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Figure 4. The closure size of critical defect on 3D CT
image. The defect area was reduced up to 70% after
treatment with rh-BMP2.

In the group containing no rh-BMP2, a small
amount of new bone formation was observed at the
periphery of the defect (Fig. 5). However, the defect
was occupied with a layer of fibrous tissue (Fig. 5a,
b, e, and f). In the group containing rh-BMP2 (BMP
and BMP-TP groups), the defects were repaired
by newly formed bone, and the original histology
of the parietal skull with hematopoietic marrow
tissue in the diploe was ultimately restored
(Fig. be, d, g, and h).

DISCUSSION

The degradable PLA-DX-PEG block copolymer
utilized in this study was originally synthesized

a

as a carrier material for BMP to elicit bone
formation.® The exact molecular structure, molec-
ular size, and molar ratio of PLA, DX, and PEG
segments were optimized for the bone-inducing
activity of rhBMP-2.5%10 Saito et al.® demon-
strated that the polymer could deliver rhBMP-2
more effectively than collagen in vivo. In this
study, the capacity of the specific polymer for the
continuous local release of antibiotics was exam-
ined prior to use in combination with rhBMP-2.

Our results indicate that under in vitro condi-
tions, a sustained release of antibiotics (teicopla-
nin) occurred from the degradable PLA-DX-PEG
block copolymer in two phases; an initial rapid
release phase followed by a gradual slow release
phase. In the initial phase, aproximately 40% of
the total dose of the hydrophilic teicoplanin was
released. The direct elution of teicoplanin is most
likely due to the hydrophilic character of the
polymer. The amount of the antibiotic remaining
most likely reflects an affinity for the polymer
molecules. The slow release of the residual anti-
biotic follows the progressive hydrolysis of the
polymer. However, the mechanism by which
antibiotics are slowly released from the polymer
is not well understood.

The bacteriocidal activity of the antibiotics
released from the polymer was not altered during
the experimental period by contact with the

Figure 5. Histology of rat calvarial specimens 6 weeks after treatment with only
polymer (a,e), with teicoplanin (b,f), with rh-BMP2 (c,g), with rh-BMP2 and teicoplanin
{(d,h). Figures e through h are higher (original) magnification (x10) images of the edge
between the defect area and normal calvaria (arrow head) in (a)—(d).
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polymer and incubation, as shown by the bioassay
data for teicoplanin. Antibiotic durability might
be an essential requirement for local treatment
of refractory infectious lesions such as osteo-
myelitis.'!

An ectopic bone formation model was used to
evaluate the effects of different antibiotics on the
bone-inducing capacity of thBMP-2. No evidence
was found to suggest that the presence of anti-
biotics had an inhibitory action on the osteoinduc-
tive properties of the BMP. The size and bone
mineral content of the BMP-induced ossicles were
not altered by addition of those antibiotics.
Additionally, the parietal cranial bone defects of
critical size were consistently repaired by new
bone formation when the defects were filled with
polymer containing both rhBMP-2 and antibiotics
at high concentration (1 x 10* MICqg for S. aur-
eus). These results support the potential efficacy of
rhBMP-2 in combination with antibiotics for the
treatment of infected nonunion fractures and
prevention of infection at sites undergoing recon-
struction. We chose the cranial defect model
instead of a long bone defect because of difficulty
in keeping the shape of the polymer-only group
because of its gel characteristics in body tempera-
ture. Recently, Yoneda et al.'? resolved the
problem by using beta tricalcium phosphate and
succeeded in repair of long bone critical defects.
Further study must be undertaken using long
bone defects before clinical use.

In a recent study, Chen et al.*® reported
the usefulness of BMP-7 in a collagen carrier for
the treatment of an infected bone defect in a rat
model. However, the amount of rhBMP-7 required
for bone regeneration was five times greater than
that needed to repair the bone defect without
infection. Clearly, in the absence of antibiotics, the
high dose and resultant high cost of BMP treat-
ment presents a challenge for the repair of infected
bone using osteoinductive proteins. The local
delivery of antibiotics concomitantly with rhBMP-
2 in the polymer carrier might be a useful approach
to reduce the dose and cost of the repair. Further
studies are underway in our laboratory to examine
the efficacy of this system in an infected bone defect
model.
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Abstract

