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Abstract 

UROtsa cells have been accepted as a model to study carcinogenicity mechanisms of arsenic-associated human 

bladder cancer. In vitro continuous exposure to monomethylarsonous acid (MMAIII), leads UROtsa cells to commit to 

malignant transformation.  In this process, NF-κβ-associated inflammatory response seems to play an important role 

since this transcription factor activates some minutes after cells are exposed in vitro to MMAIII and keeps activated 

during the cellular malignant transformation.  It is known that a slight decrease in the protein phosphatase and tensin 

homologue (PTEN) gene expression is enough for some cells to become malignantly transformed. Interestingly, this 

tumor suppressor has been proven to be negatively regulated by NF-κβ through binding to its gene promoter.   Based 

on these observations we propose that NF-κβ may be involved in arsenic associated carcinogenesis through the 

negative regulation of PTEN gene expression. Changes in PTEN expression and the binding of p50 NF-κβ subunit to 

PTEN promoter were evaluated in UROtsa cells exposed for 4, 12, 20,  or 24 wk to 50 nM MMAIII.  Results showed 

that MMAIII induced a significant decrease in PTEN expression around 20 wk exposure to MMAIII ,which correlated 

with increased binding of p50 subunit to the PTEN promoter. Consistent with these results, ChIP assays also showed a 

significant decrease in H3 acetylation (H3ac) but an increase in the repression marks H3k9me3 and H327me3 in PTEN 

promoter when compared with not treated cells.  These results suggest that that the activation of NF-κβ by MMAIII 

may participate in UROtsa cells malignant transformation through the negative regulation of PTEN expression 

involving p50 homodimers-mediated chromatin remodeling around the PTEN promoter.   
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1. Introduction .  

Epidemiological evidence associates bladder cancer development with chronic human exposure to 

inorganic arsenic (iAs) (Chiou et al., 2001), however the associated mechanisms are still under study. The 

immortalized cell line of human urothelial cells (UROtsa) developed in 2001 (Rossi et al., 2001)  has demonstrated to 

be a useful model to study the mechanisms of carcinogenicity associated with human exposure to inorganic 

arsenicals (Eblin et al., 2008; Escudero-Lourdes et al., 2010; Escudero-Lourdes et al., 2012; Jensen et al., 2009). 

Chronic exposure of UROtsa to 50 nM of monomethylarsonous acid (MMAIII) commits cells to malignant 

transformation after just weeks of exposure (Bredfeldt et al., 2006; Wnek et al., 2010). In these cells the 

inflammatory responses mediated by NF-κβ activation and pro-inflammatory cytokines over-production (mainly IL-

1β, IL-6 and IL-8), seems to play an important role in malignant transformation (Escudero-Lourdes et al., 2010). 

However, the link between sustained inflammation and MMAIII –induced cellular transformation has not been 

established.  

In order to find this link, our group focused the attention on the phosphatase and tensin homologue 

protein (PTEN), the second most important  tumor suppressor which is very often lost, mutated, or silenced in many 

human cancers (Chu et al., 2011; Qian et al., 2009; Sun et al., 2011; Vasudevan et al., 2004; Wang et al., 2012; Zhang 

and Yu, 2010).  In fact, over 50% of bladder cells from human bladder cancer patients had decreased PTEN expression 

which correlates with their stage of cancer (Tsuruta et al., 2006).  

In support of this line of reasoning, Waalkes and Tokar have previously demonstrated that arsenic 

decreases PTEN expression in association with prostate, lung and  liver cells malignant transformation  (Ngalame et 

al., 2014; Person et al., 2015; Tokar et al., 2014).  It is noteworthy  that  the external addition of IL-6, a strong  NF-kβ 

activator, to the prostate epithelial cells cultures correlated with a significant decrease in PTEN expression, 

suggesting a critical role of the pro-inflammatory pathway in PTEN  negative regulation (Xu et al., 2012), however the 

associated mechanisms were not further studied.   

