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Endocrine disrupting chemicals (EDCs) play a part in the modern burst of diseases and
interfere with the steroid hormone axis. Bisphenol A (BPA), one of the most active and
widely used EDCs, affects ameloblast functions, leading to an enamel hypomineralization
pattern similar to that of Molar Incisor Hypomineralization (MIH). In order to explore the
molecular pathways stimulated by BPA during amelogenesis, we thoroughly investigated
the receptors known to directly or indirectly mediate the effects of BPA. The expression
patterns of high affinity BPA receptors (ERRy, GPR30), of ketosteroid receptors (ERs,
AR, PGR, GR, MR), of the retinoid receptor RXRa, and PPARy were established using
RT-gPCR analysis of RNAs extracted from microdissected enamel organ of adult rats.
Their expression was dependent on the stage of ameloblast differentiation, except that
of ERp and PPARy which remained undetectable. An additional large scale microarray
analysis revealed three main groups of receptors according to their level of expression in
maturation-stage ameloblasts. The expression level of RXRa was the highest, similar to
the vitamin D receptor (VDR), whereas the others were 13 to 612-fold lower, with AR and
GR being intermediate. Immunofluorescent analysis of VDR, ERa and AR confirmed their
presence mainly in maturation- stage ameloblasts. These data provide further evidence
that ameloblasts express a specific combination of hormonal receptors depending on
their developmental stage. This study represents the first step toward understanding
dental endocrinology as well as some of the effects of EDCs on the pathophysiology of
amelogenesis.

Keywords: amelogenesis, steroid receptors, steroid hormones, endocrine disrupting chemicals, enamel
mineralization

INTRODUCTION

The environment has become increasingly contaminated by various pollutants which may
have a role in the modern burst of diseases. Among environmental toxicants, endocrine-
disrupting chemicals (EDCs) have been associated over these past 50 years with many existing
or emerging diseases including hormone-dependent cancers, diabetes, obesity, and decreased
fertility (De Coster and van Larebeke, 2012; Magbool et al., 2016). This is supported by numerous
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epidemiological surveys (De Coster and van Larebeke, 2012;
Grindler etal., 2015; Ehrlich et al., 2016) and experimental studies
(Brieno-Enriquez et al., 2015; Chevalier et al., 2015; Robinson
and Miller, 2015; Magbool et al., 2016; Palanza et al., 2016; Ziv-
Gal and Flaws, 2016 for recent reviews). Among the thousands
of EDCs, bisphenol A (BPA) is one of the most active and
ubiquitous due to its wide use by the plastic industry. The
consequences of exposure to BPA have been studied in detail
in the development and pathophysiology of multiple organs
including gonads, brain, pancreas, liver, heart, and adipose tissue,
acting on different effectors of the steroid axis (Chevalier et al.,
2015; Robinson and Miller, 2015; Palanza et al., 2016; Seachrist
et al., 2016; Ziv-Gal and Flaws, 2016 for recent reviews). BPA
has also been shown to induce enamel hypomineralization in
rats (Jedeon et al., 2013). Amelogenesis follows a well-known
sequence of cell proliferation, differentiation, maturation, and
death characterized by specific gene-expression patterns (Nanci,
2012). Ameloblasts sequentially secrete enamel matrix proteins
(amelogenin, enamelin, ameloblastin) and proteases (KLK4 and
MMP20). The proteases degrade the enamel matrix allowing
subsequent mineral crystal growth under the correct pH and
ionic conditions [aided by several solute carriers (SLCs) and ion-
handling proteins]. BPA modulates the expression of at least
one enamel key gene at each stage of amelogenesis, including
enamelin, KLK4, and SLC26A4 (Jedeon et al., 2013, 2016a). The
resulting rat enamel defects may be scored as those observed in
human Molar Incisor Hypomineralization (MIH; Jedeon et al,,
2013), a recently described enamel pathology (Weerheijm et al.,
2001; Weerheijm and Merjare, 2003). The teeth of rats exposed
to BPA and those of humans affected by MIH share similar
structural and biochemical abnormalities. Thus, exposure of rats
to BPA is a good experimental model of MIH (Jedeon et al., 2013).
MIH mostly affects permanent first molars and incisors which are
the first teeth to mineralize, from the third trimester of fetal life
to four-5 years after birth (Weerheijm et al., 2001), corresponding
to the window of the highest susceptibility to EDCs. This enamel
disease presents a similar epidemiological evolution to EDC-
related diseases. It was almost non-existent before the 80s, but
now affects ~15-18% of 6 to 9-year-old children (Jilevik, 2010;
Jedeon et al.,, 2015). It may therefore constitute a marker of
exposure to pollutants that disrupt amelogenesis. The mechanism
of action of BPA is still unclear but seem to modulate directly
or indirectly the activity of multiple receptors (Acconcia et al.,
2015). Among them, BPA has been shown to bind the estrogen
receptors (ERa and ERP) (Delfosse et al., 2012), GPR30 (or
GPER) (Pupo et al, 2012) and ERRy with a high affinity
(Liu et al., 2012). It also directly or indirectly interferes with
the activity of the androgen receptor (AR), the progesterone
receptor (PGR), the glucocorticoid receptor (GR), and the PPARy
(Acconcia et al., 2015; Rehan et al., 2015). The mechanism of
action of BPA in dental cells is even less evident as its putative
receptors are poorly defined in dental tissues, except for ERa
(Jedeon et al., 2014a).

