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Abstract

Our previous studies suggested that arsenic is able to induce serine 21 phosphorylation of the 

EZH2 protein through activation of JNK, STAT3, and Akt signaling pathways in the bronchial 

epithelial cell line, BEAS-2B. In the present report, we further demonstrated that reactive oxygen 

species (ROS) were involved in the arsenic-induced protein kinase activation that leads to EZH2 

phosphorylation. Several lines of evidence supported this notion. First, the pretreatment of the 

cells with N-acetyl-L-cysteine (NAC), a potent antioxidant, abolishes arsenic-induced EZH2 

phosphorylation along with the inhibition of JNK, STAT3, and Akt. Second, H2O2, the most 

important form of ROS in the cells in response to extracellular stress signals, can induce 

phosphorylation of the EZH2 protein and the activation of JNK, STAT3, and Akt. By ectopic 

expression of the myc-tagged EZH2, we additionally identified direct interaction and 

phosphorylation of the EZH2 protein by Akt in response to arsenic and H2O2. Furthermore, both 

arsenic and H2O2 were able to induce the translocation of ectopically expressed or endogenous 

EZH2 from nucleus to cytoplasm. In summary, the data presented in this report indicate that 

oxidative stress due to ROS generation plays an important role in the arsenic-induced EZH2 

phosphorylation.

Keywords

Arsenic; Oxidative stress; EZH2; Akt; Phosphorylation; Cytoplasmic translocation

Introduction

Arsenic is an environmental and carcinogenic metalloid found in water, earth crust, food, 

plants, and some other natural depositions (Nordstrom, 2002). Certain industrial settings can 

also release arsenic into the environment through the industry activities, such as mining, 

mineral refining, pesticide manufacturing, and wood preservation (Garelick et al., 2008). In 

general, the organic form of arsenic that is compounded with carbon and found in certain 
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seafood or plant, is considered as less toxic. In contrast, the inorganic form of arsenic that is 

compounded with sulfur and chloride and, among others, is highly toxic. The International 

Agency for Research on Cancer (IARC) classifies inorganic arsenic and its compounds as 

group I carcinogens (IARC, 1987). Well-documented evidence showed that chronic 

exposure to arsenic increased the risks of cancer development, including cancers in lung, 

skin, bladder, kidney, and liver (Ren et al., 2011). Currently, more than 137 million people 

are exposed to arsenic in ground water worldwide.

A number of reports revealed that inorganic arsenic, especially the trivalent arsenic (As3+), 

may induce excessive generation of the reactive oxygen species (ROS) in mammalian cells 

(Chou et al., 2004; Hei et al., 1998; Wang et al., 2013; Zhang et al., 2011). ROS were able to 

cause genetic mutation and cancer through the mechanism of DNA damage, activation of 

the oncogenic kinases (Wang et al., 2012), or oxidation of the important lipids and proteins 

to inactivate DNA repairing machineries, such as poly(ADP ribose) polymerase (PARP)-1 

(Hubaux et al., 2012; Wang et al., 2013). There are several cellular sources of ROS induced 

by As3+. First, As3+ can induce the release of redox active iron from ferritin to catalyzes the 

Haber–Weiss Fenton reaction, leading to the generation of the hydroxyl radical (Ahmad et 

al., 2000). Second, As3+ has been viewed as a potent activator of the NADPH oxidase that is 

bound to the cell membrane for the release of superoxide anion (Chou et al., 2004). Third, 

As3+ may alter the membrane potential of the mitochondria and the subsequent increased 

generation of ROS from mitochondria (Woo et al., 2002). Lastly, the metabolism of As3+ to 

pentavalent arsenic involves the reduction of H2O, which generates H2O2, and some 

metabolic intermediates, such as dimethylarsine peroxyl radical [(CH3)2AsOO•] (Valko et 

al., 2006; Yamanaka et al., 2001).

