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GeneChip, HU133A) were also determined to better define how
chromosomal abnormalities influenced gene expression patternsin
the affected region and to identify candidate genes that conjointly
promoted increased growth rate in HL60RG cells. The DNA methy-
lation status of two new candidate genes was assayed to elucidate
the regulatory mechanisms involved in gene expression.

The results of SNP array experiments in combination with gene
expression assays and DNA methylation analysis, provided insights
into the mechanism of increased growth rate in HL60RG cells.

2. Material and methods
2.1. Cell lines and DNA/RNA preparation

HL60 (JCRB0O085) and HL60RG (JCRB0OOO6) cell lines were obtained from the
Japanese Cancer Research Resources Bank (JCRB) and were cultured in RPMI
1640 medium supplemented with 10% heat-inactivated fetal bovine serum and
kanamycin (50 pg/mL). The cultures were incubated at 37 °C in 5% atmospheric CO>
and 100% humidity.

Total genomic DNA was extracted from cells using a DNA extractor WB Kit (Wako
Pure Chemical Industries, Osaka, Japan). Total RNA was isolated and purified from
cells by RNeasy columns (Qiagen, Valencia, CA). Gel electrophoresis and ethidium
bromide staining were used to assess the quality of DNA and RNA preparations.

2.2. G-banding and M-FISH

Cytogenetic analysis was performed using an unstimulated suspension in
RPMI 1640 medium with 15% fetal calf serum. Metaphase chromosomes were
banded using a standard G-banding protocol [11,12]. For each cell line, at least 20
metaphases were analyzed. Karyotype descriptions were conformed to the ISCN
[13].

M-FISH reagents were acquired from SKY Paint™ Kit (Applied Spectral Imag-
ing, Israel). Fresh slides were prepared using standard cytogenetic protocols from
archived fixed-cell material. Assays for M-FISH were performed according to the
manufacturer’s protocols from MetaSystems (Altlussheim, Germany). Briefly, slide
and probe cocktails were denatured for 5min at 75 °C with 70% formamide. Fol-
lowing a 2-day hybridization, washing and post hybridization steps were followed
by the manufacturer’s SKY Paint™ Kit. Slides were counterstained with DAPL Ten
metaphases were analyzed using a Zeiss microscope (Axioplan 2; Zeiss, Oberkochen,
Germany) equipped with the appropriate filters (DAPI, Texas-Red, Spectra Orange,
FITC, Cy5, Cy5.5) and the MetaSystems ISIS imaging software programs.

2.3. SNP 10K mapping array analysis

2.3.1. SNP chip hybridization

DNA samples were processed according to the standard GeneChip Mapping
10K (V2.0) Xba assay protocol (Affymetrix Inc., Santa Clara, CA). Reference human
genomic DNA supplied in the assay kit was used as a control for the calculation
of copy number changes. Briefly, 250 ng of DNA was digested with Xbal and lig-
ated with the Xbal adaptor prior to PCR amplification (35 cycles) using AmpliTaq
Gold with Buffer Il (Applied Biosystems, Foster City, CA). Hybridized arrays were
processed with an Affymetrix Fluidics Station 450 and fluorescence signals were
detected using the Affymetrix GeneChip Scanner 3000,

2.3.2. Analysis of SNP Chip Data

Alleles (AA, AB, or BB) at each SNP were determined using the algorithm of Lin
etal.[10] as implemented in the Affymetrix software package (GDAS). Regional LOH
was identified whenever an uninterrupted contiguous stretch of >50 homozygous
(AA or BB) genotypes was encountered with segments of DNA greater than ~15 Mb
(see Section 3). Copy number changes were estimated from the allelic dosage anal-
ysis, represented by the signal intensity ratio of HL60 and HL60RG samples with the
reference samples for both alleles.

Table 1

2.4. Affymetrix GeneChip expression analysis

2.4.1. Chip hybridization

Samples were analyzed in duplicate and 5 jug total RNA was used as the starting
material. Single cDNA synthesis, cRNA labeling, and cRNA fragmentation were con-
ducted according to the manufacturers recommendations (Affymetrix Inc., Santa
Clara, CA). The hybridization mixture was hybridized using an Affymetrix U133A
human genome array. Hybridized arrays were washed and stained and fluorescence
signals were detected using the Affymetrix GeneChip Scanner 3000.

2.4.2. Analysis of gene expression data

The image files were converted into expression data using the Microarray Suite
Software (Affymetrix Inc., Santa Clara, CA) and the data was imported into Gene-
Spring software (Silicon Genetics, Redwood City, CA) for further analysis. Briefly,
signal intensity was normalized by per-gene and per-chip and ratios were calcu-
lated by normalizing HL60RG samples to HL60 samples. Probe sets were filtered
based on presence call. The gene selection criteria was defined as follows: for nor-
malized data replicates that exceeded a 2-fold change in gene expression levels and
reporting at least one presence call in HL60RG samples, the gene was selected as
the up-regulated gene. If the normalized data replicates of HL6ORG samples were
lower than 0.5-fold for changes in gene expression levels, and reporting at least one
presence call in the HL60 sample, the gene was selected as a down-regulated gene.

