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Abstract

Previously we demonstrated that fluoride increased acetylated-p53 (Ac-p53) in LS8 cells that are
derived from mouse enamel organ epithelia and in rodent ameloblasts. However, how p53 is
acetylated by fluoride and how the p53 upstream molecular pathway responds to fluoride is not
well characterized. Here we demonstrate that fluoride activates histone acetyltransferases (HATS)
including CBP, p300, PCAF and Tip60 to acetylate p53. HAT activity is regulated by post-
translational modifications such as acetylation and phosphorylation. HAT proteins and their post-
translational modifications (p300, Acetyl-p300, CBP, Acetyl-CBP, Tip60 and phospho-Tip60)
were analyzed by Western blots. p53-HAT binding was detected by co-immunoprecipitation (co-
IP). Cell growth inhibition was analyzed by MTT assays. LS8 cells were treated with NaF with/
without HAT inhibitors MG149 (Tip60 inhibitor) and Anacardic Acid (AA; inhibits p300/CBP and
PCAF). MG149 or AA was added 1 h prior to NaF treatment. Co-IP results showed that NaF
increased p53-CBP binding and p53-PCAF binding. NaF increased active Acetyl-p300, Acetyl-
CBP and phosphor-Tip60 levels, suggesting that fluoride activates these HATs. Fluoride-induced
phospho-Tip60 was decreased by MG149. MG149 or AA treatment reversed fluoride-induced cell
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growth inhibition at 24 h. MG149 or AA treatment decreased fluoride-induced p53 acetylation to
inhibit caspase-3 cleavage, DNA damage marker yH2AX expression and cytochrome-c release
into the cytosol. These results suggest that acetylation of p53 by HATS contributes, at least in part,
to fluoride-induced toxicity in LS8 cells via cell growth inhibition, apoptosis, DNA damage and
mitochondrial damage.Modulation of HAT activity may, therefore, be a potential therapeutic target
to mitigate fluoride toxicity in ameloblasts.
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1. Introduction

Fluoride is a natural mineral that is used for prophylaxis of dental caries (Aoba and
Fejerskov 2002). U.S. Public Health Service (PHS) recommends water fluoridation and
fluoride concentration of 0.7 ppm to maintain caries prevention benefits and reduce the risk
of dental fluorosis (Health and Human Services Federal Panel on Community Water 2015).
However, fluoride is an environmental hazardous substance when large doses are taken
acutely or when lower doses are taken chronically. There are high levels of fluoride in
certain groundwaters worldwide, including in India, Africa and China. High fluoride
concentrations in groundwater can lead to potential fluoride contamination in drinking water.
Chronic excessive exposure to fluoride can cause enamel fluorosis and skeletal fluorosis
(Asawa et al. 2015). A significant number of people in geographically high fluoride areas
are affected by dental and skeletal fluorosis. In addition to mineralized tissues, fluoride can
affect various organs, including kidney, gastrointestinal tract and central nervous system
(Zuo et al. 2018). Recently it was reported that fluoride is possibly associated with
neurotoxicity leading to low intelligence quotient (IQ) in children (Green et al. 2019) and
autism spectrum disorder (Strunecka and Strunecky 2019).

Over 1.5 ppm of fluoride in drinking water during enamel development can lead to dental
fluorosis. Dental fluorosis is a developmental hypomineralization of tooth enamel, which
manifests as mottled or discolored enamel. The severity is positively correlated to the level
of fluoride exposure. (Everett 2011). The USA National Health and Nutrition Examination
Survey (1986 to 2012) showed that dental fluorosis severity and prevalence were increased
in 2011-2012 compared with the previous surveys performed between 1986-1987 and
1999-2004 (Neurath et al. 2019). Other than the circumvention of exposure to high
concentration of fluoride during enamel development, treatments to prevent dental fluorosis
remain unknown.