Bone morphogenetic proteins (BMPs) belong to the transforming growth factor (TGF)-B superfamily, and some display potent osteogenic
activity both in vivo and in vitro. The BMP signaling cascade involving BMP receptors at the cell membrane and intracellular messengers
(Smads) has been elucidated, but the regulatory mechanisms of BMP signaling have not been clarified. We previously found that
pentoxifyfine (PeTx), a nonspecific inhibitor of phosphodiesterase (PDE), and rolipram, a PDE-4-specific inhibitor, enhance BMP-4-induced
osteogenic differentiation of mesenchymal cells, probably through the elevation of intracellular cyclic adenosine monophosphate (cAMP)
accumulation and modulation of BMP signaling pathways as enhanced BMP-4 action was reproduced by addition of dibutylyl-cAMP
{dbcAMP). However, the precise mechanisms underlying the enhancing effects of those agents on BMP signaling were not completely
revealed. As already reported, BMPs utilize a specific intracellular signaling cascade to target genes via R-Smads (Smad1,5,8), Co-Smad
(Smad4) and I-Smads (Smad6,7). One possibility for cAMP-mediated effects on BMP signaling might be suppression of I-Smads expression
since these proteins form a negative feedback loop in BMP signaling. To examine this possibility, changes in I-Smad (Simad6) expression on
addition of dbcAMP or PeTx were examined in a bone-marrow-derived osteogenic cell line (ST2). Alkaline phosphatase activity in ST2 cells
was consistently induced by BMP-4 treatment (300 ng/ml), and Smad6é mRNA expression was also induced by BMP-4 treatment. Although
concurrent treatment of ST2 cells with BMP-4 and dbcAMP elicited further activation of alkaline phosphatase, addition of dbcAMP reduced
BMP-4-induced Smad6 expression in a dose-dependent manner. Furthermore, detection of phosphorylated Smad1/5/8 on Western blotting
analysis was prolonged, suggesting prolonged kinase activity of BMP receptors through suppressed expression of Smad6. Elevated
intracellular cAMP might thus enhance BMP signaling by suppressing Smad6 induction and prolonging intracellular BMP signaling.
© 2005 Elsevier Inc. All rights reserved.

Keywords: Cyclic adenosine monophosphate; Osteoprogenitor cells; Bone morphogenetic protein; Smad6; Pentoxifyline

Introduction

The bone-inducing activity of bone morphogenetic
proteins (BMPs) was originally identified in bone matrix
through ectopic bone formation after implanting decalcified
bone matrix into rodent muscle. A group of BMP molecules
belonging to the transforming growth factor (TGF)-p

* Corresponding author. Fax: +81 6 6646 6260.
E-mail address: tatsuya@med.osaka-cu.ac.jp (T. Koike).

8756-3282/% - see front matter © 2005 Elsevier Inc. All rights reserved.
doi:10.1016/j.bone.2005.08.006

superfamily has since been identified and recognized as
multi-functional growth factors.

In bone biology, BMPs are considered crucial in bone
and cartilage formation for embryonic development,
postnatal bone metabolism and repair of damaged bone.
From a clinical perspective, BMPs and related molecules
regulating BMP activity are expected to offer powerful
tools for the treatment of systemic or local skeletal
disorders like osteoporosis and repair of fracture or bone
defects associated with bone tumor excision or trauma. For
clinical purposes, BMP-2 and BMP-7/osteogenic protein
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(OP)-1 have been synthesized using DNA recombination
and utilized in a limited number of human cases in
combination with local delivery systems [1]. Gene therapy
using BMP genes has also been attempted in experimental
animals [2], but efficacious and safe vectors for delivering
BMP genes in gene therapy have remained problematic for
gene therapy.

When considering the efficient use of BMPs either
systemically or locally, one basic and important problem
is the low responsiveness of human mesenchymal cells to
BMPs [3]. Large doses (in the order of milligrams) of
costly BMP are thus required for local lesions in each
patient. To overcome such problems and enable more
widespread and effective use of BMP molecules,
additional agents or methods that intensify BMP activity
are desirable. In this context, we screened the phospho-
diesterase (PDE) inhibitors pentoxifyline (PeTx, a non-
specific inhibitor of PDE) and rolipram (a PDE-4-specific
inhibitor), revealing increases in BMP-2-induced bone
mass following systemic daily injection of these agents
[4,5]. However, the precise pharmacological basis of these
effects was uncertain. Elevation of intracellular levels of
cyclic adenosine monophosphate (cAMP) may have been
involved and might intensify the intracellular BMP
signaling cascade. One possible mechanism for cAMP
to intensify BMP signaling would be interference with the
negative feedback mechanism in BMP signaling formed
by inhibitory Smads (I-Smads). The present study
investigated changes in mRNA expression of major I-
Smads, Smadé and phosphorylated receptor-regulated
Smads (R-Smads) levels after treatment with BMP-4
and dibutylyl-cAMP (dbcAMP), a cell-membrane perme-
able analog of cAMP, in lined murine osteogenic ST2
cells.

Materials and methods
Reagents

PeTx (1-(5-oxohexyl)-3,7-dimethylxanthine) and
dbcAMP were purchased from Sigma Chemical Co. (St.
Louis, MO, USA). PeTx and dbcAMP were prepared at 90
mM and 100 mM, respectively, as stock solutions in culture
medium.

As a source of mouse BMP-4, conditioned medium
from Chinese hamster ovary (CHO) cells transfected with
murine BMP-4 (mBMP-4) ¢cDNA was used. Details of the
CHO cell have been described in our previous publication
[6]. Briefly, cells transfected with mBMP-4 cDNA or
mock vector (for controls) were inoculated at a density of
1.0 x 10° cells/100 mm plastic dish (Falcon #3003; Becton
Dickinson Labware, Tokyo, Japan) in 10 ml of c-minimal
essential medium (a-MEM; Sigma Chemical Co.) with
10% (vol/vol) heat-inactivated fetal bovine serum (FBS;
Gibco, Grand Island, NY, USA) and antibiotics/antimyco-

tics (100 U/ml penicillin; 100 pg/ml streptomycin; and
0.25 pg/ml amphotericin B, Sigma Chemical Co.) at 37°C
in 5% CO, atmosphere. Conditioned medium was
collected after 5 days incubation, filtered through a
membrane filter (Coming, NY, USA; pore size 0.22 pum)
and stored at 4°C. Under these conditions, judging from
the induction of alkaline phosphatase (ALP) activity in
osteoprogenitor cells, a 5% mixture of conditioned
medium corresponded to approximately 100 ng/ml of
recombinant human BMP-2 (generously provided by
Yamanouchi Pharmaceutical, Tokyo, Japan) (data not
shown). For experiments, conditioned medium from cells
transfected with mock vector was used for negative
controls.

