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Summary
Introduction: Several genome‐wide association studies (GWAS) and others which focused on the sclerostin gene (SOST)
have found that some SOST polymorphisms are associated with bone mass and risk of fractures. This study analyzes the
functional relevance of certain polymorphisms of the SOST promoter region, and their relationship with the expression
and methylation of this gene.
Material and methods: Alleles of the rs851054, rs851056, rs10534024, rs1234612 polymorphisms and DNA methylation
were analyzed by pyrosequencing in serum and bone samples of 33 patients undergoing hip replacement. In addition,
SOST expression was studied in bone samples. Also, different alleles of the SOST promoter were cloned into double reporter
vectors with the luciferase gene under this promoter and the alkaline phosphatase gene under a constitutive promoter.
Results: Methylation analysis of the SOST promoter region in serum free DNA and bone DNA revealed no statistically
significant differences across the alleles of the analyzed polymorphisms (p>0.05). However, transfections with reporter
vectors showed high transcriptional activity, regardless of the vector used.
Conclusion: We have not found a clear association between the different alleles and the DNA methylation of the SOST
promoter region. Further studies are needed to determine the polymorphisms’ functional effects on the methylation
and expression of the SOST gene and the consequences on bone mass.
Key words: serum free DNA, DNA methylation, polymorphisms, sclerostin, osteoporosis, gene regulation.

INTRODUCTION
Genome‐wide association studies (GWAS) and candidate
gene studies have found some single nucleotide poly‐
morphisms (SNPs) in the SOST gene, which encodes
sclerostin, associated with bone mineral density (BMD)
and predisposition to fractures1‐4. However, the mecha‐
nism responsible for this association is unknown.
Among the general mechanisms by which genetic va‐
riants predispose to complex diseases are epigenetic
mechanisms, such as DNA methylation, that modulate
gene transcription directly (locally) or indirectly (remo‐
tely)5. In this sense, it should be noted that the DNA
methylation of the SOST promoter is inversely related to
the gene expression levels of the gene6.
DNA methylation is an epigenetic mark that consists
in the addition of a methyl group at the 5 ’position of the

cytosine ring, usually in cytosines that precede guanine,
forming the so‐called CpG sites. They are distributed
throughout the genome and abundant in some specific
regions, such as promoters, called CpG islands. Methy‐
lation levels of CpG sites and/or islands have specific
profiles according to the tissue of origin and modulate
gene expression in many tissues, including bone7‐10.
Circulating cell free DNA (cfDNA) is present in fluids,
such as urine, synovial fluid, plasma or serum, and it is
an interesting molecular biomarker because it is easy to
obtain without using invasive procedures11. cfDNA is
being extensively studied as a biomarker in the oncology
field, for the amount of cfDNA increases with the pre‐
sence of several tumors. In addition, tumors accumulate
specific mutations, which allow them to be differentia‐
ted from other DNA sequences with different origin12,13.
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Therefore, cfDNA is a promising marker for the detec‐
tion, diagnosis, prognosis, monitoring and treatment of
various diseases14.
Previously, we have demonstrated specific DNA methy‐
lation patterns in osteoblast and mesenchymal stem cells
(hMSCs) derived from osteoporotic patients. These diffe‐
rentially methylated regions are enriched in genes associa‐
ted with cell differentiation and skeletal development, in
hMSCs15 and osteoblasts16, respectively. Specifically, we
have previously verified that DNA methylation levels of the
SOST promoter regulate gene expression in osteoblasts.
Hence, DNA demethylation induces SOST expression, even
in cells in which this gene is normally repressed17,18.
This study aims to determine DNA methylation levels in
the SOST promoter from serum free DNA and the possible
relationship with some polymorphisms previously asso‐
ciated with BMD. In addition, we considered the effects of
these polymorphisms on the expression of sclerostin.