Ameloblasts are derived from epithelial cells and are present adjacent to the forming enamel
(Bao et al. 2016). Ameloblasts are responsible for enamel formation by secreting enamel
matrix proteins and directing matrix mineralization (Lacruz et al. 2017). Enamel
development progresses in stages. During the secretory stage, long thin crystallites grow out
from the dentin. Later during the maturation stage these crystallites grow in width and
thickness and fuse into enamel rods. It is during the maturation stage that most of the
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mineral precipitates and this releases numerous protons. Therefore, during the maturation
stage, ameloblasts are in direct contact with the acidic (around pH 6.2) mineralizing enamel
matrix (Smith et al. 1996). The low extracellular pH surrounding the maturation stage
ameloblasts promotes the conversion of F~ to HF and HF is extremely toxic. Approximately
25-fold more HF is formed at pH 6.0 as compared to pH 7.4. The low pH environment of
maturation stage facilitates entry of HF into ameloblasts to enhance fluoride-induced cell
stress (Sharma et al. 2010). This suggests that compared to the secretory stage (pH ~ 7.2),
the low pH environment of the maturation stage reduces the threshold dose required to
induce fluoride-mediated cytotoxicity /n vivo. In contrast, the in vitro cell culture
environment is neutral (pH ~ 7.3), which requires a higher fluoride dose than does a low pH
environment to induce fluoride-mediated cytotoxicity. We showed that at low pH, lower
doses of fluoride are required to activate stress-related proteins in LS8 cells /n vitro (Sharma
et al. 2010). This suggests that the neutral cell culture environment /in vitro requires a higher
dose of fluoride. Therefore, to assess fluoride toxic effects on LS8 cells (Chen et al. 1992) in
vitro, we used NaF at 5 mM, which inhibits cell growth and induces apoptosis in LS8 cells.

Previously we reported that high concentrations of fluoride (5 mM) cause cell stress, ER
stress (Kubota et al. 2005; Sharma et al. 2008) and oxidative stress followed by
mitochondrial damage, DNA damage and apoptosis resulting in impairment of ameloblast
function (Suzuki et al. 2015; Suzuki et al. 2014). Recently we demonstrated that fluoride
induced acetylation of p53 (Ac-p53) in LS8 /n vitro and rat ameloblasts /n vivo (Suzuki et
al. 2018). p53 is a transcription factor and responds to various genotoxic damage, cellular
stress and affects many important cellular processes including proliferation, DNA repait,
programmed cell death (apoptosis), autophagy, metabolism, and cell migration (Vousden and
Prives 2009). p53 protein is regulated by post-translational modifications, including
phosphorylation, acetylation, methylation and ubiquitination (Meek and Anderson 2009).
Acetylation of p53 (Ac-p53) increases p53 protein half-life. The histone acetyltransferase
(HAT) acetylates p53 to induce p53 downstream target genes, including p21. Ac-p53 is
necessary for cell cycle checkpoint response to DNA damage and Ac-p53 regulates
apoptosis. Acetylation of p53 is mediated by the HATSs; CBP, p300, PCAF, MOZ, MOF and
Tip60 (Reed and Quelle 2015). CREB-binding protein (CBP) and its homolog p300 are
highly conserved and functionally related transcriptional co-activators and histone
acetyltransferases. PCAF is CBP/p300 associate factor. CBP/p300 and PCAF promote a p53
open conformation to acetylate p53 and enhance p53 transcriptional activity, leading to
growth arrest and/or apoptosis (Reed and Quelle 2015). Acetylation of CBP (Ac-CBP) at
Lys1535 and acetylation of p300 (Ac-p300) at Lys1499 are known to enhance their HAT
activity, thereby Ac-CBP/Ac-p300 can increase Ac-p53 levels (Ghazi et al. 2017). CBP/p300
and PCAF HAT activity is inhibited by Anacardic acid (AA) from cashew nut shell liquid
(Balasubramanyam et al. 2003). In response to DNA damage, phosphorylated-Tip60 (p-
Tip60) [Ser86] promotes its HAT activity, thereby inducing p53 acetylation (Reed and
Quelle 2015). Tip60 and MOF-mediated acetylation of p53 selectively increases p53 binding
to apoptotic gene promoters, including Bax and PUMA to induce cell death (Li et al. 2009;
Sykes et al. 2006; Tang et al. 2006). The 6-alkylsalicylate (MG149) is a potent HAT
inhibitor for Tip60 and MOF (van den Bosch et al. 2017). Recently we characterized the Ac-
p53 downstream pathway in fluoride toxicity. Fluoride-mediated Ac-p53 increased
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expression of downstream targets p27 and MdmZ2and the p53/Mdm2/p21 pathway promoted
fluoride toxicity (Deng et al. 2019). However, how p53 is acetylated by fluoride and how the
p53 upstream molecular pathway responds to fluoride toxicity is not well characterized.
Here we demonstrate that fluoride activates HATs including CBP/p300, PCAF and Tip60
that then acetylate p53 to promote fluoride toxicity in LS8 cells.

