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Abstract

Bone is innervated by CGRP-containing nerve fibers that are increased in number during bone
regeneration. Transgenic mice over-expressing CGRP in osteoblasts have increased bone density
due to increased bone formation, whereas mice lacking CGRP expression display osteopenia, thus
suggesting that CGRP plays a role in bone metabolism. In this study we determined the relationship
between CGRP, the canonical Wnt signaling and apoptosis in human osteoblasts (hOBs) in
consideration of the well documented involvement of this pathway in bone cells. Primary cultures
of hOBs were treated with CGRP 10™M and B-catenin, which is the cytoplasmic protein mediator
of canonical Wnt signaling, was determined. CGRP increases the levels of cytoplasmic -catenin by
binding to its receptor, as this effect is blocked by the antagonist CGRPg_ 37. This facilitatory action
on B-catenin appears to be mediated via PKA activity, which inhibits the enzyme GSK-33. GSK-3f3
is a glycogen synthase kinase that, by phosphorylating -catenin, promotes its degradation by the
proteosomal machinery. Thus CGRP, besides favouring -catenin accumulation, also induces its
nuclear translocation. Moreover, the peptide is able to inhibit hOBs apoptosis stimulated by
dexamethasone or by serum deprivation, possibly through the accumulation of (-catenin, since the
inhibitor of PKA activity H89 inhibits the anti-apoptotic effect of the peptide. In conclusion, Wnt
appears to be one of the mediator of the anabolic action of CGRP on bone. The peptide, released by

nerve fibers, could favour local bone regeneration.
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Introduction

Calcitonin gene-related peptide (CGRP) is a 37 amino acid product resulting from the tissue-
specific processing of the mRNA derived from the calcitonin gene (Amara et al., 1982). CGRP is
widely distributed throughout the central and peripheral nervous systems. Bone contains CGRP-
immunoreactive nerve fibers whose increased number during bone development and repair suggest
that they are directly involved in the local regulation of bone remodeling (Hukkanen et al., 1993;
Imai et al., 1997; Irie et al.,1997). Further evidence shows that CGRP plays a role both in bone
formation and resorption. Transgenic mice over-expressing CGRP in osteoblasts have increased
bone density due to increased bone formation (Ballica et al., 1999), whereas mice lacking
specifically aCGRP expression display osteopenia, caused by decreased bone formation (Schinke et
al., 2004). The peptide inhibits bone resorption directly by inhibiting osteoclast activation (Akopian
et al., 2000) and indirectly by inhibiting interleukin-1 mediated bone resorption (Zhang et al.,
1994). Recently it was shown that CGRP directly stimulates stromal cells differentiation towards
mature osteoblast and inhibits RANKL induced osteoclastogenesis (Wang et al., 2009). Expression
of mRNAs for CGRP (Drissi et al., 1997) and its receptors was detected in various human
osteoblast cell lines and normal human osteoblast-like cells (Villa et al., 2003). CGRP stimulates
cell proliferation in these cells (Villa et al., 2000) and inhibits osteoprotegerin secretion, thus
suggesting that the peptide modulates the balance between osteoblast and osteoclast activities (Villa
et al., 2006). Activated CGRP receptors stimulate adenylyl-cyclase activity (Villa et al., 2000),
which induces cAMP production and activation of protein kinase A (PKA), as well as
phospholipase C (Drissi et al., 1999), this results in increased intracellular free calcium levels
(Burns et al., 2004) with subsequent protein kinase C activation, which is involved in CGRP-
induced osteoblast proliferation (Villa et al., 2003).

Overall these studies indicate that CGRP in bone could influence the maintenance of bone mass,
however the mechanism by which CGRP exerts its anabolic action on bone is not completely
understood.