Cell culture

Mouse mesenchymal cell line C3H10T1/2 [7], mouse
bone marrow stromal cell line ST2 [8] and mouse
osteoblastic cell line MC3T3-El1 [9] were obtained from
the Riken Cell Bank (Ibaraki, Japan). The C3H10T1/2 and
ST2 cell lines are widely regarded as osteogenic
precursors as cells go on to exhibit osteoblastic pheno-
types under the control of BMPs [10,11]. Cells were
seeded at a density of 3 x 10° cells/100-mm plastic dish
and cultured in «-MEM containing 10% FBS and anti-
biotics/antimycotics at 37°C in 5% CO, humidified air. Upon
reaching confluence, cells were used in the following
experiments.

Determination of alkaline phosphatase activity

Alkaline phosphatase activity was measured as a marker
of osteoblastic differentiation in response to BMP-4 or
other agents. Cells were seeded at a density of 1x 10°
cells/well in 48-well plates (n=4 per group). Upon
achieving confluence, medium was replaced by fresh
medium containing 5% FBS and pre-incubated for 1 h.
BMP-4 and other chemicals were then added to the
cultures, and incubation was continued for 3 more days.
Cells were pre-incubated with or without PeTx/dbcAMP
for 15 min before treatment with BMP-4, After 3 days of
incubation, medium was removed, and cells were washed 3
times with saline then lysed in 250 ul of 0.2% Triton-X
(Sigma Chemical Co.) with saline. Plates were frozen at
—80°C and dissolved again then sonicated for 40 s. After
centrifugation, supernatant was collected and used for ALP
assay and protein assay. For ALP assay, samples were
incubated with 0.5 mM para-nitrophenol phosphate, 0.5
mM MgCl, and 0.5 M Tris—HCl for 30 min at 37°C. To
stop the reaction, a quarter volume of 1 N NaOH was
added, and then absorbance was read at 405 nm. As a
standard, 5 mM para-nitrophenol was used. Protein
concentration was measured using a DC protein assay kit
(Bio-Rad Laboratories, CA, USA). Experiments were
performed independently in triplicate.
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Determination of intracellular cAMP

When cultures maintained in 24-well plates (n =4 per
group) reached confluence, medium was replaced using
fresh medium of the same composition. After 1 h of pre-
incubation, BMP-4 and other chemicals were added to the
cultures, and incubation was continued for 5 or 15 min.
The medium was then removed, and cells were overlaid
with 250 pul of 0.1 N HCI for 10 min at room temperature,
collected by scraping and then centrifuged. Supernatant
was then collected and used for cAMP assay, which was
performed using a cAMP Kit (R&D Systems, Minneapolis,
USA) according to the instructions of the manufacturer.
The cAMP assay is based on the competitive binding
technique, in which cAMP present in a sample competes
with a fixed amount of ALP-labeled anti-cAMP rabbit
polyclonal antibody.

Northern blot analysis

Cells were seeded in 100-mm diameter dishes and
cultured until confluence. Upon achieving confluence,
medium was replaced by fresh medium containing 5%
FBS and cultured for 1 h. Cells were then treated with BMP-
4 (300 ng/ml) or dbcAMP (2 mM) for 24 h. Cells were pre-
incubated with or without dbcAMP for 15 min before
treatment with BMP-4.

Total RNA was isolated from cells using Isogen (Wako
Pure Chemical Industries, Osaka, Japan), and poly(A)”
RNA was obtained using Poly(A) Quik mRNA Isolation
Kit (Stratagene, CA, USA) according to the instructions of
the manufacturer. Poly(A)” RNA (2 pg) was electrophor-
esed in 1.0% agarose gels in the presence of 1.1 M
formaldehyde and blotted to Hybond N membranes
(Amersham Bioscience, NJ, USA). The complete coding
regions of mouse Smad6é cDNA were labeled by [a-3%P]-
dCTP using a Random Primer Labeling Kit (Takara
Biochemicals, Otsu, Japan). Hybridization was performed
in a solution containing 0.5 M phosphate buffer, 1 mM
ethylene diamine tetra-acetic acid (EDTA) and 7% sodium
dodecy! sulfate (SDS) at 65°C overnight, and the filter was
washed at 65°C with 6% standard saline citrate (SSC), 0.1%
SDS for 15 s, 2x SSC and 0.1% SDS for 10 min twice.
Filters were stripped using boiled distilled water containing
0.1% SDS and rehybridized. Amounts of mRNA were
verified by hybridizing filters with a glyceraldehyde 3-
phosphate dehydrogenase (GAPDH) probe. Signals were
detected using a BAS-2500 image analysis system (Fuji
Photo Film Co., Tokyo, Japan).

