
Effects of Nickel, Chromate, and Arsenite on Histone 3 Lysine
Methylation

Xue Zhou, Qin Li, Adriana Arita, Hong Sun, and Max Costa*
Nelson Institute of Environmental Medicine, New York University School of Medicine, 57 Old Forge
Road, NY 10987, USA

Abstract
Occupational exposure to nickel(Ni), chromium(Cr), and arsenic(As) containing compounds has
been associated with lung cancer and other adverse health effects. Their carcinogenic properties may
be attributable in part, to activation and/or repression of gene expression induced by changes in the
DNA methylation status and histone tail post-translational modifications. Here we show that
individual treatment with nickel, chromate, and arsenite all affect the gene activating mark H3K4
methylation. We found that nickel(1 mM), chromate(10 μM), and arsenite(1 μM) significantly
increase tri-methyl H3K4 after 24 h exposure in human lung carcinoma A549 cells. Seven days of
exposure to lower levels of nickel(50 and 100 μM), chromate(0.5 and 1 μM) or arsenite(0.1 0.5 and
1 μM) also increased tri-methylated H3K4 in A549 cells. This mark still remained elevated and
inherited through cell division seven days following removal of 1 μM arsenite. We also demonstrate
by dual staining immunofluorescence microscopy that both H3K4 tri-methyl and H3K9 di-methyl
marks increase globally after 24 h exposure to each metal treatment in A549 cells. However, the tri-
methyl H3K4 and di-methyl H3K9 marks localize in different regions in the nucleus of the cell. Thus,
our study provides further evidence that a mechanism(s) of carcinogenicity of nickel, chromate, and
arsenite metal compounds may involve alterations of various histone tail modifications that may in
turn affect the expression of genes that may cause transformation.
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Introduction
The nucleosome, the fundamental subunit of chromatin, is composed of 146 bp of DNA
wrapped twice around an octamer of the four core histones (H3, H4, H2A, and H2B) ([Luger
et al., 1997], [Kornberg and Thomas, 1974] and [Kornberg and Lorch, 1999]). Post-
translational modifications (i.e., acetylation, methylation, phosphorylation, ubiquitination,
etc.) of the N- and C-terminal tails of the four core histones play an important role in regulating
chromatin biology (Zhang and Reinberg, 2001). The implementation and removal of these
post-translational modifications have been shown to be fundamental to the regulation of quite
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diverse biological processes such as DNA replication, repair and transcription (Kouzarides,
2007).

Methylation of lysine 4 in histone H3 (H3K4) in the promoter region of genes has been linked
to transcriptional activation in a variety of eukaryotic species (Martin and Zhang, 2005). H3K4,
as well as other lysines in the tails of histone proteins that are subject to methylation, can occur
in mono-methylated, di-methylated, and tri-methylated forms ([Schneider et al., 2005],
[Santos-Rosa et al., 2002] and [Wood et al., 2007]). High levels of H3K4 tri-methylation are
associated with the 5′ regions of active genes and there is a strong positive correlation between
this modification, transcription rates, active polymerase II occupancy and histone acetylation
(Ruthenburg et al., 2007). However, patterns of H3K4 di-methylation differ between yeast and
vertebrate chromatin: in S. cerevisiae, di-methylated H3K4 appears spread throughout genes,
peaking toward the middle of the coding region, and is associated with transcriptional “poised”
as well as active state; mono-methylation in S. cerevisiae, was found to be most abundant at
the 3′ end of genes (Ruthenburg et al., 2007). In vertebrates, the majority of H3K4 di-
methylation colocalizes with H3K4 tri-methylation in discrete zones proximate to highly
transcribed genes (Ruthenburg et al., 2007). Interestingly, there exists a subset of di-methylated
sites in the absence of tri-methylated H3K4 and these regions do not correlate with
transcriptional start sites but instead their presence is highly dependent on the cell type tested
(Ruthenburg et al., 2007). Epidemiological, cell culture, and animal experimental studies have
shown an increased cancer incidence associated with chronic exposure to nickel(II), chromate
(VI), and arsenite (III) ([Salnikow and Zhitkovich, 2008], [Oller et al., 1997], [Sunderman,
1984] and [Trott et al., 1995]). For example, occupational exposure to nickel compounds has
been associated with lung and nasal cancer, Cr(VI) exposure with a high incidence of lung
cancer and a variety of cytotoxic and genotoxic effects, and arsenite exposure with skin, lung,
bladder, kidney, and liver cancers ([Costa and Klein, 2006], [National Research Council,
2000] and [Gibb et al., 2000]). Along with occupational exposure, the massive growth of
manufacturing activities in industrialized countries, large consumption of nonferrous metals,
and the creation of large toxic Superfund sites in the U.S. due to the high volume utilization
and poor practices in the disposal of metal-containing waste products are just some of the
sources of potential exposure to carcinogenic metals (Salnikow and Zhitkovich, 2008).
Although nickel (II), chromate (VI), and arsenite (III) are recognized carcinogenic compounds,
their molecular mechanisms of carcinogenesis are not completely understood. Numerous
studies have linked the carcinogenic effects of metal compounds to alterations in signaling
pathways in the cell, DNA damage via both oxidative and nonoxidative (DNA adducts)
mechanisms, and activation or silencing of gene expression through epigenetic mechanisms
by inducing changes in DNA methylation and histone tail post-translational modifications.

