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Wnt signaling, a major regulator of bone formation and homeostasis, might be involved in the bone loss of osteoporotic patients
and the consequent impaired response to fracture. Therefore we analyzed Wnt-related, osteogenic, and adipogenic genes in bone
tissue of elderly postmenopausal women undergoing hip replacement for either femoral fracture or osteoarthritis. Bone specimens
derived from the intertrochanteric region of the femurs of 25 women with fracture (F) and 29 with osteoarthritis without fracture
(OA) were analyzed. SpecificmiRNAs were analyzed in bone and inmatched blood samples. RUNX2, BGP, andOPG showed lower
expression in F than in OA samples, while OSX, OPN, BSP, and RANKL were not different. Inhibitory genes of Wnt pathway were
lower in F versus OA. 𝛽-Catenin protein levels were higher in F versus OA, whereas its cotranscriptional regulator (Lef1) was lower
in F group. miR-204, which targets RUNX2, and miR-130a, which inhibits PPAR𝛾, were lower and higher, respectively, in F versus
OA serum samples. The present study showed an inefficient Wnt signal transduction in F group despite higher 𝛽-catenin protein
levels, consistent with the expected overall postfracture systemic activation towards osteogenesis. This transcriptional inefficiency
could contribute to the osteoporotic bone fragility.

1. Introduction

Osteoporosis, a devastating and asymptomatic skeletal disor-
der of aging, characterized by compromised bone strength
can result in bone fractures in response to minor trauma.
Osteoarthritis is also a skeletal disorder affecting the elderly
population, but, as several observational studies have shown,
it provides protection to fragility fracture risk despite the age
related loss of trabecular bone [1]. Microstructural analyses
of the femoral neck have provided evidence for an adaptive
mechanism of bone structure in osteoarthritis that might
preserve the mechanical competence of bone. Indeed, it was
shown that there is a different cortical and trabecular bone
distribution in the femoral necks of osteoarthritis subjects
when compared to the ones of osteoporotic postmenopausal

women with femoral fracture [2].The cortical and trabecular
thickness was shown to be higher in osteoarthritis subjects
even in the presence of low volumetric bone density [3, 4].
These structural differences, in particular the critical role
of residual bone mass distribution, that is, cortical versus
trabecular, better discriminate hip fracture likelihood than
areal Bone Mineral Density (aBMD) by DXA [5]. As exten-
sively discussed [6], several hierarchical levels of the femoral
neck structure are altered in fracture cases due to the loss,
during aging, of safetymechanisms that appear to be partially
preserved in osteoarthritis. It is therefore critical to charac-
terize the different biomolecular effectors in osteoporosis and
osteoarthritis that lead to bone mass deterioration, especially
the reasons for the loss of adaptive mechanisms in the
former, in order to optimize the prevention and treatment of
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Table 1: Baseline characteristics of the subjects.

(a) Biochemical parameters and DXA measurements

Age
(years)

PTH
(ng/mL)

25(OH)D
(ng/mL)

Ca++
(mmol/L)

Crea
mg/dL

OA 72 ± 12 84.9 ± 15 18.3 ± 4.4 1.15 ± 0.01 0.74 ± 0.05

F 82 ± 7∗∗∗ 97 ± 10.2 19.4 ± 4.5 1.15 ± 0.01 0.87 ± 0.06
∗∗∗𝑝 = 0.0005, Student’s 𝑡-test.

(b)

𝑇-score Vertebrae Femur Radius
L1–L4 Total Neck 1/3 UD

OA M ± SD
range

−1.7 ± 1.3
(−3.0 → 0.2)

−1.8 ± 0.7
(−2.6 → −0.9)

−2.7 ± 1.3
(−5 → −1.3)

−2.6 ± 1.5
(−5 → −0.3)

−2.2 ± 1.2
(−3.7 → −0.2)

F M ± SD
range

−1.1 ± 1.6
(−3.4 → 0.7)

−2.2 ± 0.5
(−2.8 → −1.8)

−2.5 ± 0.7
(−3.4 → −1.6)

−2.9 ± 2.0
(−5 → 0.0)

−2.5 ± 1.5
(−4.2 → −0.7)