Enhancer of Zeste homolog 2 (EZH2) is an enzymatic subunit of the PRC2 complex 

responsible for the tri-methylation of lysine 27 on histone H3 (H3K27me3) (Hock, 2012). 

Emerging evidence suggested that many types of cancers exhibited increased expression or 

activity of EZH2 that represses the expression of tumor suppressors and tumor-suppressive 

microRNAs, such as, ARF, p57KIP2, FBXO32, p27, BRCA1, and miR-29 (Zhang et al., 

2012). In our previous study, we have discovered that As3+ is capable of inducing serine 21 

phosphorylation of the EZH2 protein (pEZH2) and provided evidence indicating the 

importance of the upstream protein kinase pathways in this bioprocess (Chen et al., 2013). 

The present study is to delineate whether ROS are the key mediators for As3+-induced 

pEZH2 phosphorylation.

Materials and methods

Cell lines and reagents

The human bronchial epithelial cell line BEAS-2B was obtained from the American Type 

Culture Collection (ATCC, Manassas, VA). The cells were cultured in Dulbecco's modified 

Eagle's medium (DMEM, Invitrogen, Grand Island, NY) containing 5% fetal bovine serum 

(FBS, Invitrogen), 1% penicillin, and 1%L-glutamine (Sigma) at 37 °C humidified incubator 

with 5% CO2. The human embryonic kidney 293 cell line was purchased from ATCC and 

maintained in DMEM containing 10% FBS, 1% penicillin, and 1% L-glutamine at 37 °C 

humidified incubator with 5% CO2. The non-small cell lung cancer cell line A549 was from 
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ATCC and cultured in RPMI-1640 medium supplemented with 10% FBS, 1% penicillin, 

and 1% L-glutamine (Sigma). The cells were seeded in 6-well plates. When the cells reached 

70%–80% confluency, hydrogen peroxide (Sigma), As3+, or NAC (N-acetyl-L-cysteine, 

Sigma) were added for the indicated concentrations and times.

Plasmid preparation and transfection

pGFP-EZH2-WTand p3myc-EZH2-WT are gifts from Dr. Mien-Chie Hung (Department of 

Molecular and Cellular Oncology, University of Texas). The plasmid DNA was amplified 

from DH5α competent cells (Invitrogen) and purified using Plasmid Purification Kit 

(QIAGEN) according to the manufacturer's protocol. BEAS-2B or HEK-293 cells in 6-well 

plates were transfected with 2 µg plasmic DNA using Lipofectamine 2000 Transfection 

Reagent (Invitrogen) or Nucleofector (Lonza) with program T020. The cells were then 

cultured for 24 h followed by the treatment of the cells with As3+ or H2O2 for the indicated 

times.

Cellular fractionation and Western blotting

For nuclear and cytoplasmic fractionations, a NE-PER nuclear and cytoplasmic fractionation 

kit (Thermo Scientific, Rockford IL) was used according to the manufacturer's protocol. 

Fractions were then analyzed by regular Western blotting using GAPDH and lamin A/C as 

cytoplamic and nuclear reference, respectively. For regular Western blotting, the cell lysates 

were prepared by RIPA cell lysis buffer (Cell Signalling) followed by ultrasonication and 

centrifugation. The supernatants were aspirated and proteins were quantified using a 

SpectraMax spectrophotometer (MDA Analytical Technologies). LDS sample buffer 

(Invitrogen) and dithiothreitol were added before denature. The samples were separated on 

7.5% or 10% SDS–PAGE running gel and then transferred to methanol wetted PVDF 

membranes. The membranes were blocked in 5% non-fat milk in TBST and incubated with 

the indicated primary antibodies at 4 °C overnight and then incubated with second 

antibodies at room temperature for 1 hour and washed with TBST 3 times for 10 min each. 

