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ABSTRACT 

 

 Mechanisms of arsenic toxicity are not yet clear. Arsenite has effects on 

methylation pathways, by decreasing expression of DNA methylases and depletion of S-

adenosylmethionine. Histones are DNA packing proteins that regulate gene expression 

modulating chromatin accessibility. Methylation at Lysine 9 of Histone H3 (K9H3) is a 

hallmark of heterochromatin. Dimethyl K9H3 is a mark of facultative heterochromatin 

and trimethyl K9H3 is present on constitutive heterochromatin. HeLa cells exposed for 

24 hrs to 1 μM or 5 μM Sodium Arsenite were fixed and different posttranslational 

modifications of histones were detected by indirect immunofluorescence. Images were 

analyzed to assess the change on average methylated species of K9H3 in cell nuclei. 

Interestingly Arsenite (1 μM and 5 μM) treated cells had a significant increase in the 

trimethylated and dimethylated of K9H3, evaluated throught the comparison of average 

nuclei brightness and pixel value analysis between treatments.  
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INTRODUCTION 

 

I. Arsenic characteristics 

Arsenic (As) is a metalloid element found ubiquitously in the environment from 

natural to man-made sources [1,2]. Its toxicity depends on its valence state (zero, trivalent 

or pentavalent) and its form (inorganic or organic). Inorganic forms of arsenic are 

considered toxic. The two most common inorganic forms exist in the environment as 

arsenate (As5+) and arsenite (As3+). The trivalent arsenite is more toxic than the 

pentavalent arsenate [3]. Moreover, organic forms of arsenic are considered less toxic 

than inorganic forms [2]. 

      II.     Environmental Exposure to Arsenic 

Environmental exposure to arsenic-contaminated food and/or drinking water affects 

several million people worldwide. Arsenic contaminated drinking water from 

underground wells has been found in regions of Bangladesh, West India and China as 

well as in smaller regions of Argentina, Australia, Chile, Mexico, Taiwan, the USA and 

Vietnam. Contamination of local water sources resulting from industrial activities, such 

as mining and smelting, is present in Japan, Mexico and Thailand [4]. This panorama 

illustrates that millions of people are constantly being exposed to arsenic. As a 

consequence of arsenic ingestion, hundreds of thousands of people with precancerous 

skin lesions and several diseases, including skin, lung, liver and bladder cancers among 

others, have been clearly linked to exposure [4]. 
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III.   Arsenic After Intake 

    The approximate human daily dietary intake of As is 0.9 - 1.4 mg. The doses required 

to kill half the members of a tested population (LD50), for arsenate and arsenite ranges 

from 15-175 mg As (mg/Kg) and approximately 130 mg As (about 2 mg/Kg) for 

rats/mice and humans, respectively [3]. Arsenic from drinking water is absorbed in the 

gastrointestinal tract. Arsenical compounds are found in the blood serum (~0.8mg/L) and 

greater than 90% of arsenic is cleared from the blood with a half-life of 1-2 hours. 

Arsenic is metabolized and excreted in urine within 48 hrs [5]. Both arsenate and arsenite 

diffuse across lipidic membranes of the cell. However arsenite diffuses to a lesser extent. 

In arsenic exposed cells, arsenate (As5+) is readily reduced to arsenite (As3+). 

Furthermore, after a series of reduction and oxidation reactions coupled with methylation, 

several byproducts are formed, including dimethylarsinic acid (DMA),  the major end 

product found in the urine [2,3]. 

  

IV.    Mechanisms of Arsenic Toxicity  

Arsenic toxicity and its physicochemical properties have been studied for centuries. 

Arsenic compounds have been used since antiquity by Chinese, Egyptian and Persian 

civilizations. However, a mechanism(s) of arsenic toxicity are still not clearly established. 

Compared to other animal models, such as rat and mice, the toxic effects of arsenite on 

humans was 10 – 30 times greater [6]. As inorganic arsenicals have shown to be inactive 

or weak mutagens [4], the effects of arsenicals on cell metabolism regulation are mostly 

responsible for its toxicity. In addition, arsenic has proven to be a synergistic comutagen 

[2]. Arsenic toxicity may result from one or more mechanisms including the production 
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of reactive oxygen species (ROS), the inhibition of selenoproteins (ROS scavengers), 

binding to thiol groups on proteins, and decreasing methyl pools (Figure 1) [1]. 
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Figure 1. Multiple direct and indirect toxicity mechanisms of Arsenic in the cell. 