NFκβ-mediated PTEN negative transcriptional regulation has been previously described by several 

researchers (Kim et al., 2004; Vasudevan et al., 2004; Zhang and Yu, 2010).  In addition, at least two different putative 

NF-kβ binding sequences at PTEN promoter,  the sequence GGGAATCTCT located at -1574 to -1565 nts and the 

sequence GGGTATTCCC located at -1450 to -1441 nts, through which NF-kβ  can bind and repress PTEN gene 

transcription in mouse embryonic fibroblasts and in human cells are reported (Vasudevan et al., 2004; Xia et al., 

2007).  Based in these observations, we propose that NFKB-mediated PTEN negative regulation may be the factor 

linking inflammation with carcinogenesis in MMAIII-induced UROtsa cells malignant transformation.  

In the literature it has been described that for NF-κβ to activate or repress gene transcription,  it 

induces histone 3 (H3) acetylation or deacetylation, respectively (Bhatt and Ghosh, 2014). To do this, NF-κB recruits 
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and interacts with chromatin regulators including histone acetyltransferases (p300/CBP), histone deacetylases 1 and 

3 (HDAC1 and HDAC3), and epigenetic reader proteins. Through these interactions, NF-κB is able to engage in 

crosstalk with chromatin remodeling machinery (Brown et al., 2014).  

Interestingly, both in vivo and in vitro studies demonstrated that exposure to iAs and MMAIII is 

related to histone post-translational modifications in different cells;  in exposed people for example , it has 

been demonstrated that iAs increases global H3 tri-methylation at lysine 9 (H3K9me3) (Chervona and Costa, 

2012; Chervona et al., 2012; Chu et al., 2011).  In previous in vitro studies, it was also demonstrated that 

arsenite modifies global histone acetylation in different cells (Ramirez T, 2008; Li J 2002, 2003). Specifically in 

UROtsa cells, 12 wk exposure to 50 nM MMAIII lead to different HDAC’s  increased expression (Ge et al., 2013).   

Based on former observations, we hypothesize that one of the mechanisms of MMAIII-induced 

UROtsa cells malignant transformation may involve NF-κβ activation and binding to PTEN promoter inducing 

H3 deacetylation and increasing its methylation at lysine 9 and 27. Together these events will lead to PTEN 

reduced expression, contributing to the cellular malignant transformation.  
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2. Methods 

2.1 Cells 

UROtsa cells, were generously provided by Drs. Mary Ann and Donald Sens (University of North Dakota, Grand Forks, 

ND, USA). Cell culture conditions were those previously described by Bredfeldt el al. (2006).  Stock cells cultures were 

grown on 100-cm2 tissue culture flasks using high glucose Dulbecco’s modified eagle medium (DMEM), 10% fetal 

bovine serum (FBS) and 1% antibiotic solution at 37° C in 5% CO2.  Cells were allowed to reach 85-90% confluence 

before the experiments were conducted.  Normal non-exposed UROtsa cells as well as passage-matched UROtsa cells 

chronically exposed every other day to 50 nM MMAIII were used for all the studies.  Cells exposed for 4, 12, 20, and 

24 wk to MMAIII were plated as corresponded and allowed to settle prior to performing the assays. Therefore, the 

observations described at the results section represent sustained changes induced by chronic exposure to MMAIII.   

2.2 Chemicals. 

Diiodomethylarsine (CH3AsI2) was prepared by the Synthetic Chemistry Facility Core (Southwest Environmental 

Health Science Center, Tucson, AZ, USA).  Fresh stock solutions of 25 mM MMAIII were made in distilled, deionized 

and ultrapure water.  A 5 µM working solution was used to dose the cells every other day to assure constant 

exposure to MMAIII.   

 

2.3 Western-blots analysis. 

Cells were rinsed with cold phosphate-buffered saline, removed from plates by scraping in radioimmunoprecipitation 

lysis buffer (RIPA buffer) containing  50 mM Tris-HCl (pH 8.6), 1% NP-40, 0.25% C24H39NaO4, 150 mM NaCl, 1 mM 

PMSF, 1 µg/ml aprotinin, 1 µg/ml leupeptin, 1 mM NaF, 1 mM Na3VO4,  1 mM EDTA, and 10 µg/ml protease inhibitor 

cocktail. The lysates were sonicated and centrifuged at 14,000 rpm for 5 min at 4° C to eliminate cellular debris. 