The aim of this study was to systematically investigate the
expression pattern of the putative BPA receptors and members
of their family during amelogenesis in order to understand the
effects of BPA on enamel as well as those of other EDCs acting

through these receptors. These data may thus help to decipher the
physiological endocrine-mediated regulations of amelogenesis
and enamel pathologies resulting from endocrine disruption.
To date, only the vitamin D pathway has been investigated in
dental cells (Berdal et al., 1993; Descroix et al., 2010; Woo et al.,
2015). Dental endocrinology needs to be explored in depth to
understand the pathways of hormones effects on dental growth
and enamel quality.

MATERIALS AND METHODS

Animals and Biological Samples

Two month-old Wistar rats were purchased from Janvier France
Sarl (Le Genest Saint Isle, France) and bred in our animal house.
All animals were fed ad libitum, and maintained in accordance
with the guidelines for the care and use of laboratory animals
from the French Ministry of Agriculture (A-75-06-12).

Three groups of three 30 day-old male and three other
similar groups of female rats were constituted and used in this
study. Rats were anesthetized by isoflurane inhalation, killed,
and their mandibles immediately dissected. The incisors were
extracted and soft dental tissues microdissected as previously
described (Jedeon et al., 2013). Briefly, dental epithelial cells from
the secretion stage and the maturation stage were separately
dissected using the molar reference line for isolation, removing
the underlying 2 mm-tissue corresponding to the transition stage
(Smith and Nanci, 1989). The incisor wasn’t opened during
enamel organ dissection thus avoiding contamination by the
mesenchyme. The anatomically distinguishable cervical loop was
dissected from the apical end of the incisor. Microdissection
quality was validated by RT-PCR using Enamelin primers for
the secretion stage, and KLK4 or SLC26A4 for the maturation
stage; Jedeon et al., 2016a). The absence of contamination by the
mesenchyme and bone was verified using osteocalcin primers.

