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Abstract

Purpose of Review Sclerostin, encoded by the gene Sost, is a
regulatory glycoprotein produced by mature osteocytes in
bone. Findings in animals and humans revealed that Sost/
sclerostin deficiency results in increased bone density, and
neutralizing antibodies to this protein are being investigated
for treatment of postmenopausal osteoporosis. While it is clear
that sclerostin is a major regulator of skeletal homeostasis, the
specific mechanisms that control its expression are not
completely understood.

Recent Findings Growing evidence suggest that epigenetic
phenomena such as histone modification, DNA methylation,
or microRNAs influence Sost/sclerostin expression under
physiologic and pathologic conditions. Furthermore, these
epigenetic mechanisms control Sost/sclerostin production in
a time- and cell-context manner. Together with previous liter-
ature, these new findings indicate that Sost/sclerostin
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regulation is complex and requires coordination of multiple
mechanisms.

Summary This review summarizes the current knowledge on
the epigenetic regulation of Sost/sclerostin expression and
discusses future research needed to unravel the mechanisms
by which Sost/sclerostin expression is controlled in a cell-,
time-, and space-specific manner.
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Introduction

Bone remodeling is a lifelong process that repairs bone dam-
age and maintains mineral homeostasis. This process removes
old bone and creates new bone in a balanced manner and
involves multiple and coordinated cellular and molecular
events [1, 2]. Advances during the last two decades revealed
that bone remodeling is orchestrated by osteocytes, the most
abundant cells in bone, which regulate the bone-resorbing
activity of osteoclasts and bone-forming activity of osteoblasts
by mechanisms involving cell-to-cell contact and the release
of soluble factors [3, 4].

Osteocytes are major producers of antagonists of the Wnt/
[3-catenin signaling, a pathway that promotes bone formation
by stimulating the maturation and survival of cells of the os-
teoblastic lineage and inhibits osteoclastogenesis by increas-
ing the production of osteoprotegerin (Opg) in osteoblasts and
osteocytes [5¢]. Sclerostin, the translatable product of the gene
Sost, is a potent Wnt signaling antagonist secreted by osteo-
cytes. This secreted glycoprotein achieves its inhibitory func-
tion by binding to the Wnt co-receptors Lrp 4/5/6 thus inter-
fering with the formation of Wnt ligand-LRP receptor com-
plexes and thereby antagonizing downstream signaling [6°, 7,
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8, 9]. Consistent with a central role of sclerostin in the regu-
lation of bone homeostasis, mutations in the Sost gene in
humans resulting in either the absence of the protein or its
secretion are associated with high bone mass conditions and
exaggerated bone formation, including sclerosteosis, van
Buchem disease, and craniodiaphyseal dysplasia [Se, 10, 11].
Similarly, mice with genetic deletion of the gene Sost display
increased bone mass and bone formation [12]. In contrast,
overexpression of Sost/sclerostin decreases bone mass and
reduces the bone-forming activity of osteoblasts [13—15].
Further, mice carrying mutations resulting in a deficient bind-
ing of sclerostin to Lrp5 also exhibit increased bone mass [16,
17]. In concert, all these results provided the basis to target the
anti-osteoanabolic actions of sclerostin as a therapeutic ap-
proach for patients with decreased bone formation and low
bone mass. Monoclonal neutralizing antibodies to sclerostin
were generated, and beneficial skeletal outcomes have been
observed in animal studies and clinical trials [18, 19]. As a
result, an application for approval of a sclerostin-targeted ther-
apy was submitted to the FDA in 2016.

The extensive Sost/sclerostin-related work generated over
the last years has significantly expanded our understating of
sclerostin skeletal functions and bone remodeling. However,
the pathways that control Sost/sclerostin expression and the
mechanisms that allow the regulation of this gene in a cell-,
time-, and site-specific manner remain unclear. Growing evi-
dence suggests that epigenetic mechanisms that alter DNA
accessibility and chromatin structure dictate Sost/sclerostin
patterns of expression. In this review, we summarize the cur-
rent knowledge on the epigenetic regulation of Sost/sclerostin
and propose future research needed to understand the mecha-
nisms controlling Sost expression.

