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Editorial

Introduction

For the development of cancer, it is generally 
accepted that certain key events are frequently in-
volved. Two of them are the expression of DNA 
damage and inadequate repair of the damage. 
Expression of different types of DNA damage, 
particularly after exposure to environmental mu-
tagens and carcinogens, have been well-charac-
terized. Examples of the different types of DNA 
damages are shown in Figure 1 and each type 
of damage requires repair from specific and ge-
netically-controlled DNA repair pathways. DNA 
single- and double-strand breaks from exposure 
to X-rays, for example, require the non-homol-
ogous end-joining and/or homologous recom-
bination repair pathways. Repair of pyrimidine 
dimers from exposure to UV-light requires the 
excision repair pathway. Among the different 
types of repair activities, the repair of DNA dou-
ble-strand breaks is most troublesome to cells 

because there is not a homologous DNA strand 
to provide complementary sequences for the re-
pair therefore mistakes are frequently made as a 
consequence of the repair of DNA double-strand 
breaks.

The often observed consequence from in-
duction of DNA damage and inadequate repair 
of the damage is expression of chromosome 
abnormalities, gene mutations and genomic in-
stability in most cancer cells. Therefore, better 
characterization of DNA damage and its repair 
activities can provide more precise determina-
tion of cancer and of prognosis.

Assays for DNA damage

The usefulness of the standard cytogenetic 
assay to determine quality and quantity of chro-
mosome abnormalities have been well-charac-
terized and validated (1). As mentioned earlier, 
most cancer cells show the presence of chromo-
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some abnormalities. In addition, some abnor-
malities, such as translocation between chromo-
somes 8 and 22, and deletion in chromosome 13 
have been used as diagnostic markers for their 
respective cancers, i.e. chronic myelogenous leu-
kemia and retinoblastoma. Furthermore, many 
disease-specific chromosome abnormalities are 
responsible for unique and abnormal gene ex-
pressions. Consequently, such information be-
comes critically useful for the development of 
mechanism- and molecular-based therapeutic 
decisions, as well as for prognosis follow-up.

Besides using the standard cytogenetic assay 
to determine abnormalities in cancer cells, the 
assay has also been used frequently to determine 
excessive exposure to mutagens and carcinogens. 
The generally accepted scenario is that observa-
tion of exposure-induced chromosome abnor-
malities in  normal populations is indicative of 
the population’s increased risk for development 
of cancer since most cancer cells also contain 
chromosome abnormalities. However, the reality 
is not this straight forward because many more 
key events must occur during the multi-stage and 
prolonged developmental process before cancer 

cells can be formed. Consequently, even among 
an exposed population which has significant in-
crease of exposure-induced chromosome abnor-
malities, only very few individuals would devel-
op cancer eventually. Nevertheless, the assay is 
valuable in providing evidence to help with the 
development of disease prevention and of envi-
ronmental health policy decisions.

In addition to the use of cytogenetic assay to 
monitor exposed populations, other assays have 
also been developed and used. Examples are the 
micronuclei, Comet and ɤH2AX assays. The 
micronuclei assay, as illustrated in the name, is 
used to determine the frequency of intracellular 
small nuclei besides the main nuclei (2). There-
fore, the assay typically determines the induction 
and presence of chromosome breaks. The Comet 
assay has been used to determine the frequency 
of single- and/or double-strand DNA breaks or 
DNA damage which can lead to the expression 
of DNA breaks (3). The ɤH2AX assay determine 
presence of DNA strand breaks because it is 
based on measurement of the amount of phos-
phorylation of histone 2AX which binds to and 
accumulate at sites of DNA strand breaks (4).

Fig. 1. Different types of DNA damage  (acquired from “sites.google.com”; accessed November 10, 2017).
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Although these three newer assays are less 
laborious to conduct than the cytogenetic assay, 
their application towards health risk assessment 
needs to be better characterized.   Several im-
portant questions need to be addressed. For ex-
ample, what is the consequence of cells that have 
micronuclei? Since micronuclei contain most-
ly broken pieces of chromosomes, these cells 
would probably not survive. However, one may 
assume that cells with small amount of chromo-
some damage may survive. As shown in the cy-
togenetic assay, chromosome translocations and 
interstitial deletions would allow cells to survive 
and these abnormalities are frequently observed 
in cancer cells. The specific chromosome abnor-
malities are probably caused by mistakes in re-
pair of the initial DNA damage.

DNA strand breaks which are readily de-
tected by the Comet and the ɤH2AX assays are 
quickly repaired within cells. However, mistakes 
in the repair of strand breaks, especially dou-
ble-strand breaks, are the crucial events which 
can cause serious consequences.

Measurement of DNA repair capacity in 
human populations and assessment of 
health risk

As described earlier, mistakes in repair of 
DNA damage is a key event which can cause 
serious health consequences such as the devel-
opment of cancer (5). In the human population, 
individuals who have inherited abnormal genes 
which cause serious deficiency in DNA repair 
can develop major health problems. Examples of 
these are patients who have Chromosome Insta-

bility and Xeroderma pigmentosum sydromes. 
The latter patients have been well-characterized 
to have deficiency in the repair of UV-light in-
duced pyrimidine dimers and to have high fre-
quencies for development of skin cancers.

Besides patients with inherent DNA repair 
defects, detecting reduced DNA repair capacity 
(e.g. from gene polymorphisms) in normal indi-
viduals is very difficult. This is because any re-
pair deficiency would be minimal among normal 
people and most existing DNA repair assays are 
insensitive for detecting such small deficiency. 
Therefore, functions of most polymorphisms in 
DNA repair genes have not been characterized in 
normal people yet.

The Challenge assay which was developed 
by the author is capable of detecting small dif-
ferences in DNA repair capacity among normal 
individuals (1, 5). Briefly, lymphocytes from 
donors are cultured and irradiated with X-rays 
or UV-light to induce DNA damage in vitro. 
Therefore, these cells are challenged to repair 
the induced damage. At appropriate time, the 
irradiated cells are harvested to determine the 
frequency of chromosome abnormalities, e.g. 
translations using the cytogenetic assay, or the 
lack of reduction of DNA strand breaks using the 
Comet assay.

Several studies show that the assay is both 
sensitive and specific for determining different 
types of DNA repair capacity among normal pop-
ulations, i.e. base-excision and nucleotide-exci-
sion repair for X-ray and UV-light induced DNA 
damage (1, 5). Consequently, the assay is used 
around the world for determining DNA repair 
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deficiency in normal and exposed human popu-
lations and for assessment of health risk.

The Challenge-comet assay is also used in 
patients.  In a study of breast cancer patients in 
China, patients were found to have quantitative-
ly and significantly lower DNA repair capacity 
than matched normal females (6). Therefore, the 
data suggest that, among normal females, those 
who have lower DNA repair capacity are at high-
er risk for the development of breast cancer. Of 
course, the increased risk is also contributed 
by other risk factors. The study also had a fol-
low-up on the breast cancer patients. Among the 
patients, those with lower DNA repair capacity 
were found to have worse prognosis, i.e. metas-
tasis.

Conclusion

Laboratory techniques have been relied upon 
to provide data for diagnosis of disease and for 
determination of therapeutic protocols. This ed-
itorial provides an emphasis on significant value 
which can be gained from further improvement 
of techniques. In particular, characterization of 
functional DNA repair deficiency is critically 
useful in understanding health risk. Quantitative 
and functional characterization of the deficiency 
can potentially be used to provide personalized 
risk assessment, to enhance decision for thera-

peutic protocols and to make prognosis evalu-
ation. 
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