Whnt signaling has been shown to play an important role in bone development (Rawadi and Roman-
Roman, 2005). Wnt genes encode for a large family of secreted proteins that bind to a membrane
receptor complex of a Frizzled (FZ), G-protein coupled receptor and to low-density lipoprotein
receptor-related proteins (LRP-5/6). Depending on the specific nature of the Wnt and of the Fz that
are complexed with LRP, three independent pathways can be activated: the canonical Wnt/B-catenin
cascade, the non-canonical planar cell polarity (PCP) and the Wnt/calcium pathway. The Wnt
canonical signaling pathway relies on the cytosolic stabilization of B-catenin, which is a 130 amino

acid protein that, in the absence of Wnt proteins, is phosphorylated by a glycogen synthase kinase

John Wiley & Sons, Inc.


gpintus
Highlight

gpintus
Highlight

gpintus
Highlight

gpintus
Highlight

gpintus
Highlight

gpintus
Highlight


©CoO~NOUTA,WNPE

Journal of Cellular Physiology Page 4 of 25

3
(GSK-3pB) and degraded by the proteosomal machinery. When not degraded, stable [B-catenin
accumulates in the cytoplasm and upon reaching a certain concentration level translocates into the
nucleus to stimulate gene transcription (Novak and Dedhar, 1999). The signaling of B-catenin,
required for the canonical Wnt pathway, is essential for osteoblast commitment (Baron and Rawadi,
2007) and survival (Almeida et al., 2005). Several lines of evidence have established that the
canonical Wnt pathway is involved in bone mass accrual (Krishnan et al., 2006) and in bone
metabolism. This is supported by the results obtained in mice with targeted disruption of LRP-5 that
develop a low bone mass phenotype, which is secondary to decreased osteoblast proliferation and
function (Kato et al., 2002). Conversely, gain of function of LRP-5 is associated with increased
bone mass (Babij et al., 2003). Several other mouse models support the notion that activating Wnt
signaling leads to increased bone mass. Inactivating or reducing the expression of Wnt antagonists,
such as dickkopfl, leads to increased bone formation and bone mass (Morvan et al., 2006). Loss or
gain of function due to mutations affecting LRP-5, either in humans or in mice, alter bone formation
without affecting the resorption parameters, indicating that osteoblasts are the main cellular targets
of Wnt effects (Baron and Rawadi, 2007). An LRP-5 mutation mouse model, leading to increased
Wnt signaling, results in a significant increase in osteoblast number and a reduced number of
apoptotic osteoblasts (Babij et al., 2003). Wnt signaling thus controls ostoblasts at different levels:
commitment, proliferation, apoptosis and function. During the late phase of osteoblast
differentiation, Wnt signaling antagonists are upregulated, suggesting the existence of a Wnt
negative feedback loop that controls the last steps of osteoblast maturation (Baron and Rawadi,
2007).
Considering the current understanding of the role of CGRP in bone formation and repair and the
critical role of canonical Wnt signaling in the control of bone development (Rawadi and Roman-
Roman, 2005), it is likely that CGRP could promote bone formation through B-catenin signaling
modulation. The present study was designed to investigate the effect of CGRP on [-catenin
production and expression in primary cultures of human osteoblast-like cells (hOB). As the balance
between cell proliferation, cell differentiation and apoptosis determines the size of osteoblast
population, it was evaluated whether or not the peptide acts as a survival factor for hOB by
inhibiting their apoptosis induced by dexamethasone (Dex) or by serum deprivation, and if this

effect was mediated by canonical Wnt signaling.
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Materials and methods

Drugs

Human aCGRP was purchased from Phoenix Europe GmbH (Karlsruhe, Germany); bovine 1-34
parathyroid hormone (PTH), Forskolin (FSK), LiCl and H89 were purchased from Sigma (Milan,
Italy).

Human osteoblast-like cells (hOBs) cultures.

Human bone cell cultures were established by means of a modified version of the Gehron-Robey
and Termine procedure (Gehron Robey and Termine, 1985) using trabecular bone samples obtained
from waste material during orthopedic surgery for degenerative diseases or traumatic fractures of
the femoral neck requiring osteotomy. None of the operated patients (aged 51-73 yr) had any
malignant bone diseases and all of them gave their written consent for the use of the waste material.
No significant trend related to donor age was observed in any of the effects studied.

