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Otosclerosis (OTSC) is a complex bone disorder of the otic capsule, which causes
conductive hearing impairment in human adults. The dysregulation of the signaling axis
mediated by the receptor activator of nuclear factor-kappa-B (RANK), RANK ligand
(RANKL), and osteoprotegerin has been widely attributed to the context of metabolic
bone disorders. While genetic associations and epigenetic alterations in the TNFSF11
gene (RANKL) have been well-linked to metabolic bone diseases of the skeleton,
particularly osteoporosis, they have never been addressed in OTSC. This study aimed
to assess whether the genetic association of rs1021188 polymorphism in the upstream
of TNFSF11 and the DNA methylation changes in its promoter CpG-region reveal the
susceptibility of OTSC. Peripheral blood DNA samples were collected from unrelated
Tunisian-North African subjects for genotyping (109 cases and 120 controls) and for DNA
methylation analysis (40 cases and 40 controls). The gender-stratified analysis showed
that the TNFSF17 rs1021188 C/T was associated with OTSC in men (p = 0.023), but not
in women (p = 0.458). Individuals with CC genotype were more susceptible to OTSC,
suggesting an increased risk to disease development. Using publicly available data,
the rs1021188 was within a cluster grouping the subpopulations with African ethnicity.
Moreover, 26 loci in the TNFSF11 gene were in linkage disequilibrium with rs1021188,
revealing relative similarities between different populations. Significant differences in both
DNA methylation and unmethylation status were detected with 4.53- and 4.83-fold
decreases in the global DNA methylation levels in female and male OTSC groups,
respectively. These changes could contribute to an increased risk of OTSC development.
Bioinformatic analyses indicated that each of the rs1021188 variations and the DNA
methylation changes in the promoter CpG-sites within TNFSF11 may play an important
role in its transcription regulation. To our knowledge, this is the first study that investigates
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FIGURE 2 | Unsupervised hierarchical clustering and heatmaps of (rows) the identified TNFSF11 SNPs in linkage disequilibrium with the rs1021188 SNP across
(columns) different populations (from the combined 1,000 Genomes project Phase3 database). Cells are color-coded according to the log10 of p-value, which
evaluates the higher (enrichment)/lower (depletion) effect allele in a population, compared with the average of wholly one. The red color signifies a high level of allele
frequency, and the blue signifies a low level of allele frequency. AFR, African (1,000 Genomes); AMR, American (1,000 Genomes); EAS, East Asian (1,000 Genomes);
EUR, Europe (1,000 Genomes); SAS, South Asian (1,000 Genomes). The arrow indicates the rs1021188 SNP associated with OTSC.

showed that its genotype had a RegulomeDB rank of 5,
computed based on the integration of multiple high-throughput
datasets from Gene Expression Omnibus, the ENCODE project,
and published literature. This is suggesting its probable
functions as transcription factor binding or DNase peak
(Supplementary Figure 1). Based on the HaploReg database,
rs1021188 coincides with DNase sites and 11 altered motifs,
including CEBPA, CEBPB, Dbxl1, DIx3, DIx5, HNF1, Hoxb6,

NKx2, Pou2f2, Prrx2, and p300. Furthermore, the influence of
the rs1021188 SNP on the TNFSF11 mRNA secondary structure
was explored using the RNAfold web server. Interestingly, the
rs1021188 SNP (C/T) showed local structure changes with a
difference in the minimum free energy of —17.90 kcal/mol for
rs1021188-C vs. —15.60 kcal/mol for rs1021188-T. Moreover,
the thermodynamic ensemble diversity was different between
rs1021188-C and rs1021188-T with 25.08 and 35.02, respectively,
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suggesting that this upstream variant may affect TNFSFI1I
transcription (Supplementary Figure 2).