The protein levels were detected using CDP-Star Reagent (New England Biolabs). The 

primary antibodies used in Western blotting include anti-phopho-EZH2 (Ser21) (Abcam), 

anti-phospho-JNK (Cell Signaling), anti-phospho-Akt(Ser473) (Cell Signaling), anti-

phospho-Stat3(Ser 727) (Cell Signaling), anti-phospho-p38 (Cell Signaling), anti-phopho-

ERK (Cell Signaling), anti-EZH2 (Cell Signaling), anti- JNK (Cell Signaling), anti-Stat3 

(Cell Signaling), anti-p38 (Cell Signaling), anti-ERK (Cell Signaling), anti-GFP (Santa 

Cruz), anti-phospho-Akt substrate RXRXXS*/T* (Cell Signaling), anti-GAPDH (Cell 

Signaling), and anti-β-actin (Sigma).

Immunoprecipitation (IP) and fluorescent microscopy

After the indicated treatments, the cells were collected in IP lysis buffer and fragmented 

through passing the cells in a syringe equipped with 21.5 needle for 10–15 times and then 

incubating with the specific antibodies or IgG that were conjugated with agarose beads at 4 

°C agitation overnight. For fluorescent microscopy, the cells were fixed by 4% 

paraformaldehyde at room temperature for 15 min. DNA was stained with 1 µg/ml of DAPI.
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Statistics

Microsoft Excel was used for statistical analyses of the quantitative data. The data are 

expressed as the mean ± standard deviation (SD), and Student's t-tests were used to 

determine the statistical significance of differences between samples treated under different 

conditions. Differences were considered statistically significant when *p < 0.05 or **p < 

0.01.

Result

As3+-induced EZH2 phosphorylation is ROS dependent in BEAS-2B cells

In agreement with our previous report, we observed that As3+ is able to induce serine 21 

(S21) phosphorylation of the EZH2 in human bronchial epithelial cell line, BESA-2B cells 

(Fig. 1A). To determine the involvement of oxidative stress resulted from ROS generation in 

this As3+-induced EZH2 phosphorylation, we pre-treated the cells with 20 mM N-acetyl-L-

cysteine (NAC), a general antioxidant that provides the cells with sufficient amount of 

glutathione to minimize the oxidation of cellular proteins, lipids, and DNA (Sadowska et al., 

2006), for 2 h and then treated the cells with 20 µM As3+ for 1,2, or 4 h. A significant 

reduction in EZH2 phosphorylation was noted in the cells treated with NAC (Fig. 1A). NAC 

is also capable of inhibiting As3+-induced activation of Akt, STAT3, and JNK (Fig. 2B and 

C), the upstream kinases associated with the S21 phosphorylation of the EZH2. In addition, 

NAC is also potent in diminishing the As3+-induced activation of ERK and p38 (Fig. 1D), 

two mitogen-activated protein kinases that respond to the oxidative stress. To validate the 

contribution of ROS in As3+-induced S21 phosphorylation of the EZH2, we also tested the 

capability of H2O2, one of the most abundant and important ROS, on EZH2 phosphorylation 

and kinase activation. Indeed, an earlier occurrence of S21 phosphorylation of the EZH2was 

noted in the cells treated with 0.2 m MH2O2 for 5 to 15 min (Fig. 1E), which correlates with 

the time-dependent activation of Akt and the dose-dependent Akt activation in the cells 

treated with different concentrations of H2O2 for 5 min (Figs. 1E and 1F).

ROS contribute to As3+-induced EZH2 phosphorylation in A549 cells

To explore whether the above observations are cell type specific or not, we extended this 

study in other type of cells too. A549 is a cell line derived from the non-small cell lung 

cancer (NSCLC) with some features of alveolar type II cells. The S21 phosphorylation of 

the EZH2 could be observed in the A549 cells treated with 20 µM As3+ for 1 to 4 h with a 

peak phosphorylation at 2 h, which is roughly parallel with the pattern of Akt activation by 

As3+ (Fig. 2A). A significant decrease of both EZH2 phosphorylation and Akt activation in 

response to As3+ was noted in the cells pre-treated with 10 or 20 mM NAC (Fig. 1A), 

indicating that oxidative stress due to ROS induction by As3+ is also involved in the S21 

phosphorylation of the EZH2 protein in A549 cells. To address this notion further, the A549 

cells were treated with different concentrations of H2O2 for 5 min or 500 µMH2O2 for 5 to 

60 min. As depicted in Fig. 2B, H2O2 is able to induce S21 phosphorylation of the EZH2 

along with the activation of the upstream kinases, including JNK, STAT3, and Akt.