Briefly, the trabecular bone was cut into small pieces and thoroughly washed with commercial
standardized Joklik’s modified MEM (Sigma, Milan, Italy) serum-free medium, to remove
nonadherent marrow cells. The pieces were incubated with rotation at 37°C for 30 min with the
same medium containing 0.5 mg/ml type IV collagenase (Sigma, Milan, Italy), and collagenase
digestion was stopped by the addition of Iscove’s modified Dulbecco’s medium (IMDM, Lonza,
Walkersville, MD, USA) containing 10% fetal bovine serum (FBS, Euroclone, Milan, Italy).
Between eight and ten pieces from each patient were then placed in 25cm? flasks and cultured in
IMDM containing 10% FBS, 100 U/ml penicillin, 100 pg/ml streptomycin, 50 U/ml mycostatin,
and 0.25ug/ml amphotericin B; the culture medium was changed every 2-3 days. The cells began to
migrate within 1-2 weeks and reached confluence after 1 month. The cell population was tested for
alkaline phosphatase and osteocalcin production after 1,25(OH),D3 10® M to ensure that the cells
were endowed with osteoblast characteristics. Cells were used at first passage to reduce the
possibility of phenotype changes. @

Western Blot analysis

J3-catenin: Confluent cells were treated with CGRP 10*M for 15, 30 and 60 min; LiCl 20mM and
PTH 10®*M for 60 min; Forskolin SuM for 5, 15, 30, 60 and 90 min. The antagonist of CGRP,
CGRPg_3; (lO'SM) and the inhibitor of PKA activity, H89 (2x10'6M) were added 30 min before
CGRP and/or PTH.

After removing the medium, adherent cells were gently scraped into 75ul lysis buffer (Hepes
50mM, NaCl 250mM, MgCl, SmM, 1% Triton, 10% Glycerol, protease and phosphatase inhibitors
cocktail (1:100, Sigma, Milan, Italy). The lysates were centrifuged at 12,000 rpm for 10 min at 4°C
and the supernatants were collected and the total protein concentration was determined by BCA

assay (Pierce, Rockford, IL, USA). 35ug of total protein extract was mixed with the appropriate
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volume of Laemmli’s sample loading buffer, heated at 100°C for 5 min and loaded onto 10% SDS

polyacrylamide gels. Western blots were performed using a specific antibody against human -
catenin (Cell Signaling Technology, Boston, MA, USA) diluted 1:1000 in 5% milk in Tris HCI with
0.1% Tween20. An antibody against human actin (Santa Cruz Biotechnology Inc., Heidelberg,
Germany) was used as a control.

Nuclear fractions were isolated from untreated cells or cells treated with CGRP (10'8M) or LiCl
(20mM) by the Qproteome Cell Compartment Assay (Qiagen SpA, Milan, Italy). This allows one to
selectively isolate proteins in different cell compartments by sequential addition of different
extraction buffers to a cell pellet. Scion Image software (Scion Corp., Frederick, MD, USA) was
used to quantify the Western blots. B-actin was used as an endogenous control to avoid incorrect
estimations of the signal from the protein of interest. The intensity of the treated samples were
normalized to that of the untreated samples (set as 1) and presented as a ratio of untreated controls.
Active caspase 3: Serum deprivation was used to induce apoptosis. hOB were treated with CGRP
(10"*M) alone for 6h or pre-treated for 30 min with H89 2x10°M and then challenged with CGRP
for 6h. Cell apoptosis was analysed by measuring the levels of active caspase 3 in the cell lysates
according to the above described protocol. Western blots were performed using a specific antibody
against human active caspase-3 (Sigma, St Louis, MO, USA) raised in rabbit and diluted 1:500 in
5% milk in Tris HCI with 0.1% Tween20, and a secondary HRP conjugated anti-rabbit antibody
(Jackson Immunoresearch, Baltimore Pike, PA, USA) diluted 1:2000 in 5% milk in Tris HCI 0.1%
Tween20. An antibody against human actin (Santa Cruz Biotechnology Inc., Heidelberg, Germany)
was used as a control.