Many conventional mutagenesis assays have found nickel and arsenite compounds to be
nonmutagenic ([Biggart and Costa, 1986], [Klein et al., 1994] and [Kann et al., 2005]). Over
the last years, epigenetic mechanisms have been implicated in the actions of both nickel and
arsenite’s carcinogenic properties. Studies on the effects of Cr(VI) exposure have also
suggested potential epigenetic effects along with mediating DNA damage by inducing
oxidative stress and forming stable Cr-DNA adducts (Zhitkovich, 2005). Studies have shown
that exposure of cells to nickel salts results in intracellular accumulation of nickel ion, changes
in DNA methylation patterns and chromatin condensation, loss of acetylation in all four core
histones by inhibiting histone acetyltransferase activity (HAT), and increased global levels of
histone H3 lysine 9 (H3K9) methylation by inhibiting the activity of a histone demethylase,
with no or very slight inhibition of a G9a methyltransferase activity ([Lee et al., 1995], [Ke et
al., 2006], [Chen et al., 2006a] and [Kang et al., 2003]); these changes can result in alterations
in gene expression, thus providing a plausible non-genotoxic mechanism to the heritable
alterations in gene expression induced by nickel exposure. Cr(VI) was shown to induce
genome-wide or gene-specific DNA methylation changes in cultured mammalian cells (Klein
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et al., 2002) and in plants (Labra et al., 2004). Also, the promoter region of the tumor suppressor
gene p16 and the DNA mismatch repair gene (hMLH1) were subject to DNA hypermethylation
in tissue samples of chromate exposed workers ([Klein et al., 2002] and [Takahashi et al.,
2005]). Numerous reports have suggested that arsenic disrupts DNA methylation. For example,
increased DNA hypomethylation of target genes; such as, the metallothienin gene, and
transcriptional silencing of tumor suppressor genes induced by DNA hypermethylation in the
promoter region of that gene has been reported ([Zhao et al., 1997] and [Marsit et al., 2006]).

Because H3K4 methylation is known to impact the transcriptional machinery and is strongly
correlated with transcriptional activation when found in the promoter region of genes, we
studied whether nickel, chromate, and arsenite had an effect on the global H3K4 methylation
status. Here we report the effect of nickel (II), chromate (VI), and arsenite (III) on H3K4
methylation. We used A549 cells in the study because using human lung cells is relevant to
the airborne route of exposure of nickel, chromate, and arsenite containing compounds, and
this cell linehas been well established as a model to study the toxic and epigenetic effects of
metals([Chen et al., 2006a] and [Mei et al., 2002]). Our study provides further evidence
suggesting that alterations in histone modifications contribute to metal-induced aberrant gene
expression and carcinogenesis.