CpG-Rich Region Within the TNFSF11

Promoter

To investigate TNFSFII DNA methylation changes in OTSC,
we evaluated a CpG-rich region within the TNFSF11 promoter,
at genomic position chr13:43148278-43149282 (GRCh37/hgl9),
in both otosclerotic and healthy samples. This CpG island,
spanning from —260 to 4615 bp of the TSS of the isoform
1 TNFSF11 gene, shows GC content of 66.9% and a ratio of
observed to expected CpG of 0.74. Using the phastCons and
phyloP programs, this TNFSF11 promoter CpG region was
predicted to be conserved but in the presence of fast-evolving
sites with vertebrate multiz alignment and conservation for 100
species (mean phyloP100wayAll score = 0.253015). For both
otosclerotic and healthy samples, we carried out qMSP in the
CpG-rich region on which methylation status was distinguished
by the corresponding specific sequence primers. Deviation in
the melting temperature for DNA methylated and unmethylated
TNFSF11 promoter primers, Tm = 78.5-84.5°C and Tm = 77-
81.5°C, respectively, suggest that there are weak inter-individual
methylation differences in the evaluated CpG-site within the
TNFSF11 promoter.

Standard Non-Linear Models Estimating
the Differentially DNA Methylation in CpG

Sites of the TNFSF11 Promoter

The DNA methylation percentage values were fitted depending
on the Cq values. Standard non-linear models resulting for
the methylated and unmethylated TNFSF11 promoter region
revealed a significant fitting between the experimental and
fundamental values. The resulted standard models allowed us to
identify the global DNA methylation percentages in the TNFSF11
promoter CpG-rich region among otosclerotic cases and controls
in women (Figure 3I) and men (Figure 3II) groups. The DNA
methylation percentages were assessed as the DNA methylation
(M) and DNA unmethylation (U) evaluations using the following
formulas, respectively:

M (%) y=ax? :a=4296119E15 + 3.22122E16 ;

b= —9.8048 £ 2.32352

U(%) 100 —y; y= ax? :a =2.82976E — 16 + 1.58543E
—15;

b= 12.10925 + 1.68843

Significant Decrease of DNA Methylation
Levels of TNFSF11 Promoter in

Otosclerotic Groups

In the women group, the DNA methylation percentages of the
TNFSF11 promoter CpG-rich region accounted for 5.713 4 0.924
(average £ standard deviation), 95% CI [5.280-6.145] in the
otosclerotic cases group and 7.401 £ 2.253, 95% CI [6.347-
8.455] in the controls group, while the DNA unmethylation

percentages resulted in 88.35 £ 2.902, 95% CI [86.99-89.70]
in the otosclerotic cases group and 86.44 + 2.519, 95% CI
[85.26-87.62] in the controls group. The average values for
DNA methylation percentages showed statistically significant
differences in both methylation (p = 0.0193) (Figure 4A) and
unmethylation (p = 0.0239) (Figure 4B) status in otosclerotic
cases compared to controls.

In the men group, the DNA methylation percentages of the
TNFSF11 promoter CpG-rich region presented 7.825 £ 0.391,
95% CI [7.01-8.64] in the otosclerotic cases group and 7.271 +
0.533, 95% CI [6.16-8.39] in the controls group, while the DNA
unmethylation percentages presented of 76.882 & 2.351, 95% CI
[71.97-81.81] in the otosclerotic cases group and 85.955 £ 0.829,
95% CI [84.22-87.69] in the controls group. The average values
for DNA methylation percentages showed statistically significant
differences in unmethylation (p = 0.047) (Figure 4D) but not
in methylation (p = 0.364) (Figure 4C) status in OTSC cases
with controls taken as a reference. Furthermore, relative DNA
methylation analysis showed that the global DNA methylation
levels of the TNFSFII promoter CpG-rich region in OTSC
decreased by 4.53-fold and 4.83-fold as compared to controls
in female and male groups, respectively. These DNA hypo-
methylation levels may disturb the regulation of the TNFSF11
gene which could affect the RANK/RANKL/OPG pathway and
thus contribute to an increased risk of OTSC.