Epigenetic Regulation of Gene Expression

All cells in an organism have the same DNA sequence, but
they differ in their gene expression patterns, which allow the
cells to specialize and perform different functions. Epigenetic
factors play a critical role in the establishment of cell-specific
gene expression patterns and the dynamic regulation of gene
expression during development and in adult tissues through
reversible modifications in the chromatin, without changing
DNA sequence [20]. In addition, through specific changes in
gene expression patterns, epigenetic mechanisms enable tem-
poral and spatial control of gene activity to adapt cells and
organisms to changing conditions of the local microenviron-
ment and/or the external environment.

The genome is organized in nucleosomes, consisting of
146 base pairs of DNA wrapped around a histone octamer
protein core, formed by an H3-H4 tetramer and two
H2A-H2B dimers. Nucleosomes fold into more complex
structures that determine the accessibility of the DNA to the
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transcription machinery [21, 22]. DNA regions to be tran-
scribed are in a looser chromatin conformation; thus, tran-
scription factors and the RNA polymerase can access the tar-
get genes. Posttranslational modifications of the histone tails
are essential determinants of chromatin packaging and govern
activation/inactivation of genes to further influence cellular
behavior. These modifications include methylation, acetyla-
tion, phosphorylation, sumoylation, biotinylation, and
ubiquitylation [23]. Some modifications, such as acetylation
of histones H3 and H4 and mono- or tri-methylation of lysine
4 in H3 (H3K4mel and H3K4me3), are associated with active
transcription. On the other hand, modifications such as meth-
ylation of H3 at lysines 9 and 27, H3K9me3, and H3K27me3
are related to repression of gene repression.

A variety of enzymes contribute to the covalent modifica-
tions of histones [24, 25]. Five families are involved in the
incorporation of methyl groups. The SET domain contains
proteins of the methyltransferase superfamily including
Dotl-like proteins and human protein arginine methyltransfer-
ases (PRMT family), methylates, lysines, and arginines.
Further, the amine oxidases and JumonjiC (JmjC) domain
contain iron-dependent dioxygenases that contribute to his-
tone demethylation [26, 27]. Histone acetyltransferases
(HATs) and histone deacetylases (HDACs) are responsible
for the acetylation and deacetylation of histones, respectively
[25, 28]. Sirtuins, class III HDACs, are of particular interest
since they not only regulate chromatin structure and gene
expression but also DNA repair, senescence, cell differentia-
tion, and stress cellular responses [29-31]. In addition to the
histone-modifying proteins, other remodeling complexes can
modify the chromatin package and state. These protein com-
plexes are composed of an ATPase-dependent component to
remove histones from DNA, thereby restructuring nucleo-
somes. Based on distinct domain structures, there are
four well-characterized families of mammalian chromatin-
remodeling ATPases, which are SWItch/Sucrose Non-
Fermenting (SWI/SNF), Imitation SWItch (ISWI),
Nucleosome Remodeling and Deacetylation (NuRD)/Mi-2/
chromodomain, helicase, DNA binding (CHD), and
INOsitol requiring 80/Sick With Rat8 ts (INO80/SWR1)
[22, 32].