Protein concentrations were determined by the Bradford method using the Protein Assay solution (BIO-RAD).   

Fifty µg of protein from each sample was loaded onto 12% sodium dodecyl sulfate (SDS)/polyacrylamide gels. 

Samples were separated via SDS–polyacrylamide gel electrophoresis (PAGE) with Mini-Protean II (BioRad, Hercules, 

CA), transferred onto nitrocellulose membranes (Millipore, Bedford, MA) and blocked 2 h at room temperature with 

5% fat-free milk dissolved in TBS-T (20 mM Tris-HCl, 137 mM NaCl, pH 7.6 and 0.1% Tween 20).  Blots were incubated 

overnight at 4° C with primary antibodies for PTEN  and β-tubulin (Santa Cruz Biotechnologies, Santa Cruz, CA) with 

gentle stirring at 4 ° C. Membranes were then incubate with the secondary antibody coupled to peroxidase anti-

rabbit (dilution 1: 5000) for 1 h at room temperature. The presence of specific bands was determined by 

chemiluminescence using luminol as a substrate. The corresponding images were analyzed using image J software, 

freely available at the web. Results are expressed as relative intensity to α-actin which expression was used as 

protein loading control.   
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2.4 NFkβ activation assay. 

Nuclear proteins were isolated through the use of a commercial kit (Panomics, Affimetrix) following the provider’s 

directions. The supernatants were collected and stored at -80° C until use. Total nuclear protein concentration was 

determined with RC DC Protein Assay (BIO-RAD). NFκβ activation for cells exposed for 12, 24, and 52 wk to 50 nM 

MMAIII was assessed through determination of p65 phosphorylation with a specific ELISA kit (Affimetrix).  

 

2.5 Chromatin Immunoprecipitation  

Chromatin immunoprecipitations (ChIPs) were performed as described previously (Massie and Mills, 2009). Briefly 

cells were treated with 1% formaldehyde for 10 min to cross-link DNA and protein. Cells were then scraped from 

culture plates in lysis solution containing the protease inhibitors, 1% SDS, EDTA 10 mM, Tris-HCl 50 mM pH 8, 1. 

Resulting DNA–protein complexes were sonicated and subjected to gel electrophoresis to ensure proper sonication. 

A portion of the product was removed for later analysis and used as input DNA. The remaining portion was 

precleared using protein A/G sepharose (BioVision,Milpitas, California), and incubated overnight with an antibody 

directed toward  the subunits p50 and p65 NF-κβ and to an specific histone 3 modification. Antibodies against 

acetylated histone H3 and trimethylated total histone 3 were purchased from Upstate/Millipore (Billerica, MA). 

Antibodies against NF-κβ p105/p50 or p65, H3K9me3 and H3K27me3 were purchased from Abcam (Cambridge, MA). 

After incubation, the bounded DNA was immunoprecipitated by centrifugation, washed and treated with 5M NaCl to 

reverse DNA–protein cross-links, after which protein was digested with proteinase K (Fermentas, Glen Burnie, MD). 

Immunoprecipitated and input DNA samples were purified using Phenol/chloroform/isoamylic alcohol and were 

quantified using the Quant-IT Picogreen dsDNA detection kit (Invitrogen, Carlsbad, CA). 

 

2.6 ChIP coupled to real-time PCR 

Equal amounts of non-immuno-precipitated chromatin (input) and immunoprecipitated DNA (100 ng) were added to 

iTaqTM Universal SYBR® green SuperMix (Bio-Rad, Hercules, CA), promoter-specific primers (Specific primer 

sequences are presented in Table 1) and analyzed using the ABI 7500 Real-Time Detection System (Applied 

Biosystems, Foster City, CA). Values were calculated using the delta Ct method normalizing to the respective input for 

each sample.  
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Table 1.  Primers  for NF-KB ChiP assays at the PTEN promoter. 