Transcription Factor Binding Sites and

Regulatory Elements Prediction

Lastly, to evaluate if any specific biological features related to
expression regulation are present in the DNA sequence of the
TNFSF11 promoter CpG-rich region, regulatory elements were
predicted and correlated to the DNA methylation changes in this
CpG-rich region. Interestingly, this latter contains transcription
factor binding sites identified in the ORegAnno database and
predicted for several highly significant transcription factors by
the JASPAR database, including ZNF460, Spil, EGR1, EGR2,
EGR3, EGR4, TFDP1, E2F6, and Plagll (Table 2). Additionally,
the TNFSF11 promoter CpG-rich region tends to be DNase-
sensitive in 53 different cell types by the ENCODE project
with high-scoring clusters (Score = 943, FDR = 0.01), on
which chromatin non-condensed is hypersensitive to cutting by
the DNasel enzyme. Hence, the decrease of DNA methylation
levels in the TNFSF11 promoter around TSS in the OTSC
samples compared to controls could be correlated and coincided
with the high occupancy of regulatory elements that may
affect the expression of TNFSFII and therefore disturb the
RANK/RANKL/OPG pathway.

DISCUSSION

Over the past decades, several studies evidenced the important
regulatory role played by the RANK/RANKL/OPG system in
osteoclasts maturation, bone modeling, and remodeling. The
dynamic equilibrium between the RANKL and OPG levels is
critical for maintaining normal bone metabolism and turnover,
thus, RANKL/OPG ratio is an important determinant of
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FIGURE 3 | Global DNA methylation percentages of the TNFSF11 promoter CpG-rich region in women (I) and men (Il) groups using Standard non-linear Models.
Curve fitting plots for serial DNA methylation percentages of converted Human DNA controls at 0, 25, 50, 75, and 100%, red and black shapes respectively, with (A)
methylated TNFSF11 primers and (B) unmethylated TNFSF11 primers. The curve fitting plot (A) shows a proportionate increasing percentage of the methylated DNA
with a decreasing of the Cq values for the TNFSF11 methylated primers’ reactions. The blue (A.l) and green (A.ll) shapes illustrate resulted in DNA methylation
percentages among case and control samples of quantitative amplifications with TNFSF17 methylated primers in women and men, respectively. The curve-fitting plot
(B) shows a proportionate increasing percentage of the unmethylated DNA with decreasing of the Cq values for the TNFSF771 unmethylated primers’ reactions. The
pink (B.l) and purple (B.Il) shapes illustrate resulted in DNA unmethylation percentages among case and control samples of quantitative amplifications with TNFSF11
unmethylated primers in women and men, respectively. The x-axis details the average of Cq values reported in each reaction. The right y-axis represents the average
percent DNA methylation across the TNFSF11 promoter CpG-rich region. The left y-axis represents the average percent DNA unmethylation across the TNFSF11
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bone mass and skeletal integrity (57). Alternatively, imbalance
in the RANKL/OPG ratio could lead to an altered bone
mass (58), increased fractures susceptibility (59), and results
in a wide spectrum of metabolic bone diseases, including
osteoporosis, rheumatoid arthritis, bone metastases (60), and also
OTSC (16).

Given the critical role of the RANK/RANKL/OPG signaling
pathway in maintaining/ regulating proper bone metabolism,
SNPs in these pathway genes could also be determinants for bone
alterations and the onset of pathological conditions. We provided
evidence previously that rs3102734 and rs2073618 variants of the
OPG gene are associated with OTSC in a Tunisian North-African
ethnic population (15). To the best of our knowledge, based on
a deep literature review and the Mastermind database search,
a widely-used bioinformatics platform of a comprehensive
genomic association, this is the first study elucidating the roles
of genetic association and DNA methylation modifications of
TNFSF11 gene in OTSC (Figure 5).

