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Nutrition science has evolved into a multidisciplinary field that applies molecular biology and
integrates individual health with the epidemiologic investigation of population health (Go et
al., 2003). Nutritional genomics studies the functional interaction of food and its components,
macro and micronutrients, with the genome at the molecular, cellular, and systemic level
(Ordovas & Corella, 2004). Diet can influence cancer development in several ways, namely
direct action of carcinogens in food that can damage DNA, diet components (macro or
micronutrients) that can block or induce enzymes involved in activation or deactivation of
carcinogenic substances (Willett & Giovannucci, 2006). Moreover, inadequate intake of some
molecules involved in DNA synthesis, repair or methylation can influence mutation rate or
changes in gene expression. Several studies support the idea that diet can influence the risk of
cancer; however information concerning the precise dietary factor that determines human
cancer is an ongoing debate (Ames, 2001; Key et al., 2004; Anand et al., 2008; Couto et al.,
2011). A lot of epidemiological studies, involving food frequency questionnaires, have been
developed providing important information concerning diet and cancer, however, diet is a
complex composite of various nutrients (macro and micronutrients) and non-nutritive food

constituents that makes the search for specific factors almost limitless.

Micronutrients are a set of approximately 40 substances, including vitamins, essential
minerals and other compounds required in small amounts for normal metabolism, that are
essential for human health (Ames, 1998; Lal & Ames, 2011). Micronutrients are capable of
acting via a number of mechanisms to block DNA damage, mutation, and carcinogenesis by

oxygen radicals, PAHs, and other chemical carcinogens (Perera, 2000; Collins & Ferguson,



2004). Micronutrient deficiency or excess can have modifying effects on genomic integrity that
may involve nutrient-nutrient or nutrient-gene interactions and may depend on an individual’s
genetic constitution (Fenech et al.,, 2005; Thomas et al., 2011). Therefore, determining the
intake levels of micronutrients required to maintain genome stability is an essential step in the
definition of optimal diets for the prevention of cancer and other diseases caused by genome

damage (Fenech et al., 2005).

Comet assay has become one of the standard methods for assessing DNA damage, with a wide
range of applications, namely in genotoxicity testing, human biomonitoring and molecular
epidemiology, as well as fundamental research in DNA damage and repair (Collins, 2004,
2009); studying the mechanisms of action of genotoxic chemicals; investigating oxidative
damage as a factor in disease; monitoring oxidative stress in animals or human subjects
resulting from exercise, or diet, or exposure to environmental agents; studying the effects of
dietary antioxidants; and monitoring environmental pollution by studying sentinel organisms

(Dusinska & Collins, 2008; Azqueta et al., 2009).

This research was conducted as a part of a human biomonitoring study to assess genotoxic
effects in workers occupationally exposed to cytostatics drugs, and verify how micronutrients
can influence a genotoxic response. Therefore, there were constituted two groups, 46
subjects occupationally exposed to antineoplastic drugs and 46 subjects non-exposed. For
analysis of DNA damage and oxidative damage a modification of the comet assay originally
described by Singh et al. (1988) was used to measure the basal level of DNA oxidation in
lymphocytes (Collins, 2009). Percentage of DNA in the tail and oxidative damage parameters
were measured using Zeiss AxioScope.Al fluorescence microscope and Comet Assay IV
capture system (Perceptive Instruments ® software) and 50 nucleoids were scored per gel.
Dietary intake was assessed using a self-administered Food Frequency Questionnaire (FFQ)
(Lopes, 2000; Lopes et al., 2007). The FFQ included type and quantity of food intake, namely
some food items, which allowed for the quantification of different macronutrients and
micronutrients. The FQQ is a 3-page booklet including a list of 92 common food and beverage
items and questions relating to food preparation and dietary habits. Participants were
required to indicate how often each food and beverage was usually consumed per month,
week, or day. Average daily consumption was based on the participants’ reports on how often
a specified serving size of each food or beverage item was consumed. This information, along
with the nutrient composition of the food item/unit weight taken from 92 selected items,
allowed participants’ daily micronutrient and macronutrient intake to be calculated using the

FREQUAN dietary analysis program (Baghurst and Record, 1984).