 

    V.   Arsenic induces cell misregulation 

Microarray analysis of gene expression has given a glimpse into the broad gene 

misregulation occurring after arsenical exposure. In human livers of arsenic-exposed 

populations, more than 60 genes were identified as differentially expressed and these 

were involved in cell-cycle regulation, apoptosis, DNA damage response, and 

intermediate filaments [8]. The microarray analysis of human fibroblasts found 94 genes 

induced and 39 genes repressed after arsenic treatment. The misregulated genes were 

categorized into signal transduction, transcriptional regulation, cell cycle control, stress 

response and proteolytic enzymes [9].  
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VI. Cell Regulation is achieved by epigenetic mechanisms 

Not all gene expression, albeit hereditary, is defined just by the DNA gene sequence. 

Epigenetics study modifications of DNA and DNA-associated proteins that can affect 

DNA packaging into chromatin, affecting fundamental DNA transactions such as 

replication and transcription, the first steps towards gene expression [10,11]. This 

complex and regulated alteration of chromatin is achieved through several mechanisms. 

One of those mechanisms is post-translational modifications of histone proteins.  

Histones are small basic evolutionary conserved proteins that can suffer post-

translational modifications, such as methylation, phosphorylation, acetylation, 

ribosylation, sumoilation and ubiquitination in the amino-terminal tails that protrude from 

the nucleosome. The nucleosome is the basic unit of chromatin. It is composed of two 

copies of each of the four core histones: H2A, H2B, H3 and H4, around which 146 bp of 

DNA is wrapped in 1.65-superhelical turns [12]. The modifications of DNA and histones 

work as a signaling pattern to direct regulatory factors on chromatin [13]. 

 

VII. Chromatin States 

Adjacent nucleosomes can fold into higher order structures that differ in accessibility 

to transcription factors and enzymes. Two principal chromatin states have been identified 

as euchromatin and heterochromatin. These states are differentiated by gene transcription 

activity, euchromatin being more active. Constitutive heterochromatin zones include the 

chromosome centromere and telomeres, which are considered ‘silent,’ meaning zones 

where low or no gene transcription takes place. The transition zone between centromeric 
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constitutive heterochromatin and euchromatin is known as pericentric heterochromatin, 

and the genes contained within this zone are expressed intermittently [11]. 

 

VIII. Methylation of Lysine 9 of Histone H3 is a Hallmark of Heterochromatin 

Where the DNA enters and leaves the nucleosome, there are contacts with the N- 

terminal tail of the histone H3 [12]. Methylation can occur on lysine and arginine 

residues of the histone amino tail. S- adenosylmethionine functions as the methyl donor 

for all of these methylation reactions [7]. Lysine residues are found in mono-,di- or tri-

methylated forms [14]. Lysine 9 of Histone H3 is the most studied histone modification 

to date [13]. Enrichment for histone H3 methylated at lysine 9 (K9H3) is one of the 

hallmarks of heterochromatin [13,14,15].  Heterochromatin is present in two types: 

facultative and constitutive. These two types differ in the reversibility of silencing of the 

genes contained within. The heterochromatin of the inactive female mammalian 

chromosome Xi is facultative and pericentric heterochromatin is constitutive. Both Xi 

and pericentric heterochromatin show enrichment for methylated K9H3 [16]. 

There are several enzymes responsible of methylating K9H3. In Drosophila,  

Su(Var)3-9 is the main heterochromatin lysine methyltransferase and it controls 

dimethylation of K9H3 in the bulk of the pericentromeric heterochromatin, but not in the 

fourth chromosome or the telomeres (Schotta, 2002). First, Su(Var)3-9 associates with 

heterodomains at the pericentric heterochromatin and generates methylated K9H3. Next, 

dimethylated K9H3 is recognized by heterochromatin protein 1 (HP1) [14] which ensures 

its association with heterochromatin. Finally, Su(Var)3-9 has interactions with Su(Var)4-

20, allowing the methylation of lysine 20 of histone H4 (H4K20). 
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The other important K9H3 methylating enzyme identified in humans is G9a, which 

interacts directly with DNA methyltransferase 1 (DNMT1). This complex acts as an 

immediate ‘translator’ of the DNA methylation to histone correspondent signal-

methylation [11].  

