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a b s t r a c t

The OPG/RANKL/RANK system is important in the balance between bone formation and resorption.
We used primary human osteoblasts (hOBs) cells to examine the impact of 17-�-estradiol (E2) or/and

1,25-dihydroxyvitamin D (1,25D) in OPG/RANKL system in 28 post-menopausal (PM) women; (a) with hip
fracture (OP) or (b) with osteoarthritis (OA). The hOB from OP patients proliferated slower during the first
stage, than the OA women (31.5 ± 2.6 and 21.4 ± 1.3 days, respectively, p < 0.05). The OP group secreted
significantly higher OPG protein levels than the OA women (10.1 ± 2.6 and 4.4 ± 0.8 pmol/L, respectively,
p < 0.05). The 1,25D and 1,25D+E2 induce an increase in RANKL and RANKL/OPG mRNA expression in OP
patients above 200% (p < 0.05).
PG/RANKL

7-Beta-estradiol
,25-Dihydroxyvitamin D

HOBs from the osteoporotic hip initially proliferate slower but after reaching the first cellular conflu-
ence, the proliferation rate is equal in both groups. Furthermore, hOBs from hips with OP present a higher
protein secretion of OPG, and higher RANKL and RANKL/OPG expression ratio in response to 1,25D and
1,25D+E2, than hOBs from OA women. All this could suggest that the greater bone loss that characterizes
OP patients can be mediated due to differences in the secretion and expression of the RANKL/OPG system
in response to different stimuli.
. Introduction

Osteoporosis and osteoarthritis (OA) are two chronic age-related
isorders of the skeleton and articular joints, but they are rarely
resent together in the same patients [1]. Inversely related alter-
tions have been described in both of them. In OA, bone mineral
ensity (BMD) is increased, there is a reduced bone loss and a
endency towards a reduced risk of femoral neck hip fractures, com-
aring healthy elderly women. In OP patients, however, there is

ow BMD, a higher bone loss and increased risk of bone fractures.
hese bone and fragility differences are caused by an imbal-
nce between bone resorption and formation in both pathologies
2–5].
Bone remodelling is carried out by osteoblast and osteoclast
ells. The first one, in addition to being directly responsible for
one formation, also controls bone resorption by regulating the
roliferation, differentiation and recruitment of osteoclastic pro-
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genitor. The bone remodelling is regulated at the systemic level
by sex and calciotropic hormones and, at local level, by a range
of growth factors and cytokines. Amongst these, RANKL (receptor
activator of NF-�B) is a particularly central and potent physiologi-
cal inducer of osteoclastogenesis [6]. Interaction through the RANK
receptor induces preosteoclast differentiation, increases osteoclast
activity, and prolongs osteoclast lifespan [7]. Osteoprotegerin (OPG)
is the corresponding decoy receptor, which acts as a competitive
inhibitor of RANKL action [8]. Both OPG and RANKL are expressed
by osteoblastic cells and bone marrow stromal cells [9] and it is
now thought that the final step in the osteoclast regulatory path-
way may be determined by the relative ratio of the RANKL/OPG
system. Accordingly, an increase in OPG serum levels with age
has been described in women with post-menopausal osteoporo-
sis [10]. Most studies that analyze RANKL and OPG expression in
osteoblasts are performed in animal cultures, tumor cells or cellular
lines; those that analyze these molecules in hOB primary cultures
are very scarce and no studies have been carried out that compare

results in vitro of hOB patients with OP as opposed to those with
OA. Recently, two different groups have studied the gene expres-
sion of these molecules from macerate of bone biopsies to compare
OP and OA patients, which have reported that mRNA levels of OPG
were lower, and RANKL and RANKL/OPG ratio levels were higher
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n patients with fractures in respect to those with osteoarthrosis
5,11].

Oestrogen has been reported to stimulate, to inhibit and to have
o effect on OPG protein secretion [12,13] and expression mRNA
PG [12–15].

About 1,25D, some authors have published a rise in mRNA
ANKL expression and a decrease in mRNA OPG [16–18], while oth-
rs find an increase in the levels of mRNA OPG and protein secretion
n response to 1,25-dihydroxyvitamin D [19].