2.5. DNA methylation analysis

To determine the methylation status of TNFRSF1B and the TNFRSF8 promoter, we
carried out bisulfite mapping for a CpG-rich domain in the gene promoter. Bisulfite
treatment of genomic DNA was performed using an EpiTect Bisulfite Kit (Qiagen,
Valencia, CA) according to the manufacturer’s protocol. Non CpG “C” and unmethy-
lated CpG “C” were converted to “T”, whereas methylated CpG “C” remained as “C”
by the treatment.

The primers were designed (Table 1) in the region without CpG dinucleotides to
amplify both methylated and unmethylated alleles. PCR products were checked by
agarose gel electrophoresis. ABI PRISM BigDye Terminator Kit (PE Biosystems, USA)
was used to perform direct sequencing of PCR products using an ABI PRISM 3100
genetic analyzer (Applied Biosystems Japan Ltd.).

3. Results
3.1. G-banding and M-FISH

The G-banding and M-FISH analysis were performed on the
metaphase chromosome of the HL60 and HL60RG cells.

All 20 cells observed showed numerical and/or structural aber-
rations. The modal number was 2n=45 (11/20) and 2n=46 (9/20)
for the HL60 cell, and 2n=43 (16/20) and 2n =44 (4/20) for HL60RG
cell. Representative metaphases were shown in Fig. 1C and D. HL60
cell has trisomy of chromosome 6 and/or 18 and monosomy of 17
and X. Derivative chromosome of 10 and 13 were observed.

A representative image of the M-FISH analysis is shown in
Fig. 1A and B. Several translocations and numerical changes were
detected in both cell types, the common changes reported by
Birnie [3], including deletions of the q arm of chromosome 5, were
also found in both HL60 and HL60RG cells. The majority of kary-
otypic changes including 5p:17q translocation were detected in
both cell-lines. The amplification of the MYC oncogene expressed
on double minute chromosomes (DMs) in HL60 cells (Fig. 1A) [14]
was integrated within a homogenously staining region (HSR) on
chromosome 9 in HL60RG cells (Fig. 1B). Compared with HL60 cell,
the additional alteration in HL60RG is deletion in chromosome 11p,
and the derivative of chromosome resulted from translocations of

Primer design for bisulfite sequencing PCR. For primer design, get the CpG island information and DNA sequence of TNFRSF8 and TNFRSF1B from the human genome browser
at UCSC [41], then use a MethPrimer program to pick primer for bisulfite sequencing PCR [42].

TNFRSF1B (NM.001066.2, NT.021937.19)

TNFRSF8 (NM_001243, NT.021937.19)

Primer 5’ — 3’ GGGTATTTGGGGTTGAGTAG CAAAACCCTAATATTTCTAAAAAATC
Primer 3’ — 5’ AGTGTGAATTGGATTGAGAGTATTGT CCAACCAATAACCAACTTAAAAAAA
Product size 223bp 218bp

CpGs in product 16 14

From transcription start site 630bp 456bp

PCR condition

95°C30s,52°C30s,72°C30s, 50 cycles

95°C30s,55°C30s, 72°C30s, 50 cycles
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Fig.1. Comparison of karyotypes of M-FISH and G-banding analysis in HL60 (A and C)and HL60RG (B and D). Each chromosome of M-FISH is labeled in a different color, shown
in the right panel of the (A) and (B). The common changes in both cell lines are—Y, der(5)t(5:17)(q11.2;q11.2), add(7)(q32), der(9)del(9)(p13)add(9)(q3?2), add(14)(q22),
add(16)(q23), -17. Compared with HLG0 cell, the additional alteration in HL6ORG is ins(9;7)(q13;?), der(10)t(10;13)(p11.1;q14), der(11;13)(q10;q10). The amplification of
the MYC oncogene expressed on DMs in HL60 cells was integrated within a HSR on chromosome 9 in HL60RG cells.

chromosome arms 13 (Fig. 1B). The deletion in chromosome 10
occupied approximately a half of the short arm in the HL60 cells
but it extended to whole 10p region in HL60RG cells. An amplifica-
tion in chromosome 13q spans the shorter region in RG cells than
in HL60 cell.

3.2. Genome wide analysis of LOH and copy number changes in
HL60 and HL60RG cell

Allele call rates in HL60RG and HL60 samples were 98.84% and
96.76%, respectively. LOH regions were identified when segments
of DNA greater.than ~15 Mb and a contiguous nucleotide sequence
stretch of >50 SNPs reported homozygous (AA or BB) genotypes.

The characteristic chromosome alterations were observed in
HLG0RG but not in HL60 cells with a LOH in whole-arm chromo-
some 1 at 10p and 11p. Quantification of allelic copy number of
the SNP call signal intensity data showed that LOH in chromosome
1 was due to UPD. This was because the copy number showed no
change compared with reference human genomic DNA. However,
all SNPs in chromosome 1 were homozygous genotype. The 10pand
11p LOH detected in HL60RG was caused by allelic loss/deletion.
The common change in both HL60 and HL60ORG cells were from
hemizygous deletion at 5q, 9p, and 17p. (Table 2).

Chromosomal dosage analysis showed that the region on chro-
mosome 8q24 encompassing the MYC locus was amplified and the
amplification was identified as three non-contiguous regions by
SNP array in both HL60 and HL60RG cells. (Fig. 2).