Immunofluorescence Staining

Human OB were seeded on coverslips in 24 well plates and allowed to attach overnight. After 24h
of starvation, cells were treated for 30 min with CGRP (10'8M) alone or in association with its
receptor antagonist, CGRPg 37 ( lO'SM,) 30 min before CGRP, or with LiCI (20mM). At the end of
the treatment cells were fixed in 4% paraformaldehyde in PBS for 15 min at room temperature.
After permeabilization in 0.25% TritonX100 in PBS (PBST) for 10 min, cells were incubated in 1%
BSA in PBST for 30 min to avoid nonspecific binding of the antibody, washed three times in PBS
and incubated overnight at 4°C with rabbit anti-human [-catenin antibody (Cell Signaling
Technology, Boston MA, USA) diluted 1:50 in PBST. After 3 washes, the cells were incubated for
1h with FITC-labelled anti-rabbit antibody diluted 1:100 (Jackson ImmunoResearch, West Grove,
PA, USA). Cells were rinsed 3 times in PBS and mounted on slides using DAPI UltraCruz
Mounting Medium (Santa Cruz Biotechnology Inc., Heidelberg, Germany) to identify nuclei. Slides
were examined by fluorescent microscopy (Leica DMIRE2, Leica SpA, Milan, Italy) and images

were acquired by Leica IM50 image manager software.
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Apoptosis assay

Human OB, seeded in 96 black well plates and were allowed to attach overnight. Cells were then
treated 1h before dexamethasone (Dex, 10'6M) with CGRP (IO'SM), or LiCl (20mM) or PTH and
apoptosis was measured after 6h with. In order to antagonize CGRP effect, cells were pretreated
with CGRPg_37 (10'8M) or H89 (2x10'6M) 30 min before CGRP. Apoptosis was assessed by means
of Homogeneous Caspases Assay (Roche Diagnostics GmbH, Mannheim, Germany), which is a
fluorimetric assay for the in vitro determination of caspases activity

Statistical Analysis @

Statistical analysis was performed with the statistical package Prism vs 4.00, (GraphPad Software,
SanDiego, CA, USA). The significance of the differences among the groups was assessed by means
of one way ANOVA for nonparametric values (Kruskal-Wallis) and a multiple-comparison test

(Dunn’s test).

Results
Treatment with 10*M CGRP for 15 and 60 min, increased cytoplasmic B-catenin levels at all times
examined (Fig.1 A,B). Human OB were treated with LiCl (20mM) and PTH (10'8M) for 60 min as
positive controls for the rise in B-catenin protein. As expected, both LiCl and PTH induced an
increase in [-catenin levels that were comparable to that induced by CGRP at the corresponding
times (Fig.1A.B). Increasing concentrations (10°"'M-10"M) of CGRP induced a dose-dependent
rise in cytoplasmic [-catenin levels 15 min after treatment (Fig.2A.,B) reaching statistical
significance at 10*M and 10"M. Pre-treatment of hOBs with the specific receptor antagonist of
CGRP, CGRPg 37, at 10'8M, reduced the observed effect of CGRP on [3-catenin, thus indicating that
the peptide stabilizes -catenin cytoplasmic protein levels by activating its specific receptors (Fig.
3AB)__

Tes g CGRP also promotes B-catenin-nuclear translocation, nuclear fractions from
total cell lysates of hOBs exposed to 10®M CGRP for 15. 30 and 60 min were obtained and f-
catenin levels were measured by Western blot. Nuclear B-catenin levels were significantly enhanced
30 and 60 min after CGRP exposure (Fig. 4A.B). This result was further confirmed by
immunofluorescence staining of hOBs. The B-catenin fluorescent signal appeared in the nuclei after
30 min exposure to 10"M CGRP (Fig. 5C). No stained nuclei were detected when hOBs were pre-
treated with equimolar concentrations of CGRPg3; and then challenged with ( 10'8M) CGRP
(Fig.5E) 30 min after. We observed similar nuclear staining as with CGRP when hOBs were treated

with 20mM LiCl (Fig.5G).
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As Forskolin (5uM), an activator of the cAMP/PKA pathway, significantly increased cytoplasmic

-catenin levels (data not shown), in order to determine if PKA was involved in the effects of
CGRP on B-catenin, hOBs were pre-treated with H89, a specific PKA inhibitor. H89 (2x10'6M)
pre-treatment prevented CGRP induced [-catenin stabilization as well as the PTH-induced
increment of B-catenin levels (Fig.6A,B), thus providing evidence that PKA signaling is involved in
the stabilization of the [-catenin levels induced by CGRP. Since it has been reported that PKA is
able to inactivate GSK-3f in several tissues, the effect of CGRP on phosphorylation of GSK-3f in
the presence or absence of  HS9 (2X10'6M), was evaluated. CGRP induced GSK-3f3
phosphorylation after 15 and 60 min, and this effect was prevented by H89, indicating that CGRP
n (Fig.7A,B).