One of the most widely studied epigenetic marks is DNA
methylation and specifically the addition of a methyl group to
cytosines that are in the 5 position of a guanine (i.e., CpG
dinucleotides). Most cytosines in CpG sites are methylated
(about 80%). The distribution of CpG in the human genome
is uneven, and there are regions in the genome with a high
density of CpG sites, the so-called CpG islands [33]. In the
human genome, CpG islands are common in the promoter
regions of many genes. The methylation of cytosines in gene
promoters is frequently associated to gene repression [34]. It is
noteworthy that several epigenome-wide association studies
have revealed phenotype-associated differentially methylated
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sites in regulatory DNA regions distant from gene promoters.
This finding suggests that the methylation of CpGs in en-
hancers and other regulatory regions, and not only in the prox-
imal promoters, play an important role in the epigenetic regu-
lation of gene transcription [35]. 5-Methylcytosine (SmC) is a
stable epigenetic mark that is potentially transmissible to
daughter cells. DNA methyltransferases (DNMTs) are respon-
sible for the transfer of a methyl group from the methyl donor,
S-adenosyl-L-methionine (SAM), to the 5-position of cyto-
sines. DNMT1 is responsible for the maintenance of the
S5mC after cell division, whereas DNMT3A/DNMT3B are
involved in the de novo methylation of cytosines [36].

Cytosine hydroxymethylation is a recently identified type
of DNA modification; however, its exact biological role is still
unclear [37, 38]. 5-hydroxymethylcytosine (ShmC) is formed
through oxidation of SmC by the Ten-Eleven Translocation
(TET) family of proteins. It has been shown that in addition to
S5hmC, TET proteins can generate 5-formylcytosine (5fC) and
5-carboxylcytosine (5caC) [39, 40]. ScaC is specifically rec-
ognized and excised by thymine-DNA glycosylase (TDG),
which then results in an unmethylated cytosine. This observa-
tion has led some investigators to consider that ShmC is mere-
ly an intermediate in DNA demethylation. However, many
studies suggest that ShmC is indeed a stable epigenetic mark
directly implicated in the regulation of gene expression by
influencing genome structure and function [41, 42].
Supporting this notion, chromatin regulators, such as Mbd3,
only bind to ShmC and not to SmC, thus regulating the ex-
pression of genes with ShmC marks. Further, UHRF1, a factor
involved in the maintenance of DNA methylation marks,
binds to ShmC and 5mC with similar affinity. Moreover, 5-
hmC is frequently found in gene bodies and associated with
active gene expression [43—45]. However, unlike the exten-
sive evidence supporting a negative relationship between
DNA methylation levels and gene expression, and the well-
established cooperative interactions between DNA methyla-
tion and histone modifications and other epigenetic marks [33,
46—438], there is still limited information about the relationship
between ShmC and gene expression or its crosstalk with other
epigenetic marks.

Non-coding RNAs (ncRNAs) represent other epigenetic
mechanism and have gained widespread attention in recent
years. They can be classified in small ncRNAs, smaller than
200 nucleotides, and long ncRNAs (IncRNAs), larger than
200 nucleotides. Among small ncRNAs, microRNAs
(miRNAs) are single-stranded RNA molecules of ~22 nucle-
otides in length that interact with mRNA targets
posttranscriptionally to regulate gene translation [49, 50].
miRNAs are involved in many biological processes, including
cell development and differentiation, immunity, and disease
development and progression. miRNAs repress gene expres-
sion by blocking mRNA translation and, in some cases, in-
ducing mRNA degradation [51]. Coding sequences for

miRNAs are distributed throughout the genome in introns,
exons, and intergenic regions. The biogenesis of miRNAs
starts with the transcription of pri-miRNAs, which are capped
with 7-methylguanosine and bear a poly-(A) tail. After tran-
scription, the enzyme complex Drosha-DeGiorgio Critical
Region 8 binds and cleaves pri-miRNAs to obtain pre-
miRNAs. pre-miRNAs are then exported from the nucleus
by Exportin 5. Once in the cytoplasm, Dicer, a Rnase III,
processes the pre-miRNA into 22 nt duplex miRNA and then
it is denatured into a single strand miRNA. This miRNA is
loaded onto the RNA-induced silencing complex (RISC),
which is formed by Dicer, TRBP, Ago2, and GW182. The
resultant complex miRNA-RISC recognizes the mRNA tar-
gets, resulting in either the degradation of the target mRNA or
blockade of the mRNA-dependent synthesis of polypeptide
chains [52, 53].