Table 2

Location and type of LOH in HL60 and HL60RG cells detected by SNP 10K mapping
array LOH in 5q, 9p and 17p in both cells and LOH in 11p in HL6ORG were also
detected by M-FISH (Fig. 1A and B).

LOH region LOH type

5q11.2-5q31.2
9p23-9p21.1
17p11.2-pter

Hemizyous deletion
Hemizyous deletion
Hemizyous deletion

Common change in
HL60 and HL60RG

Whole arm chromosome 1
10p11.21-pter
11p11.2-pter

Uniparental disomy
Hemizyous deletion
Hemizyous deletion

Detected only in
HL60RG

3.3. Gene expression analysis

To better understand how the alterations in DNA content influ-
enced the global gene expression pattern, and to identify the
candidate genes that coordinately promoted tumor progression in
HLG6ORG, we analyzed differential gene expressions between two
cells using Affymetrix U133A GeneChip. Supplemental Table 1 lists
~600 genes that significantly changed expression levels in HLG0ORG
compared with HL60.

3.3.1. Gene expression level in chromosome 1 and differentially
expressed genes TNFRSF1B and TNFRSF8

Chromosome 1 was detected to be UPD in HL60RG from SNP
Chip data. A small percentage of genes showed expression level
changes. The number of selected genes was less than 40 (more
than 1000 genes were detected with a presence call in chromo-
some 1 by the array). We focused on two genes with extensive
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Fig. 2. Comparison of copy number plots for chromosome 8q24 of MYC locus between HL60 cells (blue color) and HL60RG cells (red color). The y-axis represents the probe
intensity ratio of HL60/HL60RG versus reference sample. The x-axis display the physical position on chromosome 8q24. Each ‘s’ symbol represents a probe set from Affymetrix
10K SNP mapping array data. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

changes—TNFRSF1Bencodes one of the tumor necrosis factor recep-
tors and in conjunction with TNFR1, both mediate TNF-induced
apoptosis together. The TNFRSF8 gene is a cell surface antigen
and a marker for Hodgkin lymphoma and related hematologic
malignancies. Interestingly, these two genes are located adja-
cently in 1p36.22 (TNFRSF8: 12,046,021-12,126,849; TNFRSF1B:
12,149,647-12,191,863; UCSC Genome Browser on Human Feb.
2009 Assembly). However, the alteration was observed to be totally
opposite. The expression of TNFRSFIB (Systematic No. 203508_at)
was lost in HL60RG. The signal intensities for the two probe sets
with presence calls in HL60 were 160 and 219 respectively. In
HL60RG for the absence calls, the levels corresponded to 7 and
22. The expression of TNFRSF8 (Systematic No. 206729_at) was up-
regulated for about 10 times. The signal intensity for two probes
in HL60 were 114 and 97, respectively and were 969 and 1112
in HL60RG cells both probes with presence calls. This result was
further confirmed by quantitative RT-PCR (data was not shown
here).

3.3.2. Gene expression level in 11p11.2-pter hemizyous deletion
region in HL60RG cells

Gene expression levels of the deleted chromosome 11 region
in HL60 and HL60RG cells were compared by scatter plots. Fig. 3
shows the expression pattern of 11p11.2-pter genes in the HL60RG
sample. Most of the genes were down-regulated in this region,
but three genes, namely IFITM1 (Systematic No. 201601 x_at and
214022_s_at), IFITM2 (Systematic No. 201315 x-at) and IFITM3 (Sys-
tematic No. 212203 _x_at) were up-regulated by a factor greater
than 2-fold. The IFN-inducible transmembrane (IFITM) family of
genes have beenreported to function as amolecular marker in some
tumors [15,16]. It has been demonstrated that loss of the maternal
allele in 11p is involved in the pathogenesis of cancer [17,18]. In
this study, maternally imprinted genes, namely CDKN1C (cyclin-
dependent kinase inhibitor 1C, Systematic No. 213348_at), KCNQ1
(potassium voltage-gated channel, KQT-like subfamily, member
1. Systematic No. 204486._at), and TSSC4 (tumor-suppressing sub-
chromosomal transferable fragment 4, Systematic No. 218671 _s_at)
detected by the array were down regulated. However, paternally
expressed genes, IGF2 and INS showed no change in expression lev-
els in HL60RG; which suggested that the deletion event might occur
in the maternal chromosome.

3.3.3. The other differentially expressed genes and MYC
expression

Numerous changes involved in increased growth rate in HL6ORG
cells were detected by expression array. Expression levels of HLAs,
S100-A8 and 9, and ELA2, which was high in HL60, fell down to

the absent call in HL60RG. Inversely, a most striking up-regulation
in HL60RG was observed for interleukin 32 (IL32, Systematic No.
203828_s.at)and hepatocyte growth factor (HGF, Systematic No.
209960.at, 210997_at, 210998_s_at and 210755.at), which expres-
sion was absent in HL60. The expression levels in MYC showed no
differences among the cell lines in this study.

