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Abstract

Folic acid deficiency can lead to uracil incorporation into DNA, hypomethylation of DNA, inefficient DNA repair and increase
chromosome malsegregation and breakage. Because ionising radiation increases demand for efficient DNA repair and also
causes chromosome breaks we hypothesised that folic acid deficiency may increase sensitivity to radiation-induced chromosome
breakage. We tested this hypothesis by using the cytokinesis-block micronucleus assay in 10 day WIL2-NS cell cultures at four
different folic acid concentrations (0.2, 2, 20, and 200 nM) that span the “normal” physiological range in humans. The study
showed a significant dose-dependent increase in frequency of binucleated cells with micronuclei and/or nucleoplasmic bridges
with decreasing folic acid concentratiof € 0.0001,P =0.028, respectively). These biomarkers of chromosomal instability
were also increased in cells irradiated (1.58ays) on day 9 relative to un-irradiated contrds<(0.05). Folic acid deficiency
and-~y-irradiation were shown to have a significant interactive effect on frequency of cells containing micronuclei (two-way
ANOVA, interactionP =0.0039) such that the frequency of radiation-induced micronucleated cells (i.e. after subtracting base-
line frequency of un-irradiated controls) increased with decreasing folic acid concentrdicn¢ < 0.0001). Aneuploidy of
chromosome 21, apoptosis and necrosis were increased by folic acid deficiency but not by ionising radiation. The results of this
study show that folate status has an important impact on chromosomal stability and is an important modifying factor of cellular
sensitivity to radiation-induced genome damage.

Crown Copyright © 2005 Published by Elsevier B.V. All rights reserved.

1. Introduction
Abbreviations: BNC, binucleated cell; BNCs, binucleated cells; ) ) ) )
MN, micronucleus; MNi, micronuclei; NPB, nucleoplasmic bridge; Folate is an essential B-vitamin that occurs naturally
NDI, nuclear division index; MNed BNC, binucleated cell withone  in a wide variety of foods, such as broccoli, cabbage,
or more micronuclei; BNC with NPB, binucleated cell with one or  cauliflower. fruit and nuts. Its synthetic oxidised form
more nucleoplasmic bridge - S . ie . . :
* Corresponding author. Tel.: +61 8 8303 8880: folic acid is useq in fortified foods and vitamin supple
fax: +61 8 8303 8899. ments because itis more stable than the natural reduced
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folate de novo and are, therefore, bound to obtain it because it is becoming increasingly evident that radia-

from dietary sources. Inadequate folate intake is associ- tion sensitivity phenotype as detected by the micronu-

ated with increased risk of neural tube defects, Down'’s cleus assay appears to be a good predictor of breast
syndrome, cardiovascular disease, Alzheimer diseasecancer risk and abnormal response to radiotherapy in
and various cancefd—5]. prostate cancer patierj20,21]

Folate is required for the synthesis of dTMP from Considering the known independent and similar
dUMP, is an essential factor for the production of effects of radiation or folic acid deficiency on genome
methionine and ultimately S-adenosylmethionine  stability, we hypothesized that folic acid deficiency
(SAM), the primary methyl donor for DNA methyla- increases the sensitivity of cells to DNA damage
tion which determines gene expression and preventsinduced by ionising radiation. The model used to test
chromosomal fragility in specific regions, such as the the hypothesis consisted of 10 day cultures of the
centromere and fragile sitd6,7]. Folate deficiency = WIL2-NS lymphoblastoid cell line, derived from the
reduces SAM and dTMP synthesis, causing CpG spleen of a Caucasian male (American Type Culture
hypomethylation and excessive uracil incorporation Collection, 1992) with hereditary spherocytosis
in DNA, respectively. Excessive uracil incorpora- [22,23] and the comprehensive cytokinesis-block
tion may generate point mutations and can lead to micronucleus (CBMN) assay18,24] The CBMN
chromosome breakage and associated micronucleusassay is a technique which allows a rapid and accurate
formation [5,8-11] Additionally, reduced dTMP  assessment of chromosome breakage, chromosome
synthesis has been associated with folate-sensitiverearrangements and chromosome 1§3$-27] The
fragile sites expressiof6], which is postulated to  frequency of binucleated cells (BNCs) containing
have a function in the development of malignancies micronuclei (MNed BNC) or nucleoplasmic bridges
[12]. Hypomethylation of centromeric DNA results (BNC with NPB), cell death parameters such as the
in chromosome loss, as well as breakage of specific frequency of necrotic and apoptotic cells and cytostatic
chromosomes, such as chromosomes 1, 9 and 16effects, by measuring the nuclear division index, were
[13]. More recently it has been shown that folic acid determined to asses the independent and combined
or 5-methyltetrahdrofolate deficiency can increase toxic effects of folic acid deficiency and ionising
the rate of aneuploidy of chromosomes 17 and 21 in radiation. By using DNA probes to the centromeric
cultured human lymphocytg&4]. regions of chromosomes it is possible to use the

Significant doses of ionising radiation (5-20cGy) CBMN assay to determine the rate of aneuploidy in
and folate deficiency induce chromosomal instabil- nuclei of binucleated cells and mononucleated cells
ity of similar type and extenfl5-17] i.e. increased  and determine malsegregation pattern in these cells
malsegregation of whole chromosomes or segments of[14,28,29] Furthermore, the hypothesis was tested that
whole chromosomes and modified gene dosage due toexposure to folic acid deficiency and/or ionising radi-
the formation of asymmetric dicentric chromosomal ation may increase the risk of chromosome 21 aneu-
rearrangements, nucleoplasmic bridges and the gener-ploidy.
ation of amplified DNA via the breakage-fusion-bridge
cycle[18,19] Experiments with CHO cells suggested
a synergistic effect between folic acid deficiency and 2. Materials and methods
gamma-radiation with respect to induction of DNA
strand breaks and gene mutatid®]. This finding is The experimental design is summarised-ig. 1
supported by Blount et aJ5] who postulated that an  To allow the effect of folic acid deficiency on
interaction between folic acid deficiency and oxidative chromosomal instability to become evident, cells
stress on genome damage could be expected becauseere cultured for 10 days before harvesting on
simultaneous excision of an oxidised base and uracil slides. WIL2-NS cultures were set up, in duplicate,
on opposite DNA strands within 12 bases of each other at 0.3x 10° cells/mL in 5mL RPMI-1640 cell cul-
could result in the formation of double-strand breaks. ture medium containing 5% dialysed fetal bovine

Abetter understanding of the dietary causes ofinter- serum (FBS) (Trace Scientific, Melbourne, Aus-
individual variation in radiation-sensitivity is needed tralia), 2 mML-glutamine (Sigma, Sydney, Australia),



Download English Version:

https://daneshyari.com/en/article/9909034

Download Persian Version:

https://daneshyari.com/article/9909034

Daneshyari.com


https://daneshyari.com/en/article/9909034
https://daneshyari.com/article/9909034
https://daneshyari.com