When hOBs were treated for 1h with CGRP (10°°M) and then challenged for 6h with Dex (10°M)

apoptosis was significantly reduced as evaluated by the activation of caspases. A similar effect was
observed with LiCl (20mM) and PTH (IO'SM) (Fig.8A). Pretreatment with H89 or CGRPyg.3;
reduced significantly the antiapoptotic activity of CGRP on Dex induced apoptosis (Fig.8B). When
apoptosis was induced by serum deprivation CGRP reduced significantly the protein levels of
cleaved caspase 3 as measured by western blot and this effect was inhibited by pretreatment of H89
(Fig.9A,B). These data suggest that PKA/B-catenin pathway are involved in the antiapoptotic effect
of CGRP.

Discussion

The present study demonstrated that CGRP is able to regulate B-catenin signaling by the induction
of RNA synthesis as well as by favouring the cytoplasmic accumulation of the protein. This effect
is mediated by the activation of the receptor for CGRP, as it is blocked by its antagonist. Human
OB express several components of the CGRP receptor: calcitonin receptor-like receptor (CLR) and
receptor activity modifying proteins of type 1 and 2 (RAMP1, RAMP2; Villa et al., 2006). The co-
expression of CLR and RAMP 1 as a unitary complex, give rise to a receptor with greater affinity
for CGRP than for other peptides of the calcitonin family, and is important for the internalization of
the ligand-receptor complex after CGRP binding and activation of second messengers (Hilairet et
al., 2001).

The effect of CGRP on B-catenin accumulation involves the inactivation of GSK-3[3 activity via a
cAMP/PKA signaling pathway with subsequent enhancement of B-catenin nuclear translocation.
Consistent with this observation, other authors have described the involvement of cAMP/PKA
signaling in the inactivation of GSK-3f in an osteoblast cell line (Suzuki et al, 2008) and in other
cell types (Jensen et al., 2006). GSK-3 B phosphorylates B-catenin at Ser33/Ser37/Thr41 sites (Fang

et al., 2000), so that the protein is ready for proteosomal degradation and is maintained at low levels
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in the cytoplasm (Rubinfeld et al., 1996). Like the GSK-3f inhibitor LiCl, CGRP increases -

catenin levels, leading to the nuclear translocation of the protein, which is the essential step for the
activation of Wnt-related gene transcription (Novak and Dedhar, 1999). Recently, it has been
demonstrated that PKA, besides inactivating GSK-3f activity, can phosphorylate B-catenin at
Ser552 and Ser675 sites and this phosphorylation promotes transcriptional activity of B-catenin in
vascular smooth muscle cells (Taurin et al., 2008). This molecular mechanism of PKA-dependent
activation of B-catenin represents a new mode of B-catenin regulation that could be involved in
CGRP induced B-catenin cytoplasmic accumulation.

The modulation of the Wnt/B-catenin signaling pathway in hOBs by CGRP further supports the
view that the peptide plays a role in the physiology of bone cells and particularly of osteoblasts (see
Naot and Cornish, 2008 for review). If it is generally accepted that the Wnt pathway contributes to
the promotion of osteoblastogenesis from mesenchymal cells, to the activation of osteoblasts and to
bone mass accrual, the CGRP anabolic effect on bone could be explained, at least in part, by the
cross-talk between CGRP and Wnt signaling.

In the present study, CGRP exhibited an anti-apoptotic effect in hOB comparable to that observed
with LiCl and PTH. It is likely that CGRP promotes hOB survival through B-catenin cytoplasmic
accumulation induced by PKA activation since inhibition of the enzyme activity by H89 reduces
CGRP effect. The finding that CGRP anti apoptotic effect is receptor mediated is shown by the
inhibition obtained with the CGRP antagonist and fits with previous studies that demonstrated that
CGRP receptor activation prevents osteoblast apoptosis in MC3T3-El1, a cloned mouse osteoblast
line (Uzan et al., 2008), and that adrenomedullin, a member of the calcitonin family of peptides,
inhibits rheumatoid fibroblast-like synoviocyte apoptosis through activation of CGRP receptor
(Uzan et al.,2006).