3.4. DNA methylation status in promoter region of TNFRSF8 and
TNFRSF1B genes

To study whether the opposite expression changes in TNFRSF8
and TNFRSF1B were a consequence of UPD on chromosome 1, we
investigated the DNA methylation status in the promoter region of
both genes. The number of the CpG island in the promoter region
in TNFRSF8 and TNFRSF1B was 63 and 90 respectively. Primers were
designed for these regions and methylation-specific PCRs were con-
ducted (see Section 2). The sequence analysis showed TNFRSF8 was
unmethylated in HL60RG and only one allele was methylated in
HL60, as shown in Fig. 4A, C peak and T peak were overlapped in
HL60 compared with HL60RG, which means half of CpG “C” was
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Fig. 3. Scatter plots of gene expression in LOH region (11p11.2-pter) of HL60RG.
In the scatter plot view, each ‘s’ symbol represents a gene, the vertical position of
each gene represents its expression level in the HL60RG, and the horizontal position
represents its control strength. Thus, genes that fall above the diagonal are overex-
pressed and genes that fall below the diagonal are underexpressed in the HL6ORG
cells. The maternally expressed genes were marked with red circles and the pater-
nally expressed genes were marked with blue circles respectively, and the names
were given. (For interpretation of the references to color in this figure legend, the
reader is referred to the web version of this article.)
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1. — represents gene expression, - represents the lost of gene expression.

converted into T by bisulfite modification, that is, one allele of
TNFRSF8 was methylated, while both parental alleles in TNFRSF1B
were unmethylated. However, in HL60RG cells, both parental alle-
les were unmethylated in TNFRSF8 but methylated in TNFRSF1B
(Fig. 4B).

The gene expression data showed that TNFRSF8 in HL60RG cells
was over-expressed and was accompanied by the loss of methyla-
tion in the promoter region; while TNFRSF1B in HL60RG cells was
under-expressed with both alleles methylated (Fig. 4B).

4. Discussion

HL60 has been extensively used as a model for myeloid differen-
tiation and leukemia. HL60RG, the sub-cell-line of HL60 exhibits a
higher growth rate. A comparative study on chromosomal changes
in these cells would provide information about the mechanism of
malignant progression. In this study, we used G-banding, M-FISH
and Affymetrix 10K SNP mapping array to identify and characterize
genomic alterations in HL60RG. As described previously, SNP arrays
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can detect the presence of acquired homozygosity and determine
whetheritis due to mitotic recombination or deletion by evaluation
of the signal intensity [9,10,19]. In the present study, UPD on chro-
mosome 1in HL60RG was detected by the 10K SNP array but not by
the M-FISH and G-banding; something that was not possible using
conventional cytogenetic methods. Reports have also indicated that
this technology is useful for the identification of genomic changes,
particularly for UPD in acute myelogenous leukemia (AML), which
represents a genetically heterogeneous disease [20-22]. UPD is
thought to contribute to leukemogenesis by causing homozygos-
ity of gene mutations located in their respective genomic regions.
UPD may also arise by duplication of a chromosomal segment har-
boring imprinted genes. UPD in chromosome 1 in HL60RG cells can
lead to critical changes in gene expression that may be relevant for
the issue of the increased growth rate in HL60RG.

10K SNP mapping array is useful for high-resolution analysis
of chromosomal imbalances. It can identify novel imbalances that
other techniques cannot resolve. In this study, the region on chro-
mosome 8924 encompassing the MYC locus was amplified as three
non-contiguous regions in both HL60 and HL60RG cells. Studies
using conventional cytogenetic methods including FISH and CGH
had reported the major amplicon present in HL60 cells is chimeric
in nature, being composed of DNA sequence derived from the MYC
locus linked to novel DNA sequence derived from a non-contiguous
region at 8q24 [23,24].

Genome-wide analysis using SNP array has verified the exis-
tence of multiple chromosomal abnormalities in HL6ORG. To define
how the genomic aberrations interacted with gene dosage changes
that conjointly promote rapid growth in HL60RG, we determined
changes in gene levels using expression array methodology.

In 11p11.2-pter hemizygous deletion region of HL60RG cells, a
significant correlation was found between perturbations in gene
expression and DNA content (Fig. 3). Particular genes located in the
deletion region exhibited increased expression levels. These candi-
date genes may be involved in the progression of HLGORG. The IFITM
family of genes that include [FITM1, IFITM 2 and IFITM 3 have been
reported as a molecular marker in some tumors [15]. However,
the decreased expression of maternally imprinted genes including
CDKN1C, KCNQ1, and TSS(4 in this region may be a causal factor for
tumor progression of HL6ORG, as these genes are essential for nor-
mal growth and development [25]. Other candidate genes with a
significant gene dosage change were also identified. Up-regulations
of HGF and IL32 suggested these factors act as autocrines to stim-
ulate the growth of HL60RG cells; HLA class-I1 was down-regulated
in HL60RG cells and has been reported in a variety of malignancies
and can unfavorably influence clinical outcomes, promoter hyper-
methylation was found to be one of the major epigenetic changes
responsible for gene inactivation [26-28]. All of these genes may
conjointly induce increased growth rate and malignancy devel-
opment in HL60RG cells. The pathway analysis was performed
on the further selected 176 genes based on the intensity depen-
dent fold-change, using the GeneSpring (Agilent) software. This
latter analysis revealed a large set of directly interacting genes
(25/176), including HGF, TNFRSF8, TNFAIP3, CXCR4, HLA-family (A,
B, C, E, and F), and S100 calcium binding proteins (A6, A8 and A9)
(Supplemental Fig. 1). Gene ontology analysis resulted in a con-
densation of genes belonging to the category “response to external
stimulus” (6-16%) (Supplemental Fig. 2).