LncRNAs are poorly conserved among species, but accu-
mulating evidence suggests that this type of regulatory RNAs
plays an important role in a diversity of biological processes
[54]. They can be classified according to their relation to pro-
tein coding genes into five categories: sense, antisense, bidi-
rectional, intronic, or intergenic. This group of RNAs can act
as regulators of gene expression at different levels. They can
interact at the transcription level by favoring or repressing the
binding of transcription factors. Further, they can also act at
the posttranscriptional level influencing the degradation,
splicing, translation, or transportation of mRNA. Moreover,
they can modulate miRNAs pathways, thereby acting as reg-
ulator of regulators [55, 56].

Sost/Sclerostin Expression and Regulation

The expression of Sost/sclerostin appears to be osteocyte-
specific in bone. This is supported by immunohistochemical
evidence showing sclerostin staining in the body of osteo-
cytes, osteocytic lacunae, and canaliculae but not in osteo-
blasts or lining cells covering quiescent surfaces of the bone
[9, 57, 58]. In vitro, Sost mRNA expression is undetectable in
primary osteoblasts, but its expression progressively increases
as osteoblasts mature and acquire the osteocytic cellular and
molecular signature [58, 59]. Consistent with this, high levels
of sclerostin are found in mature osteocytes surrounded by
mineral but rarely detected in newly embedded osteocytes
[57, 58]. These findings indicate that changes in the Sost reg-
ulatory machinery occur during the acquisition of the
osteocytic phenotype and enable the expression of this gene
only in latter stages of osteoblast differentiation. Further, the
expression of Sost/sclerostin is also regulated in a site-specific
manner. For instance, mechanical loading reduces the expres-
sion of Sost/sclerostin only in osteocytes located close to high
bone formation surfaces thus coordinating regional and local
osteogenesis [13]. Moreover, Sost/sclerostin production is
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also controlled in a timely manner, as demonstrated by the
increases in sclerostin levels with age or the transient inhibi-
tion of its expression by parathyroid hormone (PTH) [60, 61].

The Sost gene is organized into two exons and two major
regulatory regions. Originally identified in Van Buchem’s pa-
tients, the Sost gene contains a 52-kb distal enhancer element
(ECRY) located ~35 kb downstream of the transcription start
site (TSS) [11]. More recently, it was demonstrated that the
Sost proximal promoter (~1.4 kb upstream the TSS of the Sost
gene) also controls the expression of this gene [62¢]. These
two regulatory regions contain response elements for a num-
ber of hormones and transcription factors that modulate Sost/
sclerostin expression in bone [6¢]. Thus, Sost/sclerostin pro-
duction is complex and involves multiple mechanisms that
allow dynamic regulation of its expression.

Regulation of Sost Expression by HDACs

There are few data about the role of posttranslational modifi-
cations of histones in bone metabolism and in osteocyte func-
tion in particular. Nevertheless, several studies indicate that
different chromatin modifications contribute to the mainte-
nance of bone mass; however, thus far, deacetylation of his-
tone tails has received most attention. Deacetylation of lysine
side chains in histones is involved in skeletal development and
maintenance of bone mass [63, 64]. With some exceptions,
in vitro data supports that HDACs inhibit bone formation and
stimulate bone resorption, and animal and clinical studies
using HDAC inhibitors resulted in complex effects in the bone
[63, 64]. Some of these effects are mediated by direct actions
on the Sost gene. Baertschi, Keller, and colleagues provided
the first evidence supporting that HDACs participate in the
regulation of Sost/sclerostin [65¢]. Using UMR106, a rat os-
teosarcoma cell line that expresses Sost/sclerostin, they found
that silencing of class I HDACs 1, 2, and 3 inhibits the ex-
pression of Sost, suggesting a role of these HDACs in the
regulation of constitutive expression of this gene. Further,
HDACS knockout mice exhibit elevated Sost mRNA levels
and increased sclerostin-positive osteocytes [66¢], demon-
strating that HDACS5 negatively regulates Sost/sclerostin in
osteocytes. Mechanistic studies revealed that HDACS binds
to Mef2C, a major regulator of Sost expression, and inhibits
its function [66¢]. Moreover, HDACS also mediates the regu-
lation of Sost/sclerostin by PTH, a known inhibitor of its ex-
pression, by mechanisms that involved Mef2¢ and interactions
with response elements located in the ECRS regulatory region
[66e, 67, 68].