RNA Extraction and Gene Expression
Profiling

RNAs were extracted from microdissected cervical loop, and
secretion- and maturation-stage cells of rat enamel organ using
the RNeasy® Protect Mini Kit (Qiagen-France) according to the
manufacturer’s procedure. Spectrophotometry was used to assess
the concentration and purity of RNA by measuring absorbance
at 260 nm with a NanoDrop 1000 and RNA Integrity Number
(RIN) (threshold > 9.5) with an Agilent Bioanalyzer, respectively.
Reverse transcription was carried out with 1 g total RNA
for 50min at 42°C, using a random primer oligodT primer
mix, according to the manufacturer’s instructions (Superscript
[I® _Invitrogen). Real-time quantitative PCR was performed
using the CFX96 device (Bio-Rad Laboratories, Hercules, CA,
United States). SYBER green fluorescence corresponding to
neosynthesized amplicons was quantified at the end of each of
the 45 PCR cycles corresponding to a denaturation step of 2s
at 95°C followed by a polymerization step of 30 s at 60°C. Each
PCR was independently repeated in triplicate and the results
normalized against those for the three selected reference genes,
RS15, GAPDH, and TBPI, for which the expression did not
vary under our experimental conditions. Details of the primers
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and the corresponding amplicon sizes are presented in Table 1.
The standard curve method was used to calculate the values
corresponding to the relative amounts of test and reference
RNAs. Mean ratios of test RNA/standard RNA were calculated
for each sample. Similar data were obtained using the AACt
method.

RNAs extracted from microdissected maturation-stage cells of
male rat enamel organ were used for microarray experiments
performed with Affymetrix RatGenel.0 ST chip probes at
the Genom’IC platform of Cochin Institute (Paris, France) to
measure the relative level of each (steroid) receptor.

Immunofluorescence Assays

Dental tissues were fixed by immersion in a 4%
paraformaldehyde solution for 4h. After washing in PBS,
the samples were dehydrated in ethanol, rinsed in clearene
(Leica-France) and paraffin-embedded (Paraplast plus, Sigma).
Serial 8 um sections were cut using a microtome (RM 2145,
Leica, France). Sections were deparaffinized and rehydrated in
decreasing concentrations of ethanol. Slices were microwaved
for 20 min, and the tissues permeabilized with 0.5% Triton

TABLE 1 | Primer sequences used for RT-gPCR analyses.

Gene Amplicon size Primer sequences (5'- 3')