 

IX. Arsenic induces global hypomethylation of DNA and aberrant gene 

regulation 

 Decreased methylation of DNA known as DNA hypomethylation, has been readily 

observed after arsenite treatment of human liver cancer cells [16]. DNA methylation is 

achieved by the addition of a methyl group to the cytosine residue into the DNA template 

and nowadays is been recognized as a genic expression regulatory mechanism in all 

eukaryotes except yeast.  The decrement of DNA after arsenite challenge may be due to 

the inhibition of DNA methyltransferases (DNMTs) [16]. Reichard et al. [18] showed 

that arsenite decreases S-adenosylmethionine, the main cellular methyl donor, and 

suppresses the expression of DNA Methyltransferases 1 and 3a (DNMT1 and DNMT3a) 

in keratinocytes. This decrease of ‘methyl pools’ cause defects in cell signaling and 

protein expression or modification (including histones) [18]. Furthermore, ample 

experimental evidence supports the idea that part of the arsenical toxicity is mediated 

through the disruption of the normal epigenetic state of the cells [18].  
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X. Thesis Project Aims and Hypothesis 

We propose to explore the presence of the methylation mark on lysine 9 on Histone 

H3 after arsenite treatment, in order to understand more about arsenic toxicology. As 

arsenite induces a decrease in the cellular methyl pools, we hypothesize that a decrease in 

the overall nuclear methylation of lysine 9 on histone H3, will be observed. 

  This evidence will help us to understand the aberrant gene expression observed 

after arsenite treatment. 
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MATERIALS AND METHODS 

 

I. Cell Culture  

HeLa cells, derived from human cervical adenocarcinoma were routinely maintained 

in Dulbecco’s modified Eagle Medium (GIBCO, Grand Island, NY) supplemented with 

10% fetal bovine serum (FBS) at 37°C in an incubator with water-saturated air/10% CO2. 

For the experiments, cells were seeded on 100 mm Petri dishes containing 3 glass 

coverslips (170 μm). The coverslips were previously cleaned in the following manner. 

First, the coverslips were soaked in 70% ethanol for 15 minutes and allowed to air dry. 

Then  the coverslips were washed three times with PBS, and allowed to air dry in a tissue 

culture hood followed by an incubation for 15 minutes at 37ºC in complete media.  Three 

coverslips were placed into each 100 mm tissue culture plate and allowed to dry in place.  

Complete media (10 mL) containing 1.5 x106
 cells were seeded to each plate and left to 

grow to 70% confluency (~ 16 hours) at 37ºC until treatment. All the sodium arsenite and 

5-azacytidine treatments lasted 24 hours, meanwhile aphidicolin treatment lasted 16 

hours. 

 

II. Cell Culture Treatments 

The inorganic trivalent arsenic compound, sodium meta-arsenite (Sigma) was 

dissolved in culture media immediately prior to use at a concentration of 25 mM. The 

working solution was made by diluting the 25 mM solution into complete media to reach 

a final 25 μM concentration. On culture plates containing cells in logarithmic growth 

phase, 2 ml out of 10 ml of culture media was exchanged with working solution to 
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achieve a final concentration of 5 μM of sodium arsenite; cells were incubated in arsenite 

for 24 hrs [6]. Proteins were harvested from cells at equally subconfluent states for all 

treatments. 

For a global hypomethylation control, a treatment of 5 μM 5-Azacytidine was added 

to the cell culture in same way as was done with arsenite treatment. This compound 

inhibits the action of the DNA methyltransferases (DNMTs), inhibiting methylation of 

newly synthesized DNA during S-phase so the newly synthesized strand is non or 

hypomethylated; thus, after each cell division, the concentration of the methylation mark 

decreases [14]. 

 

III. MTT Cell Viability Assay 

To text the toxic effect of arsenite and 5-azacytidine at the dosage and treatment 

times used, a 3-(4, 5-Dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT, 

Sigma) viability assay was performed. This assay measures formation of formazan by 

mitochondrial reduction. The assay was performed as previously described by Chow and 

Sarjeet [21] with some modifications. Cells (0.8 x 106 cells per well) were grown on 12-

well dishes and treated in triplicate side by side with the 100 mm dishes. One well of 

cells was treated with 100 μl of 10 M NAOH, to serve as negative control. Briefly, 

culture media was discarded and the cell-containing wells were washed once with PBS. 