Smad6 ¢cDNA was generously provided by T. Imamura
(Cancer Institute of the Japanese Foundation for Cancer
Research, Tokyo, Japan), and GAPDH cDNA was generated
by reverse transcription polymerase chain reaction (RT-PCR)
using specific primer sets as follows: for GAPDH, sense
primer 5-ATGGTGAAGGTCGGTGTGAA-3’ and anti-
sense primer 5'-CTCTTGCTCAGTGTCCTTGCT-3".

Quantitative real-time reverse transcription polymerase
chain reaction

When cultures maintained in 6-well plates (n=3 per

" group) became confluent, medium was replaced by fresh

medium containing 5% FBS and cultured for 1 h, then
BMP-4 and other chemicals were added to cultures. In the
case of combined treatment, BMP-4 was added 15 min
later than other chemicals. Total RNA was isolated from
cells treated with each chemical for each time period
using NucleoSpin RNA II (Macherey-Nagel, Duren,
Germany) according to the instructions of the manufac-
turer. A total of 1 pg of total RNA was reverse-transcribed
into first-strand ¢cDNA with an oligo-dT primer using
Superscript II reverse transcriptase (Invitrogen, CA, USA).
Real-time RT-PCR was performed according to the
instructions of the manufacturer (Applied Biosystems,
Foster City, CA, USA). TagMan fluorogenic probes for
Smad6 were purchased from Applied Biosystems. Real
time RT-PCR for GAPDH was performed using SYBR
Green Supermix (Bio-Rad Laboratories). Experimental
samples were matched to a standard curve generated by
amplifying serially diluted products using the same PCR
protocol. Amplified GAPDH c¢DNA was used for internal
control. To correct for variability in RNA recovery and
efficiency of reverse transcription, GAPDH cDNA was
amplified and quantitated in each cDNA preparation.
Normalization and calculation steps were performed as
described by Pfaffl {12]. Experiments were performed on
3 independent occasions, and each experiment comprised
of 3 samples.

Western blot analysis

Cells were plated at a density of 2 x 10* cells/well on 6-
well plates and cultured until confluence. At 1 h after
replacing with fresh medium containing 5% FBS, BMP-4
(300 ng/ml) and dbcAMP (2 mM) were added to the media,
and cells were cultured for designated periods. Dibutylyl
cyclic AMP (dbcAMP) was added 15 min prior to BMP-4.
The resultant sample was boiled for 5 min in 20 pl of sample
buffer for SDS polyacrylamide electrophoresis (SDS-PAGE)
as described previously with minor modifications [13].
Equal amounts of protein samples were applied and run on
each lane of SDS 5-20% acrylamide gels (40 mA, low
voltage, 90 min) and ultimately blotted to ECL™ nitrocel-
lulose membrane (Amersham Bioscience). Membranes were
developed using ECL™ plus reagent (Amersham Biosci-
ence). Signal intensities were measured according to staining
of each band using a Chemi Doc XRS-J digital densitometer
(Bio-Rad Laboratories).

Statistical analysis

Data are expressed as mean+SD for each group.
Differences between treatment groups were analyzed using
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Fisher’s PLSD test. Values of P<0.05 were considered
statistically significant.

Results
ALP induction by BMP-4, PeTx and dbcAMP

PeTx, a methylxanthine-derived nonspecific inhibitor
of PDEs, had no effect on ALP activity in ST2 cells at
PeTx concentrations of 0.225-0.9 mM. In contrast, PeTx
enhanced BMP-induced ALP activity in a dose-depen-
dent manner (Fig. 1A), indicating a specific enhancing
effect of PeTx on BMP-2 activity. Intracellular levels of
cAMP increased about 7-fold in 15 min after the
addition of PeTx (0.9 mM). Levels of cAMP were
unaffected by addition of BMP-4 (50 ng/ml) with PeTx
(Fig. 1B).

The potentiating effect of PeTx on BMP action in ST2
cells was mimicked by the addition of dbcAMP (Fig. 1C).
Similar results were obtained using C3H10T1/2 and
MC3T3-El cells (data not shown).

Smad6 mRNA induced by BMP-4 stimulation

Fig. 2 shows dose- and time-dependent changes in Smad6
mRNA expression following BMP-4 treatment, as deter-
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mined using quantitative real-time RT-PCR methods. In ST2
cells, Smad6 mRNA expression was significantly up-
regulated by mBMP-4 treatment in a dose-dependent manner
over the BMP-4 dose range from 50 ng/ml to 300 ng/m! in
6 h (Fig. 2A). Up-regulated expression of Smad6 mRNA
peaked in 3 h and lasted up to 24 h after BMP treatment
(300 ng/ml) then gradually reduced to the baseline level
within 72 h (Fig. 2B).

Suppression of Smad6 expression by cAMP

In order to elucidate how cAMP accelerates osteoblastic
differentiation in ST2 cells, the expression of Smad6é mRNA
after treatment with dbcAMP and BMP-4 was analyzed.
Smad6 mRNA expression was induced by BMP-4 stimula-
tion, but addition of dbcAMP significantly ameliorated
BMP-4-induced Smadé6 expression (Fig. 3).