 

  Location at the PTEN 
promoter 

 Sequence Amplicon size Tm (°C) 

1 -1636-1285 Fw 

Rv 

5’-gctggcgacacaatagcagg-3’ 

5’-ggtggaggactgatgatgaaagc-3’ 

351 60 

2 -1980 -1636 Fw 

Rv 

5’-ttgctttgtagatccttgacgggtg-3’ 

5’-gttctgtgcttgagggtatctcc-3’ 

344 60 

3 -2261- 1980 Fw 

Rv 

5’-cccgagcaaaggaagaagacgac-3’ 

5’-cgtcggagtcaagctcggtt-3’ 

353 60 

 

 

 

2.7 Gene expression analyses 

Total RNA of UROtsa cells exposed to 50 nM MMAIII for  0-24 wk was isolated using TRIzol reagent (Invitrogen, 

Carlsbad, CA).The purified RNA was reverse transcribed with SSII retro-transcriptase and Random Primers (Invitrogen, 

Carlsbad, CA). Absolute iTaqTM Universal SYBR® green SuperMix (Bio-Rad, Hercules, CA) and Universal TaqMan 

master mix,TaqMan Gene Expression Assay Mix PTEN / GAPDH (Applied Biosystems, Foster City, CA) was used to 

measure mRNA levels. The cycle threshold times (Ct) were normalized to β-actin from the same sample. The relative 

gene expression was conducted through the  ΔΔCt method. The primers sequences for pro-inflammatory cytokines 

codifying genes were: IL-6 (F:ccactcacctcttcagaacg; R:catctttggaaggttcaggttg), IL-1β (F:atgcacctgtacgatcactg; 

R:acaaaggacatggagaacacc), IL-8 (F:atactccaaacctttccaccc; R:tctgcacccagttttccttg y TNF-α (F:gaaccccgagtgacaagc; 

R:tcagctccacgccattg) . 

  

2.8 Statistical analysis 

The results were analyzed by one way variance (ANOVA). Subsequently, the differences between groups were 

analyzed by the Tukey test, considering a value of P≤0.05; this was done using the statistical package GraphPad Prism 

S1. Data are expressed as the mean ± standard deviation (μ ± SD).   N values correspond to three separate samples 

(cultures) and assays were conducted at least in duplicate for each sample.  
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3 Results 

3.1 Chronically exposed cells show a time-dependent increased NF-kβ activation which is consistent with IL-1β, 

IL-6, IL-8 and TNF-α increased expression.  

To confirm the MMAIII-induced activation of  NF-kβ in exposed UROtsa cells, the p65 subunit phosphorylation 

was determined in nuclear proteins from cells exposed  for 4, 12, 20 and 24 wk to 50 nM MMAIII. Results showed a 

significant increase in phosphorylated p65 following just 4 wk which was sustained through the 24 wk constant 

exposure (Figure 1A). In accordance with NF-kβ activation results,  MMAIII  induced  pro-inflammatory cytokine genes 

over-expression in UROtsa cells when compared with non-exposed cells . IL-1β and IL-6 gene expression was 

marginally increased by MMAIII during the initial exposure period , while IL-8 was substantially elevated during mid-

exposure (12 and 20 wk).  All these inflammatory cytokines returned to normal levels by the end of the exposure.  

Interestingly, prolonged exposure (24 wk) was needed to double or triple the gene expression of TNF-α (Figure 1B).  
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Figure 1 Chronic exposure to MMAIII leads to a sustained increase in NF-κβ p65 phosphorylation and in pro-inflammatory 

cytokines gene expression. A. Nuclear proteins from UROtsa cells exposed to 50 nM MMAIII  for 4, 12, 20 and 24 wk were 

assayed for  phosphorylated p65 NF-κβ. n = 3; Asterisks denote significant difference considering +++ P <0.0001 p-50 vs no treated 

control (NT). B. Gene expression analysis for the pro-inflammatory cytokines IL-6, IL-1β, IL-8 and TNF-α was performed by real-

time PCR using specific primers. NT cells and treated for 4, 12, 20 and 24 wk. Statistical analysis was performed with n = 3; 

Asterisks denote significant differences * p <0.05, ** p <0.01 *** p <0.0001 vs NT. 
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3.2 PTEN protein and mRNA expression is decreased after 20 wk exposure to MMAIII.  