Materials and Methods

2.1 Cell Culture

LS8 cells derived from the mouse enamel organ epithelia (Chen et al. 1992) were maintained
in alpha minimal essential medium with GlutaMAX (Thermo Fisher Scientific, Waltham,
MA) supplemented with fetal bovine serum (10%) and sodium pyruvate (1 mM). Cells were
treated with sodium fluoride (NaF; Thermo Fisher Scientific) with/without Anacardic Acid
(AA; inhibitor of CBP/p300 and PCAF) and MG149 (Inhibitor of Tip60) as indicated
(Selleck Chemicals, Houston, TX).

2.2 Cell proliferation assay

MTT assays were performed to quantify cell proliferation. Cells were cultured in 96-well
plates overnight. Cells were treated with indicated concentrations of NaF with/without
Anacardic Acid or MG149. After 24 h, MTT reagent was added into each well to incubate
for 3 h followed by taking pictures of cells. After that, media was removed and DMSO was
added to lyse cells with shaking on orbital shaker for 15-30 min and OD was measured at
590 nm.

2.3 Western blot analysis

After LS8 cells were lysed, total proteins were extracted with RIPA buffer (Thermo Fisher
Scientific) with Thermo Scientific Halt protease inhibitor cocktail. Mitochondrial and
cytosolic fractions were extracted using mitochondrial isolation kit for cultured cells
(Thermo Fisher Scientific). Protein concentration was measured by BCA protein assay kit
(Thermo Fisher Scientific). Equal amounts of protein sample were loaded into Mini-Protean
TGX gels (Bio-Rad, Hercules, CA) and transferred to nitrocellulose filter membranes
followed by blocking in nonfat dry milk (5%) or BSA (5%) for 1 h at RT. Membranes were
incubated with the primary antibodies overnight at 4 °C. The following primary antibodies
were used; rabbit anti-acetylated p53 (Lys379), rabbit anti-cleaved caspase 3, rabbit anti-
YH2AX, rabbit anti-PCAF, rabbit anti-acetylated P300/CBP, rabbit anti-Tip60, rabbit anti-
beta actin (Cell Signaling Technology, Boston, MA), and rabbit anti-phosphorylated Tip60
(Ser86) (Thermo Fisher Scientific). After antibody treatment, the membranes were incubated
with the HRP-conjugated anti-rabbit 1gG secondary antibodies (Bio-Rad) for 1 h at RT.
Enhanced chemiluminescence was performed with SuperSignal West Pico (Thermo Fisher
Scientific). Signal was detected by myECL imager (Thermo Fisher Scientific). Bands were
quantified by Mylmage analysis software (Thermo Fisher Scientific). Representative images
are shown in the Results section. Each experiment was performed at least three times and
Relative protein expression and statistical significance were analyzed by one-way analysis of
variance (ANOVA) with Fisher’s least significant difference (LSD) post-hoc test using the
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SPSS statistics 20 software (version 20). Statistical analyses of relative protein expression
are shown in Supplementary figures 1-6.

2.4 Real time quantitative PCR (QPCR) analysis

Total RNA was extracted from LS8 cells (Direct-zol RNA Mini Prep, Zymo Research Corp,
Irvine, CA) to synthesize cDNA using iScript (Bio-Rad). Real-time gPCR amplification was
performed on QuantStudio 3 (Thermo Fisher Scientific). Primers were; Bax (NM 007527.3),
forward: 5’-AGCTGCCACCCGGAAGAAGACCT-3’, reverse: 5’-
CCGGCGAATTGGAGATGAACTG-3’; Bel-2(NM 009741.5), forward: 5’-
TCAGGCTGGAAGGAGAAGATG-3’, reverse: 5°- TGTCACAGAGGGGCTACGAGT-3’;
Gapdh (NM 001289726), forward: 5’- GCAAAGTGGAGATTGTTGCCAT-3’, reverse: 5°-
CCTTGACTGTGCCGTTGAATTT-3’.