Quantitative real-time RT-PCR of Smad6 mRNA expres-
sion treated with or without BMP-4 (300 ng/ml) and various
doses of dbcAMP (100-2000 uM) at 12 h revealed that
dbcAMP reduced BMP-4-induced Smad6 expression in a
dose-dependent manner (Fig. 4).

Results of quantitative real-time RT-PCR for Smad6
mRNA expression at 6, 12, 24 and 72 h are shown in Fig. 5.
At 6, 12 and 24 h, dbc AMP reduced the expression of Smadé
mRNA that was induced by BMP-4 (Figs. SA—C). Although
level of Smad6 mRNA induced by BMP-4 returned to
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BMP-4 (300ng/ml) - - + + o+ + o+ +
dbc AMP (uM) - + - + o+ + o+ +
(2000) (25) (100) (250) (1000) {2000)

Fig. 1. (A, C) PeTx and dbcAMP intensified BMP-4-induced ALP activation in a dose-dependent manner. ST2 cells were cultured in 24-well plates until
confluence then treated with BMP-4, PeTx (A) and dbcAMP (B). After 3 days, ALP activity was measured. (B) Concentration of cAMP in ST2 cells treated with
BMP-4 and PeTx for 15 min. Bars and lines represent mean + SD for 4 wells. *P < 0.05, cells treated with BMP-4 compared with untreated cells. ip < 0.05, cells

treated with BMP-4/PeTx or dbcAMP compared with BMP-4-treated cells.
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Fig. 2. Effects of BMP-4 on expression of Smad6 in ST2 celis. ST2 cells were cultured in 6-well plates to confluence then treated with BMP-4. After 6 h (A) or
other designated times (B), total RNA was extracted, and levels of Smad6 expression were analyzed using real-time RT-PCR, normalized to GAPDH expression
and presented as the expression level relative to that in control untreated cells. BMP-4 induced Smad6 expression in a dose-dependent manner at 6 h after
stimulation (A). In panel B, closed circles represent Smad6 expression at each time point in ustreated cells, and open circles represent expression in cells treated
with BMP-4 (300 ng/ml). Bars and lines represent mean + SD for 3 wells. Similar results were obtained in 3 independent series of studies. *P < 0.08, cells treated

with BMP-4 compared with untreated cells.
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Fig. 3. Cyclic AMP reduced BMP-4-induced Smad6 expression in ST2 cells.
Results of Northern blotting. After 24 h of treatment using BMP-4 (300 ng/
ml), dbcAMP (2000 uM) or both, mRNA was extracted and analyzed.
Messenger RNA obtained using a Poly(A) Quik mRNA Isolation Kit was
electrophoresed in agarose-formaldehyde gels, blotted to Hybond N
membranes and hybridized with Smad6 and GAPDH probes. Showing the
summary of 3 independent experiments. Bars and lines represent mean + SD
for 3 experiments. *P < 0.05, cells treated with BMP-4 compared with
untreated cells. iP<O.05, cells treated with BMP-4/dbcAMP compared
with BMP-4 treated cells.

baseline by 72 h, dbcAMP still repressed Smad6 mRNA
levels (Fig. 5D).

Prolonged phosphorylation of BMP-specific R-Smads by
dbcAMP

Phosphorylation of BMP-specific R-Smads by BMP-4
was analyzed by immunoblotting using phospho-Smad 1/5/8-
specific antibody with or without dbcAMP treatment (Fig.
6). Phosphorylation of Smad1/5/8 after BMP-4 stimulation
started from | h after BMP-4 stimulation and became
undetectable after day 3. Addition of dbcAMP did not
exhibit significant effects at 1 or 24 h after treatment, but
phosphorylated Smad1/5/8 were detected until day 5.

Discussion

The cyclic nucleotide PDE family includes a large
numbers of PDE isomers, which are encoded in at least 13
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Fig. 4. Cyclic AMP reduced BMP-4-induced Smad6 expression in ST2 cells in a dose-dependent manner. After 12 h of treatment with BMP-4 (300 ng/mt),
dbcAMP or both, total RNA was extracted, and expression of Smadé6 was analyzed using real-time RT-PCR, normalized to GAPDH expression and presented as
the expression level relative to that in control untreated cells. Bars and lines represent mean + SD for 3 wells. *P < 0.05, cells treated with BMP-4 compared with
untreated cells. TP < 0.05, cells treated with BMP-4/dbcAMP compared with BMP-4 treated cells.