The aim of the present study was to investigate whether primary
uman osteoblastic cell cultures derived from patients with osteo-
orotic hip fractures and those with OA showed differences in the
ANKL/OPG system as well as evaluating whether the hormones
hat modulate the expression of this system, such as oestrogens
nd 1,25D, induce a different response on the osteoblasts derived
rom both pathologies.

. Materials and methods

.1. Patients and cell culture

The study population consisted of two groups of women. The
rst was formed by 14 post-menopausal (PM) women with osteo-
orotic fractures (OP), between 73 and 89 years old and the second
y 14 women with OA, between 65 and 88 years old. The crite-
ia for inclusion in both groups were to be aged 60 or over, not
o lead a sedentary life, to walk for 1–2 h everyday, to take more
han 700 mg/day of calcium (calculated by dietetic questionnaire),
ot to receive treatment with a negative influence on the bone
etabolism. The OP group was formed by PM women with an osto-

orotic hip fracture that required arthrosplasty (seven of whom
ad antecedents of non-traumatic fractures at least one, at ages
bove 45 years old) and the OA group was formed by PM women
ith OA, admitted for elective hip arthroplasty and not to have pre-

ented an osteoporotic fracture during their life. Exclusion criteria
ere malignant diseases (unless cured with no signs of relapse over

he past 5 years), hyperthyroidism, hyperparathyroidism, osteoma-
acia, any previous bisphosphonate treatment or systemic steroid
reatment or use of vitamin D supplements or current use of hor-

one replacement therapy, nor any other drugs with negative
ffects on bone metabolism.

Patients were included in the study in a consecutive manner
ver a period of 2 years as they were directed to arthroplasty by
he Trauma & Orthopedics Department in the University Hospital
Virgen Macarena” of Seville, Spain. The study was approved by the
thical committee and an informed consent was obtained from all
he participants in the study.

During the surgical procedure, a femoral osteotomy was per-
ormed and the femoral head and neck were removed. Briefly,
rabecular bone was cut into pieces (1–2 mm) and thoroughly
insed with phosphate-buffered saline (PBS) six times. The cells
rom each donor were examined separately in different exper-
ments, they were seeded into 10-cm2 plates and cultured in
ubelcco Modified Eagle (DMEM; Gibco Grand Island, NY, USA)
ontaining 4.5 g/L glucose, supplemented with 100 UI/ml of peni-
illin, and 100 �g/ml of streptomycin and 10% foetal bovine serum
FBS; Gibco), previously inactivated during 1 h at 37 ◦C. The cul-
ures were incubated at 37 ◦C in a humidified atmosphere with 5%
O2. The medium was changed twice a week until confluence was
chieved (first stage) (4–6 weeks). Confluent cells were detached
y tripsinization, and then 300.000 cells in were sub-cultured in

he same medium in six-well plates and tested in the second pas-
age. The number of cells (index of proliferation) was counted with
n hematocytometer. Tripan blue was used to screen out dead
ells after harvesting. We confirmed osteoblastic phenotype by
sing alkaline phosphatase staining. In all the cultures, ≥85% of
& Molecular Biology 113 (2009) 46–51 47

the cells showed intense staining for alkaline phosphatase activ-
ity.

2.2. Histochemical detection of ALP

After rinsing monolayer cells with PBS, the cells were fixed in
3.7% formaldehyde and 90% ethanol solution for 2 min and washed
in TBS for 10 min. Then, the cells were stained with fast 5-bromo-4-
chloro-3-indolyl phosphate and nitro blue tetrazolium (BCIP/NBT)
alkaline phophatase substrate (Amresco, OH, USA) for 10 min at
room temperature. The reaction was stopped by removing the sub-
strate solution and washing it out with distilled water.

2.3. Cell treatment with E2 and 1,25D

To assess OPG secretion and expression and RANKL expression,
confluent hOB cells were incubated for 24 h in serum free DMEM
and then we added different agents during 24 h. The concentration
used for each agent is listed as follows: 10-7M 17-�-estradiol (E2;
Sigma, St. Louis, MO, USA) and/or 10-8M 1,25-dihydroxyvitamin
D (1,25D; Sigma). The conditioned medium was collected and the
supernatant stored at −80 ◦C until analysis. All experiments were
performed in duplicate.