The gPCR data were analyzed using the 2-AACT method (Pfaffl 2001). At least three
biological replicates were analyzed for each experiment.

2.5 Immunoprecipitation

The co-IP assay was performed using the Pierce™ Co-immunoprecipitation Kit (Thermo
Fisher Scientific). Cells were lysed and protein were extracted using ice-cold IP Lysis/Wash
Buffer. Protein concentration was determined by BCA protein assay kit (Thermo Fisher
Scientific). The samples were then split. 20 pg protein was used for general tryptic digestion
to determine the amounts of total p53, CBP and PCAF. 1 mg of total protein was used for
co-IP. Proteins were incubated with mouse anti-p53, rabbit anti-CBP, or negative control
mouse- or rabbit-1gG (Cell Signaling Technology), Immunocomplexes were
immunoprecipitated using protein G-agarose beads (Thermo Fisher Scientific). The
immunocomplexes were analyzed by Western blot and probed with antibodies; rabbit anti-
p53, rabbit anti-PCAF, mouse anti-p53 or mouse anti-CBP. At least three biological
replicates for each experiment were performed and representative images are shown.

2.6 Statistical Analysis

Data were analyzed by one-way analysis of variance (ANOVA) with Fisher’s least
significant difference (LSD) post-hoc test using the SPSS statistics 20 software (version 20).
Significance was assessed at A< 0.05.

3. Results

3.1 Fluoride increased CBP-p53 and PCAF-p53 binding and Anacardic Acid (AA) inhibited
fluoride-induced p53 acetylation in LS8 cells.

CBP/p300 and PCAF can directly bind to p53 and induce p53 acetylation (Reed and Quelle
2015). Acetylated-(Ac)-CBP (Lys1535) and Ac-p300 (Lys1499) are known to enhance HAT
activity, and thereby increase Ac-p53 levels (Ghazi et al. 2017). We asked if fluoride
increases acetylation of CBP/p300 and PCAF in LS8 cells. Western blot results show that
fluoride (5 mM) treatment for 2—6 h significantly increased Ac-CBP/p300 levels (Fig. 1A)
and PCAF protein levels (Fig. 1B), suggesting that fluoride increased HAT activity of CBP/
p300 and PCAF in LS8 cells. Lower concentrations of fluoride (1 mM and 3 mM) showed
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increasing Ac-CBP/p300 and PCAF levels with fluoride dose. Fluoride (3 mM) treatment
for 2 h significantly increased Ac-CBP/p300 (P < 0.05), but there were no significant
differences in Ac-CBP/p300 nor PCAF between control and 1mM or 3 mM fluoride
treatments (Supplementary Fig. 2). Fluoride treatment (5 mM) for 6 h increased CBP-p53
binding (Fig. 1C) and PCAF-p53 binding (Fig. 1D). The CBP/p300 and PCAF inhibitor
Anacardic Acid (AA) inhibited the fluoride-induced acetylation of p53 at 6 h (Fig. 1 E),
indicating that CBP/p300 and PCAF play critical roles in fluoride-induced p53 acetylation.

3.2 Fluoride-induced Tip60 phosphorylation was attenuated by MG149, which decreased
fluoride-induced p53 acetylation.

Phosphorylation of Tip60 promotes its acetyltransferase activity. GSK-3 kinase (glycogen
synthase kinase 3) phosphorylates Tip60 at Ser86 in response to DNA damage, thereby
inducing p53 acetylation (Reed and Quelle 2015). LS8 cells were treated with NaF (5 mM)
for indicated times, and phospho-(p)-Tip60 protein levels were significantly increased by
NaF at 2-24 h (Fig. 2A). Treatments with lower doses of fluoride (1 mM or 3 mM) for 4 h
and 18 h did not significantly increase p-Tip60 levels compared to control conditions
without NaF (Supplementary Fig. 4). Tip60 inhibitor MG149 attenuated fluoride-induced p-
Tip60 levels at 6-24 h (Fig. 2B). MG149 treatment significantly decreased fluoride-induced
Ac-p53 at 6 h (Fig. 2C). These results suggest that p-Tip60 contributes to acetylation of p53
after fluoride treatment.