To extend above observations, we also tested the inducibility of EZH2 phosphorylation by 

As3+ at much lower concentrations from 0.25 to 4 µM in the cells cultured for a prolonged 
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time, 72 h. We noted that lower concentrations of As3+ was able to induce JNK and p38 

activation in a clear dose-dependent manner (Fig. 2C and data not shown). However, a 

significant Akt activation by lower concentrations of As3+ could not be detected (top two 

panels, Fig. 2C). The treatment of the cells with 0.25 or 2 µM As3+-induced S21 

phosphorylation of EZH2 (Fig. 2D). Unexpectedly, NAC appeared to be unable to inhibit 

the EZH2 phosphorylation induced by As3+ at lower concentrations. In other experiments, 

we demonstrated that prolonged incubation of the cells with NAC, e.g., 72 h, enhanced both 

basal and As3+-induced p38 activation, possibly because of stress responses due to the 

overwhelmed reduction condition. Accordingly, we speculate that different mechanisms 

may be involved in the EZH2 phosphorylation induced by low and high concentrations of 

As3+, respectively.

Both As3+ and H2O2 induce exogenous EZH2 phosphorylation through the direct 
interaction of Akt and EZH2

As an arginine (Arg, R)-directed or AGC-family kinase, Akt can directly phosphorylate 

serine (Ser)/Threonine (Thr) in a conserved motif, RXRXXS/T, characterized by R at 

positons – 5 and – 3 (Alessi et al., 1996). Accordingly, proteins containing RXRXXS/T 

motif can be phosphorylated by Akt, which can be recognized by anti-RXRXXS*/T* motif 

antibody (anti-Akt substrate antibody, “*” indicates phosphorylation). The human EZH2 

protein contains RKRVKS21 motif that is in consensus with the conserved Akt 

phosphorylation site. To determine if As3+ can induce S21 phosphorylation of the 

exogenous EZH2 by Akt, the HEK-293 cells were transfected with a 3myc-tagged EZH2 

followed by As3+ treatment. In the Western blotting results as shown in Fig. 3A, the anti-

Akt substrate antibody detected several bands with molecular weights around 170, 130, 95, 

72, and 50 kDa (Fig. 3A, pointed by small triangles) in the cells treated with As3+. Re-

probing of the membrane with antibodies against myc-tag and EZH2 suggested that the band 

at position 95 kDa contains both the endogenous and the exogenously transfected EZH2 

proteins that were phosphorylated by Akt. It remains to be determined about the nature of 

other bands at the positions 170, 130, 72, and 50 kDa that are phosphorylated by Akt as 

indicated by the anti-pAkt substrate antibody. The intensity of these bands was significantly 

decreased in the cells treated with NAC, suggesting that ROS play important role in As3+-

induced phosphorylation of these proteins by Akt. To further validate the involvement of 

ROS in the phosphorylation of these proteins, the transfected HEK-293 cells were treated 

with 0.5 mM H2O2 for 5 to 30 min and then the cells were subjected to Western blotting 

using the anti-pAkt substrate antibody. A similar pattern of band detecting was noted in the 

cells treated with As3+ and H2O2 (comparing lane 2 with lanes 3–5, Fig. 3B).