 

Next , we determined the PTEN gene and protein expression levels in MMAIII long-term exposed cells and its 

correlation with the previously observed increased NF-κβ activation. To do it, total RNA and proteins were isolated 

from exposed cells and processed to assay gene expression and WB-based PTEN immune-detection.  Although results 

showed that  PTEN gene expression increased after 12 wk exposure,  a significant decrease was observed after 20 wk 

exposure that continues through 24 wk in both gene (Figure 3A) and protein expression (Figure 3B) after exposure to 

MMAIII. 

 

 

 
 

Figure 3.  In vitro long term exposure of UROTsa cells to 50 nM MMAIII leads to changes in PTEN gene and protein 
expression. A) Gene expression analysis was conducted by real time-PCR using Taqman probes. B) Western-blot representative 
image and the corresponding densitometry analysis.  NT = no treated cells and cells treated for 4, 12, 20 and 24 wk. n = 3. 
Asterisks denote significant difference considering * P <0.05, , ** P <0.01  *** P <0.0001 vs. NT. n = 3. 
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3.3 Increased NF-Kβ binding to PTEN promoter correlates with PTEN down-regulation after 20 and 24 wk 

exposure to MMAIII.   

 

Since the PTEN protein levels decreased only after 20 wk exposure to MMAIII, the ChIP assay to 

evaluate NF-κβ p50 subunit negative regulation of PTEN expression was performed only with UROtsa cells exposed 

for 20 and 24 wk to 50 nM MMAIII .  PTEN promoter was amplified in the input and immunoprecipitated chromatin 

samples only with the use of the primer set No. 1 targeting the sequence GGGTATTCCC located at -1450-1441 nts on 

the PTEN promoter that was previously reported .  Results showed a significant increase in NF-κβ p50 binding to the 

specific PTEN promoter region in chromatin from  UROtsa cells exposed for both 20 and 24 wk.  Surprisingly, cells 

from the 20 wk exposure had the greatest increase in NF-κβ binding (Figure 4A). Immunoprecipitation assays were 

also conducted with anti-p65 to determine if NF-κβ at PTEN promoter was composed exclusively of p50 homodimers 

or p65/p50 heterodimers at the different exposure times. Results showed only limited binding of p65 subunit at the 

PTEN promoter at 20 and 24 wk exposure to MMAIII (Figure 4B), suggesting that PTEN decreased expression at that 

time exposure is due to p50 homodimers binding to specific sequences at the PTEN promoter.  

 

 

Figure 4.Chromatin immunoprecipitation (ChIP) assay to determine NF-κβ p-50/p65 binding to PTEN promoter.  Chromatin 
from UROtsa cells treated with 50 nM MMAIII for 20 or 24 wk was used for this assay. Antibodies against the p105/p50 or p65 
subunits of NF-κβ were used to precipitate chromatin. Amplification by PCR was conducted with three different sets of primers 
that amplify PTEN gene promoter. Results were obtained only with primer set No. 1.  The percentages of NF-κβ binding at PTEN 
and corresponding differences between treatments were calculated through the percentage of input method. NT: not treated 
cells; -anti-p50 (A), + anti-p65 (B): sample amplified by PCR without immunoprecipitation with the corresponding antibody;   + 
Anti-p50 and +Anti-p65: samples immunoprecipitated with the corresponding antibody and then PCR-amplified. Statistical 
analysis were performed with an n = 3; Asterisks denote significant difference considering ** P <0.01 and *** P <0.0001 p-50 vs 
NT. 
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3.4 Exposure to MMAIII increases H3K9 and H3K27 methylation and decreases H3 acetylation at the PTEN 

promoter.  

 These studies were performed using the primer set no. 1 that targeted the NF-kB binding sequence 

at the 20 and 24 wk exposures. The well-known H3K9me3 and H3k27me3 repression markers as well as acetylated 

H3, a marker of gene expression activation, were evaluated in UROtsa cells exposed for 20 and 24 wk at PTEN 

promoter.  Results showed that exposure to MMAIII for 20 wk led to an increased percentage of H3K9me3 (Figure 5A) 

and H3K27me3 (Figure 5B) at PTEN promoter as well a significantly decreased percentage of acetylated H3 at 24 wk 

(Figure 5C). These results nicely correlated with the increased binding of NF-κβ/p50 to the consensus sequence at 

PTEN promoter and with the PTEN decreased gene expression.  