Herein, we showed an association between the rs1021188 SNP
and OTSC in men. It was earlier postulated that the rs1021188
variant of TNFSF11 was associated with susceptibility of stress
fracture injuries in North-American and British elite athletes
men (40), which further supports the role of TNFSFII in the
preservation of bone strength. A GWAS showed that rs1021188
SNP was associated with volumetric cortical bone density (41),
and the minor C allele was associated with a significant decrease
in bone density, with a notable effect on cortical bone density
in men rather than in women (42). TNFSF11 is controlled by

estrogen and other hormones (61, 62). Given that the hormonal
status changes extremely during a woman’s life (menarche,
reproductive period, lactation period, perimenopausal period,
and postmenopausal period), the absence of association between
the rs1021188 SNP and OTSC in women may be due to
the interaction between genetic variation and sex hormones.
In another hand, it can be conceivably hypothesized that the
TNFSFI11 rs1021188 SNP in itself is not associated with OTSC
in women, but probably by combining with other SNPs, the
association may become significant. In the same line, Kim et al.
reported that an intronic polymorphism of TNFSF11 (rs2277438)
was not associated with bone mineral density in Korean
postmenopausal women, but importantly, it was confirmed to
interact with the TNFRSF11B G1181C SNP to affect bone mineral
density (63).

The potential function of the rs1021188 SNP in OTSC is
unknown. The significant association between this SNP and
OTSC may be explained by the fact that this SNP is in LD with
the real causal genetic variation in the TNFSFI11 gene or in a
nearby gene. Therefore, genotyping with more variants near this
SNP and in the genes involved in the RANKL/RANK/OPG bone
remodeling pathway is necessary for future research.

It has been reported that in individuals with osteoporosis,
metabolic changes and alteration of bones in the middle ear
could be related to conductive hearing loss. Similarities between
osteoporosis and OTSC have been reported and the clinical
relationship between these two common disorders of bone was
supposed when osteoporotic women showed OTSC regardless
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FIGURE 4 | Percentages of DNA methylation and unmethylation in the TNFSF11 promoter CpG-rich region comparing otosclerotic cases to controls in a Tunisian
population. DNA methylation status with methylated TNFSF117 primers in (A) women and (C) men. DNA unmethylation status with unmethylated TNFSF77 primers in
(B) women and (D) men. DNA methylation percentage was calculated as the mean of triplicate Cq values for each sample. Results represent the mean DNA
methylation percentage + SD. For both DNA methylation and unmethylation levels, significant differences were assessed between otosclerotic cases and controls
groups with P* < 0.05, as evaluated by the Man Whitney-test. The y-axis represents the average percent DNA methylation and DNA unmethylation across the
TNFSF11 promoter CpG-rich region in (A,C) and (B,D), respectively.

of age (64). Therefore, significant genetic variations that are  mineral density evaluation (such as levels of vitamin D, calcium,
associated with hearing loss and osteoporosis, such as the  phosphorus, and parathyroid hormone) in our patients with
rs1021188 variant, could be an early predictor of either of = OTSC would help us further to ascertain the association between
these two bone disorders. We assume that this SNP is linked  osteoporosis and OTSC. We believe that our findings will serve
to a common mechanism regulating bone metabolism showing as a base for futuristic research for both osteoporosis and
an effect of the non-coding variant on clinical phenotypes. = OTSC disorders.

This is could be further emphasized by our in-silico findings To avoid selection bias in our association study, it was
suggesting that the rs1021188 variant may play a role in  aimed that the study population was ethnically and genetically
TNFSF11 transcription regulation. Since TNFS11 alterations have ~ homogeneous. Our case-control association study was designed
established an association with osteoporosis, additional bone  with the matching of Tunisian North-African ethnicity for
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TABLE 2 | Predicted transcription factor binding sites in the TNFSF11 promoter
CpG-rich region.

Transcription factor Genomic size Score P-value
ZNF460 16 627 1076
Spit 17 606 106
EGR1 14 644 1076
EGR2 11 632 1076
EGR3 15 716 1077
EGR4 16 643 106
TFDP1 11 632 1076
E2F6 13 648 106
Plagli 13 613 106

patients with OTSC and healthy subjects from a local population
with the same geographical region (south and southeast of
Tunisia) which is in favor to avoid false-positive association
results. This is was further confirmed by multivariate analysis
using two-way unsupervised hierarchical clustering which
showed that the prevalence of rs1021188 SNP is closer to the
African populations than to the Dominican populations within
the same cluster, albeit, the majority of Dominicans have sub-
Saharan African ancestry (65). Nevertheless, the association
of rs1021188 in the TNFSFII gene needs to be replicated in
other populations with different ethnic groups to provide more
credibility to this genotype-phenotype association.