2.4. Measurement of OPG secretion

The levels of OPG were analyzed using an ELISA (Immundiag-
nostik, Bensheim and Biomedica, Wien). Briefly, the samples and
the biotinylated antibody against OPG react simultaneously with
the pre-coated antibody on the microtiterplate, in a second step,
streptevidin-peroxidase is added which reacts with the detection
antibody, and the solid phase is incubated with the substrate, TMB.
An acidic stopping solution is subsequently added. A dose–response
curve of the absorbance units (at 450 nm) vs. concentration is gen-
erated. The OPG present in the samples is determined directly from
the calibration curve. Detection limit was 0.14 pmol/L, intra-assay
and inter-assay variation were <10%. Protein concentrations were
normalized to the number of cells and expressed as pg/ml per mil-
lion cells.

2.5. Semi-quantitative RT-PCR for the mRNAs of OPG and RANKL

The cells were lysed and the RNA was isolated using High
Pure RNA Isolation Kit according to the manufacturer’s instruc-
tion (Roche, Germany). Total RNA was quantified by measuring
the OD260. 0.2 �g was amplified by RT-PCR using Titan One Tube
Kit (Roche, Germany), primers and conditions were presented in
Table 1. Amplified products were analyzed by 2% agarose gel elec-
trophoresis and visualized with ethidium bromide. Band densities
were measured using Scion computer software program. Relative
expression of the different transcripts was calculated as a ratio to
the �-actin signal.

2.6. Statistical analysis

Statistical analysis was carried out by ANOVA and Student’s test
using SPSS 15.0 software. The correlations between variables were
carried out by Pearson and Rho de Spearmen coefficient. The critical
value for significance was p < 0.05.

3. Results
The osteoporotic PM women were older (83 ± 1.5 years) than
those with OA (74.1 ± 1.7) and confluence time, at the first stage,
was positively related to age (r = 0.38, p = 0.042). The proliferation of
hOBs in cultures coming from OP patients was more slowly than in
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Table 1
Human oligonucleotide primers used for PCR. Primers are presented in a 5′–3′ orientation, with that for coding strand (+) and the noncoding strand (−). Tm and cycle number
correspond to the linear part of the amplification curve.

Molecule Primers Strand Size (bp) Conditions (Tm; cycle no.)

OPG GAACCCCAGAGCGAAATACA + 441 54 ◦C, x25
CGCTGTTTTCACAGAGGTCA −

RANKL ATCCCATCTGGTTCCCATAA + 276 53.5 ◦C, x30
CCCTGACCAATACTTGGTGC −

�-Actin TTGTAACCAACTGGGACGATATGT + 746 54 ◦C, x25
GATCTTGATCTTCATGGTGCTAGG −

Table 2
Study population and effect of 17-�-estradiol 10-7M (E2), or/and 1,25-dihydroxyvitamin D 10-8M (1,25D) in patients with osteoporosis (hip fracture) or osteoarthritis on OPG
secretion.

Hip fracture (n = 14) Osteoarthritis (n = 14)

Age (year) 83.8 ± 1.5 (73–89) 74.1 ± 1.7* (65–88)
BMI (body mass index) 27.84 ± 2.4 34.97 ± 1.2*

Confluence time (day) (first stage) 31.5 ± 2.6 21.4 ± 1.3*

OPG secretion basal (pmol/L) 10.1 ± 2.6 4.4 ± 0.8*

OPG secretion after E2 10-7M (pmol/L) 11.2 ± 3.3 3.9 ± 0.7*

OPG secretion after 1,25D 10-8M (pmol/L) 10.3 ± 2.3 4.3 ± 0.8*

OPG secretion after E2+1,25D (pmol/L) 9.2 ± 2.5 4.1 ± 0.8*
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produce any modification in the conditions used (Fig. 1B).
There was no relationship between the OPG protein secre-

tion levels, mRNA OPG and the mRNA RANKL expression, neither
between these genes and the cellular confluence time, or the
patients’ age in any of the studied groups.
omparison was assessed by Student’s t-test. Values are mean ± standard error.
* p ≤ 0.05 inter-group.