3.3 Anacardic Acid (AA) and MG149 mitigated fluoride-induced cell growth inhibition,
apoptosis and mitochondrial damage in LS8 cells.

Previously we demonstrated that fluoride induced Ac-p53 levels to increase apoptosis, DNA
damage and mitochondrial damage. Decrease of Ac-p53 levels by SIRT1 overexpression
protected cells from fluoride toxicity (Suzuki et al. 2018). Here, we assessed the effects of
Ac-p53 inhibition by HAT inhibitors; AA and MG149 on fluoride toxicity in LS8 cells.
Cells were treated with NaF (5 mM) with/without AA (10 — 50 pM) or MG149 (10 — 50 uM)
for 24 h. MTT assay results show that fluoride significantly inhibited cell growth compared
to control (P< 0.01). Addition of AA (at 30 uM; £< 0.01 and at 50 uM; P< 0.05) (Fig. 3A)
or MG149 (at 30 uM and 50 pM; P < 0.05) (Fig. 3B) significantly increased cell growth
compared to NaF alone.

Figure 4 shows the effects of AA and MG149 on fluoride-induced apoptosis and DNA
damage in LS8 cells. Western blot results show that NaF (5 mM) treatment for 18 h and 24 h
significantly increased cleaved-caspase-3 and DNA damage marker yH2AX. This was
suppressed by AA (30 uM and 50 uM) (Fig. 4A) and by MG149 (30 uM and 50 uM) (Fig.
4B). The Baxand Bc/-2mRNA ratio was assessed by real-time gPCR. NaF treatment
significantly increased the Bax/Bcl-2 mRNA ratio compared to control at 24 h (P< 0.01).
The Fluoride-induced Bax/Bcl-2 mRNA ratio was significantly suppressed by AA (30 uM
and 50 pM) (Fig. 4C) or MG149 (30 uM and 50 pM) (P< 0.01) (Fig. 4D).

Cytochrome-c plays an important role in mitochondrial function. Mitochondrial damage
increases Cytochrome-c release into the cytosol. Fluoride treatment for 6 h significantly
increased cytochrome-c release into the cytosol, while cytochrome-c levels in mitochondria
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were reduced. This cytochrome-c release into cytosol was attenuated by AA (Fig. 5A) or
MG149 (Fig. 5B). These results suggest that inhibition of Ac-p53 by HAT inhibitors (AA or
MG149) mitigates fluoride-induced cell growth inhibition, apoptosis, DNA damage and
mitochondrial damage in LS8 cells.

4. Discussion

Fluoride toxic effects and its mechanisms are reported in a variety of cell types and tissues
reviewed in (Zuo et al. 2018). Fluoride-mediated cell stress including ER stress (Kubota et
al. 2005) and oxidative stress (Suzuki et al. 2015) are considered as important mediators of
fluoride-induced apoptosis. The p53 tumor suppressor protein exerts growth arrest and
apoptosis in response to various types of cellular stress, including DNA damage (Vousden
and Prives 2009). Fluoride induces apoptosis and/or cell cycle arrest via the p53 pathway in
various cell types, including ameloblasts, lymphocytes, hepatocytes, lung cells and renal
cells (Jiang et al. 2019a; Lin et al. 2018; Wen et al. 2019; Ying et al. 2017). Following DNA
damage, p53 is acetylated at Lys379 to promote apoptosis (Sakaguchi et al. 1998). Fluoride-
mediated acetylation of p53 has been reported in ameloblasts (Suzuki et al. 2018), human
neuroblastoma (Tu et al. 2018) and osteoblasts (Gu et al. 2019). Deacetylation of p53 may
play an important role in down-regulating p53 activity and promoting cell survival following
a cell stress response. SIRTL1 is a histone deacetylase and deacetylates p53 to promote cell
survival (Adedara et al. 2016). Activation of SIRT1 by resveratrol or overexpression of
SIRT1 decreased fluoride-induced Ac-p53 (Suzuki et al. 2018) to mitigate fluoride-induced
apoptosis in LS8 cells (Suzuki and Bartlett 2014) and in neuroblastoma SH-SY5Y cells (Tu
et al. 2018). These studies suggest that acetylation of p53 plays a critical role in promoting
fluoride toxicity. However, the molecular mechanism of how fluoride acetylates p53 has not
been well characterized. Here, we characterized the p53 upstream molecular pathway and
factors responsible for fluoride-induced acetylation of p53. Our results show that HATS,
including CBP/p300, PCAF and Tip60 contribute to fluoride-mediated p53 acetylation to
promote fluoride toxicity (cell growth inhibition, apoptosis, DNA damage and mitochondrial
damage) in LS8 cells (Summarized in Fig. 6).