No statistical differences were detected between groups.
PTH: parathyroid hormone.
25(OH)D: 25 hydroxy vitamin D.
Ca++: ionized calcium.
Crea: creatinine.
UD: ultradistal.

osteoporotic fractures. Several studies analyzing the expres-
sion of osteogenic genes in osteoporosis have been assigned
to the Wnt pathway [7, 8]. The Wnt pathway is particularly
relevant during mesenchymal stem cell (MSC) commitment
towards osteoblastogenesis. When Wnt is active, the expres-
sion of the adipogenic transcriptions factors is inhibited, thus
maintaining preadipocytes in an undifferentiated state [9].
Since the maintenance of bone integrity requires MSC com-
mitment towards osteoblastic lineage [9], defective Wnt
signaling in the osteoporotic bone could impair the tissue
response to functional/mechanical demand and therefore
increase the fracture risk. The downstream effector of Wnt
activation, the transcriptional regulator 𝛽-catenin, plays dis-
parate roles in different phases of bone remodeling and mi-
crodamage repair [10, 11] andmight be the underlying critical
factor determining the different bone mass distribution in
osteoarthritis versus osteoporosis. Indeed, it is known that the
mechanical adaptation of the skeleton is in part regulated by
Wnt (see [12] for review) and that this mechanical adaptation
appears to be better preserved in osteoarthritis versus osteo-
porosis [3].

Comprehensive analysis of several genes’ expression has
identified differences in both Wnt and transforming growth
factor-𝛽/bone morphogenetic protein pathways in bone of
individuals with no evidence of joint disease (control) com-
pared to individuals undergoing joint replacement surgery
for either degenerative hip osteoarthritis (OA) or fractured
neck of femur (F) [13]. All of these studies were important for
the identification of the biomolecular targets that potentially
play pathogenic roles in these skeletal disease processes.
However, the ubiquitous loss of bone mass in the elderly,
independent of the occurrence of OA or F, impairs full
understanding of the causative roles of the different gene
expression profiles observed.

Along this line of thought, we focused the present study
on Wnt signaling to further characterize its efficiency in F
patients compared to OA. We have therefore analyzed the
expression of Wnt signaling genes and of Wnt modulated
genes involved in osteoblastogenesis and adipogenesis in
the bone tissue of postmenopausal women undergoing hip
replacement for F orOA.Due to the emerging role ofmicroR-
NAs (miRNAs) amongst the epigenetic factors involved in
bone pathogenesis, which can further contribute to the
modulation of Wnt signaling in bone remodeling [14–16], we
evaluated the levels of selected miRNAs in bone and serum
samples from these two groups of subjects.

2. Materials and Methods

2.1. Bone Samples. Trabecular bone samples from the inter-
trochanteric region of the femur at a site distal to the peri-
articular bone were obtained from 54 female patients under-
going hip replacement for femoral neck fracture (F, 𝑛 = 25;
mean age: 82±7 years) or for primary osteoarthritis (OA, 𝑛 =
29; mean age: 72 ± 10 years). In particular, trabecular bone
was sampled from the distal side of metaphyseal cutting
plane, required for the insertion of the femoral component
[17, 18]. Bone and mineral metabolism parameters, such as
PTH, 25(OH)D, Ca2+, and creatinine, were measured before
surgery in both groups and bone mineral density (BMD)
of vertebrae L1–L4, femur, and radius were measured before
surgery for the OA group and at release from hospital for
the F group (Table 1). None of the patients included in this
study were taking any medication that affected bone or
mineral metabolism. The study was approved by the Ethics
Committee of the San Raffaele Scientific Institute (Protocol
BMU-WNT, 25.03.2008), and the patients provided informed
written consent.
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2.2. Reverse Transcription and Semiquantitative Real-Time
PCR. Bone specimens were rinsed thoroughly in cold PBS
and cut into small pieces. Total RNA was extracted from
minced bone biopsies using TRIzol� reagent [13]. RNA (1 𝜇g)
was reverse-transcribed using oligo (dT) primers (0.5𝜇M),
200U of M-MLV reverse transcriptase, deoxynucleotides
(0.5mM), 1x M-MLV reaction buffer, and RNasin ribonucle-
ase inhibitor (1 U/𝜇L; Promega, Madison,WI, USA) in a total
volume of 25 𝜇L. cDNA (10 𝜇g) was subjected to real-time
PCR amplification using primer-probe sets validated and
purchased as “Assay-on-Demand” from Applied Biosystems
(Life Technologies Italia, Monza, Italy) in singleplex PCR
mix. Real-time PCR reactions were performed in an ABI
PRISM� 7900 Sequence Detection System (Life Technologies
Italia, Monza, Italy). 𝛽-Actin was measured as housekeeping
gene. Results are expressed according to the 2−ΔCT method,
where ΔCT = CTgene − CThousekeeping.