To determine whether As3+-induced EZH2 S21 phosphorylation is through direct interaction 

of Akt and EZH2 in the HEK-293 cells transfected with myc-tagged EZH2, an 

immunoprecipitation (IP) was performed to pull down the myc-tagged exogenous EZH2. As 

shown in Fig. 3C, the anti-pAkt substrate antibody recognized the phosphorylated form of 

myc-tagged EZH2 that was precipitated from the As3+-treated cells. The pretreatment of the 

transfected cells with NAC diminished As3+-induced phosphorylation of the exogenous 

EZH2 protein. Again, H2O2 was able to induce this Akt-dependent phosphorylation of the 

exogenous EZH2. Furthermore, when the precipitates from Myc-tag IP were subjected to 
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Western blotting using antibodies against pAkt and Akt, respectively, a predominant 

pAktS473 signal was detected in the IP from As3+- or H2O2-treated cells (Fig. 3C), 

indicating the direct interaction of the activated Akt with the myc-tagged EZH2 in the cells 

in response to As3+ and H2O2. The interaction of the non-activated Akt with the myc-tagged 

EZH2 was negligible.

Involvement of ROS in As3+-induced cytoplasmic translocation of the EZH2 protein

In BEAS-2B cells, we had previously shown the cytoplasmic translocation of the S21-

phosphorylated endogenous EZH2 from nuclei in response to As3+ treatment (Chen et al., 

2013). To investigate if As3+ is able to induce the same translocation of the exogenous 

EZH2, the BEAS-2B cells expressing GFP-EZH2 were treated with 20 µM As3+ for 2 h. 

The GFP-EZH2 is exclusively localized in the nuclei of the cells without As3+ treatment 

(Fig. 4A, upper panels). Following As3+ treatment, both cytoplasmic and nuclear locations 

of the GFP-EZH2 were observed (Fig. 4A, bottom panels). Furthermore, As3+ appeared to 

be able to induce the clustering of GFP-EZH2 proteins. These clusters were randomly 

distributed in both cytoplasm and nucleus. To explore whether oxidative stress is involved in 

As3+-induced re-distribution of the GFP-EZH2, NAC was applied prior to As3+ treatment. 

As shown in Fig. 4B, NAC prevented the cytoplasmic localization of the GFP-EZH2 

induced by either 20 µM or 80 µM As3+, indicating that the oxidative stress is involved in 

As3+-induced cytoplasmic localization of the EZH2 protein. However, NAC was unable to 

prevent the nuclear clustering of the exogenous GFP-EZH2 proteins induced by As3+. The 

possible role of oxidative stress on the intracellular distribution of the EZH2 protein was 

confirmed by the treatment of the cells with 0.2 mM H2O2 that clearly induced cytoplasmic 

localization of the GFP-EZH2 proteins (Fig. 4B, bottom panels). Semi-quantification 

suggested a more than 50% inhibition of the As3+-induced cytoplasmic localization of the 

exogenous EZH2 (GFP-EZH2) by NAC (Fig. 4C).

To additionally confirm the effect of As3+ and/or oxidative stress on the cytoplasmic 

localization of the EZH2 proteins, we fractionated the cell lysates by isolating cytoplasmic 

and nuclear fractions, respectively, followed by measuring the levels of S21-phosphorylated 

and the total endogenous EZH2 proteins in response to As3+ or H2O2 treatment. Although 

As3+ appeared to be unable to affect the nuclear levels of the phosphorylated EZH2 

(pEZH2) and EZH2, As3+ was able to increase both pEZH2 and EZH2 in the cytoplasmic 

fraction (Fig. 5A). The pretreatment of the cells with 20 mM NAC reduced As3+-induced 

pEZH2 in the cytoplasmic fraction significantly. NAC was also able to reduce the level of 

total EZH2 in the cytoplasmic fraction, although with a lesser extent relative to its effect on 

the phosphorylated EZH2.