GAPDH 400 bp GACCCCTTCATTGACCTCAACTAC
AAGTTGTCATGGATGACCTTGGCC

RS15 315 bp GGCTTGTAGGTGATGGAGAA
CTTCCGCAAGTTCACCTACC

TBP1 101 bp CACGAACAACTGCGTTGATC
TTTTCTTGCTGCTAGTCTGGAT

AR 105 bp ACCTGACCTGGTTTTCAATGAGTATC
GTTATCTGGAGCCATCCAAACTCTT

ERRy 252 bp GCCCATCCAATGATAACCAC
GTCTTGACAGAGTGCGTGGA

ERRB 345 bp TCGTATCTACTGGTGGCCGA
TACGAGCTGCAAGATGGCTC

ERRa 230 bp CTCTGGCTACCACTACGGTG
GCTTGTACTTCTGTCGGCCA

ERa 112 bp CCAGCTACAAACCAATGCACCATC
GGTCTTTTCGTATCCCGCCTTTC

ERB 92 bp CCATGATCCTCCTCAACTCCAGTATGT
CGCGTTCAGTAGGTGTGTCAGCTT

GPR30 584 bp GCAGCGTCTTCTTCCTCACC
ACAGCCTGAGCTTGTCCTG

GR 294 bp GTCATTACGGGGTGCTGACA
GGGTGAGCTGTGGTAATGCT

MR 130 bp GGCTACCACAGTCTCCCTGA
ACGTTGACAATCTCCATGTAG

PGR 108 bp CGCCCTACCTCAACTACCTG
ATGCTTCATCCCCGCAGATT

RXRa 282 bp GTGGATCTTTGGGGTGCAGCGT
ACTCCAAACAGAGGTGCCA

VDR 175 bp ACGTGCCCCGGATCTGTGGA
CTGGCAGTGTCGCCGGTTGT

X-100 for 10 min. Sections were then washed in PBS and
blocked with 10% normal goat serum in PBS for 1 h at room
temperature. Slices were incubated overnight at 4°C with
primary rabbit polyclonal anti-AR (N-20:sc-816, Santa Cruz)
(1:200), anti-VDR (ab3508, Abcam) (1:500), or anti-ERa (sc-542,
Santa Cruz) (1:50) antibodies. Sections were incubated with
secondary goat anti-IgG coupled to Alexa Fluor 594 antibody
(A-11072, Life Technologies) (1:500) at room temperature
for one h in the dark. After rinsing with PBS, sections were
immersed in DAPI (010M4003-Sigma) (1:100000) for 5 min
and finally mounted with Fluoromount (Southern Biotech,
Clinisciences).

Statistical Analysis

RT-qPCR data resulting from three independent analyses of
three RNA samples of each tissue (loop, secretion, maturation,
mesenchyme, and other tissues used as references) are presented
as means £ SD. and were analyzed with GraphPad Prism
Software Version 5.0 (GraphPad Software Inc., La Jolla, CA)
using One way Analysis of Variance followed by Bonferroni’s
correction. Compared values were considered to be significantly
different when *p < 0.05, **p < 0.01, or ***p < 0.001.

RESULTS

Expression Patterns of BPA Putative

Receptors during Amelogenesis

We determined the specific pattern of expression for each high-
affinity BPA receptor ERRy, GPR30, ERa, and ERP, and the
other members of the ERR family, ERRa and ERRB during
amelogenesis by qPCR analysis of the enamel organ RNAs
(Figure 1A).

Rat enamel organ cells expressed all the tested receptors except
the ERB, which was undetectable at all stages of amelogenesis
(Figure 1A). The BPA receptors ERRy, and to a lesser extent
GPR30, were primarily expressed in early-stage ameloblasts
(secretory and pre-ameloblasts). ERRy expression was 5.0 to
6.7-fold higher in the cervical loop containing the precursors
than in secretion and maturation stages containing differentiated
ameloblasts. The other two members of the ERR family, the ERRa
and ERRP, were expressed throughout amelogenesis with a 3.6-
and 1.3-fold accumulation in the maturation stage ameloblasts,
respectively. The ERa presented a variable profile depending
on the animal. Some animals expressed the ERa essentially in
the cervical loop, whereas it was mostly in the maturation-stage
ameloblasts in others.

Both males and females expressed similar levels of all receptors
measured.

Expression Pattern of Additional Steroid
Receptors, GR, AR, MR, PGR, VDR, and

Retinoid Receptors during Amelogenesis

We also measured the expression of all receptors known to
be involved in the action of BPA, including the AR, PGR and
GR/MR (Figure 1B). The AR exhibited the highest difference
of expression which was 7.3-fold higher in maturation-stage
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FIGURE 1 | Expression profiles of steroid receptors during amelogenesis. RNAs extracted from microdissected rat enamel organ were analyzed by RT-gPCR
after verifying the absence of mesenchymal and bone contamination. Dental cells from the secretion stage (S) and the maturation stage (M) were separately dissected
using the molar reference line for isolation (See Materials and Methods). The cervical loop (L) that contains dental precursor cells, was anatomically distinguishable.
The highest expression level ratio calculated for each studied and reference gene, using the standard curve method was set to 100% to compare data from the three
independent experiments. Males (black bars) and females (white bars) were treated separately. The compared values were considered to be significantly different
when *p < 0.05, “*p < 0.01, **p < 0.001. (A) BPA receptors, ERRy, and to a lesser extent GPR30 and ERa, were mainly expressed in the cervical loop, whereas
ERRa and ERRB were mostly expressed in the maturation stage. ERa and ERRB expression pattern varied considerably between samples. ERB was undetectable. (B)
The other receptors able to mediate the effects of BPA were also expressed in the rat enamel organ, especially during the maturation stage. VDR and RXRa, two key
receptors in amelogenesis, were also mostly expressed during the maturation stage.