The sirtuin family includes seven proteins (sirtuin1—7) with
a highly conserved NAD-binding catalytic domain. Sirtuin
(Sirt)1, Sirt6, and Sirt7 are predominantly nuclear proteins,
whereas other Sirts are located in the cytosol or the mitochon-
dria [69]. Sirtl is the most conserved and most studied
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mammalian sirtuin. Sirtl has protein-deacetylase activity and
has been shown to remove acetyl residues from H3K9Ac,
H4K16Ac, and HIK26Ac [70]. Because histone acetylation
tends to associate with relaxed chromatin and active gene
transcription, Sirt-mediated deacetylation of histones at gene
promoters contributes to inhibit the expression of a variety of
genes. Sirt] haplo-insufficient mice exhibit reduced bone for-
mation and low bone mass, whereas increased Sirtl activity
promotes the differentiation of MSCs towards the osteoblastic
phenotype and increases bone mass in mice, at least in part by
enhancing Wnt/B-catenin signaling [71-73]. The effects of
Sirt] on skeletal homeostasis may be mediated in part through
Sost/sclerostin regulation. In fact, Sirt] has an inhibitory effect
on Sost expression in mouse osteoblastic cells, the osteocytic
cell line MLO-Y4, and human osteoblasts. The molecular
mechanisms have not been fully elucidated but may be related
to the deacetylation of histone 3 at lysine 9 (H3K9) at the
SOST promoter [74°].

Together, these data suggest that different histone
deacetylases could have opposite effects on Sost/sclerostin
expression. Thus, future research is required to elucidate the
effects of individual HDACs on the regulation of this gene.
Similarly, the role of other chromatin modifications (methyl-
ation, sumoylation, ...) on Sost transcription is understudied
and demands further investigation.

Regulation of Sost Expression by DNA Methylation

Advances in the last 20 years have demonstrated that DNA
methylation is key in the differentiation programs and estab-
lishment of gene expression patterns of several bone cells,
including osteoblasts, osteocytes, osteoclasts, and their pro-
genitors [35, 62, 75-80]. Although the role of this epigenetic
mark on bone homeostasis is now starting to be revealed,
novel findings associate methylation patterns of genes with
BMD levels in postmenopausal women [81¢], suggesting that
aberrant DNA methylation patterns may underlie the patho-
physiology of common skeletal diseases such as osteoporosis
and osteoarthritis [77].

The Sost gene has two CpG-rich regions, one located in the
proximal promoter and the other one located in body of the
gene, in the exon 1. CpG islands are rare in gene bodies and
usually are heavily methylated [62¢]. Methylation in these
areas is usually associated with genomic stability and active
transcription, indicating that methylation in gene bodies has
different functions than in promoter sequences. Consistent
with this, the CpG island region present in the body of the
Sost gene is largely methylated in both osteoblastic and non-
osteoblastic cells [62¢].