The expression level of genes located on chromosome 1 in
HL60RG did not show a distinct perturbation compared with HL60.
Two genes, TNFRSF8 and TNFRSF1B are both members of the TNF-
receptor superfamily and were viewed as candidate genes. Both
genes are reported to be associated with apoptosis, but neither
has been extensively studied. TNFRSF8 has been used as a marker
of disease activity in various lymphomasa [29-32]. TNFRSF1B has
been found to be involved in both proapoptotic and antiapoptotic

signaling. Some studies have indicated that TNFRSFIB is over-
expressed in chronic lymphocytic leukemia but not in follicular
lymphoma [33]. Our study established that TNFRSF1B was under-
expressed in contrast to TNFRSF8 which was over-expressed
in HL60RG cells. The possible link between changes in gene
expression and increased growth rate in HL60RG requires further
investigation.

We determined the DNA methylation status in the transcrip-
tional regulatory region of TNFRSF1B and TNFRSF8. We found
TNFRSF8 in HL60 to be methylated on one allele and non-
methylated on the other. However, in HL60RG cells both alleles
were non-methylated. The aberrant methylation of the TNF(R) gene
family is associated with some disease progression, overexpres-
sion of-CD70 (TNFSF7) by the hypomethylation of the promoter
is reported in the CD4+ T cells of lupus patients [34], and
the inactivation of TNFRSF10C by CpG island hypermethylation
was found to play an important role in pancreatic cancer cell
progression [35]. It is interesting to know whether a common
mechanism exist for controlling TNF (R) gene family expression by
methylation.

It is presumed that the UPD of chromosome 1 may result in
the loss of the TNFRSF8 methylated allele and may lead to up-
regulation of TNFRSF8 expression as shown in HL60RG. By contrast,
both parental alleles of TNFRSF1B showed an unmethylated pattern
in HL60 but methylated in HL60RG. Methylation of the promoter
may cause the loss of TNFRSF1B expression. Further investigation
is required to determine whether methylation of the TNFRSF1B
gene promoter is dependent on the loss of methylation of the
TNFRSF8 gene promoter. No studies have been reported concerning
the methylation mechanism and relationship between methyla-
tion and gene expression of the two genes. Based on our study,
we propose for the first time a hypothesis that the expression of
both genes (TNFRSF1B and TNFRSF8) may be conjointly regulated
through DNA methylation. TNFRSF8 and TNFRSF1B are separated by
only ~23 kb on 1p36. A similar pattern was shown exist on two
genes, namely H19 and IGF2, which are located in close proxim-
ity both in human (11p15.5) and mice (distal chromosome 7) and
are reciprocally imprinted [36]. Studies on H19 showed the inac-
tive paternal allele to be heavily methylated whereas the active
maternal allele was unmethylated. Loss of the maternal allele
causes activation of the normally silent maternal allele of IGF2.
Both TNFRSF8 and TNFRSF1B were shown to behave similarly in our
study [37-40].