Two different groups of HAT (CBP/p300/PCAF and Tip60/MOF/MQOZ) acetylate p53 (Reed
and Quelle 2015). Posttranslational modifications regulate CBP/p300 and Tip60 HAT
activity. The acetylation of CBP [K1535] and p300 [K1499] (Ac-CBP/p300) is known to
enhance CBP/p300 HAT activity and CBP/p300 can auto acetylate (Thompson et al. 2004).
Phosphorylation enhances Tip60 HAT activity. Our results show that fluoride induced Ac-
CBP/p300 and p-Tip60 in LS8 cells, suggesting that fluoride activates both HAT groups
(CBP/p300/PCAF and Tip60) to acetylate p53. To assess fluoride toxic effects on LS8 cells,
we used NaF at 5 mM to inhibit cell growth and induce apoptosis. Compared to NaF (5 mM)
treatment, lower doses of NaF (1 and 3 mM), which does not induce apoptosis in LS8 cells,
did not significantly increase Ac-CBP/p300 and p-Tip60 compared to control (0 mM of
NaF). These results suggest that fluoride-mediated Ac-CBP/p300 and p-Tip60 participate in
fluoride toxicity, including apoptosis.

Intriguingly, there were differences in response to fluoride (5 mM) between CBP/p300/
PCAF and Tip60. Fluoride increased PCAF and Ac-CBP/p300 at an early phase (2 h to 6 h)
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and maximum effects of fluoride on PCAF and Ac-CBP/p300 were observed at 4 h and 6 h
respectively. Fluoride-mediated up-regulation of PCAF and Ac-CBP/p300 was diminished at
the late phase (18 h to 24 h) (data not shown). On the other hand, fluoride (5 mM) increased
p-Tip60 at 1 h and maximum effect was observed at 6 h. Fluoride-mediated p-Tip60 lasted
until late phase (18 h and 24 h). These results suggest that the upstream signaling response
to fluoride that initiates HAT activity may differ between the two HAT groups (CBP/p300/
PCAF and Tip60/MOF/MQ2Z).

GSK-3 kinase (glycogen synthase kinase 3) phosphorylates Tip60 at S86 in response to
DNA damage, thereby inducing p53 acetylation and H4 acetylation at the PUMA promoter
to increase PUMA expression, which promotes apoptosis (Charvet et al. 2011). GSK-3
plays an important role in regulating ameloblast differentiation via Wnt and TGF-$
pathways (Yang et al. 2018). A recent study showed that fluoride activates GSK-3p/p-
catenin signaling in rodent brain to induce fluoride-mediated neurotoxicity (Jiang et al.
2019a). Although fluoride effects on GSK-3p during enamel development remain to be
elucidated, GSK-3 signaling may participate in upstream signaling of fluoride-mediated
Tip60 phosphorylation and enamel malformation during amelogenesis.