ultures from the OA group, with significant different time to con-
uence (31.5 ± 2.6 days OP; 21.4 ± 1.3 days OA, p < 0.05) (Table 2).
lthough OP and OA patients were not perfectly age-matched, the
lower growth in OP cells was maintained even after adjusting
or age (OP: 32.5 (CI 95%: 27.45–37.56) days; OA: 20.4 (CI 95%:
5.4–25.5) days, p = 0.005). Afterwards, in the second stage, the
rowth was similar in both groups (6.9 ± 2.5 days OP; 5.6 ± 3.9 days
A).

Body mass index (BMI) was lower in OP patients (27.84 ± 2.4)
han in OA group (34.97 ± 1.2) (p < 0.05) (Table 2). However, there
as not any correlation between BMI and confluence time.

.1. OPG secretion

The OPG secretion from the cell cultures was important in all
f the cultures. The basal secretion of OPG obtained from the hOB
ultures in the OP group (10.1 ± 2.6 pmol/L) were double of those
resented in the OA group (4.4 ± 0.8 pmol/L), and remained signifi-
antly higher in all conditions of the study (p < 0.05). The treatment
ith E2, 1,25D or E2+1,25D did not change the secretion levels of
PG in either of the two studied groups (Table 2).

Nor age nor confluence time was correlated with OPG protein
ecretion in any of the groups under study and nor do they influence
he response to the stimulations analyzed.

.2. OPG and RANKL expression

All mRNA levels were normalized to �-actin gene mRNA level.
he expression of genes encoding OPG and RANKL were compared
etween the hip fracture and OA groups.

The OPG expression from hOB cultures was comparable in
M women with OP and OA (0.97 ± 0.1 relative units (r.u.) OP;
.96 ± 0.08 r.u. OA). The cell stimulation, with oestrogen and/or

,25D, did not induce any apparent change (Fig. 1A).

The RANKL expression in basal conditions was similar in both
roups (0.26 ± 0.07 r.u. OP; 0.32 ± 0.09 r.u. OA). However, there
as a significant increment, above 200%, in the RANKL expres-

ion within the hOB cultures of the OP group in response to 1,25D
(p = 0.027) and E2+1,25D (p = 0.025). Nevertheless, this increase was
less pronounced in the OA group and only became significant, as
regards to the basal value, after the E2+1,25D stimuli. E2 did not
Fig. 1. Expression of OPG (A) and RANKL (B) mRNA by human osteoblasts, in
basal condition, and in the presence of 17-�-estradiol (E2) 10-7M or/and 1,25-
dihydroxyvitamin D (1,25D) 10-8M during 24 h. Results were normalized to �-actin
levels. Data are expressed as mean ± S.E. (%) vs. untreated control, *p < 0.05.
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ig. 2. RANKL/OPG mRNA ratio in basal condition, and in the presence of 17-�-
stradiol (E2) 10-7M or/and 1,25-dihydroxyvitamin D (1,25D) 10-8M during 24 h.
ata are expressed as mean ± S.E. (%) vs. untreated control, *p < 0.025; #OA vs. OP,
= 0.006.

.3. RANKL/OPG mRNA ratio

The RANKL/OPG mRNA expression ratios in basal condition were
imilar in both groups (0.31 ± 0.07 r.u. OP; 0.20 ± 0.04 r.u. OA). After
timulating with 1,25D and E2+1,25D there was an increase of 250%
n the OP group (p = 0.024 and p = 0.001, respectively). As in the
ANKL expression, the presence of E2 on the culture medium did
ot change the RANKL/OPG ratio. In the OA group, there was no
hange in the RANKL/OPG ratio in any of the studied conditions
Fig. 2). When both groups were compared, the increase obtained
n the ratio after E2+1,25D was double in the OP group as regards to
he OA group (p = 0.006). The RANKL/OPG mRNA expression ratio
as calculated by dividing the absolute values of each patient. The

verage ratio of all the patients and the standard error were then
alculated. This average ratio was considered as 100% when in basal
onditions and the variation of this ratio with the different stimulus
as expressed as a percentage change.