2.3.Western Blot Analysis. Bone specimens were rinsed thor-
oughly in cold PBS, cut into small pieces, and incubated
with rotation for 3 days in PBS-EDTA 14% at 4∘C in order
to decalcify the tissue. The pieces were then minced using
an Ultra-Turrax in lysis buffer containing 50mM Tris-HCl
pH 7.4, 100mM NaCl, 1% Triton, 5mM EDTA, 1mM DTT,
and protease and phosphatase inhibitors. The lysates were
centrifuged at 12,000 rpm for 10min at 4∘C, the supernatants
were collected, and the total protein concentration was deter-
mined using the BCA assay (Pierce, Life Technologies Italia,
Monza, Italy). Total protein extract (200𝜇g) was mixed with
an appropriate volume of denaturing Laemmli sample load-
ing buffer, heated at 100∘C for 5min, and loaded onto 10%SDS
polyacrylamide gels. Western blot analysis was performed
using specific antibodies against human DKK1, 𝛽-catenin,
GAPDH (Santa Cruz Biotechnology Inc., Heidelberg, Ger-
many) and Lef1 (Cell Signaling Technology, Boston, MA,
USA) diluted 1 : 200, 1 : 100, 1 : 1000 and 1 : 100, respectively, in
5% milk with 0.1% Tween 20. After washing, the membranes
were treated with the appropriate horseradish peroxidase-
conjugated secondary antibodies (1 : 2000). Bound peroxi-
dase activity was revealed using enhanced chemilumines-
cence substrate (ECL, Pierce, Life Technologies Italia,Monza,
Italy). Bands on X-ray films were then quantified using
ImageJ 1.47v software (Wayne Rasband, NIH, USA), and the
protein signals were normalized using the relevant GAPDH
bands.

2.4. miRNA Assays. Bone tissue miRNAs were reverse-tran-
scribed from total RNA using the TaqMan� MicroRNA
Reverse Transcription kit (Life Technologies Italia, Monza,
Italy). In accordance with the manufacturer’s protocol (Taq-
Man Small RNA Assays, Life Technologies), for each RT
reaction, 10 ng of RNA was combined with RT master
mix containing 1mM dNTPs, 50U MultiScribe� Reverse
Transcriptase, 1x Reverse Transcription Buffer, 3.8U RNase
Inhibitor, and 1x of the kit-included specific primers. The
reaction was incubated at 16∘C for 30min, at 42∘C for 30min,
and then at 85∘C for 5 minutes. From this reaction, 1.33 𝜇L
was used for real-time PCR amplification. Real-time PCRwas

performed using purchased TaqMan microRNA Assay (Life
Technologies Italia, Monza, Italy).The cDNAwasmixed with
1x TaqMan microRNA primers and 1x TaqMan Universal
PCR Master Mix II. The PCR reaction was performed using
the same protocol as for the mRNAs.

Serum miRNAs were extracted using the miRNeasy Se-
rum/Plasma kit (Qiagen S.p.A., Milano, Italy) according to
the manufacturer’s instructions. Retrotranscription and real
time PCR were performed as described above. miRNA levels
were quantified using the comparative threshold-cycle (CT)
method, with snU6 used as the housekeeping gene, and
the results were expressed according to the 2-ΔCT method,
where ΔCT = CTmiRNA − CThousekeeping.

