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Abstract

Previous studies have suggested that the frequency of chromosomal aberrations (CAs), but not of sister chromatid exchanges
(SCEs), predicts cancer risk. We have further examined this relationship in European cohorts comprising altogether almost 22,000
subjects, in the framework of a European collaborative project (CancerRiskBiomarkers). The present paper gives an overview of
some of the results of the project, especially as regards CAs and SCEs. The results confirm that a high level of CAs is associated with
an increased risk of cancer and indicate that this association does not depend on the time between CA analysis and cancer detection,
i.e., is obviously not explained by undetected cancer. The present evidence indicates that both chromatid-type and chromosome-type
CAs predict cancer, even though some data suggest that chromosome-type CAs may have a more pronounced predictive value than
chromatid-type CAs. CA frequency appears to predict cancers at various sites, although there seems to be a particular association
with gastrointestinal cancers. SCE frequency does not appear to have cancer predictive value, at least partly due to uncontrollable
technical variation. A number of genetic polymorphisms of xenobiotic metabolism, DNA repair, and folate metabolism affect the
level of CAs and might collectively contribute to the cancer predictivity of CAs. Other factors that may influence the association
between CAs and cancer include, e.g., exposure to genotoxic carcinogens and internal generation of genotoxic species. Although the
association between CA level and cancer is seen at the group level, an association probably also exists for the individual, although
it is not known if an individual approach could be feasible. However, group level evidence should be enough to support the use of
CA analysis as a tool in screening programs and prevention policies in occupational and environmental health.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

The frequency of chromosomal aberrations (CAs)
in peripheral blood lymphocytes has been applied for
decades as a biomarker of the early effects of genotoxic
carcinogens, in occupational and environmental settings
(including biodosimetry of radiation) [1-4]. CAs in lym-
phocytes are thought to represent a surrogate endpoint
for more specific chromosome alterations in target tis-
sues of carcinogenesis. Assuming that the mechanisms
of chromosome damage formation are similar in differ-
ent tissues, the level of damage in lymphocytes can be
expected to reflect the level of damage in cancer-prone
tissues and to indicate cancer risk [1-4].

The extensive use of the CA assay has resulted in
the accumulation of analysis data in many European
laboratories. This has enabled the examination of the
potential association between previously measured CA
frequency and subsequent cancer outcome. An associa-
tion between high CA frequency and increased cancer
incidence was originally detected by the Nordic Study
Group on the Health Risk of Chromosome Damage in
a collaborative project of 10 Nordic cytogenetic labora-
tories [5—8]. No association could be shown for sister
chromatid exchanges (SCEs) or micronuclei (MN), two
other cytogenetic biomarkers which can also be analyzed
from lymphocytes. An independent study among 10 lab-
oratories from Italy, based on cancer mortality data, also
concluded that CAs are predictive of cancer risk [9]. The
Nordic and Italian cohorts were subsequently combined
by the European Study Group on Cytogenetic Biomark-
ers and Health for an updated analysis, which confirmed
the cancer risk predictivity of CA frequency but sug-
gested no such association for SCEs or MN [10-13].

A case—control study nested within the Nordic—Italian
cohort, involving individual assessment of occupational
carcinogen exposure and smoking for the cancer cases
and their matched healthy controls, indicated that the
association between CAs and cancer was not merely a
reflection of smoking or occupational exposure to car-
cinogens, but was similarly seen in apparently unexposed
subjects [13]. Thus, these results suggested that a high
CA level as such is predictive of increased cancer risk,
irrespective of the cause of the initial CA increase. This
result could have several explanations. Despite the thor-
ough exposure assessment, some carcinogenic exposures
were missed, such as those related to diet, the general
environment, and endogenous generation. Low dietary
intake of micronutrients such as folate which may have
contributed to the findings could not be constructed ret-
rospectively. One possibility is that genetic instability
and individual susceptibility factors play a part in deter-

mining the association between CAs and cancer. As
archival cell specimens are available on many of the
subjects included in the existing cohorts, it should be
possible to characterise these factors by a molecular epi-
demiological approach. Previous studies have suggested
that various common polymorphisms of carcinogen-
metabolising enzymes, proteins affecting DNA repair,
and enzymes of folate metabolism may influence both
the levels of chromosome damage (see [14]) and cancer
risk [15-30].

A European collaborative research project, “Cyto-
genetic Biomarkers and Human Cancer Risk” (Can-
cerRiskBiomarkers) was established in 2001 to further
study cancer risk prediction by cytogenetic biomarkers.
The project had a number of scientific objectives which
can be reduced to simple questions:

(1) Is cancer risk predicted by CAs also in other cohorts
than those studied thus far?

(2) Do chromosome-type and chromatid-type CAs have
different cancer risk predictivity?

(3) What types of cancer do CAs predict?

(4) Do lymphocyte SCEs predict cancer if disturbing
experimental details are taken into account?

(5) Do genetic polymorphisms affect the level of cyto-
genetic biomarkers?

(6) Do genetic polymorphisms explain the cancer risk
predictivity of CAs?

The present paper gives an overview of the results
of the project, some still preliminary, and tries to give
answers to the questions shown above, especially as
regards CAs and SCEs. An additional objective of the
project, answering the question “Does lymphocyte MN
frequency predict cancer if data from cytokinesis-block
MN assay are primarily used for the evaluation?” is not
a topic of the present review.

2. Is cancer risk predicted by CAs in other
cohorts?

One of the goals of the project was to obtain, from
European cohorts, reliable estimates for the association
between CA frequency and total cancer risk. This was
done by updating the existing cohorts and by examining
the cancer association of CAs in new cohorts from Czech
Republic and other countries that had associated with the
EU (Newly Associated States, NAS) at the time of the
project. These countries included Hungary, Lithuania,
Poland, and Slovakia (presently full members of the EU),
and Croatia. Table 1 shows a short summary of the CA
cohorts included. The establishment of the Czech cohort
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