. Discussion

In this study we have found that primary hOB cultures from PM
omen with an osteoporotic hip fractures initially have a slower
roliferation than cultures from OA groups. However, the prolifera-
ion was similar after reaching cellular confluence and in successive
tages. Also the OP group secreted higher OPG protein levels and
xpressed higher RANKL mRNA levels, making RANKL/OPG mRNA
atio higher in response to 1,25D and E2+1,25D than hOB cultures
rom PM women with hip OA.

Culture time, until first stage cellular confluence, was homoge-
eous in patients from either group, but it was significantly slower

n hOB cultures of OP than in OA group and this difference remained
fter the adjustment for age. Other authors [20], have found that
steoblastic cell from OP patients show significantly less attach-
ent to serum-coated tissue culture plastic. These results are in

greement with our finds. Although the traumatic injury of the frac-
ure could play a role in the slower proliferation in OP cultures, we
elieve this is unlikely, because during the second stage, growth
ime and cellular proliferation of hOBs were similar in both groups,
hile, OPG secretion and RANKL and OPG expression were different

n responding to stimuli. So the differences we found are mainly due
o true differences between both pathologies and not to traumatic
njury.
This study demonstrates, for the first time, that OPG secretion
n hOB from patients with hip fractures is elevated with respect
o OPG secretion from OA cells. No study has been carried out
ith hOBs in which OPG secretion was appraised in the culture
edium in OA. OPG levels in peripheral blood have been described
& Molecular Biology 113 (2009) 46–51 49

which show higher levels in elderly people than in young people,
in post-menopausal than premenopausal women, in osteoporotic
women than healthy controls [10,21] underling that high levels of
OPG serum are associated with an increased risk of hip fractures in
women [21].

There are some previous papers where the expression of OPG
and RANKL genes has been studied, basically in cell pools but not
in isolated OBs, and under different experimental conditions, with
inconsistent results [5,11,22,23]. The strongest aspect of this study
is the current measurement of the OPG and RANKL mRNA expres-
sion in osteoblasts cultures of bone from patients with osteoporotic
fractures and patients with OA. As we have studied isolated OBs, we
have eliminated the effect of different growth factors and cytokines
coming from other cells that may influence the system. We have
found that the absolute levels of OPG and RANKL mRNA, as well
as the RANKL/OPG mRNA ratio, are comparable in both groups of
patients studied in basal conditions. However, other authors, based
on biopsies of the iliac crest and not on isolated hOb cultures, find
an increase in RANKL expression and the RANKL/OPG ratio in OP
patients in respect to OA.

However 1,25-dihydroxyvitamin D alone and E2 plus 1,25D
increased the mRNA expression of RANKL and the RANKL/OPG ratio
becoming significant in the osteoporotic hip fracture group. We
chose concentrations of 10-7M E2 and 10-8M 1,25D after perform-
ing previous studies of dose–response curves and observed that
they were the concentrations that showed higher activity, with-
out provoking a toxic effect on cellular viability and they were
also similar to those used by other authors [9,13–15,18,24,25]. The
mechanism by which oestrogen affects bone metabolism is com-
plex and has not been fully elucidated, but its main effect is to
prevent bone loss and the consequence of the estrogenic deficit is
the stimulation of the proliferation of osteoclast precursors [23,26].
In different experimental conditions (hOB, human cellular lines or
untransfected ST-2 cells, a mouse bone marrow stromal cell line) it
has been studied the effect of E2 on the RANKL/OPG system with
inconclusive results. Oestrogens have been indicated as being able
to produce a decrease or an increase of OPG protein secretion; they
produce or not changes in OPG mRNA expression; they modify or
not in RANKL mRNA expression and, finally, neither an increase nor
change in the RANKL/OPG mRNA ratio [9,12–15,27,28]. The variabil-
ity of results on the E2 effect can be attributed to the heterogeneity
of the osteoblastic cell systems, to differences in culture conditions,
the differences in the people’s age from whom bone samples were
taken for the culture (young and elderly people), the differences in
the state of health of the bone metabolism (healthy, osteoporotic
or osteoarthritic people) and differences in ER expression and the
proportion between ER� and ER� receptors. Some authors describe
a maximum OPG stimulation in cells that over express ER� [28]
and others have pointed out a negative effect regulated by ER� [9].
Our study is performed on an important number of patients with
osteoporotic hip fracture as well as on patients with OA, in cultures
of samples extracted from the same location of the femoral neck.
We did not find a homogenous effect on the OPG/RANKL system
induced by oestrogen stimulus. While an increase in response was
observed in some women, the opposite happened in others. We
have not found any association between the difference in response
shown by each patient and factors such as culture confluence time,
age, and years of menopause or physical activity. This cannot be due
to the absence of estrogen receptors as previous studies carried out
by our group, using the same dose as we have actually employed,
showed the presence of estrogen receptors � and � in primary