900 μl of fresh culture media with 100 μl of MTT (5 mg/ml) was then added. The cells 

were incubated for 4 hours at 37°C, followed by one washing with PBS. To dissolve the 

formazan crystals, 1 ml of lysis solution (1 M HCl, 3%SDS, 83% isopropanol) was added 

and the culture dishes were shaken vigorously for 30 minutes. The resulting purple 
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solution was measured on a spectrophotometer at 570 nm and 690 nm. As the formazan 

spectrum has an overlapping zone with the nonmetabolized MTT spectrum, it is 

necessary to calculate the difference between those spectra. The result reflects the 

quantity of formazan formed by cellular metabolism. 

 

IV. Phosphorylated Serine 10 Histone H3 Ratio Determination 

Images were taken at 10X magnification on a confocal Nikon microscope and 

nuclei were identified. Five images from each coverslip were taken and a cell count was 

done with Metamorph 6.2 Software (Molecular Devices). Assessment of this measure  

was obtained by the ratio of positively stained cells with antibody against phospho-serine 

10 histone H3 over the total number of DAPI stained nuclei on the same image.  

Statistical analysis was performed with Statistica 6.0 Software (StatSoft). 

 

V. DNA Damage Evaluation  

  DNA double strand breaks were evaluated using an index obtained by the ratio of 

positively stained cells with phospho-serine 139 histone H2A.X antibody over the total 

number of DAPI stained nuclei on the same image. 10 X images were obtained and 

processed as described above. 
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VI. Cell Cycle Analysis 

HeLa cells, grown and treated on 100mm dishes, were trypsinized and collected 

by centrifugation at 1500 rpm for 10 minutes in their corresponding cell culture media. 

The supernatant was removed and the pellet was resuspended in 1 ml 70 % ethanol by 

vortexing and afterwards stored at -20ºC for one week.  Fixed cells were spun at 2000 

rpm for 15 minutes, and the pellet was resuspended in 1ml of PBS. Cells were counted 

and resuspended to 2 x 106 cells, adjusting the volume to 1 ml with PBS. 50 μl propidium 

iodide concentrate (1.6 mg/ml; sodium azide 0.1%) and 25 μl RNAse A Stock (10mg/ml) 

were added followed by an incubation in the dark at 37ºC for 30 minutes and kept on ice 

until analyzed (within an hour). 

Flow cytometric analysis was performed using a FACScan flow cytometer 

(BDBiosciences, San Jose, CA) equipped with an air-cooled 15mW argon ion laser tuned 

to 488   nm. The emission fluorescence of propidium iodide was detected and recorded 

through a 585/42 bandpass filter in the FL2 channel. DNA was detected in the FL2 

channel through a 585/42 bandpass filter. List mode data files consisting of 10,000 events 

gated on FSC (forward scatter) vs SSC (side scatter) were acquired and analyzed using 

CellQuest PRO software (BD Biosciences, San Jose, CA) at a rate of 200-300 events per 

second. Appropriate electronic compensation was adjusted by acquiring single-cell 

populations stained for each treatment. 

VII. Antibodies 

Histone modifications were analyzed using immunocytochemistry. Primary 

antibodies against peptides used for the analysis of histone modifications were obtained 

from Upstate Biotechnology (Temeculah, CA) and included phospho-serine 10 histone 3, 
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dimethyl-lysine 9 histone 3, trimethyl-lysine 9 histone 3 (Cat. No. 07-450, 07-212, 07-

523, respectively). Fluorescent secondary antibodies from Molecular Probes (Eugene, 

OR) included Alexa Fluor 488 goat anti-rabbit and Alexa Fluor 488 goat anti-mouse.  

 

VIII. Indirect Immunofluorescence and Microscopy 

Cells were grown on glass coverslips in 100 mm culture plates as described 

earlier. The coverslips with the cells were withdrawn from the plates, placed in 12-well 

plates, and washed 2 times with PBS. Then, the cells were fixed in 4% paraformaldehyde 

in PBS, pH 7.4 for 15 minutes, washed three times with cold PBS, and permeabilized 

with 0.5% Triton X-100 in PBS for 10 minutes. Cells were subsequently rinsed three 

times in PBS, blocked with 1% BSA in PBS, and then incubated with primary antibodies 

diluted in 1% BSA in PBS overnight at 25°C. Coverslips were rinsed three times with 

PBS followed by incubation with Alexa secondary antibody (Molecular Probes, Eugene, 

OR) diluted in 1% BSA in PBS for 1 hour in the dark at 1:2000 dilution. Following the 

final wash steps, coverslips were inverted onto glass slides with VectaShield mounting 

media (Vector Laboratories, Burlingame, CA) containing 1.5 μg/ml 4’,6 diamidino-2-

phenylindole (DAPI) for nucleic acid staining. The coverslip was sealed with nail polish, 

marked for identification and stored at 4°C. 