The nutritional items selected from the FFQ for analysis were calories, retinol, vitamin B12,
folate, vitamins D and E, iron, and selenium. All the items presented concentrations above the
dietary references intakes of Food and Nutrition Board, Institute of Medicine, National
Academies. In order to investigate the association between genotoxicity biomarkers and
nutritional items, multiple linear regressions were conducted by group (exposed/controls). It
was found in the exposed group negative associations between %DNA in tail and calories (B=-
0.011, p=0.013) and folate (B=-0.078, p<0.001), and positive associations between vitamin E
(B=1.912, p=0.002) and iron (B=2.345, p<0.001). In control group, it was found for DNA
oxidative damage a positive association with retinol (B=0.004, p=0.020) and negative

associations with calories (B=-0.006, p=0.002) and vitamin B12 (B=-0.589, p=0.006).

Retinol was positively correlated with oxidative DNA damage in controls. The study by van
Helden et al. (2009) demonstrated that vitamin A enhances OH radical formation in the
Fenton reaction, showing that vitamin A can act as pro-oxidant or antioxidant, depending on
the type of radicals involved, and may lead to DNA oxidative damage (Alakhras et al., 2011).
Azqueta & Collins (2012) clearly distinguished between effects of vitamin A, pro-vitamin A
carotenoids, and non-vitamin A carotenoids; being the latter group almost invariably reported
to protect against DNA damage, whether endogenous or induced by exogenous agents, the
pro-vitamin A carotenoids show a wider spectrum of effects, sometimes protecting and
sometimes enhancing DNA damage.

Vitamin E was found to be positively correlated with % DNA in tail. Watters et al. (2007) also
found a positive association of vitamin E and oxidative DNA damage in a healthy, non-smoking
population of young adults. A possible explanation for this result stems from some evidence
that in the presence of copper or in smokers with a fat rich diet, vitamin E can act as a strong
pro-oxidant, nevertheless it remains an unexpected result.

Results found a positive correlation between iron and % DNA in tail, meaning that higher
intake of iron associates with higher DNA damage. Oxidative lesions, and more specifically 8-
OHdG, is one of the most prevalent lesions induced by iron containing substances (Pra et al.,
2012), however the FPG biomarker was not statistically associated with iron. There is sound
evidence that iron deficiency increases genome instability, among other mechanisms, by
impairing enzymes involved in antioxidant and nuclei acid metabolism (Pra et al., 2012).
Results presented herein found that the amount of calories ingested was negatively correlated
with both biomarkers assessed by comet assay. This was somewhat unexpected, as calories

restriction reduces metabolic rate and oxidative stress, meaning that lower calories ingestion



decreases DNA damage and DNA oxidative damage (Hart et al., 1999; Heilbronn & Ravussin,
2003).

A significant negative correlation was found between folate and % DNA in tail. Courtemanche
et al. (2004) also found that folate deficiency leads to increased DNA damage in primary
lymphocytes, and that deficiency in the physiological level of folate caused more DNA damage
than low-dose radiation in primary T lymphocytes.

A significant negative correlation between vitamin B12 and DNA oxidative damage (FPG) was
found, suggesting that vitamin B12 acts like a protective factor (Ames, 2001; Ames &
Wakimoto, 2002; Ames, 2006). Minnet et al. (2011) also found a negative correlation between
DNA damage and vitamin B12 levels, meaning that higher levels of vitamin B12 decrease DNA
damage, in good agreement with the results herein.

Comet assay allows for the study of the effects of nutrients with known anti- or pro-oxidant
capacities on different cell types and in different concentrations. These studies have revealed
an apparent paradox, or at least a hormetic effect, whereby many of these antioxidant
compounds seem to protect against DNA damage at low doses while actually causing DNA
damage at higher doses (Wasson et al., 2008). There are several possible reasons why
significant associations are difficult to find. First, samples usually comprise mostly healthy
persons; second, it is possible that a synergistic effect exists involving all antioxidants which is
not seen for each individual nutrient (Watters et al.,, 2007). Third, it is plausible that
associations between some of the antioxidants examined and oxidative DNA damage may be
better captured using other measures of oxidative DNA damage. Fourth, it is possible that the
range of antioxidant concentrations and/or oxidative DNA damage in this study was not wide
enough to detect associations or that the associations simply do not exist (Watters et al.,
2007). Previous studies have suggested a significant moderating effect of long-term
antioxidant supplementation on endogenous and exogenous oxidative DNA damage in

lymphocytes, supporting the hypothesis that dietary antioxidants may protect against cancer.