Materials and Methods
Chemicals

NiCl2·6H2O, NaAsO2 andNiSO 4 were purchased from Sigma (St. Louis, MO). Potassium
chromate (K2CrO4) was obtained from J. T. Baker Chemical Co. (Phillipsburg, NJ).

Cell culture
Cells were grown at 37°C in an incubator with a humidified atmosphere containing 5% CO2.
A549 cells were cultured in F-12K medium (Invitrogen, Carlsbad, CA). Normal Human
Bronchial Epithelial (NHBE) cells were cultured in Lonza clonetics BEGM Bulletkit
(CC-3170) and Reagent Pack (CC-5034). TGR-1 (c-Myc+/+), HO15.19 (c-Myc−/−) and
HOmyc3 (HO15.19 with reconstituted c-Myc expression) cells were cultured in Dulbecco’s
Modified Eagle Medium (DMEM, Invitrogen). TGR-1, HO15.19 and HOmyc3 cells are all
derivatives of the Rat-1 cell line (Mateyak et al., 1999). All medium was supplemented with
10% fetal bovine serum (FBS, ATLAS Biological, Fort Collins, CO) and 1% penicillin/
streptomycin (Grand Island, NY). Cells were passaged at 80–90% confluence by
trypsinization. All treatments were administered when cell density reached approximately 70–
80% confluence.

Histone extraction
Histones were extracted from the cells as previously described(Chen et al., 2006a). Briefly,
cells were grown in 10 cm dishes, were washed with ice-cold PBS and lysed in ice-cold
radioimmunoprecipitation assay (RIPA) buffer (50 mM Tris-HCl, PH 7.4, 1% NP-40, 0.25%
Na-deoxycholate, 150 mM NaCl, 1 mM EDTA, 1 mM PMSF, 1ug/ml Aprotinin, 1ug/ml
leupeptin, 1ug/ml pepstatin, 1 mM Na3VO4, 1 mM NaF) supplemented with a protease
inhibitor mixture (Roche Applied Sciences, Indianapolis, IN) for 10 min. The pellet was
collected by centrifugation at 10,000 × g for 10 min. The pellet was washed once in 10 mM
Tris-Cl and 37 mM EDTA (pH 7.4), and resuspended in 200 μl 0.4 N H2SO4. After 1.5 h
incubation on ice, the supernatant was collected by centrifugation at 14,000 × g for 15 min,
and mixed with 1 ml cold acetone and kept at −20°C overnight. The histones were collected
by centrifugation at 14,000 × g for 15 min. After one wash with acetone, the histones were air
dried and suspended in 4 M urea.
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Western blot
The protein concentration was determined using Bio-Rad DC (detergent compatible) protein
assay (Bio-Rad, Hercules, CA), and 5 μg histones were separated by 15% SDS-PAGE gel and
transferred to polyvinylidene difluoride (PVDF) membranes (Bio-Rad). Immunoblotting was
performed using mono-methyl H3K4 (1:5000; Upstate Biotechnology), di-methyl H3K4
(1:5000; Upstate Biotechnology), tri-methyl H3K4 (1:5000; Abcam), and HRP-conjugated
anti-rabbit secondary antibody (Santa Cruz Biotechnology, Santa Cruz, CA). The detection
was accomplished by chemical fluorescence following an ECL Western blotting protocol
(Amersham, Piscataway, NJ). After transfer to PVDF membranes, the gels were stained with
Bio-safe Coomassie stain (Bio-Rad) to assess histone loading in each lane.