 Images for mitotic index were collected on a Nikon PCM 2000 confocal 

system (Nikon USA, New York). Digital images were collected using Spot Advance 

software and imported and processed into Metamorph 6.2. Contrast levels were increased 

using a brightness-contrast adjustment function in order to obtain the best spatial 

representation of the antigen distribution. 
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IX. Average Brightness Evaluation of K9H3 Methylated Species 

Images for immunocytochemistry analysis using methylated lysine 9 histone H3 

antibodies were collected using a DeltaVision Restoration Microscope (Applied 

Precision) with an Olympus 60X objective. The DeltaVision SoftWorxs program 

(Applied Precision, Issaquah, WA) was used to collect, deconvolve, and project HeLa 

nuclei images. Images were collected at 528 nm (FITC) and 457 nm (DAPI) with a slice 

width of 0.8 μm. Deconvolution was performed at low noise and conservative ratios for 

10 iterative cycles. The projected images were processed into Metamorph 6.2 (Molecular 

Devices, Downingtown, PA) obtaining average brightness and area measurements for a 

set of >40 nuclei per treatment. Seven images per coverslip were taken, each containing 

5-15 cell nuclei. 

 

X. Pixel Brightness Distribution  

Twelve nuclei per treatment were analyzed using ImageJ software (National 

Institutes of Health, Bethesda, MD) obtaining individual nuclei pixel brightness 

histograms (FITC channel) and correspondent frequency tables.  Pixel brightness values 

were on the 0-256 scale. The table values were added and accumulative value histograms 

were depicted. 
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RESULTS 

I. Sodium arsenite affects cell survival at 5 μM but not at 1 μM.  

To evaluate the cell survival after arsenic treatment, the MTT assay (Materials 

and Methods) was performed and the following results were observed. All cultures 

survived >75 % compared with untreated control. A statistically significant decrease 

in cell survival with 5 μM sodium arsenite treatment was observed after 24 hrs 

(p<0.05). Meanwhile, cells treated with 1 μM sodium arsenite survived with a slight 

difference from untreated cells, but significantly different from 5 μM sodium arsenite. 

Azacytidine was used as a methylation decrease control. This compound decreased 

cell survival to 90 %. and showed significant differences from the untreated and dead 

controls. This assay shows that the majority of cells were viable following the 

treatments used in this study. Cells treated with HCl were used as a dead cell control 

that behaved as expected (Figure 2). 
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Figure 2. Cell viability assay using MTT. Sodium arsenite and azacytidine treatments 

lasted 24 hours, while aphidicholin treatment was for 12 hours.  Measures are relative to 

control survival (100%). (*) Significant difference with the untreated control p<0.05.  

ANOVA,  LSD.Experiments were done by triplicate. 
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 II. Phosphorylated Serine 10 Histone H3 ratio increases after sodium 

arsenite treatment.  

Phosphorylation on Serine 10 Histone H3 has been widely used as a mitosis 

marker and it is known that can be present in other events as high transcription zones 

(like in Drosophila larvae polytenic puffs).  In our study  is important to know the ratio 

change of this particular modification because it is adjacent to our modification of 

interest and interactions might be happening between them. The phosphorylated Serine 

10 Histone H3 index was obtained by dividing the positively stained nuclei with an 

antibody against phosphorylated serine 10 histone H3 by the total nuclei count. Briefly, 

five images at 10 X per coverslip were obtained and cell counts in the DAPI and FITC 

channels were performed separately.  Treatment of HeLa cells with 5 μM sodium arsenite 

showed a significant a 3 X increase in the phosphorylated Serine 10 Histone H3 detected 

after 24 hours of exposure. For a mitosis control, a cell synchronizing drug, 0.5 μg/ml 

aphidicholine for 16 hours, was used to arrest the HeLa cells in the G1/S phase (Figure 

3).  
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Phosphorylated Serine 10 H3 Ratio 
n = 4500 

 

Figure 3. Induction of phosphorylation at Serine 10 Histone H3 after treatment of Hela 

cells with sodium arsenite. Assessment of positive cell Anti-Phospho Serine 10 H3 

immunostaining after treatments; 5 μM sodium arsenite for 24 hours; treated with 0.5 