Although it is not yet clear to what extent the effect of Wnt/B-catenin signaling on osteoblast
apoptosis contributes to the overall impact of this pathway on bone formation (Bodine, 2008), it is
likely that the CGRP modulation of B-catenin signaling and its anti-apoptotic effect could be
involved in the anabolic activity of the peptide on bone mass. Cell apoptosis plays a critical role
during skeletal development and maturation, bone turnover, fracture repair and bone degeneration.
The balance between osteoblast proliferation, differentiation and apoptosis determines the amount
of competent osteoblasts which subsequently affects the activity of the bone multicellular units at
each remodeling site. Consistent with this notion, the high bone mass phenotype of mice expressing
an activating mutation of LRPS5 is associated with decreased osteoblast apoptosis, increased
osteoblast number and activated bone formation rate (Boyden et al., 2002). Also, the increase of
cancellous bone following PTH treatment is associated with inhibition of osteoblast apoptosis (Jilka

et al., 1999).

John Wiley & Sons, Inc.


gpintus
Highlight


©CoO~NOUTA,WNPE

Journal of Cellular Physiology Page 10 of 25

9

The modulatory function of CGRP on bone remodeling together with the anti-apoptotic activity
could favour the gain of bone mass, depending on the local demand. This may be important at areas
of high osteogenic capacity, such as the periosteum, bone marrow and along the osteochondral
junction of the epiphyseal growth plate (Sisask et al., 1995), where the neuronal presence of CGRP
is detected in a dense net-like meshwork (Martin et al., 2007). This evidence, combined with the
present results, suggests an afferent-efferent loop involving the perception of a local demand for
bone formation. In fact, CGRP can be released by nerve fibers and could exert paracrine biological
effects on bone cells, having functional significance in the local regulation of bone remodelling.

The peptide could be important in reaction to bone fractures, where an increase of CGRP positive
nerve fibers was detected (Hukkanen et al., 1993). Fracture repair is a dynamic process that
involves the coordination of cell proliferation and differentiation, apoptosis, angiogenesis and
remodelling: all events potentially affected by CGRP and, at the same time, under the regulatory
action of Wnt/B-catenin signaling. Besides an increment of neuronal CGRP immunoreactivity at
the fracture site (Li et al., 2007), Wnt/B-catenin signaling is activated during the fracture healing
process (Silkstone et al., 2008). CGRP-positive nerve fibers were found in close proximity to
osteoblasts at active sites of bone formation (Imai et al., 1997; Irie et al., 2002). And, during
fracture healing, nerve fibers containing CGRP were observed in fracture callus, with more
pronounced immunoreactivity in the concave side of angulated fractures where the main osteogenic
activity is operative (Li et al., 2007). It is interesting to note that PTH, which activates Wnt/B3-
catenin signaling through PKA, administered during fracture repair leads to increased fracture
callus (Kakar et al., 2007).

In conclusion, from the present results it emerges that CGRP in hOBs activates the Wnt pathway by
inhibiting GSK-3p through PKA signaling, thus promoting osteoblasts’ survival via B-catenin
nuclear translocation. This study has further characterized the cellular events that underlie the
anabolic action of CGRP in osteoblasts, suggesting an involvement of CGRP in the modulation of