2.5. Statistical Analysis. Statistical analysis was performed
with the statistical package Prism versus 4.00, (GraphPad
Software, San Diego, CA, USA). Significance of the differ-
ences between groups was assessed by the Mann-Whitney
test.

3. Results

Table 1 shows the reported age and the biochemical param-
eters of bone mineral metabolism of F and OA groups. The
BMD of vertebrae L1–L4, neck and total femur, 1/3, and UD
radius were not statistically different between the two groups.
No significant differences were recorded in the levels of PTH,
25(OH)D, Ca2+, and creatinine, thus suggesting that the
quality of bone architecture and/or other secondary factors
is associated with bone fragility, independently of BMD
[3].

3.1. Gene Expression. The mRNA expression of Wnt-related
genes was evaluated in F and OA groups. The expression
of activators of canonical Wnt signaling, such as Wnt3 and
Wnt10b, was comparable in the two groups, as was the expres-
sion of 𝛽-catenin, the transcriptional effector of the pathway
(Figure 1(a)). Expression of inhibitors of Wnt signaling, such
as SOST, SFRP2, andDKK1, was significantly lower (𝑝 < 0.05,
𝑝 < 0.001, and 𝑝 < 0.001, resp.) in the F group compared to
the OA group (Figure 1(b)). Interestingly, SOST mRNA was
detectable in the majority of OA subjects but, only in three
of the F samples, it was undetected in the remaining samples
due to a failure to reach the limit of detection in the PCR.
In accordance with the PCR results, western blot analysis of
DKK1 and 𝛽-catenin showed a lower (𝑝 < 0.01) and higher
protein level (𝑝 < 0.01), respectively, in F samples (Figures
2(a) and 2(b)) compared with the OA group. The decrease
in Wnt inhibitors and the consequent increase in 𝛽-catenin
levels indicate that the canonical Wnt signaling pathway is
highly activated in the F group.

On the basis of these observations, we investigated the
downstream effectors of activeWnt signaling. To do this, con-
sidering the role of Wnt in MSC differentiation, we evaluated
the mRNA expression of genes involved in osteogenesis and
adipogenesis. Despite the higher levels of𝛽-catenin, real-time
PCR results showed that osteogenic genes like RUNX2, BGP,
and OPG had significantly lower expression (𝑝 < 0.01) in the



4 BioMed Research International

Wnt3

0.00001

0.0001

0.001

0.01

0.1
ns

Wnt10b

ns

𝛽-Catenin

ns

OA F

OA F

OA F

2-
Δ

CT

0.00001

0.0001

0.001

0.01

0.1

2-
Δ

CT
2-
Δ

CT

0.001

0.01

0.1

1

10

(a)
OA F

OA F

OA F

0.00001

0.0001

0.001

0.01

0.1

2-
Δ

CT
2-
Δ

CT
2-
Δ

CT

SOST

0.00001

0.0001

0.001

0.01

SFRP2

0.0001

0.001

0.01

0.1

1

10

DKK1
∗∗∗

∗∗

∗

(b)

Figure 1: Gene expression of Wnt signaling activators (a) and Wnt signaling inhibitors (b) in bone samples of osteoarthritic (OA, 𝑛 = 29)
and fractured (F, 𝑛 = 25) subjects. ∗𝑝 < 0.05, ∗∗𝑝 < 0.01, and ∗∗∗𝑝 < 0.01, Mann-Whitney test.

F group compared to the OA group, whereas others like OSX,
OPN, BSP, and RANKL displayed no significant difference
between groups (Figure 3(a)). The comparable expression of
RANKLbetween the two groups, alongwith a decreasedOPG
in the F group, suggests an environment favorable to bone
resorption.

The evaluation of mRNA expression of adipogenesis-
related genes showed that PPAR𝛾1 was significantly lower
(𝑝 < 0.01) in the F compared to the OA group, whereas
the expressions of PPAR𝛾2 and ADN (adiponectin) were not
significantly different (Figure 3(b)). Given the similarity in
expression of adipogenic genes between the groups (F versus
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Figure 2: Representative western blot and relevant quantification of DKK1 protein levels (a) and of 𝛽-catenin protein levels (b) in bone
samples of osteoarthritic (OA) and fractured (F) subjects (OA, 𝑛 = 4; F, 𝑛 = 5). ∗∗𝑝 < 0.01, Mann-Whitney test.