μg/ml aphidicholine for 16 hours; or untreated control. (*)Significant difference from the 

untreated control p<0.05.  ANOVA, LSD. 
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III. DNA damage is clear on 5 μM Arsenite treatment  

Phosphorylation of histone H2A.X at Serine 139 is an early response mark to 

DNA double strand breaks. To know the health status of our treated cells, five 10 X fields 

per slip were imaged after immunofluorescence protocol was carried on. Images on the 

FITC channel  for detection of PhosphoS139 H3 were subject to thresholding on 50 out 

of 256, and the cells visible at that threshold were counted. Nuclei of the cells were 

identified by DAPI staining and counted. The number positive marked PhosphoS139H3 

were divided by the number of total nuclei. The ratio obtained roughly reflects the 

damage suffered by a cell after treatments and shows one of the many effects of arsenic. 

Treatment with 5 μM Arsenite clearly show an increase on double strand breaks detected 

compared with untreated. 
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*

Figure 4. Double Strand DNA Break prevalence after treatment. The damage was clear 

after 5 μM arsenite treatment detected through a ratio with posivite stained 

PhosphoS139H3 cells.
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IV. Average brightness measurements of dimethyl K9H3 increases after Arsenite 

Challenge.  

In order to compare the methylation status of K9H3 in HeLa cells, a 

immunocytochemistry approach using an antibodies against different methylated K9H3 

forms was used.  The cell immunofluorescence was analyzed briefly as follows. HeLa 

cells, grown and treated on coverslips were imaged.  Images obtained at 60 X had 5 to 15 

nuclei within each field and contained from 6 to 25 slices of 0.8 um width. Those images 

were deconvolved and projected with maximum brightness into a single image that was 

later processed. An average brightness value was obtained for each nucleus present 

separately (Scale 0 – 255). The statistical differences between average brightness of 

treatments were obtained by compared using ANOVA and Tukey's Test. 

The average brightness of immunostained nuclei with Anti-dimethyl K9H3 and 

delimited by DAPI staining were compared. An increase on dimethyl K9H3 was 

observed. A significant difference was observed between the DNA demethylation 

control, 5-Azacytidine and all the groups (Figure 5). Histograms for the brightness data 

show the slight skewness of the 1 μM and 5 μM sodium arsenite groups towards higher 

brightness values compared with control (including the disappareance of the two lowest 

categories)  and the strong negative effect of the 5-azacytidine treatment on this particular 

methylation of K9H3 (Figure 6).  

A comparison of the pixel brightness histograms is seen in Figure 6. Pixel brightness 

(0-256) for twelve nuclei previously used for the average brightness method were 

obtained and histograms were drawn to show the brightness behavior within the nucleus 

without the use of an average. The untreated diagram shows at least 3 brightness peaks, 
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and azacytidine data clearly exhibits low brightness values. Meanwhile the 1 μM sodium 

arsenite graph has two peaks and the values have moved towards higher numbers than 

untreated as well as the brightness of the 5 μM sodium arsenite, which has even higher 

values but has a steady top of the curve. These last observations could not be drawn from 

the average graphics. 

Dimethyl K9H3 has a nuclear localization indicated as small sandy foci; staining of 

nucleic acids is done with DAPI (Figure 8). The stain is homogenous inside the nuclei 

and a slight increase in brightness is observed after arsenite, and a decrease is easily seen 

after azacytidine treatment 
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Figure 5. Average Brightness of dimethylated Lysine 9 Histone H3 determined by 

immunocytochemistry (N=244). (*) Significant difference from the untreated control 

p<0.05.  ANOVA,  LSD. 
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Figure 6. Distribution of brightness data for Dimethyl K9H3 after 24 hours treatment. An 

increase in the brightness values is observed in the arsenite treatments. 
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Figure 7. Comparative diagram for pixel brightness distribution of dimethyl K9H3. 