distinct genes and hydrolyze cAMP and/or cyclic guanosine
monophosphate (¢cGMP), thereby contributing to the regu-
lation of intracellular cAMP levels [14]. A number of
compounds inhibiting respective PDE subfamily enzymes in
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a selective or non-selective manner have already been
developed [15]. Interestingly, some PDE inhibitors have
been reported to stimulate osteoblastic differentiation and
inhibit osteoclastic differentiation in vitro {16,17]. We have
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Fig. 5. Cyclic AMP reduced BMP-4-induced Smad6 expression in ST2 cells at 6, 12 and 24 h. ST2 cells were treated with BMP-4 (300 ng/ml), dbcAMP (2 mM)
or both for 6 h (A), 12 h (B), 24 h (C) or 72 h (D). Total RNA was then extracted, and expression of Smad6 was analyzed using real-time RT-PCR, normalized to
GAPDH expression and presented as expression level relative to that in control untreated cells. Bars and lines represent mean + SD for 3 wells. *P < 0.05, cells
treated with BMP-4 compared with untreated cells. 1P < (.05, cells treated with BMP-4/dbcAMP compared with BMP-4 treated cells.
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Fig. 6. Effects of dbcAMP on BMP-4-induced Smads signaling in ST2 cells. ST2 cells were pretreated for 1 h in 5% FBS before stimulation. Cells were treated
with BMP-4 (300 ng/mi) or BMP-4 and dbcAMP (2 mM). Whole-cell extracts were prepared at indicated time points followed by immunoblotting. Identical
amounts of protein samples were applied and run on each lane of a 10% acrylamide gels, blotted to an ECL nitrocellulose membrane, and membranes were
developed using ECL plus reagent. Activated BMP-specific R-Smads were detected by anti-phospho-Smad1/5/8 antibody. Bands for Smadl and B-actin are

shown as a loading control. C, control; B, BMP-4; B + D, BMP-4 and dbcAMP.

reported that the PDE inhibitors, PeTx and Rolipram,
increase bone mass mainly by promoting bone formation
in normal mice {4,18]. Furthermore, PDE inhibitors have
been shown to exert therapeutic effects in different
experimental osteopenia models [17,19,20]. Although
some PDE inhibitors reportedly promote bone formation
under both in vivo and in vitro conditions, the precise
mechanisms leading to the osteogenic effects of those PDE
inhibitors are currently unknown. The present study was
performed to gain clues regarding the anabolic effect of the
PDE inhibitor PeTx on osteoblastic differentiation of bone
marrow stroma cell-derived osteoprogenitor cells, ST2 cells.

Our previous report showed that daily injection of PeTx
increased systemic bone mass by enhancing bone formation
[18], and it also stimulated BMP-2 induced ectopic bone
formation [4]. However, the mechanisms underlying the
effects of PDE inhibitors on bone metabolism have remained
obscure. Regarding mechanisms of action, one of the basic
but major questions has been whether the anabolic effect of
PDE inhibitors on bone metabolism is linked specifically to
BMP signaling system to induce osteoblastic differentiation
or results from functional activation of fully differentiated
osteoblasts independent of BMP. Based on the results in our
present and previous studies, the effect of PDE inhibitors
might be brought about in association with BMP since the
effects of PDE inhibitors in enhancing osteoblastic differen-
tiation were not seen in the absence of BMP but were
consistently noted in the presence of BMP, indicating a
potential function of the PDE inhibitor in enhancing BMP
signaling through elevation of intracellular cAMP levels
[21]. In addition, intracellular cAMP-elevating agents such
as dbcAMP and forskolin also increase BMP-4-stimulated
osteoblastic differentiation when estimated by elevating ALP
activity [21]. These results indicate that cAMP-elevating
agents might enhance BMP signaling pathway to enhance
bone formation. Regarding the effects of PDE inhibitors on
BMP signaling, the results of a recent study suggest that the
anabolic actions of PeTx might be attributable to cross-talk

between BMP signaling and protein kinase C (PKC)
signaling cascades [22]. Rawadi et al. noted that PeTx
could promote osteoblast differentiation not by protein
kinase A (PKA) activation, since inhibition of PKA by H-89
(a protein kinase inhibitor) did not alter the PDE-induced
osteogenic reaction, but through activation of extracellular
signal-regulated kinase (ERK) 1/2 and p38 kinase pathways
[22]. However, we could not exclude the possible contribu-
tion of cAMP-activated PKA to the acceleration of
osteoblastic differentiation by PeTx since inhibition of
PKA by H-89 partially abolishes PDE inhibitor-mediated
increases in the induction of ALP by BMP-4 (data not
shown). Cross-talk between the cAMP/PKA cascade and the
Smads-mediated BMP signaling pathway awaits elucidation
in future studies.