MATERIAL AND METHODS
Patient selection
Femoral heads were obtained from 33 patients under‐
going hip replacement surgery for osteoporotic fracture
(FRX; n=15) or osteoarthritis (OA; n=18). Patients with
secondary osteoporosis, secondary osteoarthritis or
fractures due to high‐energy trauma were excluded. Pa‐
tients’ age ranged between 61 and 91 years. From each
patient, samples of bone tissue, blood and serum were
obtained. The serum was used to isolate free DNA and
study sclerostin promoter methylation. Blood samples
were used to obtain genomic DNA in order to analyze
the polymorphisms of interest.
The study was approved by the Ethics Committee in
Clinical Research of Cantabria and patients gave their
written informed consent.
DNA isolation
Trabecular bone samples from the central part of the fe‐
moral heads were obtained with a trocar. They were ins‐
tantly frozen with liquid nitrogen and homogenized with
a polytron in lysis buffer and proteinase K. After an over‐
night incubation at 55°C, DNA was extracted with phenol:
chloroform: isoamyl alcohol, as previously published16.
Cell free serum DNA was extracted from two 1 ml aliquots
of serum, proccessed in parallel (2 ml of serum per pa‐
tient for analysis). To each aliquot, in a 15 ml falcon tube,
we added 500 µl of lysis buffer (Tris‐HCl, EDTA, sodium
acetate and SDS) and 5 µl of proteinase K (20 mg/ml). The
mixture was incubated for 1 hour in a water bath at 56°C.
DNA was extracted, as with bone, by using phenol: chlo‐
roform: isoamyl alcohol. The pellet (not visible) was allo‐
wed to dry at room temperature and resuspended with
20 µl of distilled water. Blood cell DNA was extracted with
the Illustra blood genomic kit Prep Mini Spin (GE Health‐
care Life Sciences, Marlborough, USA.).
Genotyping
Blood cell DNA was quantified by the Qubit procedure
(Thermofisher Scientific, Waltham, USA). Four SOST SNPs
previously associated with bone mineral density (rs851054,
rs851056, rs1234612 and rs10534024) were analyzed by
using assays with Taqman probes (Thermofisher).
DNA methylation analysis
500 ng of bone DNA per sample was used to modify with
bisulfite with the EZ DNA Methylation‐Gold methylation

kit (ZymoResearch, Irvine, USA), following the manufac‐
turer's instructions. On the other hand, the whole amount
of DNA isolated from serum (20 µl of the resuspended
DNA) was used and also subjected to bisulfite modifica‐
tion with the EZ DNA Methylation‐Gold kit. The level of
CpG methylation in the region of the SOST promoter was
analyzed by pyrosequencing (PyromarkQ24 Advanced
System®). The primers used for PCR amplification and
sequencing were designed with the PyroMark assay de‐
signer (Qiagen NV, Hilden, Germany) (Sense primer.
5'‐TGGTGGGGTGATAAATGAATT‐3'; Antisense primer.
5'‐TGGTGGGGTGATAAATGAATT‐3'; Sequencing primer
5'‐ATTTGGTTTGAGAAATGG‐3 '). The PCR was carried out
with a biotinylated primer, which allows its purification
in a single‐stranded DNA template, using the Pyro‐
markQ24 vacuum workstation (Qiagen N.V., Hilden, Ger‐
many) (according to the manufacturer's instructions).
Finally, pyrosequencing reactions and methylation quan‐
tification were carried out in a PyroMark Q24 Advance
System (Qiagen N.V., Hilden, Germany).
The region where methylation was studied was located
near the polymorphisms examined, approximately 300
base pairs upstream the transcription start site (Figure 1A).
SOST expression and sclerostin levels
Serum sclerostin levels were analyzed by ELISA (Teco
Medical Group, Sissach, Switzerland). The sensitivity of
this kit is 0.05‐3 ng/ml.
SOST expression in bone was analyzed by quantitative
real‐time PCR (RT‐qPCR). RNA was extracted from frozen
bone biopsies homogenizing with trizol, isolating with
chloroform and precipitating the RNA with isopropanol.
Complementary DNA (cDNA) was synthesized with the
TaKaRa PrimeScript RT kit (TaKaRa, Shiga, Japan). We
used 1 µg of starting RNA, random hexamers and oligo‐dT
as primers, with the protocol recommended by the manu‐
facturer. The transcript levels were evaluated by RT‐qPCR
using commercially available Taqman assays (Thermofis‐
her Scientific) in an Applied Biosystems 7300 real‐time
PCR system. We used GAPDH and TBP as reference genes.
Reporters vectors and analysis of transcriptional activity
The SOST promoter reporter vector (HPRM50859‐
PG04; GeneCopoeia, Rockville, USA) was acquired. In ad‐
dition, a second vector was obtained with the same
sequence, but varying the haplotype (rs851054 G/A;
rs851056 C/G; rs851057 C/G). Both vectors have the lu‐
ciferase gene under the SOST promoter sequence and
the bioluminescent alkaline phosphatase gene under a
constitutive promoter (Figure 1B). This dual vector
allows to normalize the signal and objectively quantify
the signal generated by each transfected promoter. Li‐
kewise, we obtained a vector with an empty promoter
(pEZX‐PG04; GeneCopoeia, Rockville, USA) on the luci‐
ferase sequence, as a negative control for transfection.
Transfection of the different vectors was carried out
with Lipofectamine 3000 (Thermofisher Scientific, Wal‐
tham, USA). For the transfection experiments 50,000
cells (HEK‐293T) were seeded per well, in a 24‐well
plate, by triplicate. The next day, with a confluence of
80%, approximately, 500 ng of each vector was trans‐
fected, in independent wells, using Lipofectamine 3000
according to the manufacturer's recommendations. The
luciferase and alkaline phosphatase signal was analyzed
after 24 h, 48 h and 72 h, by using the Secrete‐Pair Dual
Luminescence Assay Kit (GeneCopoeia, Rockville, USA).
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Analysis of the results
The presence of linkage imbalance and haplotypic dis‐
tribution was analyzed with the Haploview program19.
Statistical analyzes for this study were carried out
using version 3.6.0 of the R software. Alleles were com‐
pared with respect to their level of SOST promoter
methylation and/or SOST expression in bone by analysis
of variance (ANOVA). The comparison between patient
groups was performed using Student's t. In all cases, p
values less than 0.05 were considered as significant.