Twelve nuclei pixel brightness was scored (0-256)  and drawn. A tendency to larger 

brightness values is seen in 1 μM and 5 μM sodium arsenite treatments compared with 

untreated control. Azacytidine treated cells show a marked decrease in dimethyl K9H3. 

n=778,688 
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 DAPI DiMK9H3 Merged 
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Figure 8. Localization of dimethyl lysine 9 histone H3 through double-label indirect 

immunofluorescence. DNA was counterstained with DAPI (Blue). 
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V. Trimethyl K9H3 exhibits important increases after arsenite treatment. 

an 

increas

 by immunofluorescence for 

meth

With the same methodology as used to study dimethyl K9H3, we observe 

e in trimethylated K9H3 on the arsenite treated compared with the untreated 

cultures (Figure 8). Data distribution shows a finer view of this increase (Figure 9). After 

arsenite treatment, the data display a normal distribution (as observed on untreated) and a 

higher range of values. In this case, the average does not fully reflect the complexity of 

the arsenite effect on the histone methylation measurements 

  The comparative analysis of mean brightness detected

tri yl K9H3 show significant differences between 5 μM arsenite treated and the 

untreated group. Treatment with 1 μM arsenite significantly increases the signal detected 

for dimethyl K9H3 compared with all the other groups. The histograms (Figure O) show 

how the low intensity values observed on the untreated groups are dispersed to higher 

brightness values after the arsenite treatment. Figure 11. A visual effect is noticeable on 

the images of trimethyl K9H3. In untreated cultures representative nuclei have a few (5-

10) discrete bright granules, and after the arsenite treatments these nuclear granules seem 

to increase in number (Figure 11) 
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Figure 9. Average brightness on nuclei for Trimethylated Lysine 9 Histone H3. 

Brightness difference for Trimethylated Lysine 9 Histone H3. Differences are seen 

between the control and the two treatment groups. Treatment with 5 μM arsenite shows 

large differences among nuclei, this could be explained by the unsynchronized population 

(presence of an increased number of mitotic cells). (*)Significant difference with the 

untreated control p<0.05.  ANOVA,  LSD. Experiments carried on triplicate. 
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Figure 10. Comparative diagram for brightness distribution of trimethyl K9H3. Both 

sodium arsenite treated HeLa cells increase their brightness values. About half the nuclei 

have increased brightness when compared with the untreated control. 
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Figure 11. Comparative diagram for pixel brightness distribution of trimethyl K9H3 in 

HeLa cells after 24 hrs treatment. 

n = 717,793 
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Figure 12. Cytochemical localization of Trimethyl Lysine 9 Histone H3 in 

heterochromatin of unsyncronized HeLa cells. 
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VI. Cell Cycle Analysis Results 

Previous research from Huang & Huang [22] reported a 35% increase on HeLa 

mitotic

 

d, and 

ase 

 

 cells after challenge with 5 μM sodium arsenite. As this event could affect the 

K9H3 methylation status in our unsynchronized population we decided to examine this

thoroughly using the well known and widely used fluorocytometry. Full 100 mm cell 

culture treated dishes were trypsinized and cells collected. After concentration and 

incubation with the intercalant propidium iodide the quantity of DNA was calculate

the correspondence of that DNA quantity to cell cycle status was inferred. The graphs 

and data obtained for whole cell cytometry reveals a increase in the G2/M population 

after 5 μM arsenite treatment, contrasting the results from Huang & Huang. This incre

(~3%) coincides with the increase detected through the phosphorylation of histone H3. 

The aphidicolin mitosis control shows an increase on the number of cells in S-phase and

a decrease on the population with two copies of DNA, revealing it as a G1/S blocker 

(Figure 12). 
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Figure 13. Cell cycle analysis of whole HeLa cell populations after treatment. 
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DISCUSSION 

 

The effect of sodium arsenite on the treated cell population was clear by 

significantly decreassing cell viability part of this effect could be atributted to double 

DNA strand breaks . Instead, the treatment with the lower dose of 1 μM, only slightly 

affected cell viability; 92.8% of the cells were alive 24 h after the treatment. To have a 

better understanding of the viability of the arsenite treated populations it is important to 

know their cell cycle stage; in this case, we found that the proportion of mitotic cells after 

5 μM arsenite was increased (3.3% of total cells) compared with untreated control 

cultures (0.8%). These data are supported by reports that 5 μM sodium arsenite treatment 

for 24 hours significantly arrested the HeLa cultures in mitosis [22].  

After this descriptive analysis, the presence of posttranslational modifications in 

K9H3 was assessed. Four posttranslational modifications at K9H3 have been identified 

and include tri-, di- and monomethylation plus acetylation [28]. Trimethyl K9H3 among 

other posttranscriptionally modified histones is considered a mark of repressive 

chromatin states and is found focally enriched in pericentric heterochromatin. The 

commercial antibodies used in this work were raised against linear peptides, and it has 

been reported that the linear anti-trimethylated form of K9H3 recognizes pericentric 

regions but not the mammalian inactive X chromosome [24]. In the present work we do 

observe a significant change in the average brightness of the trimethyl K9H3 after 1 and 

5 μM arsenite treatments. Plus, the data distribution clearly shows  how brightness 

histogram curves shifted towards increased brightness values. Thus, this experiment 

provides evidence that arsenite causes a change in trimethyl K9H3 compared with the 
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untreated control.  