Immunofluorescence staining
The cells were cultured in Culture slides (BD FalconTM, Bedford, MA), and exposed to various
chemicals individually. At selected time intervals, cells were fixed with 4% paraformaldehyde
for 10 min, and permeabilized with 0.2% Triton X-100 for 5 min. Cells were then quenched
with fresh 0.1% sodium borohydride for 5 min and blocked in blocking buffer (10% Goat
serum, 1%BSA in PBS). Dual-color immunofluorescence was performed by staining H3K9
di-methylation and H3K4 tri-methylation sequentially. H3K9 di-methylation was stained with
1:2000 di- methylated H3K9 antibody (Abcam, Cambridge, MA) and visualized by Alexa
Fluor 594 secondary antibody (red; Molecular Probes). H3K4 tri-methylation was stained with
1:5000 tri-methylated H3K4 antibody (Upstate Biotechnology) and visualized with Alexa
Fluor 488 conjugated secondary antibody (green; Molecular Probes). Primary antibodies were
diluted in blocking buffer and incubated overnight at 4 °C. The cells were then incubated with
Alexa Fluor 488 and Alexa Fluor 594 conjugated secondary antibody (Molecular Probes,
Eugene, OR) for 1h and mounted with ProLong Gold Anti-fade Reagent with DAPI (Molecular
Probes). The image was visualized and captured by a Leica TSC SP5 confocal microscope.

Statistical Analysis
Two-tailed Student’s t tests were used to determine the significance of differences in the
methylation levels between treated samples and controls. Differences were considered
significant at a P < 0.05.

Results
Nickel compounds increased H3K4 di- and tri-methylation, but did not affect H3K4 mono-
methylation

In order to determine if exposure to nickel compounds results in changes in H3K4 methylation,
A549 cells were exposed to 500 μM and 1 mM NiCl2 for 24 h. Global levels of H3K4
methylation were measured using antibodies specific for mono-, di- and tri-methyl H3K4. 24
h exposure to 500 μM and 1 mM NiCl2 resulted in a 2-fold increase in di- methyl H3K4 (Figure
1B), but had no effect on mono-methylation(Figure 1A). Tri-methyl H3K4 was increased 3
fold by 1 mM NiCl2 after 24 h (Figure 1C). Statistical analysis of Figure 1A, 1B and 1C are
shown in Figure 1D. Tri-methylated H3K4 was also increased by seven days exposure to 50
μM and 100 μM(Figure 1E). To further confirm that the increase in the levels of H3K4 tri-
methylation by nickel compounds was not cell-type specific, Normal Human Bronchial
Epithelial (NHBE) cells were treated with 250 μM and 1 mM NiSO4 for 24 h. Exposure of
NHBE cells to NiSO4 also resulted in an increase in H3K4 tri-methylation (Figure 1C). Here,
we have observed both NiCl2 and NiSO4 increased H3K4 tri-methylation levels in both A549
and NHBE cells.
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The members of the MYC transcription factors have been shown to bind to approximately 15%
of genes as well as intergenic regions and globally influence the acetylation and methylation
of histones ([Knoepfler et al., 2006] and [Fernandez et al., 2003]). To determine if the nickel-
induced increase in tri-methyl H3K4 was dependent upon c-Myc activation, the Rat-1 cell lines
(wild type Rat-1 cells: TGR-1, c-Myc knockout Rat-1 cells: HO15.19, and HO15.19 with
reconstituted c-Myc expression: HOmyc3) were treated with 500 μM and 1 mM NiSO4 for 24
h. The results show that exposure of wild type Rat-1 cells, c-Myc knockout and c- Myc
reconstituted cells with 500 μM and 1 mM NiSO4 for 24 h resulted in an increase in H3K4 tri-
methylation (Figure 1F). Interestingly, even though 24 h NiSO4 exposure was able to induce
an increase in global tri-methyl H3K4, there was a decrease in the H3K4 tri-methyl mark in
the c-Myc knockout Rat-1 cells when compared to wild type or c-myc reconstituted cell lines.
Consistent with our results, a group recently published a global reduction of tri-methyl H3K4
12 h following MYC inactivation in an osteosarcoma cell line (Wu et al., 2007). Based on these
results, we conclude that c-Myc did not play a significant role in nickel’s induction of H3K4
tri-methylation levels.