OA), the observed decrease in genes related to osteogenesis
in the F group suggests a possible enhanced adipogenesis/
osteoblastogenesis ratio in the bone environment.

The data so far indicated that in the F group Wnt was
activated (high𝛽-catenin) but could be transcriptionally inef-
ficient (lower expressions of osteogenic genes). Considering
that 𝛽-catenin regulates gene expression by binding tran-
scription factors from the TCF/Lef1 family, we investigated
the levels of Lef1. The mRNA expression of Lef1 showed a
decrease in F versus OA but failed to reach statistical signif-
icance, probably due to the high variability in the OA group
(Figure 4(a)). Nevertheless, the western blot results showed
a significant (𝑝 < 0.01) decrease in Lef1 levels (Figure 4(b)).
This reduction in Lef1 could be responsible, at least in part,
for the observed inefficiency of Wnt signaling in the F group.

The F group, as expected, showed a higher mean age than
the OA group. To rule out any potential effect caused by the
diverse age range, western blot comparisons were performed
between age-matched samples and gene expression was
tested for potential age-correlation by statistics. Only RUNX2
mRNA significantly correlated with age; that is, RUNX2
expression decreased with age (Spearman 𝑟: −0.378; 𝑝 =
0.0149) (Figure 5(a)). Therefore, the statistical analysis on
RUNX2 was performed again on age-matched subjects. This
second analysis confirmed the observed lower expression of
RUNX2 in F group compared to OA group (Figure 5(b)).

3.2. miRNAExpression. Based on the gene expression results,
we next evaluated the expression of four miRNAs that are

involved in the modulation of osteogenesis-related genes:
miR-130, which inhibits PPAR𝛾mRNA expression [19]; miR-
29a, which targets Wnt inhibitor expression [20]; miR-22,
which targets both CDK6 and HDAC6, an antagonist of
BMP2 signaling and a corepressor of RUNX2 [21], respec-
tively; miR-204, which targets RUNX2 [22]. These miRNAs
were measured in bone and serum samples from both the F
and OA groups. The miR-130a level was higher in bone and
serum samples from the F group, with the difference reaching
statistical significance only in the serum samples (𝑝 < 0.05).
The levels ofmiR-204were lower in F groupbone samples and
reached statistical significance only in serum samples (𝑝 <
0.05, Figure 6). miR-29a and miR-22 levels were not signifi-
cantly different in either bone or serum samples from the two
groups (data not shown).These data, that is, increase of miR-
130a and decrease of miR-204 in blood, suggest that upon
fracture there is a skeletal response to facilitate bone healing.
Since the same trend was observed in the bone specimens, it
is likely that miRNAs were released by the skeleton directly
into the blood stream to systemically circulate thus inducing
a stronger andmore effective osteogenic response by reaching
distal skeletal sites.

4. Discussion

This study showed that the bone of a cohort of elderly
postmenopausal women with fragility fracture of the femur
(F) displays lower gene expression ofWnt signaling inhibitors
and of osteogenesis-related genes compared to a similar
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Figure 3: Continued.
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Figure 3: (a) Osteogenic gene expression in bone samples of osteoarthritic (OA, 𝑛 = 29) and fractured (F, 𝑛 = 25) subjects. (b) Adipogenic
gene expression in bone samples of osteoarthritic (OA, 𝑛 = 29) and fractured subjects (F, 𝑛 = 25). ∗∗𝑝 < 0.01, ns = not significant, Mann-
Whitney test.