Since inhibition of p53 acetylation by overexpressing SIRT1 (deacetylase) mitigated
fluoride-induced toxicity (Suzuki et al. 2018), we assessed the effect of HAT inhibitors (AA
and MG149) on fluoride-induced cell growth inhibition, apoptosis, DNA damage and
mitochondrial damage in LS8 cells. Our results showed that AA inhibited p53 acetylation,
reversed fluoride-induced cell growth inhibition, reduced cleaved-caspase 3 and DNA
damage marker yH2AX levels, decreased Bax/Bcl-2 mRNA ratio, and suppressed
cytochrome-c release into the cytosol. These results are in concordance with previous studies
showing the effects of AA on other types of cells. Genistein-induced p53 acetylation and
apoptosis were significantly diminished by AA in human non-small cell lung carcinoma
(NSCLC) cell lines, A549 and H640 (Wu et al. 2016). AA down-regulated UV-enhanced
Acetyl-H3 and -yH2AX levels in human dermal fibroblasts (Kim et al. 2009). Recent animal
studies suggest that AA might be a potent therapeutic agent to treat pathophysiological
diseases, such as epilepsy (Luiz Gomes et al. 2018), cancer (Wu et al. 2011) and oxidative
stress (Jiang et al. 2019b). These studies indicate that AA may be a promising agent to
mitigate fluoride toxicity. MG149 (Tip60 inhibitor) can inhibit the p53 and NF-kappa B
signaling pathways in myeloma cell lines (Legartova et al. 2013) and can reduce the
expression of pro-inflammatory factors in mice (van den Bosch et al. 2017). Our results
showed that MG149 treatment significantly inhibited fluoride-induced p-Tip60 levels and
attenuated Ac-p53 to suppress fluoride toxicity in LS8 cells. These results indicate that
inhibition of Tip60 may ameliorate fluoride toxicity through suppression of p53. However,
AA and/or MG149 can suppress HAT activity to inhibit acetylation of both histone and non-
histone proteins. This may alter subsequent signaling pathways, which could cause adverse
effects. Therefore, optimization of treatment regimen and more studies are required to
confirm the promising results in order to minimize untoward effects prior to therapeutic
applications.
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5. Conclusion

We characterized the p53 up-stream molecular pathway in LS8 cells exposed to 5 mM
sodium fluoride. Results suggest that histone acetyltransferases (HATS), including CBP/
p300, PCAF and Tip60 contribute, at least in part, to fluoride-mediated p53 acetylation to
promote fluoride toxicity (cell growth inhibition, apoptosis, DNA damage and mitochondrial
damage) in LS8 cells. Pharmacological modulation of HAT activity may be a potential
therapeutic target to mitigate fluoride toxicity.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fluoride activates histone acetyltransferase (HAT) in enamel organ-derived
LS8 cells

HAT inhibitors suppressed fluoride-mediated acetylation of p53 and cell
toxicity

Modulation of HAT activity may be a potential target to mitigate fluoride
toxicity
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Figure 1. Fluoride increased HAT activity and acetylation of p53, which was inhibited by

Anacardic Acid (AA).

LS8 cells were treated with NaF (5 mM) for indicated times. (A) Acetyl-CBP/p300 (300
kDa) protein was quantified by western blot. Fluoride treatment significantly induced
Acetyl-CBP/p300 at 2, 4 and 6 h. (B) PCAF (93 kDa) protein was quantified by western
blot. Fluoride (5 mM) treatment for 4 h significantly increased PCAF protein. The numbers
show the relative expression normalized by the p-actin loading control for each treatment
group (44 kDa). (C) LS8 cells were treated with NaF (5 mM) for 6 h. Protein was
immunoprecipitated using anti-CBP antibody and CBP-p53 binding was detected by the
anti-p53 antibody. Fluoride treatment increased CBP-p53 binding. (D) LS8 cells were
treated with NaF (5 mM) for 6 h. Protein was immunoprecipitated using anti-p53 antibody
and PCAF-p53 binding was detected by the anti-PCAF antibody. Fluoride treatment
increased PCAF-p53 binding. Control 1gG was used as a negative control. The numbers
show relative protein expression vs Control (0 mM NaF) for Input and separately for IP
lanes. (E) LS8 cells were treated with NaF (5 mM) with/without a CBP/p300/PCAF
inhibitor Anacardic Acid (AA) (30 and 50 uM) for 6 h. Acetyl-p53 (53 kDa) was detected
by western blot. AA inhibited fluoride-induced acetylation of p53. The numbers show the
relative expression normalized by the B-actin loading control (44 kDa). Statistical analyses

of relative protein expression are shown in Supplementary Fig. 1
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Figure 2. Fluoride induced Tip60 phosphorylation and MG149 attenuated this and attenuated
acetylation of p53.

