid Exchanges and DNA strand breaks, and the
relation to Toxicity, Mutation Res. 1987, 189, 15-25.

H. S. Rosenkranz, Y. P. Zhang, and G. Klopman, Evidence that Cell Toxicity may Contribute to the Genotoxic
Response, Reg. Toxicol. Pharmacol. 1994, 19, 176-182.

F. K. Ennever, T. J. Noonan, and H. S. Rosenkranz, The Predictivity of Animal Bioassays and Short—term
Genotoxicity Tests for Carcinogenicity and Non—carcinogenicity to Humans, Mutagenesis 1987, 2, 73-78.

H. Bartsch and C. Malaveille, Prevalence of Genotoxic Chemicals among Animal and Human Carcinogens
Evaluated in the ITARC Monograph Series, Cell Biol. Toxicol. 1989, 5, 115-127.

M. D. Shelby, The Genetic Toxicity of Human Carcinogens and its Implications, Mutation Res. 1988, 204, 3—15.
N. Pollack, A. R. Cunningham, G. Klopman, and H. S. Rosenkranz, Chemical Diversity Approach for Evaluating
Mechanistic Relatedness among Toxicological Phenomena, SAR OSAR Environ. Res. 1999, 10, 533-543.

H. S. Rosenkranz and A. R. Cunningham, A New Approach to Evaluate Mechanistic Relationships among
Genotoxic Phenomena: Validation, Mutagenesis 2000, 15, 325-328.

H. S. Rosenkranz and A. R. Cunningham, Prevalence of Mutagens in the Environment: Experimental Data vs.
Simulations, Mutation Res. 2001, 484, 49-51.

H. S. Rosenkranz, N. Pollack, and A. R. Cunningham, Exploring the Relationship between the Inhibition of Gap
Junctional Intercellular Communication and other Biological Phenomena, Carcinogenesis 2000, 21, 1007-1011.

J. E. Huff, E. E. McConnell, and J. K. Haseman, On the Proportion of Positive Results in Carcinogenicity Studies
in Animals, Environ. Mutagen. 1985, 7, 427-428.

V. A. Fung, J. C. Barrett, and J. E. Huff, The Carcinogenesis Bioassay in Perspective: Application in Identifying
Human Cancer Hazards, Environ. Health Perspect. 1995, 103, 680—683.

G. Klopman and H. S. Rosenkranz, Prediction of Carcinogenicity/Mutagenicity using MULTICASE, Mutation
Res. 1994, 305, 33-46.

G. Klopman and H. S. Rosenkranz, Toxicity Estimation by Chemical Substructure Analysis: The Tox II Program,
Toxicol. Lett. 1995, 79, 145-155.

H. S. Rosenkranz, A. R. Cunningham, Y. P. Zhang, H. G. Claycamp, O. T. Macina, N. B. Sussman, S. G. Grant,
and G. Klopman, Development, Characterization and Application of Predictive—Toxicology Models, SAR OSAR
Environ. Res. 1999, 10, 277-298.

V. Chankong, Y. Y. Haimes, H. S. Rosenkranz, and J. Pet-Edwards, The Carcinogenicity Prediction and Battery
Selection (CPBS) Method: A Bayesian approach, Mutation Res. 1985, 153, 135-166.

M. Rosenkranz, H. S. Rosenkranz, and G. Klopman, Intercellular Communication, Tumor Promotion and Non—
Genotoxic Carcinogenesis: Relationships Based upon Structural Considerations, Mutation Res. 1997, 381, 171—
188.

M. Liu, N. Sussman, G. Klopman, and H. S. Rosenkranz, Estimation of the Optimal Data Base Size for Structure—
Activity Analyses: The Salmonella Mutagenicity Data Base, Mutation Res. 1996, 358, 63—72.

E. Zeiger, J. Ashby, G. Bakale, K. Enslein, G. Klopman, and H. S. Rosenkranz, Prediction of Salmonella
Mutagenicity, Mutagenesis 1996, 11, 471-484.

H. S. Rosenkranz and G. Klopman, The Structural Basis of the Mutagenicity of Chemicals in Salmonella
typhimurium: The National Toxicology Program Data Base, Mutation Res. 1990, 228 51-80.

V. Mersch—Sundermann, G. Klopman, and H. S. Rosenkranz, Chemical Structure and Genotoxicity: Studies of the
SOS Chromotest, Mutation Res. 1996, 340, 81-91.

V. Mersch—Sundermann, U. Schneider, G. Klopman, and H. S. Rosenkranz, SOS-Induction in E. coli and
Salmonella mutagenicity: A Comparison using 330 Compounds, Mutagenesis 1994, 9: 205-224.

L. S. Gold, C. B. Sawyer, R. Magaw, G. M. Backman, M. de Veciana, R. Levinson, N. K. Hooper, W. R.
Havender, L. Bernstein, R. Peto, M. C. Pike, and B. N. Ames, A Carcinogenic Potency Database of the
Standardized Results of Animal Bioassays, Environ. Health Perspect. 1984, 58, 9-319.

L. S. Gold, M de Veciana, G. M. Backman, R. Magaw, P. Lopipero, M. Smith, M. Blumenthal, R. Levinson, L.
Bernstein, and B. N. Ames, Chronological Supplement to the Carcinogenic Potency Database: Standardized
Results of Animal Bioassays Published Through December 1982, Environ. Health Perspect. 1986, 67, 161-200.
L. S. Gold, T. H. Slone, G. M. Backman, R. Magaw, M. Da Costa, P. Lopipero, M. Blumenthal, and B.N. Ames,
Second Chronological Supplement to the Carcinogenic Potency Database: Standardized Results of Animal
Bioassays Published through December 1984 and by the National Toxicology Program through May 1986,
Environ. Health Perspect. 1987, 74, 237-329.