 

 
 

 

Figure 5. MMAIII increases the H3K3me3, H3K927me3 repression markers but decreases the H3ac activation marker at 
PTEN promoter in UROtsa cells. Cells exposed to MMAIII for 20 and 24 wk were assayed through ChIP to determine the 
percentage of these in PTEN promoter using the primer set No. 1.  Samples processed with the use of an antibody against total 
H3 were included as control for the methylated H3. NT: not-treated cells, -H3 sample amplified by PCR without precipitation with 
anti-H3, +H3: sample amplified by PCR after precipitation with anti-H3; -H3K9me3 (A) -H3K27me3 (B) or –anti H3ac: sample 
amplified by PCR  without precipitation with the corresponding antibodies; +H3K9me3 (A) ,  +H3K27me3 (B) and +anti-H3ac(C): 
samples processed after precipitation with the corresponding antibodies. Statistical analysis were performed with n = 3; the 
asterisks denote significant difference of P = 0.4801 (+ H3); ** P <0.01 and *** P <0.0001 (+ H3K27me3) vs NT. 

 
 

 
  

C 
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4. Discussion and Conclusions 
 

Our results demonstrated that constant exposure of UROtsa cells to 50 nM MMAIII decreased PTEN 

gene and protein expression but only after 20 and 24 wk exposure.  This decrease in PTEN expression correlated with 

an increased binding of the NF-κβ p50 subunit to specific sequences at the PTEN promoter.  In addition, the H3 

acetylation status in MMAIII exposed UROtsa cells was found to be decreased compared with non-treated cells, while 

the gene transcription repression marks, H3K27me3 and H3K9me3, at the same NF-kB sequence, were significantly 

higher in exposed cells.  Our results also demonstrated that the NF-κβ bind to PTEN promoter at 20 and 24 wk is 

composed exclusively by the p50 subunit since chromatin precipitated with anti-p65 antibodies practically did not 

amplified for the corresponding NF-κβ binding sequence.  

Interestingly, results showed that while PTEN expression significantly increases at 12 wk 

exposure and then decreases at 20 and 24 wk, NF-κβ activation, measured as p65 subunit phosphorylation, and 

pro-inflammatory cytokines IL-1β, IL-6 and IL-8 gene expression increased as early as 4 wk exposure to MMAIII 

and remained elevated through 20 wk  of exposure in the urothelial cells.  On the other hand, TNF-α gene 

expression increases significantly only after 20 wk exposure. These observations suggest that first,  PTEN 

decreased expression in UROtsa cells is not the initial responsible of the increased pro-inflammatory response 

mediated IL-1β, IL-6 and IL-8, but it  may contribute to increase the TNF-α gene expression observed at 20 and 

24 wk exposure and may play a critical role in UROtsa cells malignant transformation. Secondly, since IL-1β, IL-8 

and IL-6 expression is mainly induced by NF-κβ, the activity of this transcription factor seems to simultaneously 

play dual roles in MMAIII-exposed UROtsa cells, functioning as transcriptional activator for pro-inflammatory 

genes and as a negative regulator for PTEN gene expression.   

It is important to point out that a variety of tumor cells express decreased  PTEN levels even though 

they have the corresponding PTEN wild type (functional) alleles,  suggesting that even a slight change in PTEN protein 

expression is enough to promote malignant transformation (Vasudevan et al., 2004). This observation has been also 

reported in bladder cancer  (Salmena et al., 2008). In our studies, even though PTEN expression is not completely 

suppressed in UROtsa cells after 20 wk exposure to MMAIII, based in former observations, we propose that its 

decreased expression may be enough to lead UROtsa cells to malignant transformation.  

As it is known, NF-κβ is part of a family of transcription factors that bind DNA and regulate the 

expression of a wide variety of genes. Under basal conditions, NF-κβ, which is composed typically by a p50/p65 

heterodimer, is sequestered at the cytoplasm by an inhibitor protein belonging to the inhibitor Iκβ family (IKK).  The 

p65 subunit has a transcription transacting domain that favors gene expression, while the p50 subunit is able to bind 

DNA but lacks the transacting domain. Therefore, only when p65 is present in the dimer, NF-κβ is able to activate 

gene transcription, while p50 or p52 homodimers repress gene transcription.   After an appropriate stimulus, Iκβ is 
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phosphorylated by a cytoplasmic kinase (IKK) releasing NF-κβ which translocate to the nucleus and inducing the 

expression of a variety of genes involved in proliferation, differentiation, apoptosis, stress responses, inflammation, 

and other biological processes.    