than in early-stage ameloblasts. AR mRNA was mostly detected
in maturation-stage epithelium where its level of expression
was 3.6- and 5.7-fold higher than in the mesenchyme and
in testis, respectively (Figure 2A). Immunofluorescence assays
also showed the presence of the AR protein in dental

epithelium, exclusively in maturation-stage ameloblasts, but not
in secretion-stage ameloblasts, nor in cells of the papillary
layer (Figure 2B). Among the different receptors investigated, its
localization was the most specific, restricted to maturation-stage
ameloblasts.
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FIGURE 2 | Specificity of steroid hormone and VD receptor expression
in maturation-stage ameloblasts. (A) Expression levels calculated by the
AACt method were compared between the cervical loop (L), secretion-stage
cells (S), maturation-stage cells (M), mesenchymal cells (Mes) and other
tissues used as references: testis for AR, kidney for MR, and ovary for PGR.
The AR showed the most preferential expression in maturation-stage enamel
tissue relative to all the other receptors tested with a level of expression even
higher than that found in testis, used as the androgen responsive tissue.
Results are from three independent analyses of three RNA samples of each
tissue and are presented as the means + SD. (B) Immunofluorescent assays
for the AR, ERa, and VDR, three receptors involved in amelogenesis. The ER
signal was very low in all cells of the enamel organ. The signals corresponding
to the AR and VDR were clearly localized in maturation-stage ameloblasts
(involved in enamel terminal mineralization). The AR and VDR were also slightly
detected in the secretion-stage. A, ameloblasts; PL, papillary layer; Sl, stratum
intermedium. Scale bars, 10 um.

The other receptors were mostly expressed in maturation-
stage ameloblasts with a 2.6-fold higher level of the GR
than in the cervical loop (Figure1B). The MR and PGR
were also mostly expressed during the maturation stage, but
with only small differences relative to other stages. The
level of MR expression in the maturation-stage cells was
11.2-fold lower than in the kidney, and the level of PGR
8.1-fold lower than in the ovary used as positive controls
(Figure 2A).

We also examined the expression patterns of the VDR
and its partner the RXRa. Both VDR and RXRa mRNAs
accumulated in the maturation-stage ameloblasts with a mean
two-fold higher level than in the other compartments of enamel
organ (Figure 1B). Immunohistological assays, showing the
localization of the corresponding proteins, confirmed the RT-
qPCR data with a signal for the VDR throughout the enamel
organ, but stronger in mature ameloblasts (Figure 2B).

We observed no major differences between males and females
(Figure 1B).

Comparison of Relative Expression Levels
of Steroid, BPA, Retinoid, and Vitamin D
Receptors In Maturation Stage

Ameloblasts

We determined the relative expression levels of the studied
receptors in maturation-stage ameloblasts by microarray
analysis. The most highly expressed receptors were RXRa,
RARa, and VDR (Figures 3A,B). Maturation-stage ameloblasts
also expressed all members of the ketosteroid receptors, GR,
MR, AR, and PGR. GR and AR levels of expression were
similar whereas MR and PGR were 5.9- and 7.9-fold lower,
respectively.

The other receptors (ERa, ERRP, ERRy) were weakly
expressed in maturation-stage ameloblasts: ERRy was one
of the least expressed, with mRNA level that was 27.7-
fold less than the VDR (Figure3). The ERP, GPR30, and
PPARy, three other putative BPA receptors were almost
undetectable.