We explored the TNFSFI1 SNPs in linkage disequilibrium
with the rs1021188 SNP in five populations (American, African,
European, South Asian, and East Asian). Euclidean and Ward’s
linkage method was assessed to evaluate if the rs1021188 SNP
was significantly enriched or depleted in each of the studied
populations compared with the global average. The p-values
were then used to create an enrichment/depletion heatmap.
Twenty-six loci were identified in LD with rs1021188 exhibited
unique allele enrichment/ depletion profiles across the five
populations. The European population was highly distinguished
from American and African but closer to south Asians that is
independent of the other populations. Additionally, the GWAS
Catalog (https://www.ebi.ac.uk/gwas/home) showed high levels
of linkage disequilibrium (r* > 0.8) with rs1021188 SNP in
Iberian subpopulation in Spain. This is giving more evidence to
the association of rs1021188 SNP with our Tunisian population
implying signals of genetic admixture from North-Africa into
Iberia populations based on the historical population movements
related to both the Muslim conquest and the subsequent
Reconquista (66).

Considering the possible link between DNA methylation
modifications and OTSC; we evaluated the DNA methylation
patterns of the CpG-rich region overlapping the TSS in the
promoter of TNFSFI1I1 in OTSC cases and controls for both
gender groups. We found a decrease in DNA methylation levels
in subjects with OTSC compared to controls in both genders.
Consequently, this epigenetic modification by a change in the
DNA methylation levels may affect the transcription regulation
by an increase in the gene expression of the TNFSFII1 gene

as previously documented (47). It has been reported that the
tumor-specific shift to transcriptional repression related to DNA
methylation at TSSs was confirmed in several tumor types (67).
This is also consistent with the fact that DNA methylation affects
gene expression by the intervention of transcription factors
binding to the corresponding regulatory sites (68). Importantly,
we identified that CpG sites within the TNFSFI1 promoter
coincide with transcription factor binding sites, including
ZNF460, Spil, EGR1, EGR2, EGR3, EGR4, TFDP1, E2F6, and
Plagll, which seem to play a critical role in transcriptional
control of TNFSF11. Some of the transcription factors predicted
to bind to this CpG-region, such as E2F6, have been linked
to modulating bone function (69). Whether these transcription
factors target this region requests to be experimentally validated
before their potential roles in transcriptional regulation of
TNFSF11 are appraised.

Intriguingly, the studied TNFSF11 promoter CpG-rich region
was predicted to encompass DNase I-Hypersensitive sites. It
has been shown that DNase I Hypersensitive sites highly
correlate with active genes expression, suggesting these sites
can be considered as markers to identify cis-regulatory elements
associated with the disease (70). This may reflect the fact
that DNase I enzyme preferentially target hypomethylated
DNA where the molecule is topographically exposed and more
reachable to modifying enzymes. It was reported that the
methylation status of the CpG locus upstream of the TATA-
box moderates the control of cell- and mouse tissue-specific
expression of the TNFSF11 gene and osteoclastogenesis (46).
Moreover, our previous finding provided evidence that DNA
hyper-methylation of promoter regions in elderly women is
correlated with the down-regulation of potential biomarkers in
age-related hearing impairment, such as P2RX2, KCNQ5, ERBB3,
and SOCS3 (71). The present hypothesis of a coupled DNA hypo-
methylation with an increase in the TNFSF11 gene expression
is in line with the study by Priyadarshi et al. (16), that showed
increased RANKL-OPG ratio expression in OTSC. Furthermore,
elevated RANKL-OPG ratio in children and juvenile serum was
associated with increased activation of osteoclasts in skeletal and
non-skeletal pathologies (72).