cohort of postmenopausal women with osteoarthritis (OA)
without fracture. The lower expression of DKK1, SFRP2, and
SOST observed in the F cohort together with the increased
protein levels of 𝛽-catenin did not lead to the activation of a
Wnt-related osteogenic response. Indeed, the expressions of
RUNX2, OSX, and BGP genes, which are target of theWnt/𝛽-
catenin signaling pathway, were lower in F than OA. Our
findings are consistent with previous observations showing
that F and OA populations differ in their gene expression
profiles [13] but provide additional information by showing
that in the F cohort there is a lower expression of the
Wnt-related osteogenic genes, despite a proven activation
of Wnt signaling. In response to Wnt ligands, 𝛽-catenin
translocates into the nucleus and binds a small family of DNA
binding factors, the T cell factor/lymphoid enhancer factors
(TCF/Lef). There are several TCFs factors but only one lym-
phoid enhancer factor, Lef1.When𝛽-catenin binds TCF/Lef1,
it can regulate the transcription of Wnt target genes [23]. The
observed decrease in the protein amount of Lef1 in the F
group in our study could be responsible, at least in part, for
the reduced efficiency of Wnt signaling and the consequent
reduced osteogenesis. In support of this hypothesis, female

mice heterozygous for Lef1 (Lef1+/−) displayed low trabecular
bone mass due to a reduced osteoblast activity [24].

Our study found that the F cohort, compared to OA,
shows downregulated expression of RUNX2, a key transcrip-
tion factor [25] that determines osteoblastic differentiation
from mesenchymal precursors and is therefore required for
the early stages of endochondral bone formation [26]. Low
expression of RUNX2might affect the downstream processes
of osteoblast maturation [27]; thus, RUNX2 regulation might
be critical in tipping the balance of bone remodeling away
from equilibrium, with the result of bone fragility. Consistent
with the observed lower expression of RUNX2, BGP expres-
sionwas also lower in the F group compared to theOA group.
BGP plays two major roles in human bone physiology in that
it controls crystal morphology and it recruits osteoclasts [28].
Given its constitutive role in shaping the properties of bone
matrix material [29], the lower expression of BGP observed
in F versus OA patients could suggest that the bone of F
patients is more brittle than that of OA patients. This view is
in line with the higher fracture risk of an osteoporosis cohort
compared to osteoarthritic individuals without fractures [4].
The difference in risk cannot be explained by differences in
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Figure 4: (a) mRNA expression of Lef1, in bone samples of osteoarthritic (OA, 𝑛 = 10) and fractured (F, 𝑛 = 10) subjects. (b) Representative
western blot and relevant quantification of Lef1 protein. ∗∗𝑝 < 0.01, Mann-Whitney test.
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Figure 5: (a) Age related mRNA expression of RUNX2 in all the subjects included in the study. (b) RUNX2 mRNA expression in a
subpopulation of age-matched subjects of the OA and F groups. ∗𝑝 < 0.05, Mann-Whitney test.

bone mass alone, as osteoarthritis does not seem to protect
a patient from generalized primary osteoporosis [1]. Indeed,
it has been shown that, contrary to common belief, these
two disorders do coexist as osteoporosis does occur in a sig-
nificant proportion of patients with end-stage osteoarthritis
awaiting hip replacement [30].The absence of any significant
difference which has been found between bone density and
mineral metabolism parameters in F versus OA cohorts is in
line with this view and suggests that bone mass distribution

could be critical for fracture risk. Our laboratory showed
previously that the loading-induced adaptive distribution of
residual bone mass, despite age and disease-related bone
loss, is preserved in osteoarthritic subjects, accounting for
their reduced fracture risk, while it is lacking in osteoporotic
patients [3].

The strain signal does not appear to transduce an oste-
ogenic response as RUNX2 levels were not increased in F
samples compared to OA. SOST mRNA was only detectable
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Figure 6: miRNA expression in bone samples (a) and sera (b) of osteoarthritic (OA, 𝑛 = 17) and fractured (F, 𝑛 = 16) subjects. ∗𝑝 < 0.05
Mann-Whitney test.

in a few of the F samples most likely due to decreased
mechanical competence, althoughwe cannot exclude that the
observed decrease is, like the otherWnt inhibitors, due to the
active systemic response towards osteogenesis. The present
study suggests that the defective adaptation mechanism and
the deterioration of the trabecular network in osteoporosis
[3] might be related, at least in part, to altered efficiency of
the Wnt signaling.