H2O2 could transiently induce the increase of both phosphorylated and total EZH2 in the 

cytoplasm (Fig. 5B). However, this effect of H2O2 was rapidly diminished after 10 min of 

H2O2 treatment, possibly due to the fast elimination of H2O2 by the medium, the cellular 

peroxisomes that contain catalase and the cytoplasmic glutathione peroxidase (GPx) and 

NADPH (Makino et al., 2004).
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Discussion

In the present report, we provide evidence showing that the oxidative stress due to ROS 

generation contributes to As3+-induced kinase activation that leads to S21 phosphorylation 

of the EZH2 protein. In addition, oxidative stress is also involved in the direct interaction of 

the activated Akt and EZH2. Furthermore, oxidative stress appears to be able to induce 

cytoplasmic localization of the phosphorylated and the non-phosphorylated EZH2 protein in 

the cells treated with As3+. The pretreatment of the cells with NAC prevented EZH2 

phosphorylation and cytoplasmic localization induced by As3+.

EZH2 along with EED, SUZ12, and RbAp46/48 proteins forms polycomb repressive 

complex 2 (PRC2) that catalyzes the trimethylation of lysine 27 of histone H3 (H3K27me3), 

a mark of transcriptionally silent or poised chromatin (Margueron and Reinberg, 2011). In 

the past few years, EZH2 had been the focus of a significant number of biochemical and 

molecular studies in cancer cells and cancer stem cells. Many independent studies revealed 

that EZH2 is overexpressed in several common cancers and that the degree of EZH2 

overexpression is associated with the aggressiveness of these tumors (Hock, 2012). Such an 

overexpression of EZH2 was viewed as a major causative force, rather than a result, of the 

cancer development. Some genetic studies suggested that missense mutation in the catalytic 

domain causes hyperactivation of the EZH2 protein and increased incidents of malignancies, 

such as neuroblastoma and lymphoma (Crea, 2012). Additional evidence also indicated that 

the overactivation of EZH2 is responsible for the increased aggressiveness of the breast 

cancer associated with the loss of BRCA1 tumor suppressor (Wang and Huang, 2013). In 

human prostate cancer, EZH2 is one of the most important oncogenic factors for the 

initiation and progression of the tumor, as revealed by the fact that the inactivation of EZH2 

by chemical inhibitor DZNep reduced tumor size and invasion significantly (Deb et al., 

2013). A well-accepted and simplified explanation for the oncogenic role of EZH2 is that 

EZH2 inhibits the expression of tumor suppressor genes and DNA repair genes through the 

PRC2-dependent establishment of the silent chromatin that enriched with H3K27me3. A 

most recent study, however, suggested a PRC2-independent role of EZH2 in glioblastoma 

stem cells (GSC) (Kim et al., 2013). Following Akt-mediated S21 phosphorylation, EZH2 

can directly bind to and induces methylation of lysine 180 (K180) of the STAT3 protein, 

leading to a sustained activation of the transcriptional activity of the STAT3 and the 

maintenance of the stemness of the GSC (Kim et al., 2013).

S21 phosphorylation of EZH2 by Akt kinase has been first demonstrated in breast cancer 

cells treated with insulin-like growth factor I (IGF-I) or estrogen (Bredfeldt et al., 2010; Cha 

et al., 2005). In BEAS-2B cells, we had also noticed S21 phosphorylation of the EZH2 

protein through the activation of the JNK-STAT3-Akt signaling axis in response to As3+ 

(Chen et al., 2013). The present report further unraveled the importance of oxidative stress 

or ROS in this As3+-induced EZH2 phosphorylation, which confirmed our previous findings 

showing that As3+ is able to induce ROS generation in the non-transformed BEAS-2B cells 

(Chang et al., 2010). Given the critical roles of ROS and EZH2 in human cancers related to 

environmental exposure, the data from this report may shed new light on the prevention or 

treatment of human lung cancer or other cancers resulting from environmental exposure to 

As3+ or other carcinogens.
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Fig. 1. 
Involvement of oxidative stress in As3+-induced kinase activation and EZH2 

phosphorylation in BEAS-2B cells. (A) BEAS-2B cells were treated with 20 µM As3+ for 0, 

1, 2, or 4 h with or without NAC pretreatment for 2 h. S21 phosphorylation of the EZH2 