Much of the work on DNA methylation has focused on
CpG-rich regions located at promoter regions. Unmethylated
promoters are usually associated with nucleosome-free
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regions at the TSS, and thus, gene expression is controlled by
transcription factors with binding elements present in the pro-
moter sequence. Methylation in promoters is usually observed
in long-term silenced genes and in genes that are specifically
expressed in germ cells versus somatic cells or in undifferen-
tiated cells versus differentiated cells. In the Sost gene, the
CpG island present in the promoter is hypermethylated in
active osteoblasts and their precursors, but it is largely
hypomethylated in osteocytes [62¢]. Further, bone-lining cells,
cells that cover quiescent surfaces of bone, show an interme-
diate methylation profile between primary osteoblasts and os-
teocytes. These results indicate that DNA methylation nega-
tively controls Sost/sclerostin in the osteoblastic lineage
and that changes in the DNA methylation during osteoblast-
osteocyte transition enable the expression of this gene exclu-
sively in osteocytes. Consistent with this notion, pharmaco-
logic demethylation of the Sost promoter markedly
upregulates the expression of this gene in both osteoblasts
and non-osteoblastic cells [62¢]. Moreover, functional studies
showed that the region —581/+30 of the Sost promoter gene,
which contains the CpG-rich region, is critical for the regula-
tion of the transcriptional activity of this gene. Mechanistic
experiments demonstrated that CpG methylation decreases
Sost promoter activity by preventing the binding of transcrip-
tion factors to the proximal promoter, including Bmp2,
Runx2, and Osx [62¢, 82].

While it is well accepted that DNA methylation represses
Sost expression, the mechanisms controlling this dynamic
regulation of DNA methylation at the Sost promoter are large-
ly unknown. Recent findings show that Bmp-2, a known reg-
ulator of Sost/sclerostin expression, induces demethylation of
the CpG-rich region located in the proximal promoter [62,
83], suggesting that changes in the levels of BMP could reg-
ulate the transition from a methylated to a non-methylated
Sost promoter. Additional experiments are needed to gain in-
sight into the specific mechanisms and stimuli that promote
the demethylation of the Sost promoter during osteoblast dif-
ferentiation towards osteocytes.

After the seminal studies by our group [62¢], several inves-
tigators hypothesized that the dysregulation of Sost/sclerostin
expression bone pathologies was associated with aberrant
methylation patterns in the proximal promoter of the Sost
gene. Reppe and colleagues studied the messenger RNA
(mRNA) levels of Sost, serum sclerostin, and DNA methyla-
tion patterns in the Sost promoter in a cohort of osteoporotic
patients and healthy subjects [81¢]. Osteoporotic patients ex-
hibited increased CpG methylation in the gene promoter re-
gion compared to the healthy subjects and reduced expression
of Sost mRNA and circulating levels of sclerostin, suggesting
that DNA methylation may act as a compensatory mechanism
that lowers Sost/sclerostin to counteract the inhibition of Wnt/
[3-catenin signaling and promote bone formation. In contrast,
no differences were found in the degree of methylation in the

Sost promoter between osteoporotic and osteoarthritic patients
in a smaller cohort of patients [84]. More recently, it was
shown that chondrocytes from osteoarthritic patients exhibit
a hypomethylated Sost promoter and increased Sost mRNA
compared to normal subjects [85]. Altogether, these results
suggest that changes in the methylation pattern of the Sost
promoter could also underlie changes in the Sost/sclerostin
levels observed in several bone pathologies. Future studies
in larger cohorts and in patients with bone disorders should
clarify the specific contribution of DNA methylation to the
altered expression of Sost/sclerostin in diseased bone.

Regulation of Sost Expression by microRNAs

Information gathered during the past decade suggests that
microRNAs (miRNAs) are key regulators of bone develop-
ment and control bone formation and resorption in the adult
skeleton [86—88]. Although high-throughput screening helped
to identify changes in the expression of a number of miRNAs
in several bone pathologies, scarce information is available
regarding how these non-coding RNAs affect the expression
of Sost/sclerostin.