In brief, two types of array-generated data (SNP and expression)
were collected from HL60 and its sub-cell-line HL60RG. Genomic
aberrations and candidate genes, which may be associated with
increased growth rate in HL60RG, were identified. These results
should aid our understanding of the mechanism of tumor malignant
progression.
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Abstract: In this study we tested the genotoxicity of two widely used phenolic antioxidants, butylated
hydroxyanisole (BHA) and fer-butylhydroquinone (TBHQ) in multiple mouse organs using the alkaline comet
assay. Tissue samples from four organs (stomach, liver, kidney and bone marrow) were collected from male mice at
3 and 24 h post treatment with BHA (800 mg/kg) or TBHQ (400 mg/kg) and examined for genotoxicity. The two
compounds induced significant increase in DNA migration in a time dependant manner in specific organs. Extensive
DNA damage was observed in stomach cells at 24 h post treatment in treatment groups. In addition to stomach,
TBHQ treatment induced significant increase in DNA migration in liver and kidney cells. Although increased DNA
damage was found in kidney cells of treatment groups at 3 h time point, at later time point it was persistent only in
mice treated with TBHQ and in other treatment group (BHA) it appeared to be recovered with time. Evidently, bone
marrow cells did not show genotoxicity in response to treatment with TBHQ and BHA. Considering these findings,
although TBHQ and BHA are generally considered non-genotoxic, the DNA damage observed in this experiment
may be related to their indirect action on DNA via ROS mechanism. Since toxicity of these compounds are often
ascribed to their metabolic products such as quinone thioethers and hence differences in the metabolism of these
compounds may play an important role in determining the target organ of toxicity. The present work draws our
attention to revising the genotoxicity of the widely used antioxidants and accepted as safe artificial antioxidants.
[Ramadan, A.M. Ali and Takayoshi Suzuki. Detection of Genotoxicity of Phenolic Antioxidants, Butylated
hydroxyanisole and tert-butylhydroquinone in Multiple Mouse Organs by the Alkaline Comet Assay. Journal
of American Science 2012;8(1):722-727 ] (ISSN: 1545-1003). http://www.americanscience.org. 98
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1. Introduction BHA has been ascribed to its ability to induce Phase
Butylated hydroxyanisole (BHA, 3-tert-butyl 4- II metabolic enzymes and its free radical trapping
hydroxyanisole) and its O-demethylated metabolite activity (Kadoma er al, 2008; Cemeli and
tert-butylhydroquinone  (TBHQ) are synthetic Anderson, 2011); its carcinogenicity has been often
phenolic food antioxidants widely used to protect oils, linked to its quinone-forming metabolites, a property
fats and shortenings from oxidative deterioration and that BHA shares with benzene. Quinones are highly
rancidity (Finley et al., 2011). Both compounds are reactive molecules, which can bind to biological
generally non-mutagenic and nearly all short-term macromolecules (Tu ef al, 2011) and induce
genotoxicity tests including the classic Salmonella chromosomal loss or chromosomal breakage
typhimurium with or without S9 fraction (Matsuoka (Jacobus et al., 2008).
et al., 1990), unscheduled DNA synthesis assay using The scope of this research is to determine the in
rat hepatocytes, and except both positive and vivo genotoxic effects of TBHQ and BHA in
negative results with and without activation different organs of mouse. Through conducting the
respectively in  Chinese hamster cells for single cell gel electrophoresis assay (Comet assay) on
chromosomal aberration and sister chromatid four organs (stomach, liver, kidney and bone
exchange are negative (Matsuoka et al., 1990; marrow) of mice treated with TBHQ (400 mg/kg) or
Williams ef al., 1990). On the other hand; chronic BHA (800 mg/kg). In addition, to identify possible
dietary administration of BHA resulted in DNA time dependent effect, tissue samples were collected
damage in forestomach of rats (Morimoto et al., on two occasions, 3 and 24 h post treatment and
1991) and papilloma and carcinoma formation in the subjected to the alkaline version of the comet assay.
forestomach of rats, mice and hamsters (Clayson et The comet assay is a sensitive cytogenetic assay with
al., 1990; Chandra ef al., 2010). In fact, both BHA advantages of detecting broad spectrum of DNA
and TBHQ have shown to contain both carcinogenic damages which may lead into DNA strand breaks, the
and anticarcinogenic properties (Kahl, 1997; need of small number of cells per sample, and the
Gharavi et al., 2007). Anticarcinogenic activity of short time needed to do a complete study (Tice et al.,
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2000).This assay could be applied to any tissue in the
given in vivo model, and has potential advantages
over other in vivo genotoxicity tests methods, which
are reliably applicable to one or few tissues which is
considered a very important matter for investigation
of suspected tissue specific-genotoxic activity, which
include ‘site of contact” genotoxicity.

2- Material and Methods
Chemicals

All chemicals used in this study were purchased
from Wako Pure Chemical Industries, Ltd. (Osaka,
Japan).

Animals and treatments.

Twenty male ddY mice were obtained from Japan
SLC (Shizuoka, Japan) at 7 weeks of age and used
after one week of acclimatization. They were
maintained at 20 -24°C and 55-65 % humidity with a
12-hr light-dark cycle and fed commercial pellets
(Orintal Yeast Industries Co., Tokyo, Japan) and tap
water ad libitum. Aqueous solutions of TBHQ (400
mg/kg) and BHA (800 mg/kg) were administered
intragastrically to two groups of three mice at a dose
level of 10 ml/kg. A positive control (ENU, 20
mg/kg) group of two mice were treated at the same
time in the same manner. The animals were sacrificed
by cervical dislocation at 3 h and 24 h after treatment
and four organs - bone marrow, liver, kidney and
stomach - were dissected out. Tissue samples were
collected from four untreated mice at the latter
sampling point (24 h) and treated as the negative
control.

The tissue samples except bone marrow were
washed in saline, minced, suspended at a
concentration of 1 g/ml in ice cold homogenizing
buffer (HBSS with 20 mM EDTA, 10% DMSO, pH
7.5) and homogenized gently using a Dounces’
homogenizer. The marrow was collected from the
femur bones and suspended in 1 ml of chilled
homogenizing buffer. The cell suspensions were
diluted in chilled homogenizing buffer appropriately
and subjected to the alkaline comet assay
immediately (Tice et al., 2000).

Comet assay

The alkaline comet assay was preformed basically
as described by Miyamae ef al. (1998) with few
modifications. The cell suspensions prepared as
above were mixed 1: 1 (v/v) with 1% low melting
point (37°C) agarose (LMA) prepared in PBS, pH 7.4
and 75 pl of the mixture was quickly layered on a 1%
normal melting point agarose (NMA) (prepared in
distilled water) precoated and overnight dried slides
and covered with a coverslip. Then the slides were
placed on a chilled plate to allow complete
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polymerization of agarose. Finally 75 pl of 0.5%
NMA in PBS was quickly layered in the same
manner after removing the coverslip and allowed to
solidify on chilled plate. The slides were immersed in
freshly made chilled lysis solution (2.5M NaCl,
100mM Na,EDTA, 10mM Trizma base, 10% DMSO
and 1% Triton X-100; pH 10.0) in dark at 4°C for 60
min. The slides were then placed in a horizontal
electrophoresis tank containing electrophoresis buffer
(300mM NaOH and 1mM Na,EDTA; pH 13.0) for
10 min, allowing salt equilibration and further DNA
unwinding before electrophoresis at 25 V (0.8V/cm),
300 mA for 20 min. The slides were washed three
times (5 min each) with chilled neutralizing buffer,
0.4M Tris-HCl (pH 7.5). After the third wash, the
slides were stained with 50 pl EtBr (20 pl/ml) and
covered with a coverslip. To prevent drying, the
slides were stored in a humidified container until
microscopic examination.