References

Alakhras, R.S., Stephanou, G., Demopoulos, N.A. & Nikolaropoulos, S.S. (2011). Genotoxicity of
all-trans retinoic acid (ATRA) and its steroidal analogue EA-4 in human lymphocytes and
mouse cells in vitro. Cancer Letters. 306 (1). p.pp. 15 — 26.

Ames, B.N. (1998). Micronutrients prevent cancer and delay aging. Toxicology letters. 102-103.
p.pp. 5-18.



Ames, B.N. (2001). DNA damage from micronutrient deficiencies is likely to be a major cause
of cancer. Mutation research. 475 (1-2). p.pp. 7-20.

Ames, B.N. (2006). Low micronutrient intake may accelerate the degenerative diseases of
aging through allocation of scarce micronutrients by triage. Proceedings of the National
Academy of Sciences of the United States of America. 103 (47). p.pp. 17589-17594.

Ames, B.N. & Wakimoto, P. (2002). Are vitamin and mineral deficiencies a major cancer risk?
Nature reviews. Cancer. 2 (9). p.pp. 694—704.

Anand, P., Kunnumakkara, A.B., Kunnumakara, A.B., Sundaram, C., Harikumar, K.B., Tharakan,
S.T., Lai, O0.S,, Sung, B. & Aggarwal, B.B. (2008). Cancer is a preventable disease that requires
major lifestyle changes. Pharmaceutical research. 25 (9). p.pp. 2097-2116.

Azqueta, A. & Collins, A.R. (2012). Carotenoids and DNA damage. Mutation Research. 733 (1-
2). p.pp. 4-13.

Azqueta A., Shaposhnikov S. & Collins A. (2009). Detection of oxidised DNA using DNA repair
enzymes. In: The Comet Assay in Toxicology. [Online]. Royal Society of Chemistry, pp. 58—63.
Available from: www.rsc.org.

Baghurst, K. & Record, S. (1984). A computerised dietary analysis system for use with diet
diaries on food freugency questionnaires. Australian and New Zealand Journal of Public Health.
1(8). P.pp. 11 - 18.

Collins, A.R. (2004). The comet assay for DNA damage and repair: principles, applications, and
limitations. Molecular biotechnology. 26 (3). p.pp. 249-261.

Collins, A.R. (2009). Investigating oxidative DNA damage and its repair using the comet assay.
Mutation Research. 681 (1). p.pp. 24-32.

Collins, A.R. & Ferguson, L.R. (2004). Nutrition and carcinogenesis. Mutation
Research/Fundamental and Molecular Mechanisms of Mutagenesis. 551 (1-2). p.pp. 1-8.

Courtemanche, C., Huang, A.C., Elson-Schwab, 1., Kerry, N., Ng, B.Y. & Ames, B.N. (2004).
Folate deficiency and ionizing radiation cause DNA breaks in primary human lymphocytes: a
comparison. FASEB journal: official publication of the Federation of American Societies for
Experimental Biology. 18 (1). p.pp. 209-211.

Couto, E., Boffetta, P., Lagiou, P., Ferrari, P., Buckland, G., Overvad, K., Dahm, C.C., Tjgnneland,
A., Olsen, A., Clavel-Chapelon, F., Boutron-Ruault, M.-C., Cottet, V., Trichopoulos, D., Naska,
A., Benetou, V., Kaaks, R.,, Rohrmann, S., Boeing, H., von Ruesten, A., Panico, S., Pala, V.,
Vineis, P., Palli, D., Tumino, R., May, A., Peeters, P.H., Bueno-de-Mesquita, H.B., Blichner, F.L.,
Lund, E., Skeie, G., Engeset, D., Gonzalez, C.A., Navarro, C., Rodriguez, L., Sdnchez, M.-J.,
Amiano, P., Barricarte, A., Hallmans, G., Johansson, I., Manjer, J., Wirfart, E., Allen, N.E,,
Crowe, F., Khaw, K.-T., Wareham, N., Moskal, A., Slimani, N., Jenab, M., Romaguera, D., Mouw,
T., Norat, T., Riboli, E. & Trichopoulou, A. (2011). Mediterranean dietary pattern and cancer
risk in the EPIC cohort. British Journal of Cancer. 104 (9). p.pp. 1493—-1499.

Dusinska, M. & Collins, A.R. (2008). The comet assay in human biomonitoring: gene—
environment interactions. Mutagenesis. 23 (3). p.pp. 191-205.



Fenech, M. (2005). The Genome Health Clinic and Genome Health Nutrigenomics concepts:
diagnosis and nutritional treatment of genome and epigenome damage on an individual basis.
Mutagenesis. 20 (4). p.pp. 255-269.