Among the 3 groups of Smad proteins involved in the
BMP signaling pathway, Smad6 and Smad7 are classified as
I-Smads. I-Smads interact with activated serine/threonine
kinase BMP or TGF-§ receptors and compete with R-Smads
(Smadl/5/8) to activate the receptors [23]. Smad6 has also
been reported to compete with common-partner Smad (Co-
Smad, Smad4) in forming complexes with R-Smads. Smad6é
might be more crucial in the negative feedback loop as
Takase et al. [24] reported that Smad6 mRNA was markedly
induced by BMP-2 or BMP-7/0P-1 in various osteopro-
genitor cell lines, whereas Smad7 expression remained
unchanged in most cells. In this context, Smad6 was targeted
to examine involvement of the protein in the mechanism
enhancing BMP signaling by cAMP. We confirmed up-
regulation of Smad6 expression in response to BMP-4
stimulation in ST2 cells. Interestingly, up-regulated expres-
sion of Smad6 by BMP-4 stimulation appears to be partially
suppressed by elevated intracellular cAMP levels on addition
of cell-membrane-permeable dbcAMP in a dose-dependent
manner in ST2 cells. Elevated levels of phosphorylated R-
Smads following BMP-4 treatment and dbcAMP lasted
longer than that with BMP-4 treatment alone on Western blot
analyses. Although dbcAMP significantly suppressed the
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expression of Smad6 mRNA induced by BMP-4 within 6
h (Fig. 5A), levels of phosphorylated R-Smads induced by
BMP-4 at 24 h were not altered (Fig. 6). This discrepancy
might be explained by following two points. First, Smad6
was evaluated by mRNA level, whereas phosphorylated R-
Smads were determined by protein level. Second, Smad6
binds in a stable manner to serine/threonine kinase receptors
and then interferes with phosphorylation of R-Smads by
receptors. This negative feedback loop might require the
appropriate time lag. These results suggest that the anabolic
effects of cAMP on BMP-4-induced osteoblastic differenti-
ation might be partially attributable to suppressed expression
of Smadé in the negative feedback loop and the facilitation
of positive BMP-4 signaling in cells. In addition, dbcAMP
enhanced the expression of Id-1 mRNA, an inhibitor of
myogenesis, induced by BMP-4 (data not shown). These
findings taken together suggest that cAMP might be a
modulator of BMP signaling. Ishida et al. identified the 28-
base pair regions responsible for transcriptional activation by
BMPs in the mouse Smad6 promoter [25]. Ionescu et al.
characterized a putative cAMP response element (CRE) site
in the adjacent 17-base pair [26]. In that report, dominant
negative cCAMP response element binding protein reduced
BMP-2-stimulated Smad6é gene transcription [26], but these
results were not consistent with our current results. Potential
causes for these inconsistencies include interactions of other
transcriptional factors and differences in cells and BMPs.
Similar mechanisms were reported to explain signal cross-
talk between BMP and TGF-8 [27]. Further studies are
needed to elucidate relationships between cAMP and BMPs.

Smad proteins play important roles in BMP signaling and
display characteristic pathways. Only a limited number of
previous reports have examined relationships between the
Smad pathway and cAMP. On addition of dbcAMP, BMP-4-
induced Smadé6 expression was significantly suppressed
(Fig. 4). These results indicate that dbcAMP enhances BMP-
4 osteogenic activity through the suppression of a self-
regulated negative feedback loop. Parathyroid hormone
(PTH) or its amino-terminal fragment is known to enhance
systemic bone formation following daily subcutaneous
injection and is currently utilized to recover bone mass in
osteoporotic patients without the precise mechanisms of
action being understood. 'As PTH also elevates intracellular
levels of cAMP in cells with PTH-specific receptors, cAMP
interference in the BMP negative feedback might be
involved in PTH-enhanced systemic bone formation.
Additional studies confirming suppression of I-Smads by
PTH treatment are necessary to elucidate the mechanisms of
action underlying the anabolic effects of PTH.

In conclusion, suppression of BMP-4-induced Smad6
expression appears to represent one of the mechanisms by
which BMP action is enhanced by PeTx and dbcAMP
treatments. Manipulation of the BMP signaling loop may
also provide new insights into enhancing the efficacy of
BMP-mediated local new bone formation for the treatment of
damaged bone.
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Abstract In this multicenter, randomized, double-blind
controlled trial, the efficacy and safety of once-weekly dos-
ing with 17.5mg risedronate was compared with once-daily
dosing with 2.5mg risedronate in Japanese patients with
involutional osteoporosis. A total of 496 patients were ran-
domized to receive either once-weekly (n = 249) or once-
daily (n = 247) treatment. All patients were supplemented
with 200 mg/day calcium. Following 48 weeks of treatment,
the mean (£SD) percent changes, from baseline, in the bone
mineral density of the lumbar spine (L2-L4 BMD) in the
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once-weekly and once-daily treatment groups were 5.36 *
427% and 5.87 + 4.47%, respectively. The difference be-
tween the groups was -0.5% (95% confidence interval:
~1.35% to 0.35%), demonstrating that the effect on BMD
of once-weekly treatment was not inferior to that of once-
daily treatment. The time-course reductions in biochemical
markers of bone resorption (urinary N- and C-telopeptide
of type I collagen) and bone formation (bone-specific alka-
line phosphatase) were similar for the two dosing regimens.
There were no differences in the incidence of new vertebral
fractures or the worsening of existing fractures between the
once-weekly (2.2%) and once-daily (2.7%) dosing regi-
mens. No significant differences were observed between the
two dosing regimens in the incidence or the type of adverse
events. However, 10.1% of the patients in the once-daily
group withdrew due to adverse events as compared to 5.2%
in the once-weekly group. Moreover, drug-related adverse
events, including upper gastrointestinal disorders and ab-
normal changes in laboratory parameters, tended to be less
in the once-weekly dosing regimen than in the once-daily
dosing regimen. In conclusion, once-weekly oral dosing
with 17.5mg risedronate was well tolerated in Japanese os-
teoporotic patients, and showed equivalent efficacy to once-
daily oral dosing with 2.5mg risedronate. This once-weekly
regimen is expected to provide a more convenient therapeu-
tic option as an alternative to daily dosing and to enhance
patient compliance in long-term therapy for osteoporosis.