RESULTS
Serum free DNA methylation samples were analyzed, in
duplicate, by pyrosequencing. DNA methylation levels
were taken as reliable when the signal strength was
solid. Variability among serum duplicates was small,
with an average standard error of 3.89%.
Serum free DNA methylation analysis did not reveal
statistically significant differences in relation to the va‐
rious alleles of the analyzed polymorphisms (rs851054,
rs851056, rs1234612 and rs10534024) (Figure 2). We
did not find differences in bone DNA methylation in as‐
sociation with the aforementioned polymorphisms (Fi‐
gure 3).
In addition RNA was also obtained from bone biop‐
sies in order to study the endogenous expression of
SOST in bone. The results obtained by RT‐qPCR did not
reveal statistically significant differences in the endoge‐
nous expression of SOST in bone, in relation to the poly‐
morphisms analyzed (Figure 4).

It should be noted that 3 of the 4 SNPs were in strong
linkage imbalance, with D 'of 1 and close correlation bet‐
ween their alleles (R2 of 0.83‐1). The other polymor‐
phism, rs1234612, was not part of that block (Figure 5).
Combined haplotype or genotype analysis did not reveal
statistically significant associations with methylation or
gene expression (data not shown). Transfections with
reporter vectors, which carried the promoter sequence
of the SOST gene, showed high transcriptional activity,
regardless of the alleles present in the vector. In fact, it
increased up to 20 times at 24 hours with respect to the
empty vector. However, both constructions, with oppo‐
site alleles, showed a similar activity (Figure 6).

DISCUSSION
Sclerostin is a potent inhibitor of the Wnt pathway. It
blocks the co‐receptors Lrp4, 5 and 6, thus preventing
the receptor activation by Wnt ligands. Sclerostin has an
important role in bone biology. Mice with SOST gene de‐
letion have ibcreased bone formation and bone mass20.
In contrast, overexpression of SOST in osteoblasts de‐
creases bone mass21. In addition, certain SOST gene mu‐
tations that cause a loss of sclerostin in humans are
associated with high bone formation activity and high
BMD, causing Van Buchem disease or sclerosteosis22,23.
Conversely, a monoclonal antibody that blocks sclerostin
(romosozumab) has recently been approved by the FDA
(US Food and Drug Administration) for osteoporosis tre‐
atment, after observing that it increased bone mass in
animal studies and in humans24,25.