The slides were examined at 200x magnification
using Olympus fluorescent microscope. All slides
were coded and examined blindly. A total of 1000
randomly selected cells from two replicate slides
(500 cells per slide) were examined per sample. The
comets were classified into five categories (Typel —
Type 5) depending on the fraction of DNA migrated
out into the tail, and thus increasing degrees of
damage (Miyamae et al., 1998). The comets were
assigned a value of 0, 1, 2, 3 or 4 (from undamaged,
0, to maximally damaged, 4). Thus, the total score for
1000 comets ranged from O (all undamaged) to 4000
(all damaged) in arbitrary units (Visvardis et al.,
1997; Piperakis ef al., 1998). In this method a large
number of cells can be examined in a short time.

Statistical analysis

Results of the different treatment groups were
compared to data obtained from four untreated mice
using Students’ one-tailed t-test (Fowler et al,
1998). Significance was indicated by P values <0.05

3. Results

As shown in table 1; the comet data measured by
visual scoring from four organs (bone marrow, liver,
kidney and stomach) from mice intragastrically
treated with TBHQ (400mg/kg b.w.) or BHA (800
mg/kg b.w.) for 3 and 24 hr. In this experiment comet
data obtained from four untreated mice were treated
as the negative control and used for comparison.
Among TBHQ treated animals, 24 hr after exposure
mean DNA migration score was significantly
(P<0.05) high in 3 organs (stomach, liver and
kidney), although at earlier time point relative to
control value it was different significantly only in
kidney. In bone marrow the induced DNA strand
breaks were not significant at both time points.
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Fig. 1. Incidences of comet cells in mice treated with TBHQ (400 mg/kg b.w.), BHA (800 mg/kg b.w.) and the
positive control ENU (20 mg/kg b.w.) for 3 and 24 h. The comet cells derived from bone marrow (Figs. 1A and
1B), liver (Figs. 1C and 1D), kidney (Figs. 1E and 1F) and stomach (Figs. 1G and 1H).
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Table 1. Incidences of comet cells without type 1 in bone marrow, liver, kidney and stomach of mice treated with -BHQ and BHA for 3 and24 h.

Pooled calculations of incidences of comets without type 0

Treatia (Average/500 cells £S.D.) g X b
Bone marrow Liver Kidney Stomach
3h 24h 3h 24h 3h 24 h 2h 24h

Control (Dis. H20) 1463 £125.3 156.5 £16.3 202.0 +116.0 369.5 £99.3 2833+1103 3053946 350.0+£109.4 4795+ 145
t-BHQ (400 mg/kg) 213.7£ 136 2343 +£37.7 2745 +£61.3 4252 £59.6* 4475 £66.1 3852 +66.1* 4535+29.1 4903 £8.1*

BHA (800 mg/kg) 27931715 226.0+45.1 345.0 £40.5 2372722 397.2 £79.1* 287.3 +97.7 483.3 +£13.6* 490.1 + 11.6*
ENU (20 mg/kg) 495.0 £ 6.0** 498.5+3.0%* 500.0 +0.0** 500.0 +£.0.0*** 500.0 £ 0.0**  500.0 = 0.0%** 498.25+2.1**  500.0 + 0.0***
n.b.

ns =non significant; *=(P<0.05); *=(P<0.01); *=(P<0.001)

Exposure to BHA resulted in significant (P<0.05)
increase in DNA migration in a time dependent
manner in specific organs which was observed
among stomach tissues at both sampling points, in
kidney it occurred only at 3 hr time point and then
decreased with time. Following BHA treatment liver
and bone marrow cells did not yield any significant
increase in mean DNA migration. ENU (20 mg/kg)
treatment produced highly significant (P<0.001)
DNA damage in all four tested organs at both time
points.

Figure 1 shows the distribution pattern of nuclear
DNA expressed as the percent cells in the five comet
classes from Type 1 (undamaged) to Type 5
(maximally damaged) in various organs of mice
belonged to different treatment groups. Except in
ENU (positive control) treated group, in other
samples some cells/nuclei remained undamaged
(category Type 1). At both sampling time points in
all treatment groups' greater numbers of comets
showed high levels of DNA damage (category Type
4) in stomach sells. The frequency distribution of
DNA damage among individual hepatocytes showed
that the number of damaged cells and the extent of
damage were greatest among mice treated with
TBHQ (Figures 1-C and 1-D). Similarly in renal cells
the extent of DNA damage decreased with time in
BHA treated animals (Figures 1-E and 1-F). Higher
levels of damage were observed in renal cells from
TBHQ treated mice. Among bone marrow cells in
treatment groups (TBHQ and BHA) over 50% of the
cells showed no damage (Figures 1-A and 1-B)