bone tissue metabolism and repair.
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Legends to figures
Fig. 1. Representative Western blot (A) and quantification (B, as described in Materials and
Methods) of B-catenin protein after treatment, at different times (15, 60 min) with CGRP(IO'SM),
LiCl (20mM) or PTH (10'8M), in the total protein extracts of hOBs. Since LiCl and PTH are
generally acknowledged as activators of B-catenin signaling, they were used as positive controls.
Results are expressed as ratio of B-catenin amount measured in treated cells to that obtained in
untreated cells. Data are the means + SEM of four experiments performed with cells obtained from
four different donors; « p<0.05 vs untreated cells, ANOVA for non parametric data with multiple
comparison test.
Fig. 2. Representative Western blot (A) and western blot quantification (B, as described in
Materials and Methods) of the effect of 15 min treatment with increasing concentrations of CGRP
(10""M-10"M) on B-catenin protein in total hOB protein extracts. Results are expressed as a ratio
of B-catenin amount measured in treated cells to the amount obtained in untreated cells. Data are the
mean + SEM of three experiments performed with cells obtained from three different donors; -
p<0.05 vs untreated cells
Fig. 3. Representative Western blot (A) and quantification (B, as described in Materials and
Methods) of B-catenin measured in total hOB protein extracts. Results of cells treated with CGRP
(10'8M) after pre-treatment with the antagonist CGRPg37 ( 10'8M, 30min before). Results are
expressed as a ratio of B-catenin amount measured in treated cells to the amount obtained in
untreated cells. Data are the mean + SEM of five experiments performed with cells obtained from
five different donors; =+ p<0.01 vs untreated cells, § p<0.05 vs cells treated with CGRPs.3; plus
CGRP; ANOVA for non parametric data with multiple comparison test.
Fig. 4. Representative Western blot (A) and quantification (B, as described in Materials and
Methods) of B-catenin protein at different times after CGRP treatment in the nuclear extract of
hOBs. LiCl was used as control of B-catenin nuclear localization. Results are expressed as a ratio of
-catenin amount measured in treated cells to the amount obtained in untreated cells. Data are the
mean + SEM of six experiments performed with cells obtained from six different donors; + p<0.01,
+p<0.05 vs untreated cells, ANOVA for non parametric data with multiple comparison test.
Fig. 5. Immunofluorescence staining of B-catenin in hOBs after treatment with CGRP. A, untreated
cells; B, hOBs treated with CGRP 10*M for 30 min; C, hOBs treated with CGRPg.37 30 min before
CGRP exposure; D, hOBs treated with LiCl 20mM as positive control of B-catenin nuclear
localization. E, F, G, H, DAPI staining of the nuclei of the corresponding cells.
Fig. 6. Representative Western blot (A) and quantification (B, as described in Materials and
Methods) of the effect of pre-treatment with a PKA inhibitor, H89 (2x10'6M) 30 min before CGRP
(10'8M) or PTH 34 (10'8M), used as a positive control, on B-catenin levels in total hOB protein
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extracts. Data are the mean + SEM of four experiments performed with cells obtained from four
different donors; + p<0.01, « p<0.05 vs untreated, § p<0.05 vs CGRP treated cells, ® p<0.05 vs
PTH treated cells; ANOVA for non parametric data with multiple comparison test.

Fig.7. Representative Western blot (A) and quantification (B, as described in Materials and
Methods) of the effect of pre-treatment with H89, 30 min before CGRP (10'8M) treatment for 15
and 60 min on the phosphorylated form of glycogen synthase kinase-38 (GSK-38). Data are the
mean + SEM of three experiments performed with cells obtained from three different donors; -
p<0.05 vs untreated, § p<0.05 vs CGRP treated cells; ANOVA for non parametric data with
multiple comparison test.

Fig. 8, A. Effect CGRP (10'8M), LiCl 20mM) and PTH (10'8M), used as positive controls, on
dexamethasone (Dex, 10°M) induced apoptosis in hOBs measured as Relative Fluorescence Units.
Data are the mean + SEM of the ratio of treated to Dex treated cells. The assay was performed three
times using cells derived from three different donors and each experimental point was assayed in
quintuplicate. B. Effect of pre-treatment with H89 or with the CGRP antagonist, CGRPg.3; on
CGRP antiapoptotic effect on Dex (10°M) induced apoptosis in hOBs. The assay was performed
six times using cells derived from six different donors and each experimental point was assayed in
triplicate; =+ p<0.01 vs Dex-treated, § p<0.05 vs CGRP treated cells; ANOVA for non parametric
data with multiple comparison test.

Fig. 9. Representative Western blot (A) and quantification (B, as described in Materials and
Methods) of the protein levels of the cleaved form of caspase 3, as an index of hOB apoptosis,
induced by serum deprivation (w/oFBS). Effect of 6h treatment with CGRP (lO'SM) and of the pre-
treatment 30 min before CGRP with the PKA inhibitor H89. Data are the mean + SEM of three
experiments performed with cells obtained from three different donors; ** p<0.01 vs w/oFBS; §
p<0.05 vs H89+CGRP treated cells; ANOVA for non parametric data with multiple comparison

test.
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