Osx and Runx2 induce Sost expression by binding to re-
sponse elements present in the proximal Sost promoter in both
rodent and human cell systems [82, 89]. Besides this direct
influence, it is possible that Osx modulate Sost/sclerostin
levels by influencing miRNA expression. In this regard,
Chen et al. have shown that Osx decreases the levels of
miRNA-204/211, which has an inhibitory effect on Sost/
sclerostin levels [90]. Consistent with this finding, transfec-
tion of this miRNA binds to the 3-UTR of Sost mRNA, re-
duces the activity of Sost 3-UTR luciferase reporter vectors,
and decreases the endogenous levels of Sost/sclerostin in
UMRI106 cells [91¢]. Further, many miRNAs have been
shown to modulate the activity of Osx and Runx2 during
osteoblastogenesis, including miRNA-23, miRNA-30,
miRNA-31, miRNA-34, miRNA-93, miRNA-103, miRNA-
125, miRNA-133, miRNA-135, miRNA-137, miRNA-145,
miRNA-204, miRNA-205, miRNA-211, miRNA-214,
miRNA-217, miRNA-218, miRNA-335, miRNA-338,
miRNA-433, miRNA-637, and miRNA-3077 [78, 79, 92,
93]. Given the stimulatory effect of Runx2 and Osx on Sost
expression, we cannot discard the possibility that some of
these miRNAs may secondarily regulate Sost/sclerostin
levels. However, the precise role and the relative importance
of these miRNAs in the regulation of Sost have not been
elucidated yet. miR-218 expression is induced during osteo-
blast differentiation and promotes the commitment and differ-
entiation of osteoblast precursors by activating the Wnt sig-
naling pathway. This is related, at least in part, to the down-
regulation of several Wnt inhibitors, including Sost, Dkk2,
and Sfrp2. Consistent with this, miR-218 transfection reduces
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endogenous Sost mRNA levels in MCT3 cells and decreases
the activity of Sost 3'-UTR luciferase reporters [91¢].

miRNAs are emerging as attractive therapeutic targets.
However, the development of miRNA-based therapies to
modulate Sost/sclerostin expression will require identification
of miRNAs that exclusively target the Sost mRNA in a bone-
specific manner in order to minimize potential side effects due
to the multiple target nature of miRNAs. Given the clinical
interest in targeting sclerostin for the treatment of several bone
conditions, one can envision future experiments, combining
in vivo and in vitro approaches, to identify miRNAs that reg-
ulate the expression of Sost/sclerostin in bone.

Conclusions and Future Directions

Sost/sclerostin has starred a remarkable bench-to-bedside
journey to become a promising anabolic drug for the treatment
of osteoporosis and other bone diseases. Although much is
known about its biological function in the skeleton, the tran-
scriptional regulation of this gene remains unclear. Advances
during the last decade have provided relevant information on
the regulation of Sost/sclerostin by epigenetic mechanisms.
Repression of Sost expression in osteoblasts and non-
osteoblastic cells appears to occur through the proximal pro-
moter rather than the distal enhancer. DNA methylation locks
the Sost gene in an off position, thus impeding its transcrip-
tion. Demethylation of the CpG-rich region together with mul-
tiple factors including chromatin modification, miRNAs, hor-
mones, and transcription factors turns on the expression of this
gene by acting on both the ECRS and the proximal promoter
regulatory regions. This complex regulation enables the quick
adjustment of Sost/sclerostin levels to spatial or temporal
demands.

Future research efforts should focus on understanding the
regulatory sequences that underlie the expression of Sost/
sclerostin in a cell type-specific manner, the interplay between
the different epigenetic marks and their influence on transcrip-
tion, and whether these processes are dysregulated in bone
pathologies. The development of novel techniques, including
cell-labeling, RNA-seq, high-throughput sequencing, or
ChIP-seq, makes feasible to investigate in detail the dynamics
of epigenetic changes and how they correlate with transcrip-
tional changes at the single-cell level.

Pharmacological modulation of epigenetic mechanisms
has been shown to regulate Sost/sclerostin in in vivo models
(AzadC, HDACsS) [66°, 94, 95]. However, the use of these
drugs and the interpretation of the results on bone mass are
limited by the complexity of the physiological activities ex-
hibited by these inhibitors. Thus, the challenge for the future
will be to translate the current and future knowledge on the
regulation of Sost/sclerostin into the development of new
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therapies that allow selective regulation of this gene in a
bone-specific manner.
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