Figure 1. (A) Diagram of the promoter region of the SOST gene and location of the analyzed polymorphisms, with
the distance to the transcription start point (TSS). The CpG dinucleotide chosen to determine the methylation levels
of is also shown. (B) Reporter vectors with the luciferase gene (G-LUC) under SOST promoter and alkaline phosphatase (SEAP) under the constitutive cytomegalovirus (CMV) promoter. Two vectors were used, with a different haplotype of the frequent polymorphisms of the region (rs851054, rs851056 and rs851057)
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Figure 2. Methylation level of the SOST promoter in serum cell-free DNA ofindividuals (n=33) genotyped for each of
the 4 polymorphisms (rs851054, rs851056, rs10534024 and rs1234612). P-values of the analysis of the variance
of methylation levels across genotypes
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Figure 3. Methylation level of the SOST promoter in bone DNA of individuals (n=33) genotyped for each of the 4
polymorphisms (rs851054, rs851056, rs10534024 and rs1234612). P-values of the analysis of the variance of
methylation levels across genotypes
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Figure 4. SOST expression in bone. Samples of individuals (n=33) genotyped for each of the 4 polymorphisms
(rs851054, rs851056, rs10534024 and rs1234612). Expression levels were calculated by RT-qPCR, standardized
by the reference genes (GAPDH and TBP) and are expressed as deltaCt. P-values of the analysis of the variance of
methylation levels across genotypes
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Several studies suggest that some allelic variants of the SOST gene
may influence BMD and the risk of osteoporosis26,27. Since these are non‐
coding variants, presumably they influence the expression of SOST gene.
On the other hand, we have previously been able to demonstrate the im‐
portance of DNA methylation in the regulation of sclerostin expression
in the osteoblastic lineage18. Likewise, in several studies it has been
shown that genetic variants can influence DNA methylation and SOST
gene expression5. Hence, the objective of this study was to explore the
functional impact of some frequent polymorphisms in the promoter re‐
gion of the SOST gene, specifically, their effect on methylation and gene
expression. However, despite its association with BMD15, we have not
found any significant association between these allelic variants and DNA
methylation levels, nor between allelic variants and gene expression le‐
vels, whether the analysis was performed at the single SNP level, or at
the combined genotype or haplotype levels. In line with this, transfection
experiments with reporter vectors have not revealed differences bet‐
ween allelic variants of the promoter region and transcriptional activity.
Therefore, our study does not support the existence of an influence of
these polymorphisms on the expression of the sclerostin gene, neither
direct nor mediated through changes in promoter methylation.
There are several limitations that must be considered when inter‐
preting these negative results. First, the study of association between
allelic variables and DNA methylation is limited to a specific region of
the promoter. A study of other CpG sites along the SOST region would
be needed to obtain a more comprehensive understanding of the po‐
tential influence of DNA polymorphisms on DNA methylation. Second,
the effect of the polymorphisms studied may depend on other poly‐
morphisms in linkage disequilibrium. In addition, those polymor‐
phisms may be in regions far from the promoter, such as regulatory
regions (enhancer) or even in other chromosomes. This fact also limits
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Figure 6. SOST promoter activity measurement by transfecting vectors with different SOST sequences (promoter 1 and promoter 2). Each reporter has the opposite
haplotype for polymorphisms rs851054, rs851056 and
rs851057. The relative signal was calculated as the ratio
of luciferase activity and the alkaline phosphatase activity ratio (SEAP). Subsequently it was compared with
the ratio observed after transfecting an empty vector
(this is, without the SOST promoter, but with SEAP activity). Bars show the standard error
SOST Activity
30
Promoter1
Promoter2
Relative signal

the analysis with reporter vectors, in which only the pro‐
moter region of SOST is found. Finally, reporter vectors are
transfected in vitro, and their DNA sequences are demethy‐
lated, so that the in vivo situation is not properly recapitu‐
lated. Another limitation of this study is the presence of
samples obtained from patients with different diseases (os‐
teoporotic fractures and osteoarthritis), that may influence
methylation levels distinctly. However, similar results were
obtained in the stratified analysis. Finally, the sample size
determines the ability to demonstrate subtle differences
between polymorphisms, especially in the analysis of com‐
bined polymorphisms. In any case, it is important to note
that these results do not question the importance of scle‐
rostin in regulating bone cell activity, which has been de‐
monstrated in numerous experimental and clinical studies.
In conclusion, we have not seen a clear association bet‐
ween the different alleles and the DNA methylation of the
promoter region of the SOST gene. Therefore, the associa‐
tion of these polymorphisms with BMD does not appear to
be due to direct influences on the promoter activity, or to
changes in promoter methylation. It can be assumed, the‐
refore, that it is mediated by complex interactions that take
place with distant regions of the chromatin. On the other
hand, this study raises the possibility of using serum free
DNA as a biomarker in some skeletal disorders.
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