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Summary
Sclerostin, encoded by the SOST gene, inhibits the Wnt pathway and, consequently, tends to decrease
bone mass. Some polymorphisms of the SOST promoter have been associated with bone mineral density
(BMD), but the molecular mechanisms involved are unknown. The aim of this study was to study the
functional role of one polymorphism in vitro. We cloned the proximal promoter region of SOST gene,
containing different alleles at the rs851054 SNP, in luciferase reporter vectors and transfected them into
the cell lines HEK-293T, SAOS-2 and HOS-TE85. We did not find significant differences in the transcrip-
tional activity of vectors with either the A or the G allele of the SNP. The co-transfection of vectors expres-
sing RUNX2 and OSX markedly increased the transcriptional activity of the SOST promoter constructs (A
allele, 2.5±0.9 fold, p<0.05; G allele, 1.9±0.8 fold, p<0.05), without significant differences between the
rs851054 alleles. Moreover, no allele differences were detected in EMSAs.
In conclusion, the DNA region upstream of the TSS of the SOST gene has a strong promoter activity that
is enhanced by RUNX2 and OSX. Frequent allelic variants in this region have been associated with BMD,
but the mechanisms involved remain to be elucidated because no functional differences between alleles
were detected in vitro.
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Introduction
Long-term bone mass development is determined
by the balance between resorption and bone for-
mation. So, when bone forming activity is insuffi-
cient to replace the part destroyed during resorp-
tion, it will inevitably lead to decreased bone tis-
sue, characteristic of osteoporosis. Osteoblasts,
responsible for bone formation, derived from
mesenchymal stem cells, can also lead to other
cell types such as chondrocytes or adipocytes.
The proliferation and differentiation of osteoblast
precursors are controlled by different intracrine,
paracrine and endocrine factors. Thus, some
transcription factors, such as RUNX2 and Osterix
(OSX) are considered essential in the early stages
of osteoblast differentiation. The Wnt pathway
also plays an important role1. Wnt ligands join the
cell membrane receptors together and, through
various intracellular mediators, modify the
expression of target genes that generally promote
bone formation and increasing osteoprotegerin
(OPG) expression, which secondarily is a decrea-
se in resorption. Wnt receptor ligands are mole-
cular complexes which include at least two pro-
teins: Frizzled and LRP, of which there are several
forms2,3. As with many other regulatory systems,
there are also inhibitors of the Wnt pathway. One
of the most widely studied is the sclerostin, enco-
ded by the SOST gene. This gene is expressed
preferentially in the osteocytes4-8. Being an inhibi-
tor of the Wnt pathway, sclerostin has a negative
influence on bone mass. Its role in skeletal bio-
logy seems important. Indeed, neutralizing scle-
rostin antibodies exert a potent anabolic effect on
the skeleton, and the SOST gene inactivating
mutations cause an exaggerated increase in bone
mass9-11.

In line with the biological role of sclerostin,
allelic variants of the SOST gene appear to
influence bone mass. Thus, in some studies
genome scan (GWAS) and other genetic associa-
tion studies, we found a link between some
common SOST gene polymorphisms and bone
mineral density (BMD). Our group also found an
association between some polymorphisms loca-
ted in the promoter region of SOST and BMD in
postmenopausal women12. The aim of this study
was to explore the regulatory capacity of one of
these polymorphisms with functional in vitro
studies. we used vectors in which the promoter
of SOST is inserted in front of a reporter gene
encoding a protein (luciferase) whose activity
can be easily measured. Experiments were
carried out to test the binding capacity of nucle-
ar proteins to these regions assessing delay elec-
trophoretic mobility.

Material and methods
Construction of reporter vectors
SOST promoter (1-1440) was cloned from geno-
mic DNA of two individuals with known genoty-
pe homozygous for alleles A and G, respectively,
of the rs851054 polymorphism (Figure 1). Both
fragments were otherwise identical and equal to

the reference of the human genome sequences.
DNA extraction occurred after informed consent,
within a study of genetic factors involved in oste-
oporosis, authorized by the Ethics Committee on
Clinical Research. For amplification of the corres-
ponding genomic fragments, PCR primers desig-
ned with the Primer3 program were used which
included sequences for the restriction enzymes
Smal and Xhol, to facilitate further cloning. PGL2
vector and amplicon were cut with these enzymes
and the fragments were ligated using T4 DNA liga-
se (NE Biolabs). The vectors were transfected into
DH5α competent cells (Invitrogen), which were
then grown on agar plates and ampicillin media.
Selected colonies were expanded in liquid cultu-
re, and then plasmids were extracted and found to
contain the correct inserts without mutations, by
conventional sequencing. Therefore, in these vec-
tors SOST promoter sequence was found driving
transcription of the luciferase-encoding reporter
gene. Thus the luciferase activity measurement
reflected transcription promoter activity of the
SOST allele sequence which was cloned into the
vector.