Due to the higher prevalence/risk of OTSC in women
which is 2 to 3-fold higher than in men (73), and to
avoid gender heterogeneity, the DNA methylation analysis was
directed on each gender separately. It has been suggested that
hearing disorder is influenced by gender probably through
the sex hormones which can affect the bone metabolism of
the otic capsule (61). The effect of diverse sex hormones on
the ear may affect the labyrinthine function (74). While the
RANK/RANKL/OPG system that controls bone metabolism
might be regulated by hormones, such as estrogen, progesterone,
and prolactin (75). It has been reported that estrogen promotes
prolactin release, on one hand, and on the other hand, prolactin
increases RANKL and decreases OPG, which influences bone
metabolism. This is in favor to consider the effect of hormones
on hearing function and the bony otic capsule disorders (61).
Furthermore, it is hypothesized that pregnancy is likely to trigger
the onset/progress of OTSC during intense periods of hormonal
activities (76). Particularly, the variations in these hormone levels
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FIGURE 5 | Summary of the study findings: Schematic representation of the rs1021188 SNP, transcription factors binding sites, and CpG island locus in the
upstream region of the TNFSF17 gene (NG_008990.1, Isoform 1). The rs1021188 C/T polymorphism was associated with OTSC in men from a Tunisian North-African
ethnic population. The CpG island in the promoter region of the TNFSF11 gene presents a decrease in the DNA methylation levels in OTSC samples compared to
controls. Interaction between promoter DNA methylation surrounding the TSS and transcription factors of the TNFSF11 gene was predicted: In the DNA
hypomethylation, transcription factors can bind DNA allowing RNA polymerase to fix and to start the transcription. Transcription Factors are shown as oval shapes.
The TNFSF11 CpG-rich region was shown to be DNase-sensitive. Chromatin non-condensed permitting transcriptional activation through greater accessibility of
transcriptional machinery which may modulate the regulation of TNFSF117 expression and affect subsequently OTSC pathology.

during pregnancy may result in low-frequency hearing loss and  that control TNFSFI11 expression is of high interest to help in
full feeling of the ear (77). Research on aging has shown that  discovering novel bone therapeutic targets for OTSC.
hearing regresses rapidly in post-menopausal women above 50 Due to the complexity in accessing and harvesting tissues
years of age with poor capacity to hear at low frequencies (78,79).  of the human middle ear (stapes, mucosa, otic capsule...),
This may suggest an association effect between TNFSFII gene  peripheral blood samples were used in this study as a promising
and aging in one hand, and emphasize our findings by the fact  alternative and which was confirmed in other diseases without
that hypomethylation of TNFSFI1 gene is associated with aging  accessible tissues (81). DNA methylation patterns may depend on
phenotype as reported in EWAS Platform, a comprehensive  specific conditions and change from one tissue type to another.
analysis for epigenome-wide association studies (https://ngdc. ~ However, it was reported that the DNA methylation levels
cncb.ac.cn/ewas). are well-maintained between tissues and blood cells (82, 83).
Considering the abnormal bone remodeling in the human otic =~ Moreover, the bone DNA methylation patterns were confirmed
capsule which is characterized by irregular bone growth around  as a predictor biomarker of skeletal bone disease progression
the stapes footplate and oval window, it is most probably due  in peripheral blood samples in an independent cohort of
to a regulatory mechanism for which TNFSFI11 appears to be a  osteoporotic postmenopausal women (84). We are aware of the
key factor. It can be hypothesized that the progression of OTSC  possible differences of DNA methylation levels in blood samples
is due to local repression of genes involved in bone turnover  compared to those of the otic capsule tissues, and it is still a
that affect only the otic capsule and not the general skeleton,  question of practical significance to show that blood might be

like TNFSFI1. a rational surrogate for otic capsule tissues when evaluating the
So far, surgical intervention has remained the gold standard  effects of DNA methylation patterns.
treatment for restoring hearing in patients with even profound The most striking finding in our study is that variations