Chromate increases tri-methyl H3K4 but has no or little effect on H3K4 mono-and di-
methylation

Several studies of chromate induced lung cancer suggested that Cr(VI) may silence tumor
suppressor genes by inducing DNA methylation in their promoters (Kornberg and Thomas,
1974). However, very little is known about whether Cr (VI) affects the post-translational
modifications of histone tails. Studies in our lab suggest that exposure of A549 cells to
potassium dichromate is able to induce global changes in various modifications in histone tails,
such as H3K9 di-methylation, and the subsequent silencing of specific tumor suppressor genes
whose promoters are subject to the changes in histone tail modifications(Sun et al., 2008).

To examine if exposure to chromate results in changes in H3K4 methylation levels, A549 cells
were exposed to 5 uM and 10 uM chromate at 5 μM and 10 μM for 24 h and the levels of H3K4
methylation were measured using antibodies specific for mono-, di- and tri-methyl H3K4. 24
h exposure to chromate resulted in no change on mono-methyl H3K4 (Figure 2A), or a slight
increase on di- methyl H3K4(Figure 2B), but a significant increase on tri- methyl H3K4 at the
concentration of 10 μM (Figure 2C). Statistical analysis of Figure 2A, 2B and 2C are shown
in Figure 2D. Increased tri-methylated H3K4 was also observed in the cells exposed to 0.5
μM and 1 μM chromate for seven days (Figure 2E).

Arsenite increases di- and tri-methyl H3K4 but decreases mono-methyl H3K4
In addition to DNA methylation, post-translational modifications in the tails of histone proteins
are recognized as epigenetic marks that modulate gene expression. Arsenic’s effect on the DNA
methylation status of its target genes suggests that epigenetic mechanisms may play a role in
arsenic-induced carcinogenesis. Recently, our group published the first evidence that arsenite
can disrupt the epigenetic machinery that regulates histone modifications and found that
arsenite can modulate the methylation of histone H3 (Zhou et al., 2008). In order to examine
if arsenite modulates the H3K4 methylation state, A549 cells were exposed to 1 μM and 5
μM arsenite for 24 h. After arsenite exposure, H3K4 methylation status was measured using
antibodies specific for mono-, di- and tri-methylated H3K4. 24 h exposure to 1 μM and 5 μM
arsenite resulted in an increase in di- (Figure 3B) and tri-methyl (Figure 3C) H3K4, but a
decrease in mono-methyl H3K4 (Figure 3A). Statistical analysis of Figure 3A, 3B and 3C were
are in Figure 3D. The increase of H3K4 di-or tri-methylation at 5 μM is less than that of at 1
μM. This is consistent with a previous assessment that arsenic’s carcinogenic dose-response
is non-linear(U.S. EPA, 1997).
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Epigenetic effects must be inherited through cell division. A549 cells were exposed to 0.1
μM, 0.5 μM and 1 μM arsenite for 7 days, and the arsenite was removed and the cells were
allowed to proliferate in the absence of arsenite for another 7 days. Seven days of exposure to
arsenite also increased tri-methylated H3K4 (Figure 3E). At the concentration of 1 μM, the
increase was observed even seven days after arsenite was removed from the media (Figure 3F).

Distinct localization of H3K9 di-methylation and H3K4 tri-methylation in nickel, chromate,
and arsenite exposed A549 cells

It was of interest that exposure of A549 cells to either nickel, chromate, or arsenite induced
H3K4 tri-methyl since this mark in the promoter of genes is associated with gene activation.
An increase in global H3K9 di-methylation has also been previously observed with each of
these metal treatments. Di-methylation of H3K9 in the promoter region of genes is generally
associated with gene silencing (Rice et al., 2003). Because it was unlikely that both the
transcriptional silencing and activating signals resided in the promoter of the same gene, we
hypothesized that H3K4 tri-methylation and H3K9 di-methylation were positioned in different
parts of chromatin. We performed dual immunofluorescence staining of both H3K4 tri-
methylation and H3K9 di-methylation and then analyzed their distribution by confocal
microscopy. While both H3K4 tri-methylation and H3K9 di-methylation marks were increased
24 h after nickel, chromate, and arsenite treatment, the enrichment pattern for each mark was
different. H3K9 di-methylation(red) resided primarily in the periphery of the nucleus, which
coincides with the location of heterochromatin, while H3K4 tri-methylation(green) was mainly
in the center of the nucleus (euchromatin), though there is some overlapping of the di-
methylated H3K9 and tri-methylated H3K4 signal, (Figure 4A, 4B and 4C). The fact that
nickel, chromate, and arsenite had differential effects in distinct regions of chromatin suggested
that a more detailed analysis of the changes in gene expression pattern after metal treatment
will be necessary in order to understand the gene specific changes involved with metal’s
epigenetic effects.