Our work is the first to demonstrate that  MMAIII-induced NF-KB is actually participating in PTEN 

negative regulation in UROtsa cells which occurs around the time that was previously demonstrated that this cell line 

becomes committed to malignant transformation. It is also demonstrated by the first time that p50 homodimers but 

not p65/p50 heterodimers binds to PTEN promoter downregulating its transcription at the indicated exposure times.  

In additon, it is known, the chromatin packing status around the genes is an important determinant 

factor to favor or impede a transcription factor to activate gene expression.   As mentioned before, NF-κβ is itself able 

to influence chromatin remodeling through diverse mechanisms that depend of its activator or repressor activity for 

specific genes and under specific conditions. To activate transcription for example, NF-κβ subunit p65 is acetylated in 

a lysine residue  and induces the recruitment of co-activator complexes such as p300/CBP acetyltransferase and also 

the SWI/SNF chromatin remodeling complexes, allowing TATA binding protein (TBP) to bind the gene promoter and 

starting gene transcription process (Bhatt and Ghosh, 2014).   To repress gene expression, p50 or p52 homodimers 

(no p65 subunit present) are directly or indirectly attached to DNA and recruits HDACs and other co-repressor 

proteins like SWI-independent 3A (mSin3A), the nuclear receptor co-repressor (N-CoR) and/or silencing mediator of 

retinoic acid and thyroid hormone receptor (SMRT)(Calao et al., 2008). 

In our studies, we determined the acetylation and methylation status of H3 in the same NF-κβ 

promoter binding site.  Results showed that H3 acetylation decreased around NF-κβ binding site at PTEN promoter, 

while the gene silencing marks, H3K9me3 y H9K27me3 increased at the same time points in UROtsa cells. These 

results were also consistent with increased NF-κβ binding to PTEN promoter and with PTEN decreased expression at 

20 and 24 wk exposure, suggesting that in this model,  MMAIII-induced NF-κβ regulates PTEN expression through 

binding to its promoter as a p50 homodimer, recruiting HDACs and probably histone methyl transferases. 

Deacetylation of H3 around the PTEN promoter, increases affinity between DNA and histones, and the induction of 

methylation at lysine 9 and 27 in the same H3, decreasing the accessibility of the gene translation machinery.  

Both in vivo and in vitro studies have demonstrated that MMAIII  induces global histone acetylation 

modifications (Chervona and Costa, 2012; Chu et al., 2011). In fact, through the use of the urothelial cells model, 

UROtsa, it was recently demonstrated that exposure to 50 nM MMAIII for up to 12 wk leads to a significant increased 

activity and expression of HDAC’s 1,3,4,5,7 and 9 in a time dependent fashion. The same group demonstrated that 

HDAC activity inhibition with uberoylanilide hydroxamic acid (SAHA) prevented MMAIII-induced UROtsa cells 

malignant transformation demonstrating the relevance of histone acetylation status in this process (Ge et al., 2013). 
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Therefore, besides activating NF-κβ MMAIII may also induce global chromatin remodeling, modifying transcription 

factors accessibility to their DNA specific binding sites and therefore altering gene expression.    

Taken together, the results presented here suggest that during long-term exposure to MMAIII, PTEN 

gene expression is down-regulated in UROtsa cells through the binding of NF-κβ p50 homodimers to the PTEN 

promoter, which in turn induce H3 deacetylation and therefore decreasing PTEN transcription. Results also suggest 

that the observed increased tri-methylation at lysine 9 and lysine 27 in H3, in the same NF-κβ binding site at the PTEN 

promoter, could be due to the methyltransferases recruitment, an thus disfavoring PTEN gene expression. These 

mechanisms may be involved in iAs-induced bladder cancer in exposed populations.  
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