conductive hearing loss (80). Non-invasive treatment, however,  in the upstream region of the TNFSFI1I gene, including the
could not yet be effective for the prevention of OTSC, association of the rs1021188 SNP with OTSC and the decrease
possibly due to a lack of molecular targets. Understanding of  of the DNA methylation levels of TNFSF11 promoter CpG-rich
possible cause(s) underlying activation of the triggers in the  region in OTSC patients compared to controls, may separately
otospongiotic foci (early stage) during OTSC is required for increase the risk of OTSC disease. Together these genetic and
the evolution of OTSC research and treatments. We believe  epigenetic variations showed that the infrequent genotype CC
that identifying candidate transcriptional regulatory elements  showed the less range of DNA methylation level and the
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height range of DNA unmethylation level among all samples
compared to CT and TT genotypes (Supplementary Figure 3).
As far as, the rs1021188 SNP (C > T) is present at a GC
dinucleotide, the frequent T allele is disrupting this GC site,
thus, it may be assumed that this could affect DNA methylation
regulation of the nearby CpG-rich regions. The relationship
between DNA methylation changes and the rs1021188 genotypes
in the TNFSF11 promoter CpG-region could partially explain
the reason whether non-coding variants could be associated with
the disease.

CONCLUSION

In conclusion, we report an association between the TNFSF11
rs1021188 polymorphism and OTSC in the male gender from
a Tunisian North-African population. Linkage disequilibrium
analysis showed TNFSF11 SNPs diversity amongst populations
with different ethnicity. In addition, DNA methylation analysis
may represent a powerful tool to understand the complexity
of OTSC and to determine potent regulatory targets for
effective therapies directed for normal bone remodeling.
Using bioinformatics analysis, we predicted a potential
effect of the rs1021188 SNP and regulatory elements that
are correlated with the DNA methylation changes in the
TNFSF11 CpG-rich region and consequently related to
transcription regulation. Furthermore, functional analyses
on the TNFSF11 gene will eventually help to define the
role of its genetic and epigenetic variations in the OTSC
pathology and, hence, to understand the mechanism behind
its development.
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GLOSSARY
ACE, Angiotensin-Converting Enzyme; AGT,
AnGioTensinogen; BMP, Bone Morphogenetic Protein;

CI, Confidence Interval; COL1AIl, Collagen type I, Alpha
1; COL1A2, Collagen type I, Alpha 2; Cq, Quantification
cycle; EGR, Early Growth Response; EWAS, Epigenome-
Wide Association Studies; E2F6, E2F Transcription Factor
6; FGF2, Fibroblast Growth Factor 2; FOXL1, Forkhead Box
L1; GAPDH, GlycérAldéhyde-3-Phosphate DésHydrogénase;
GWAS, Genome-Wide Association Study; IQR, InterQuartile
Range; LD, Linkage Disequilibrium; M-CSE Macrophage
Colony-Stimulating  Factor; MEPE, Matrix Extracellular

Phosphoglycoprotein; ~ OPG,  Osteoprotegerin;  OTSC,
Otosclerosis; PCR, Polymerase Chain Reaction; Plagll, PLAG1
Like Zinc Finger 1; gMSP, Quantitative Methylation-Specific
Polymerase chain reaction; RANK, Receptor Activator of
Nuclear factor Kappa-B; RANKL, Receptor Activator of Nuclear
factor Kappa-B ligand; RELN, Reelin; SERPINFI, Serpin family
F member 1; SNP, Single Nucleotide Polymorphism; Spil, Spi-1
Proto-Oncogene; TFDP1, Transcription Factor Dp-1; TGFBI,
Transforming Growth Factor beta 1; TNE Tumor Necrosis
Factor; TNFSF11/TRANCE, TNF Superfamily Member 11;
TNFa, Tumor Necrosis Factor alpha; Tm, Melting temperature;
TSH2B, H2B Clustered Histone 1; TSS, Transcription Start Site;
ZNF460, Zinc Finger Protein 460.
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