DISCUSSION

The effects of vitamin D (VD) on bone and enamel
mineralization are well-known, but little is known about all
other endocrine regulations of dental growth and mineralization.
Recent reports showing the effects of EDCs on enamel
mineralization (Bloch-Zupan et al., 1994; Alaluusua et al., 2004;
Jan et al., 2007; Jedeon et al., 2014b) suggest that amelogenesis
may be regulated by endogenous steroid hormones. The
present study shows that many steroid receptors are expressed
by ameloblasts with a specific pattern depending on cell
proliferation and differentiation, making ameloblasts responsive
cells to steroid hormones. The VDR, which binds VD and
forms active heterodimers with the RXRa, was the most highly
expressed nuclear receptor along with the RXRa throughout
amelogenesis. This is in accordance with previous data showing
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293701 ESRRA (ERRa) __estrogen-related receptor alpha 11092417 111,05188 121,24488 111,95926 113,79505  4.31964
299210 ESRRB (ERRB) estrogen-related receptor beta 31.26941 31,16382 34,05890 3464295 32,78377 _ 1,58114
360896 ESRRG (ERRY) _estrogen-related receptor gamma 21,34639 24,25954 31,24969 26.81150 2591678  3,63577
25154 PGR progesterone receptor 41,07504 51,84418 41,79157 49.92325 46,15851  4,78048
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vitamin D (1,25- dihydroxyvitamin D3)
| 24873 VDR receptor 67762815 767,70062 761,26239 664,51594 717,77678  46.98941
FIGURE 3 | Relative level of expression of steroid hormone and vitamin receptors during the maturation stage. (A) The relative level of expression of each
mMRNA was determined by microarray analysis of RNAs extracted from maturation-stage enamel organ. Three main groups of receptors were distinguished: The RXRa
and VDR were the most highly expressed (black bars); the GPR30, MR, PGR, ERa, ERRB, and ERRy weakly (white bars); and the RAR«a, GR, AR, and ERRa
expression levels were intermediate (gray bars). PPARy, GPR30 and ERB were at the limit of the detection. Data resulted from microarray analyses of four RNA
samples were presented as means + SD and were compared using One way Analysis of Variance followed by Bonferroni’s correction. The compared values were
considered to be significantly different when *p < 0.05, ***p < 0.001. ns, non significant. (B) Raw microarray data and statistical analysis for the calculated mean
levels of expression of the studied receptors.

the presence of VDR (Berdal et al., 1993) and RARa/RXRa
(Bloch-Zupan et al., 1994) in enamel organ cells, reflecting the
importance of VD and vitamin A/retinol in tooth development
reported many years ago. VDR/RXR heterodimers control
ameloblast differentiation and the expression of key enamel
genes such as amelogenin and calbindin D 28k (Berdal et al.,
1993; Papagerakis et al., 1999). They were also the most highly
expressed nuclear receptors in mesenchymal cells, including
odontoblasts, in accordance with previously published data

showing the effects of VD on dentin (Davideau et al., 1996).
We also detected the GR, AR, and ERRa, among the most
highly expressed steroid hormone receptors, throughout
amelogenesis with the highest level of expression in maturation-
stage ameloblasts. The role of ERRa, and more generally of
ERRs, in amelogenesis is unknown. Corticoids affect enamel
hardness and mineralization (Pawlicki et al, 1992), and a
responsive element for GR (GRE) has been found in the
amelogenin promoter (Gibson et al, 1997). Concerning the

Frontiers in Physiology | www.frontiersin.org 6

November 2016 | Volume 7 | Article 503


http://www.frontiersin.org/Physiology
http://www.frontiersin.org
http://www.frontiersin.org/Physiology/archive

Houari et al.

Steroid Receptors in Amelogenesis

AR, it has already been detected in dental pulp cells (Dale
et al, 2002; Inaba et al, 2013). In addition, our past work,
as well as the present study, show that AR expression in
the maturation-stage ameloblasts which is higher than in
the secretion-stage and mesenchymal cells, suggesting a
selective role of androgens in enamel final mineralization
(Jedeon et al., 2016b). Testosterone is able to modulate the
expression of enamel key genes present in maturation-stage
ameloblasts such as SLC26A4 (or pendrin) and KLK4 (Jedeon
et al., 2016b). Moreover, the higher level of AR expression
in dental epithelium than in testis suggests that ameloblasts
are responsive to plasmatic testosterone and thus androgen
regulation of final enamel mineralization. This is likely not
the case for the PGR and MR which levels of expression in
enamel organ were 10 to 20-fold lower than in ovary and kidney,
respectively.