(A) LS8 cells were treated with NaF (5 mM) for indicated times. phospho-(p)-Tip60 (75
kDa) and Tip60 (60 kDa) were detected by western blot. Fluoride induced phosphorylation
of Tip60 from 1 h to 24 h. (B) LS8 cells were treated with NaF (5 mM) with/without a Tip60
inhibitor; MG149 (30 and 50 uM) for 6 h, 18 h and 24 h. MG149 inhibited fluoride-induced
p-Tip60 levels from 6 h to 24 h. (C) Cells were treated with NaF (5 mM) with/without
MG149 for 6 h, Ac-p53 (53 kDa) was detected by western blot. MG149 inhibited fluoride-
induced Ac-p53. The numbers show relative expression normalized by the p-actin loading
control for each treatment group (44 kDa). Statistical analyses of relative protein expression
are shown in Supplementary Fig. 3
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Figure 3. Anacardic Acid (AA) and MG149 increased cell growth compared to NaF alone in LS8
cells.

Cells were treated with NaF (5 mM) with/without AA (10-50 pM) or MG149 (10-50 pM)
for 24 h. Cell proliferation was detected by MTT assays. Pictures show representative
images of cells. (A) AA significantly increased cell growth at 30 uM and 50 uM compared
to NaF alone. (B) MG149 increased cell growth at 30 pM and 50 UM compared to NaF
alone. Data are presented as means + SD. ##; £< 0.01 vs control, *; £< 0.05 vs NaF alone,
**. P<0.01 vs NaF alone.
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Fig. 4. Anacardic Acid (AA) and MG149 attenuated fluoride-induced apoptosis in LS8 cells.
Cells were treated with NaF (5 mM) with/without AA (30 pM and 50 uM) or MG149 (30

UM and 50 uM) for 18 h and 24 h. Cleaved caspase-3 (17 kDa) and DNA damage marker
YH2AX (15 kDa) expression were detected by western blot. (A) AA attenuated fluoride-
induced cleavage of caspase-3 and yH2AX expression at 18 h and 24 h. (B) MG149
inhibited fluoride-induced cleavage of caspase-3 and yH2AX expression at 18 h and 24 h.
The numbers show relative protein expression normalized by the p-actin loading control for
each treatment group (44 kDa). Statistical analyses of relative protein expression are shown
in Supplementary Fig. 5. (C) qPCR results showed that AA (30 uM and 50 uM) significantly
decreased the Bax/Bcl-2mRNA ratio compared to NaF treatment alone (P< 0.01). (D)
MG149 (50 uM) significantly decreased the Bax/Bc/-2 mRNA ratio compared with NaF
treatment alone (P < 0.01). Data are presented as means + SD. **; P< 0.01.
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Fig. 5. Anacardic Acid (AA) and MG149 inhibited fluoride-induced cytochrome-c release in LS8
cells.

Cells were treated with NaF (5 mM) with/without AA or MG149 for 6 h. Cytochrome-c (14
kDa) in the cytosol and in the mitochondria were detected by western blot. (A) AA (30 uM
and 50 uM) attenuated fluoride-induced cytochrome-c release in the cytosol. (B) MG149 (30
UM and 50 pM) inhibited fluoride-induced cytochrome-c release in the cytosol. p-actin (44
kDa) was used as a cytosol loading control. VDAC/Porin (35 kDa) was used as a
mitochondrial loading control. The numbers show relative protein expression normalized by
the loading control (B-actin or VDAC/Porin). Statistical analyses of relative protein
expression are shown in Supplementary Fig. 6.
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Fig. 6. Schematic summary depicting fluoride-mediated HAT activation and acetylation of p53 to
promote fluoride toxicity in LS8 cells.

NaF activated HATS increasing Acetyl-CBP/P300 (Ac-CBP/P300), PCAF and phosho-Tip60
(p-Tip60). NaF increased p53-CBP binding and p53-PCAF binding to increase acetyl-p53
(Ac-p53). Anacradic Acid; AA (CBP/P300 and PCAF inhibitor) or MG149 (Tip60 inhibitor)
mitigated fluoride toxicity including cell growth inhibition and apoptosis in LS8 cells.
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