4. Discussion

Considering the strong correlation between organ
specific  genotoxicity and  organ  specific
carcinogenicity, the assessment of genotoxicity in
multiple organs in vivo may indicate that it would be
the target organ(s) in humans and provide useful
information for the evaluation of chemical safety.
While other in vivo genotoxicity tests are limited to
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one or few tissues, the comet assay can be applied to
any tissue provided that a single cell/nucleus
suspension can be obtained. Therefore, in the present
research, to test the tissue specific genotoxic effect of
TBHQ and, BHA mice were administered
intragastrically with the test compounds and various
organs were examined for genotoxicity using the
comet assay. Results of this research suggest that the
test compounds induced significant DNA strand
breaks in stomach cells and the effect was more
pronounced among BHA treated animals at both
sampling occasions. With TBHQ, a significantly
higher degree of DNA damage was observed at 24 h
time point, although at earlier time point (3 h) the
induced DNA damage in these treatment groups were
not significantly different from control data. These

observations again acknowledge the earlier findings’

that stomach in particular forestomach in rodent is
the target organ for BHA induced genotoxicity. It is
also important to remember that there are several
bioassay reports describing neoplasm-promoting
effects of BHA and TBHQ in the fore stomach when
given after initiating carcinogens such as N-methyl-
N-nitro-N-nitrosoguanidine (MNNG) (Kuroiwa et
al., 2007; Liu and Russell, 2008), N-methyl-N-
nitrosourea (NMU) and N,N-dibutylnitrosamine
(DBN) (Fukushima et al., 1987). In this respect,
there are studies, which demonstrated that BHA
inhibits cell-to-cell communication (Williams ef al.,
1990), which is often considered-a marker for tumor
promoters (Leithe et al., 2006; Vinken et al., 2009).
In the bone marrow cells, although at earlier time
point a non-significant increase in DNA migration
was observed in BHA and t-BHQ treated animals, it
was not persistent at latter time point and appeared to
be recovered with time. /n vivo BHA is metabolized
to t-BHQ in the liver (Peters et al., 1996; Moridani
et al., 2002). TBHQ and HQ are further oxidized to
their respective quinone species, 1,4-benzoquinone
and tertiary-butylquinone, which in turn may enter
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into a redox cycling between quinone and
hydrequinone via semiquinone radicals and can
generate reactive oxygen species (Peters et al., 1996;
Li et al., 2002). These ROS may then react with
cellular protein and DNA and thus cause large-scale
chromosomal alterations (Cerutti, 1985). The test
compounds used in this study have been reported to
be nephrotoxic and can induce tumor in rodent
kidney (Shibata et al., 1991; Kari et al., 1992).
Nonetheless, the evidence for genotoxicity as
increased level of DNA migration in the liver and
kidney was observed only in mice treated with t-
BHQ. The nephrotoxicity of these compounds are
often linked to their quinone thioether metabolites
(Monks et al., 1992) and their ability to react with
DNA either directly (Jacobus ef al., 2008) or
indirectly via reactive oxygen generation (Li et al.,
2002; Li e al., 2007).Hence, differences in
metabolism of these compounds and ability of their
metabolites to generate ROS could be a possible
reason for the observed differences in toxicity
(Kadoma et al., 2008).

DNA strand breaks are associated both to the
removal of DNA adducts by endonuclease and tothe
direct action of the chemicals and/or the free radicals
produced during their metabolism, which then creates
both single- and double-strand breaks in DNA (Bohr,
1991). Investigations of BHA and its metabolites
have not demonstrated DNA adducts formation, as
measured by the sensitive [*2P] postlabelling assay
(Saito et al., 1989). Previous research has showed
that enzymatic oxidation of TBTQ in rodent
forestomach may occur via prostaglandin H synthase
PHS (Schildermanet al., 1993) or possibly a gastric
peroxidase (Banerjee, 1988). It is widely believed
that TBHQ; an O-demethylated metabolite of BHA
probably produces many of the toxic effects ascribed
to BHA. It is also postulated that BHA and TBHQ act
through ROS induced oxidative damage including
DNA damage (Inverson, 1995). Supporting this
suggestion studies have demonstrated the formation
of 8-hydroxydeoxyguanosine, a marker for reactive
oxygen formation and for DNA strand breaks
(Schilderman et al., 1995; Okubo et al., 1997), in
calf thymus DNA (Nagai ef al., 1996) and in isolated
DNA and cultured rat hepatocytes (Li et al., 2002)
treated with TBHQ. Peters et al (1996) have
demonstrated that TBHQ and its glutathione
conjugates are capable of catalyzing 8-
hydroxydeoxyguanosin formation and thus induce
oxidative DNA damage. Further, Dobo and
Eastmond (1994) have demonstrated the role of
reactive oxygen species in the chromosomal breakage
induced by TBHQ in a prostaglandin H synthase
containing Chinese hamster V79 cell line.
Considering these findings, although TBHQ and
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BHA are generally considered non-genotoxic, the
DNA damage observed in this experiment may be
related to their indirect action on DNA via ROS
mechanism. Since toxicity of these compounds are
often ascribed to their metabolic products such as
quinone thioethers and hence differences in the
metabolism of these compounds may play an
important role in determining the target organ of
toxicity.
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