The generally higher expression of steroid hormone receptors
in the maturation-stage ameloblasts suggests a hormonal control
of final enamel mineralization, and thus of enamel quality
rather than enamel quantity. This has been experimentally
demonstrated in rodent models for the VD/VDR. The deletion
of the VDR leads to enamel hypomineralization even in
the presence of normal levels of calcium and phosphate
(Descroix et al., 2010). Indeed, low serum levels of VD during
infancy is associated to caries (Schroth et al, 2014). Dental
decay is a complex process involving many factors such as
saliva, oral microbiota, and lifestyle, but enamel quality is
also an important parameter. Elevated VD serum levels are
negatively correlated to MIH (Kiithnisch et al., 2015) and
to EDC contamination (Johns et al, 2016), suggesting that
MIH may be due, at least in part, to endocrine disruption.
Epidemiological data have shown that contamination by PCBs
and dioxin, two different classes of EDCs, may be associated
with enamel hypomineralization (Alaluusua et al, 2004; Jan
et al, 2007). Our previous experimental data showed that
rats exposed to low-dose genistein and vinclozolin, as well as
BPA, present enamel hypomineralization similar to human MIH
(Jedeon et al., 2013, 2014b), which is both a hypomineralizing
and hypoplasic enamel pathology (Jedeon et al,, 2013). The
selective affection of MIH suggests disruption during a narrow
time window compatible with the steroid hormone secretion
pattern during enamel mineralization. The clinical characteristics
of enamel defects in MIH also suggest that BPA disrupts
amelogenesis throughout the process. It may directly or indirectly
modulate receptor activities, not only in maturation-stage
ameloblasts, but also in pre-secretory and proliferating cells
of the cervical loop. The ERa has already been shown to
mediate, at least in part, the short-term mitogenic effects of
BPA in pre-ameloblastic cells, but not genomic effects (Jedeon
et al., 2014a). Similar non-genomic effects of BPA involving
GPR30 activation has been shown in prostate cancer cells
(Prins et al, 2014). The three high affinity BPA receptors,
ERRy, GPR30, and ERs, were very weakly expressed in the
maturation-stage ameloblasts. They are mainly detected in
proliferating epithelial and mesenchymal precursor cells of

the loop, especially the ERRy, which is the highest affinity
receptor for BPA (Okada et al,, 2008; Acconcia et al., 2015).
The ERRy is the in vivo receptor of BPA involved in the
mineralization process of otoliths in zebrafish (Tohmé et al.,
2014).

Despite the preferential impact of BPA in males, we
detected no major differences between males and females in
the hormone receptor expression patterns, or their expression
levels. One possible explanation is that this sexual discrepancy
may be due to disrupted levels of estrogens or androgens
(Scinicariello and Buser, 2016). BPA exerts its anti-androgenic
effects by preventing AR activation and lowering the levels
of endogenous testosterone. BPA and other anti-androgenic
EDCs may exert their anti-androgenic effects on final enamel
mineralization through the AR expressed in maturation-
stage ameloblasts (Jedeon et al., 2016b). Thus, the high
testosterone levels in males following the birth, concomitant
with amelogenesis, may cause a sexual dimorphism in enamel
quality.

In conclusion, our data show that dental cells express many
steroid receptors, of which the expression pattern depends on
their stage of differentiation. This study provides clues for further
studies of dental endocrinology which needs to be developed in
depth to understand the effects of steroid hormone receptors
and EDCs acting through such receptors on dental growth and
enamel quality.
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