L. S. Gold, T. H. Slone, G. M. Backman, S. Eisenberg, M. DaCosta, M. Wong, N. B. Manley, L. Rohrbach, and
B. N. Ames, Third Chronological Supplement to the Carcinogenic Potency Database: Standardized Results of
Animal Bioassays Published through December 1986 and by the National Toxicology Program through June
1987, Environ. Health Perspect. 1990, 84, 215-286.

L. S. Gold, N. B. Manley, T. H. Slone, G. B. Garfinkel, L. Rohrbach, and B. N. Ames, The Fifth Plot of the

234

Bi1oCHEM Press http://www.biochempress.com



H. S. Rosenkranz
Internet Electronic Journal of Molecular Design 2002, 1, 227-235

[54]

[55]

[56]
[57]

Carcinogenic Potency Database: Results of Animal Bioassays Published in the General Literature through 1988
and by the National Toxicology Program through 1989, Environ. Health Perspect. 1993, 100, 65—-135.

H. S. Rosenkranz, E. J. Matthews, and G. Klopman, Relationship between Cellular Toxicity, the Maximum
Tolerated Dose, Lipophilicity and Electrophilicity, ATLA 1992, 20, 549-562.

X. Zhu and H. S. Rosenkranz, Structural Basis of the Toxicity of Chemicals in Cultured Human HeLa Cells,
ATLA 2000, 28, 557-574.

Y. P. Zhang, A. van Praagh, G. Klopman, and H. S. Rosenkranz, Structural Basis of the Induction of Unscheduled
DNA Synthesis in Rat Hepatocytes, Mutagenesis 1994, 9, 141-149.

H. S. Rosenkranz, F. K. Ennever, M. Dimayuga, and G. Klopman, Significant Differences in the Structural Basis
of the Induction of Sister Chromatid Exchanges and Chromosomal Aberrations in Chinese Hamster Ovary Cells,
Environ. Mol. Mutagen. 1990, 16, 149-177.

W.-L. Yang, G. Klopman, and H. S. Rosenkranz, Structural Basis of the in vivo Induction of Micronuclei,
Mutation Res. 1992, 272, 111-124.

A. Labbauf, G. Klopman, and H. S. Rosenkranz, Dichotomous Relationship between DNA Reactivity and the
Induction of Sister Chromatid Exchanges in vivo and in vitro, Mutation Res. 1997, 377, 37-52.

S. G. Grant, Y. P. Zhang, G. Klopman, and H. S. Rosenkranz, Modeling the Mouse Lymphoma forward
Mutational Assay: The Gene—Tox Program database, Mutation Res. 2000, 465, 201-229.

J. A. Miller and E. C. Miller, Ultimate Chemical Carcinogens as Reactive Mutagenic Eletrophiles; in: Origins of
Human Cancer. Eds. H. H. Hiatt, J. D. Watson and J. A. Winsten,. Cold Spring Harbor Laboratory: Cold Spring
Harbor, 1977, pp. 605-627.

National Academy of Sciences. Toxicity Testing. Strategies to Determine Needs and Priorities. National Academy
Press, 1984, Washington, D.C.

J. Ashby and R. S. Morrod, Detection of Human Carcinogens, Nature 1991, 352, 185-186.

J. E. Trosko, C. C. Chang, B. Upham, and M. Wilson, Epigenetic Toxicology as Toxicant-Induced Changes in
Intracellular Signalling Leading to Altered Gap Junctional Intercellular Communication, Toxicol. Lett. 1998, 102—
103, 71-78.

H. Yamasaki, M. Mesnil, Y. Omori, N. Mironov, and V. Krutovskikh, Intercellular Communication and
Carcinogenesis, Mutation Res. 1995, 333, 181-188.

J. E. Klaunig and R. J. Ruch, Biology of Disease. Role of Inhibition of Intercellular Communication in
Carcinogenesis, Lab. Invest. 1990, 62, 135-146.

S. H. Reynolds, S. J. Stowers, R. M. Patterson, R. R. Maronpot, S. A. Aaronson, and M. W. Anderson, Activated
Oncogenes in B6C3F1 Mouse Liver Tumors: Implicatons for risk assessment, Science 1987, 237, 1309—1316.

S. J. Stowers, R. R. Maronpot, S. H. Reynolds,and M. W. Anderson, The role of Oncogenes in Chemical
Carcinogenesis, Environm. Health Perspect. 1987, 75, 81-86.

C. C. Harris, p53: At the Crossroad of Molecular Carcinogenesis and Risk Assessment, Science 1993, 262, 1980—
1981.

R. M. Carlson, Assessment of the Propensity for Covalent Binding of Electrophiles to Biological Substrates.
Environ. Health Perspect. 1990, 87, 227-232.

J. Ashby, The Separate Identities of Genotoxic and Non—Genotoxic Carcinogens, Mutagenesis 1988, 3, 365-366.
H. S. Rosenkranz and A. R. Cunningham, The High Production Volume Chemical Challenge Program: The
Relevance of the in vivo Micronucleus Assay, Reg. Toxicol. Pharmacol. 2000, 31, 182—189.

A. R. Cunningham and H. S. Rosenkranz, Estimating the Extent of the Health Hazard Posed by High Production
Volume Chemicals, Environ. Health Perspect. 2001, 109, 953-956.

235

BioCHEM Press http://www.biochempress.com