Transfection and analysis of transcriptional
activity
HEK-293T cells (a line derived from human kid-
ney) and human osteoblastic lines Saos-2 and
HOS-TE85 were transfected with vectors contai-
ning the promoter sequences of SOST and a RSV-
βGAL control vector, constitutively expressing the
LacZ gene, encoding β-galactosidase, in order to
normalize the results which depend on transfec-
tion efficiency. As a negative control and parallel
transfection with empty vector was also perfor-
med. For transfection HEK-293T cells 125,000
(50,000 or Saos-2 or HOS-TE85) were seeded into
each well of a 24 well plate. After reaching 80%
confluency were transfected 500ng vector using
Lipofectamine 3000 according to the manufacture-
r's recommendations (Invitrogen). At 48 hours, the
medium was aspirated and the cells with 70 mu.l
buffer, after which galactosidase activity (Galacto-
Light Plus™ β-Galactosidase Reporter Gene Assay
System, Applied Biosystems) was measured and
luciferase (Luciferase lysed Assay System,
Promega) by luminometry. The co-transfection
with expression vectors and OSX13 RUNX2 was
performed following a similar procedure, but
ensuring that the total amount of exogenous DNA
to be transfected was held constant in all wells
trays.

From each transfection, double and triple tech-
niques were performed. Furthermore, each expe-
riment was repeated at least three different times
to obtain biological triplicates. The results were
expressed as the ratio between luciferase and
galactosidase activity in cell lysates.

Analysis of nuclear protein binding
Protein extracts were obtained from 50 x 106
HOS-TE85 cells. To do this, in a lysis buffer was
used containing protease inhibitors (50 mM KCl,
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0.5% NP-40, 25 mM HEPES, 1.5 pM leupeptin,
aprotinin 46.88 µM, 125 µM DTT, 1 mM PMSF).
These were centrifuged for 1 minute at 10,000 rpm
at 4°C. After washing, the cells were re-suspended
in 100 µl of extraction buffer (500 mM KCl, 25 mM
HEPES, 10% glycerol, 1.5 pM leupeptin, aprotinin
46.88 µM, 125 µM DTT, 1 mM PMSF) and centrifu-
ged for 5 minutes at 14,000 rpm at 4°C. The super-
natant was recovered, the protein concentration
was quantified and adjusted to 5 µg/µl.

To test the delay of electrophoretic mobility
shift assay (EMSA), oligonucleotide pairs were
used, including IR dye labeling 700 in the 5 'end
of the "forward" component of each pair
(Biolegio). The sequences were as follows:

rs851054 allele A Fwd: AACAGAAACACCTTGGGCCA
rs851054 allele A Rev: TGGCCCAAGGCGTTTCTGTT
rs851054 allele G Fwd: AACAGAAACGCCTTGGGCCA
rs851054 allele G Rev: TGGCCCAAGGCGTTTCTGTT
Prefabricated gels 6% polyacrylamide (Invitrogen)

and the Odyssey Infrared EMSA kit were used for
retardation. After annealing, the oligonucleotides
were incubated with protein extract for 20 minutes,
loaded on the gel and were run at 70 V for 60 minu-
tes, after which the images of the gels were captured.
In these experiments, if the probes bind nuclear pro-
teins occurs a delay in electrophoretic mobility com-
pared to that experienced by the isolated probe
migration.

Results
Constructions SOST promoter sequence showed
high transcription activating capacity by increasing
levels of luciferase expression up to 1,000 times
compared with empty vectors. The activity was
apparently higher in HEK-293T cells than in the
other lines (Figure 2).

However, no significant differences between
the two alleles SOST promoter in any of the cell
lines tested. In fact, the ratio between the trans-
criptional activity of alleles A and G (Ratios A/G)
in Saos-2 and HOS TE85-293T cells were 1.3±0.7,
1.0±0.4 and 0.8±0.7, respectively. None of the
three was significantly different from the unit
(Figure 2).

The co-transfection of vectors expressing cons-
titutively RUNX2 and OSX increased transcriptio-
nal activity of the SOST promoter (on average
2.5±0.9 times above baseline for allele A and
1.9±0.8 times to the G allele; both p<0.05). This
increase was also be independent of which allele
was present in the SOST promoter (Figure 3).

Furthermore, in experiments delay electropho-
retic mobility see that the region where the poly-
morphism lies was able to bind nuclear proteins,
presumably with regulatory function without us to
observe differences between alleles (Figure 4).
Therefore, no further studies were performed to
identify the nature of these proteins.