We also observed reduced expression of OPG in the F
group, providing additional evidence that accounts for bone
fragility. Presumably, OPG expression, without any change in
RANKL expression, may contribute to a shift in the remod-
eling balance towards increased resorption as seen in aging
and osteoporosis. In agreement with the observation that
osteoporotic bone with fragility fracture is characterized by
an imbalance between osteoblastogenesis and adipogenesis
[13], we found that the expression level of PPAR𝛾1 was lower
in the F cohort, with no significant difference in PPAR𝛾2
levels. While PPAR𝛾1 is expressed by many cell types includ-
ing osteoblasts and acts as inhibitor of Wnt signaling [31,
32], PPAR𝛾2 is expressed only by adipocytes [33] and has
a dominant negative role in the regulation of osteoblas-
togenesis [34, 35]. It is therefore likely that the observed

expression pattern, that is, unchanged expression of PPAR𝛾2
and adiponectin along with reduced expression of RUNX2,
could yield a prevalent adipogenic environment in the fragile
osteoporotic bone. This is in agreement with the observation
that the adipogenesis/osteoblastogenesis ratio of precursor
cells is enhanced in the bone marrow of osteoporotic subject
[36].

Upon fracture there is a whole body response which
supports osteogenesis through the delivery of systemic fac-
tors in the bloodstream [37]. Among such factors, there has
recently been an emphasis on miRNAs, which are mainly
studied for their role of biomarkers of a disease’s state. In
our study, the miRNAs circulating in the blood stream could
also reflect their role in the healing process of the bone
subjected to fracture. In serum samples from F versus OA the
expression of miR-204, an endogenous negative regulator of
RUNX2 that inhibits osteogenesis and promotes adipogenesis
inmesenchymal progenitor cells [22]was lower in the F group
than in the OA group. This supports the idea that there is
a systemic promotion of osteogenesis upon fracture that is
reflected locally by a decrease in Wnt inhibitors. In addition,
the higher levels of miR-130a in sera samples from F group
versus the OA group could contribute to the downregulation
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of PPAR𝛾1 in bone samples of F patients, in order to also pro-
mote osteogenesis. The clinical reports associating miRNA
with bone pathologies are still limited and reviewed by Sun
et al. [38]. The authors postulated that miRNA may play
important role in bone remodeling and might be involved in
the pathogenesis of osteoporosis. Accordingly, a recent study
has shown a distinct circulating miRNA pattern in subjects
with fragility fractures, suggesting that circulating miRNA
could be a useful biochemical parameter to predict fracture
risk [39].

This study was performed with human samples which
provides a clinically translational aspect; however, it is
not without limitations. The research did not include age-
matched subjects without osteoarthritis and osteoporosis.
Unfortunately, it is very challenging to find a healthy, age-
matched control group, as previously discussed [3], since
bone loss is a universal phenomenon linked to aging. The
mean age of the subjects in this study was 75 years and the
majority of postmenopausal women at this age are osteo-
porotic. Alternatively, postmortem matched bone samples
from autopsies could be used; however, additional limitations
include lack of circulating factors and poor RNA quality due
to the lengthy time periods between death and sampling as
mandated by Italian Legislation.

In this study, we have sourced the bone tissue from the
intertrochanteric region where the prosthetic implant was
going to be placed, in patients suffering both from fracture
of the femoral neck and from osteoarthritis. The trabecular
bone was sampled from the distal side of metaphyseal cutting
plane, required for the insertion of the femoral component.
Femoral head and neckwere discarded.The intertrochanteric
region, including calcar [17, 18], is an established sampling
site for gene expression and histomorphometric analysis as
it reflects the changes of bone microenvironment at a site
away from the diseased joint surface in the OA and from the
fracture gap in F.

In the F group the mean time interval between fracture
and surgery was 3 days. It might be argued that during this
time some inflammatory skeletal response, transiently acti-
vated by the first phase of fracture healing,might have acutely
altered Wnt signaling pathway. However, as discussed by
Logar et al. [40], samples were taken from the intertrochant-
eric region where the influences of the femoral neck fracture,
if any, would be minimal. Although the intertrochanteric
region is exposed to the overall response to the trauma, it
is the only available source of bone tissue at the skeletal site
critical for the osteoporosis outcome and that shows specific
remodeling alteration in fractured individuals [3].