(pEZH2S21) protein was determined by Western blotting. The most right lanes (0 h As3+) 

are NAC only treatment. (B–D) The activation of Akt (B), STAT3 and JNK (C), and Erk 

and p38 (D) were determined in the BEAS-2B cells treated with 20 or 80 µM As3+ for 2 h in 

the presence or absence of NAC pretreatment for 2 h. In each panel, the most right lanes 

(without As3+, —) are NAC only groups. (E) H2O2 induces pEZH2S21 and Akt activation in 

a time-dependent manner. (F) Dose-dependent activation of Akt kinase in the BEAS-2B 

cells treated with the indicated concentrations of H2O2 for 5 min.
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Fig. 2. 
Oxidative stress contributes to As3+-induced EZH2 phosphorylation and kinase activation in 

A549 cells. (A) A549 cells were treated with 20 µM As3+ for the indicated time with or 

without NAC pretreatment for 2 h. The levels of pEZH2S21 and Akt activation were 

determined by Western blotting. The NAC only groups were indicated as 0 h As3+ 

treatment. (B) Dose- and time-dependent EZH2 phosphorylation and kinases activation in 

A549 cells treated with H2O2. (C) Lower concentrations of As3+ induce JNK but not Akt 

activation in the A549 cells treated with As3+ for 72 h. (D) NAC was unable to inhibit lower 

concentration As3+-induced EZH2 phosphorylation in the cells cultured for 72 h.
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Fig. 3. 
Both As3+ and H2O2 induce the interaction of Akt and EZH2 and Akt-dependent 

phosphorylation of the exogenous EZH2 overexpressed in HEK-293 cells. (A) HEK-293 

cells were transfected with 3myc-tagged EZH2 expression vector for 24 h followed by the 

treatment of the cells with 20 µM As3+ for 2 h in the presence or absence of 10 mM NAC, 

followed by Western blotting using the indicated antibodies. (B) The transfected HEK-293 

cells were treated with As3+ or H2O2, followed by Western blotting as in (A). (C) Anti-myc 

tag or control IgG was used in immunoprecipitation (IP) to pull down the exogenousmyc-

tagged EZH2. The IP was then subjected to Western blotting using antibodies recognizing 

the phosphorylated Akt substrate motif (RXRXXS*/T*), myc tag, pAkt, and Akt.
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Fig. 4. 
Both As3+ and H2O2 induce cytoplasmic localization of the EZH2 protein in BEAS-2B 

cells. (A) BEAS-2B cells expressing GFP-EZH2 were treated with 20 µM As3+ for 2 h. The 

intracellular distribution of EZH2 was determined by immunofluorescent microscopy. (B) 

NAC prevented cytoplasmic localization of the EZH2 protein induced by As3+ in BEAS-2B 

cells transfected with GFP-EZH2. H2O2 was used as a control of ROS. (C) Statistical 

analysis of the cytoplasmic translocation ratio of the EZH2 protein in the cells treated with 

As3+ in the presence or absence of NAC. Data are expressed as the mean ± SD, n=3, ** p < 

0.05.
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Fig. 5. 
Increased cytoplasmic localization of the phosphorylated and total EZH2 in BEAS-2B cells 

treated with As3+ or H2O2. (A) BEAS-2B cells were treated with 20 or 80 µM As3+ for 2 h 

with or without NAC pretreatment. Cellular fractions were made to extract the cytoplasmic 

and nuclear proteins. Lamin A/C and GAPDH were used as indications of the nuclear and 

cytoplasmic fractions. Lanes 4 and 10 are NAC only groups. Right panel shows semi-

quantification of the ratio between pEZH and EZH2 in the cytoplasm. (B) BEAS-2B cells 

were treated with 0.2 mM H2O2 for the indicated times. The levels of phosphorylated EZH2, 

total EZH2, lamin A/C, and GAPDH were determined in the cytoplasmic and nuclear 

fractions, respectively. Right panel shows semi-quantification of the ratio between pEZH 

and EZH2 in the cytoplasm.
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