Discussion
The choice of the metal exposure doses used for the treatment of A549 cells at 24 h was based
on previous cell cytotoxicity studies. 1 mM Ni ions exhibits minimal toxicity in A549 cells
after 24 h based on the MTT viability studies (Davidson et al., 2003) and the colony formation
assay(Chen et al., 2006b). There was no significant change in the global toxicity in cells treated
with less than 10 uM Cr(VI) after 24 h ([Shumilla and Barchowsky, 1999], [Martin et al.,
1998]). At concentrations of arsenite at or below 10 μM, no significant changes in cell viability
were observed(Talbot et al., 2008). The concentrations of Nickel used in NHBE cells and
TGR-1 (c-Myc+/+), HO15.19 (c-Myc−/−) and HOmyc3 (HO15.19 with reconstituted c-Myc
expression) cells were comparable to those in A549 cells. The doses used in 7 days exposure
were much lower and there was no observable cell death by Ni, Cr and As.

The mechanism of nickel, chromate, and arsenite’s carcinogenesis is unclear but, recent
experimental evidence suggests that these metals affect gene expression by an epigenetic
mechanism([Chen et al., 2006a], [Sun et al., 2008] and [Zhou et al., 2008]). This report shows
that nickel, chromate, and arsenite alter H3K4 methylation states. We find that these metals
increase di-and tri-methyl H3K4, while arsenite decreases mono-methyl H3K4. The increase
of tri-methylated H3K4 remained through numerous cell divisions after arsenite was removed.
Previous work from our group has shown that exposure of cells to these various metals alters
other histone post-translational modifications. For example, nickel increased H3K9 di-
methylation by inhibiting the demethylating enzyme JHDM2A (Chen et al., 2006a) suggesting
that the carcinogenic effects of nickel, chromate, and arsenite may involve aberrant gene
expression by epigenetic mechanism(s).
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Even though the mechanism by which Cr(VI) affects histone H3K4 methylation is not well
understood, we hypothesize that multiple processes may be a target of Cr (VI). For example,
our group has observed increased protein and mRNA levels of a histone methyltransferase after
chromate exposure of A549 cells (Sun et al., 2008). Also, supplementation with ascorbate, an
essential cofactor for histone demethylase activity and the primary reductant required for Cr
(VI) conversion to the less toxic Cr(III), can partially reverse the H3K9 di-methylation induced
by chromate ([Zhitkovich, 2005] and [Sun et al., 2008]). Therefore, we suggest a mechanism
by which hexavalent chromium may target both histone methyltransferase and demethylase
activity. Changes in methyltransferase and demethylase activity will alter global histone
methylation levels and possibly affect the expression of specific tumor suppressor genes and/
or genes that promote carcinogenesis.

Inorganic arsenic exists in the environment in two predominant forms, arsenite [As(III)] or
arsenate [As(V)], the former is associated with being more bioreactive and responsible for
increasing cancer risks (Barret et al., 1989), however arsenate is converted to arsenite in the
body by reductive processes. Since, historically, there has been a lack of animal models to
study the cancers associated with inorganic arsenic exposure, the mechanism(s) of arsenic-
mediated carcinogenesis remain unclear. The arsenite-induced changes of H3K4 methylation
observed in this study are consistent with arsenite’s previous findings that indicate it can
activate gene transcription by inducing DNA hypomethylation (Zhao et al., 1997).