In conclusion, this study showed that soon after fracture
has occurred there is a body systemic response to promote
bone healing by activating osteogenesis [41]. This expected
postfracture systemic response is suggested by amodification
in sera of miRNAs favoring an osteogenic response of the
bone and in a local decrease of Wnt inhibitors in bone
that trigger 𝛽-catenin accumulation. However, althoughWnt
signaling was detectable up until the stabilization step of 𝛽-
catenin, the final outcome, that is, upregulation of the gene
expression of RUNX2 or OPG, did not occur. A reasonable
explanation can in part be found in the lower levels of Lef1

in F group. In summary, impaired osteogenic response to
mechanical demand in fragility-related femoral fracture in
osteoporotic bone can be ascribed, at least in part, to an
inefficient transduction ofWnt signaling and a coherent gene
expression profile.
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[1] T. J. Mäkinen, J. J. Alm, H. Laine, E. Svedström, and H. T. Aro,
“The incidence of osteopenia and osteoporosis in women
with hip osteoarthritis scheduled for cementless total joint
replacement,” Bone, vol. 40, no. 4, pp. 1041–1047, 2007.

[2] H. Blain, P. Chavassieux, N. Portero-Muzy et al., “Cortical and
trabecular bone distribution in the femoral neck in osteoporosis
and osteoarthritis,” Bone, vol. 43, no. 5, pp. 862–868, 2008.

[3] A. Rubinacci, D. Tresoldi, E. Scalco et al., “Comparative high-
resolution pQCT analysis of femoral neck indicates different
bone mass distribution in osteoporosis and osteoarthritis,”
Osteoporosis International, vol. 23, no. 7, pp. 1967–1975, 2012.

[4] P. Vestergaard, L. Rejnmark, and L. Mosekilde, “Osteoarthritis
and risk of fractures,” Calcified Tissue International, vol. 84, no.
4, pp. 249–256, 2009.

[5] L. Yang, W. J. M. Udall, E. V. McCloskey, and R. Eastell, “Dis-
tribution of bone density and cortical thickness in the prox-
imal femur and their association with hip fracture in post-
menopausal women: a quantitative computed tomography
study,” Osteoporosis International, vol. 25, no. 1, pp. 251–263,
2014.

[6] J. Reeve and N. Loveridge, “The fragile elderly hip: mechanisms
associated with age-related loss of strength and toughness,”
Bone, vol. 61, pp. 138–148, 2014.

[7] B. Hopwood, A. Tsykin, D. M. Findlay, and N. L. Fazzalari,
“Microarray gene expression profiling of osteoarthritic bone
suggests altered bone remodelling, WNT and transforming
growth factor-𝛽/bone morphogenic protein signalling,” Arthri-
tis Research &Therapy, vol. 9, no. 5, article R100, 2007.

[8] J. Velasco, M. T. Zarrabeitia, J. R. Prieto et al., “Wnt pathway
genes in osteoporosis and osteoarthritis: differential expression
and genetic association study,” Osteoporosis International, vol.
21, no. 1, pp. 109–118, 2010.



BioMed Research International 11

[9] S. E. Ross, N. Hemati, K. A. Longo et al., “Inhibition of adipoge-
nesis byWnt signaling,” Science, vol. 289, no. 5481, pp. 950–953,
2000.

[10] Y. Chen, H. C. Whetstone, A. C. Lin et al., “Beta-catenin sig-
naling plays a disparate role in different phases of fracture
repair: implications for therapy to improve bone healing,” PLoS
Medicine, vol. 4, no. 7, article e249, 2007.

[11] G. S. Baht, D. Silkstone, L. Vi et al., “Exposure to a youthful
circulation rejuvenates bone repair through modulation of 𝛽-
catenin,” Nature Communications, vol. 6, article 7131, pp. 1–9,
2015.

[12] S. C. Manolagas, “Wnt signaling and osteoporosis,” Maturitas,
vol. 78, no. 3, pp. 233–237, 2014.

[13] B. Hopwood, A. Tsykin, D. M. Findlay, and N. L. Fazzalari,
“Gene expression profile of the bone microenvironment in
human fragility fracture bone,” Bone, vol. 44, no. 1, pp. 87–101,
2009.
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