Go, V.L.W., Butrum, R.R. & Wong, D.A. (2003). Diet, nutrition, and cancer prevention: the
postgenomic era. The Journal of Nutrition. 133 (11 Suppl 1). p.p. 38305—-3836S.

Hart, R.W., Dixit, R., Seng, J., Turturro, A., Leakey, J.E., Feuers, R., Duffy, P., Buffington, C.,
Cowan, G., Lewis, S., Pipkin, J. & Li, S.Y. (1999). Adaptive role of caloric intake on the
degenerative disease processes. Toxicological Sciences: An Official Journal of the Society of
Toxicology. 52 (2 Suppl). p.pp. 3—12.

Heilbronn, L.K. & Ravussin, E. (2003). Calorie restriction and aging: review of the literature and
implications for studies in humans. The American Journal of Clinical Nutrition. 78 (3). p.pp.
361-369.

Key, T.J., Schatzkin, A., Willett, W.C., Allen, N.E., Spencer, E.A. & Travis, R.C. (2004). Diet,
nutrition and the prevention of cancer. Public Health Nutrition. 7 (1A). p.pp. 187-200.

Lal, A. & Ames, B.N. (2011). Association of chromosome damage detected as micronuclei with
hematological diseases and micronutrient status. Mutagenesis. 26 (1). p.pp. 57-62.

Lopes, C. (2000). Reproducibility and validation of a food frequency questionnaire. In: Diet and
myocardial infarction: a community-based case-control study. A population-based case control
study. (PhD thesis in portuguese). University of Porto, pp. 79 — 115.

Lopes, C., Aro, A., Azevedo, A., Ramos, E. & Barros, H. (2007). Intake and adipose tissue
composition of fatty acids and risk of myocardial infartion in a male Portuguese community
sample. Journal of American Dietetic Association. 107(2). P.pp. 276 — 286.

Minnet, C., Koc, A., Aycicek, A. & Kocyigit, A. (2011). Vitamin B12 treatment reduces
mononuclear DNA damage. Pediatrics International: Official Journal of the Japan Pediatric
Society. 53 (6). p.pp. 1023-1027.

Ordovas, J.M. & Corella, D. (2004). Nutritional Genomics. Annual Review of Genomics and
Human Genetics. 5 (1). p.pp. 71-118.

Perera, F.P. (2000). Molecular Epidemiology: On the Path to Prevention? Journal of the
National Cancer Institute. 92 (8). p.pp. 602—-612.

Pra, D., Franke, S.I.R., Henriques, J.A.P. & Fenech, M. (2012). Iron and genome stability: An
update. Mutation Research/Fundamental and Molecular Mechanisms of Mutagenesis. 733 (1-
2). p.pp. 92-99.

Singh, N.P., McCoy, M.T., Tice, R.R. & Schneider, E.L. (1988). A simple technique for
quantitation of low levels of DNA damage in individual cells. Experimental Cell Research. 175
(2). p.pp. 184-191.

Thomas, P. & Fenech, M. (2011). Buccal micronucleus cytome assay. Methods in molecular
biology (Clifton, N.J.). 682. p.pp. 235-248.



van Helden, Y.G., Keijer, J.,, Knaapen, A.M., Heil, S.G., Briedé, J.J.,, van Schooten, F.J. &
Godschalk, R.W. (2009). Beta-carotene metabolites enhance inflammation-induced oxidative
DNA damage in lung epithelial cells. Free Radic Biol Med. 46 (2). p.pp. 299 — 304.

Wasson, G.R., McKelvey-Martin, V.J. & Downes, C.S. (2008). The use of the comet assay in the
study of human nutrition and cancer. Mutagenesis. 23 (3). p.pp. 153-162.

Watters, J.L., Satia, J.A., Kupper, L.L.,, Swenberg, J.A., Schroeder, J.C. & Switzer, B.R. (2007).
Associations of Antioxidant Nutrients and Oxidative DNA Damage in Healthy African-American
and White Adults. Cancer Epidemiology Biomarkers & Prevention. 16 (7). p.pp. 1428-1436.

Willett, W. & Giovannucci, E. (2006). Epidemiology of Diet and cancer risk. In: Modern
Nutrition in Health and Disease. Lippincott Williams and Wilkins: M Shils, M., Shike, M., Ross,
A., Caballer, B. and Cousins, R., p. 1627.