Further identification of the specific genes whose expression is affected by nickel, chromate,
and arsenite-induced changes in H3K4 methylation status will provide more insight into the
epigenetic effects of these metals and help us better understand their cytotoxicity and
carcinogenicity. This study, as well as others, raises the question of whether epigenetic
mechanism(s) affect other metal compounds’ cytotoxicity/carcinogenicity. In the future, it
would be necessary to conduct analysis of potential epigenetic mechanisms of other
carcinogenic metals along with identification of the DNA methylation status and mapping post-
translational modifications of histones in the promoter regions of their target genes; such as,
tumor suppressor and/or genes whose expression is increased following metal exposure.
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Figure 1.
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A549 cells were treated with 500 μM and 1 mM of NiCl2 for 24 h (A, B and C), and 50 μM
and 100 μM NiCl2 for seven days(E). NHBE cells were treated with 250 μM and 1 mM of
NiSO4 for 24 h (C). TGR-1 (c-Myc+/+), HO15.19 (c-Myc−/−) and HOmyc3 (HO15.19 with
reconstituted c-Myc expression) cells were treated with 500 μM and 1 mM NiSO4 for 24 h(F).
Histones were extracted and immunoblotted with mono-, di- and tri- methyl H3K4 antibodies.
H3K4me1, H3K4me2 and H3K4me3 represent H3K4 mono-, di- and tri-methylation
respectively. Gels were stained with Coomassie blue to assess histone loading. The numbers
below the figure represent the relative intensity of the bands. Shown is a representative
experiment but the results were repeated at least two more times. A graph was generated from
the quantification of the bands from A, B and C(D). and a students T test determined that there
was a *statistically significant change (P < 0.05) compared to control samples.
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Figure 2.
A549 cells were treated with 5 μM and 10 μM of potassium chromate Cr(VI) for 24 h(A, B
and C), and 0.5 μM and 1 μM potassium chromate for seven days(E). Histones were extracted
and immunoblotted with mono-, di- and tri- methyl H3K4 antibodies. H3K4me1, H3K4me2
and H3K4me3 represent H3K4 mono-, di- and tri-methylation respectively. Gels were stained
with Coomassie blue to assess histone loading in each lane. The numbers below the figure
represent the relative intensity of the bands. . Shown is a representative experiment but the
results were repeated at least two times. A graph was generated from the quantification of the
bands from A, B and C(D). and and a students T test determined that there was a *statistically
significant change (P < 0.05) compared to control samples.
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Figure 3.
A549 cells were treated with 1 μM and 5 μM of sodium arsenite for 24 h(A, B and C), and 0.1
μM, 0.5 μM and 1 μM sodium arsenite for seven days(E). Arsenite was removed following
seven days exposure to 0.1 μM, 0.5 μM and 1 μM sodium arsenite, and recovered for another
seven days (F). Histones were extracted and then immunoblotted with mono-, di- and tri-
methyl H3K4 antibodies. H3K4me1, H3K4me2 and H3K4me3 represent H3K4 mono-, di-
and tri-methylation respectively. Gels were stained with Coomassie blue to assess histone
loading in each lane. The numbers below the figure represent the relative intensity of the bands. .
Shown is a representative experiment but the results were repeated at least two times. A graph
was generated from the quantification of the bands from A, B and C(D) and a students T test
determined that there was a*statistically significant change (P < 0.05) compared to control
samples.
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Figure 4.
Distinct localization of H3K9 di-methylation (H3K9me2) and H3K4 tri-methylation
(H3K4me3) in nickel(A), chromate(B), and arsenite(C)-exposed cells. A549 cells were
exposed to 1 mM NiCl2, 5 μM chromate, and 5 μM arsenite for 24 h. After exposure, cells
were co-stained with di-methylated H3K9 (red) and tri-methylated H3K4 (green) antibodies.
The nucleus was counterstained with DAPI (blue). Merge images show a merge of the red,
green and blue staining. The pictures were taken using a confocal microscope.
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