This increase in the trimethylated K9H3 signal cannot be attributed to an increase 

in chromatin quantity after treatment, because as we see in the fluorocytometry assay, the 

quantity of cells with doubled DNA (G2/M cell cycle phase) is not extensively increased. 

We could attribute this increase in trimethylated K9H3 after arsenite treatment to  

misregulation of the cell's histone methylation maintenance pathway by affecting the 

K9H3 methyl transferase enzymes such as SUV3-9 or G9a,  and/or  K9H3 demethylases 

as well (Figure 14) 

Dimethyl K9H3 is a mark of facultative heterochromatin [15]. In the present 

study the average dimethyl K9H3 signal was found to be increased between arsenite 

treated and untreated controls. In this case too, the distribution of the data is not similar 

between treatments. Addition of the dimethyl group to K9H3 is attributed to the enzyme 

G9a that physically interacts with DNA methyltransferase 1 (DNMT1), linking the 

methylation of histones with the methylation of DNA [11]. These methylation events take 

place during DNA replication when methylation marks of the parental strand have to be 

copied to the daughter strand [11]. Inhibition of expression of DNMT1 has also been 

attributed to long term micromolar doses of arsenite [18]. So, the decreasing methylation 

effect of arsenite has been detected after several rounds of cell division. In our case, the 

arsenite treatments lasted only 24 hours (~ 2 cell cycles) and this shorter exposure could 

be the reason for detection of only acute changes after arsenite treatments.  

  It is known that arsenic interferes with DNA methyl transferases (DNMT) and 

causes aberrant hypomethylated [13] and hypermethylated [26] states on genomic DNA. 

Our findings are similar to  studies done with nickel ions by Chen et al [29]; they report 
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exposure to different doses of nickel increased the levels of dimethyl and monomethyl 

K9H3. Our results showing a change in trimethylated K9H3 contrast with their results in 

which they observe trimethylated K9H3 to remained unchanged. In the case of nickel, the 

mechanism of action was attributed to the inhibition of a histone K9H3 demethylase 

creating interference with the removal of methyl groups.  

     This research is one of the first approximations to histonic modification after arsenite 

treatment. Arsenite was found to increase the methylation marks on Lysine 9 Histone H3 

on HeLa cultured cells. The possible explanations could include overcompensation, loss 

of methylation control pathways and response to aberrant DNA methylation. This marked 

increase on Dimethyl and Trymethyl K9H3 could have consequences on gene expression 

due to their relatedness with heterochromatin formation has been proved. And by this, 

having epigenetic effects due to arsenic exposure.  
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SuVar39-Dependent  
Constitutive Heterochromatin 

Formation 

G9a-Dependent  
Facultative Heterochromatin  

Formation 

 

 

 

Figure 14. Two models for chromatin methylation signaling, including DNA methylation 

and K9H3 methylation. The two pathways are caracterized by SuVar39  or DNMT1/G9a 

complex,  respectively. Lysine 9 Histone H3 Methylation is carried out by these two 

major pathways. Arsenite inhibits the expression of DNMT1 and DNMT3a. 
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CONCLUSIONS 

 

The sodium arsenite 5 μM effect was characterized by a decreased cell viability and 

increased the mitotic index and DNA damage. The expected demethylating effect of 

sodium arsenite was not observed, but only an increase on dimethyl  nor thrimethyl 

Lysine 9 Histone H3 was detected through our particular approach using 

immunocytofluorescence. The increase of methylation at K9H3 does not show an 

exclusive effect on the zone, permitting the phosphorylation of the neighbour 

amminoacid Serine 10 at Histone H3. Supporting the 'binary switch' approach in which a 

mutual exclusion is not mandatory.  It is possible that the cause of the increase of 

methylation is due to a misregulation in the histone methylation maintainance pathways 

long before the arsenite inhibitory effect on DNMT1 takes place. Possibly the effect is 

exerted over the G9a/DNMT1 complex pathway of that generates the dimethyl K9H3.  
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