Discussion
The role of sclerostin in bone biology is undenia-
ble, as revealed by the sharp BMD increase obser-
ved after administration of romosozumab, a mono-
clonal antibody that blocks sclerostin action, and
excessive bone mass experienced by patients with
sclerosteosis or Van Buchem syndrome or carriers
of rare mutations that induce a rare disease such as
loss of SOST gene function14. Although the eviden-
ce is limited, several studies suggest that frequent
allelic variants of the gene can also influence, to a
lesser extent, BMD and osteoporotic fracture risk.
In fact, in a study of genomic sweep with a large
sample size of rs4792909 polymorphism association
was found with BMD15. This polymorphism is loca-
ted in an intergenic region, being the closest SOST
gene, located at about 40 kb. On the other hand,
several groups, including ours, have analyzed the
relationship of some common polymorphisms in
the promoter region of SOST with BMD. So, we
found a significant association of rs851054 and
rs851056 polymorphisms, only separated by 560 bp
and members of the same haplotype block with
BMD of the spine in women12. Some authors have
confirmed the association of the polymorphism in
the SOST promoter with BMD in other population
groups16-20. On the other hand, in a recent study
involving a small group of patients, an association
of rs851054 alleles with the expression of SOST in
bone tissue was found21.

Figure 1. Schematic of the promoter region of SOST gene and location of some common polymorphisms
(minor allele frequency greater than 5%)
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The main objective of this study was to explore
the potential functional impact of one of these
polymorphisms and to analyze their influence on
the transcriptional activity of the SOST gene promo-
ter. Transfection experiments with reporter vectors
and delay in electrophoretic mobility did not reve-
al differences between the allelic variants studied.
There are several limitations of the models used
and numerous reasons that could explain these
negative results. First, it could be argued that the in
vitro model does not adequately reflect the in vivo
situation. For example, it cannot be excluded that
the regulatory activity requires genomic regions
with activity enhancer, promoter and far not inclu-
ded therefore in the region cloned into the vectors.
On the other hand, at least theoretically it might be
thought that the difference in allele activity is only
expressed in response to regulatory factors in cer-
tain cell types such as osteocytes, but are absent in
the cell types used in our experiments. Second, it
appears that the association with BMD might rely
on other common polymorphisms in linkage dise-
quilibrium with those studied here. If so, they
should be in distant, remote regions of the promo-
ter, since in this region there is a strong linkage. In
this regard, it should be noted that there is a regu-
latory region of SOST located at about 50 kb, con-
taining some polymorphisms linked inconsistently
with BMD20,22. This region is capable of fixing
MEF2C transcription factor and plays an important
role in regulating SOST because their lack causes
the Van Buchem disease phenotype in humans and
increased bone mass in murine models23,24. A third
possibility is that the association with BMD
depends on some low frequency polymorphisms
located in the promoter region. Finally, polymor-
phisms might act through epigenetic mediators that
cannot be adequately recapitulated in in vitro
models. Further studies are thus required including
the systematic analysis of the variants of the 5 ' and

3' of the gene and others which are associated with
considering the tridimensional structure of chroma-
tin and mutagenesis studies in vivo to clarify the
mechanisms by which these allelic variants may
modulate the activity of sclerostin and associate
with differences in bone mass25.
Our study confirmed previous results indicating
that RUNX2 and OSX increase the expression of
SOST in humans13. This indicates that these trans-
cription factors have a complex role in the osteo-
blastic line. On the one hand, they have a well-
established role as determinants of the early stages
of differentiation of mesenchymal cells into osteo-
blasts and enable an adequate number of bone-
forming osteoblasts. They also promote SOST pro-
moter activity. Therefore, in cells capable of
expressing this gene, such as osteocytes, the
secretion of sclerostin could promote and thus
help prevent exaggerated bone formation. In any
case, the SOST promoter variants do not appear to
influence the response to these factors.

In conclusion, in this study we have confirmed
that the region located before the start of translation
of the gene SOST has potent promoter activity,
which also induced transcription factors RUNX2 and
OSX. Frequent variants of this region have been
associated with bone mass, but the mechanisms
involved are still unknown, since the alleles show
no differences in in vitro transcriptional activity.
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Figure 2. Transcriptional activity of the promoter sequence of SOST after transfection into osteoblast-like cells
(HOS-TE85 OSAS) and HEK-293T line. In the left slide all the experiments (black bars, vectors with promoter
sequences SOST white bars, empty vector) are represented; in the right, the ratio of the activity of the cons-
tructs with the A and G alleles in each of the experiments. the average values of 5-6 independent experiments
performed in duplicate or triplicate are shown. The vertical lines indicate the standard error
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