hOB cultures in a very variable range between patients (data not
published). Further studies will be necessary to clarify these results.

1,25-Dihydroxyvitamin D affects many aspects of bone cell
biology. Numerous “in vitro” studies have implicated 1,25D in
the regulation of both osteoblastic and osteoclastic activity. In
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steoblasts, 1,25D regulates gene transcription, proliferation, dif-
erentiation and mineralization. In our study 1,25D does not modify
PG protein secretion or expression; nevertheless, it increases

he RANKL mRNA expression and the RANKL/OPG mRNA ratio
n both groups, obtaining statistical significance in patients with
P hip fractures. The up-regulation of RANKL and the increased
ANKL/OPG mRNA ratio by 1,25D treatment agreed with a number
f reports in cell line and human primary cells [16–18,24,25,29,30].
ther authors have found different results such as, an increase in

he levels of mRNA and protein secretion of OPG [28], a down-
egulation of OPG expression [16,31], and even a decrease of the
ANKL/OPG mRNA ratio [24]. These differences in the results may
e due to the fact that the studies were carried out at differ-
nt moments in osteoblastic maturation with changes in the VDR
xpression [24]. As we analyzed cultures when they had reached
ellular confluence, in both groups, the differences we found must
e due to true differences between both diseases [22,23,32].

The joint effect of both hormones, oestrogen and 1,25-
ihydroxyvitamin D was able to verify that it induced an increase of
ore potent osteoblastic activity than each one did separately [33],
hich could be determined by an up-regulation of the estrogenic

eceptors by 1,25D when they are associated [34,35]. This led us to
se the combination of both substances as a stimulus in this study
nd we have found an even more potent effect than isolated 1,25D
n RANKL expression and RANKL/OPG mRNA ratio, that was more
arked in osteoporotic patients.
We have verified that the 1,25D and E2+1,25D effect on the

ANKL/OPG system is basically performed by modifying RANKL
xpression in hOBs, this could be influenced by the doses used in
he study.

We believe that the differences that we found between the OP
nd OA groups are not due to the damage produced by the fracture
ut to differences in the bone metabolism inherent to the pathol-
gy. Although a slower proliferation of hOB cultures in patients with
ractures would be expected, the traumatic damage cannot explain
he greater metabolic activity in respect to the OPG and RANKL sys-
em in basal conditions and after different stimuli that we observe in
P patients in respect to the OA group but completely the opposite
ould be expected.

This study presents as the main limitation not being able to com-
are the results with healthy people’s bone given the difficulty in
btaining samples.

In summary, we have demonstrated that the proliferation of the
steoblastic cells in culture is significantly slower in patients with
steoporotic fractures compared to cultures from OA patients dur-
ng the first stage; we have also demonstrated, for the first time,
hat OPG protein secretion is higher in OP than in OA, in all studied
onditions. And finally, RANKL mRNA expression and RANKL/OPG
RNA ratio are higher in OP than in OA group in response to 1,25D

nd E2+1,25D. The main modification on the RANKL/OPG system
nduced by 1,25D and E2+1,25D is exercised by an increase the
ANKL mRNA expression. All of which indicates that the hOB in
M women with OP hip fracture are more sensitive to these hor-
onal stimulations, which could contribute to a greater osteoclastic

ctivity in remodelled bones.
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