Key words bisphosphonate - bone mineral density - once-
weekly regimen - osteoporosis - risedronate

Introduction

Risedronate, a pyridinyl bisphosphonate with potent
antiresorptive activity, has been shown to reduce vertebral
fracture risk and increase bone mineral density (BMD) in
both Caucasian [1-6] and Japanese osteoporotic patients
[7.8]. The recommended once-daily dosage regimen of
risedronate in Europe and North America is 5mg, whereas,
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in Japan, a 2.5-mg once-daily regimen is recommended due
to an ethnic difference in pharmacokinetics. It has been
demonstrated in the Japanese population that the maxi-
mum plasma concentration (Cmax) and area under the
plasma concentration-time curve (AUC) of risedronate af-
ter dosing with 2.5mg and 5mg were two to three times
higher compared with these values in Caucasians [9,10], and
the efficacy of a 2.5-mg once-daily regimen in Japanese
osteoporotic patients was similar to that of a 5-mg once-
daily regimen in Caucasian patients [7,8,11].

Because gastrointestinal absorption of risedronate is de-
creased in the presence of food, probably by its forming of
a complex with divalent cations (e.g., Ca™) contained in
food [9,12], patients are instructed to take risedronate im-
mediately after rising in the morning, and to avoid taking
food and drink other than water for at least 30min post-
dosing. In addition, patients are instructed to avoid lying
down for at least 30min post-dosing, because prolonged
retention of the drug in the upper gastrointestinal tract may
lead to mucosal irritation.

Osteoporosis is a chronic disease requiring long-term
therapy, and many osteoporotic patients are elderly. Some
patients, especially when they are taking multiple medica-
tions, may have difficulty maintaining compliance with a
once-daily dosage regimen, which can complicate patient
compliance. Although many patients are able to adapt to a
once-daily dosage regimen, some patients may prefer a less
frequent dosage regimen, e.g., once weekly. A less frequent
dosage regimen may be more convenient and may enhance
patient compliance. Having a choice of a once-daily and a
less frequent dosage regimen will also provide physicians
with more flexibility in addressing the needs of individual
patients, and may enhance patients’ willingness to accept
long-term therapy for osteoporosis.

In a nonclinical study using animal osteoporotic models
[13,14], it has been shown that intermittent dosing,
including a once-weekly regimen of risedronate and other
bisphosphonate agents, prevented bone loss to an extent
comparable with that of a once-daily regimen; the study
suggested that the efficacy depended on the total dosage in
a unit period of time, irrespective of the dosing frequency.

Clinical trials investigating the efficacy and safety of
once-weekly dosage regimens of risedronate in patients
with postmenopausal osteoporosis have been conducted
outside Japan. The results demonstrated that 35mg
risedronate given once weekly was therapeutically equiva-
lent to a 5-mg daily dose in increasing lumbar spine BMD,
and the vertebral fracture incidences, as well as safety pro-
files, were also similar in both treatment groups [15,16].
Similar results have been reported for an alendronate
70-mg once-weekly dosage regimen [17,18]. A risedronate
35-mg once-weekly regimen, and an alendronate 70-mg
once-weekly regimen have been approved for the treatment
of osteoporosis and are widely used in Europe and North
America.

In the present study, we investigated the effects of once-
weekly treatment with 17.5 mg risedronate (seven times the
approved daily dose of 2.5mg in Japan) on lumbar spine
BMD and tolerability in Japanese patients with involutional

osteoporosis, to examine equivalence in efficacy and safety
between once-weekly and once-daily treatments.

Patients and methods
Study design

This randomized, double-blind, parallel group, controlled
trial was conducted at 47 medical institutions throughout
Japan between November 2002 and July 2004. The study
protocol was approved by the Institutional Review
Board of each institution before initiation of the study,
and all patients enrolled gave written informed consent
before entering the study. The study was conducted in com-
pliance with the Japanese Good Clinical Practice and in
accordance with the ethical principles of the Declaration of
Helsinki.

Eligible patients were randomly assigned to receive
either a 17.5-mg once-weekly dose or a 2.5-mg once-daily
dose of risedronate for 48 weeks (1 week being defined as
one cycle). Blinding to the study drug was maintained by a
double-dummy technique using risedronate 17.5-mg tab-
lets, risedronate 2.5-mg tablets, and corresponding placebo
tablets. The active drug and placebo were made indistin-
guishable from each other. As the mode of administration
of the study drug in 1 week, patients in the 17.5-mg once-
weekly group took one each of the 17.5-mg risendronate
tablet and a 2.5-mg placebo tablet (two tablets in total) on
rising in the morning of day 1, and one 2.5-mg placebo
tablet once daily on rising every morning on days 2 to 7.
Patients in the 2.5-mg once-daily group took one each of a
17.5-mg placebo tablet and a 2.5-mg risendronate tablet
(two tablets in total) on rising in the morning of day 1, and
one 2.5-mg risendronate tablet once daily on rising every
morning on days 2 to 7. Each patient was requested to avoid
taking any food or beverage other than water, as well as to
avoid lying down for at least 30min post-dosing. All pa-
tients were supplemented with 1.54g calcium lactate daily
(equivalent to 200mg elemental calcium) throughout the
study period, to compensate for any dietary shortage of
calcium. The daily dose of calcium was based on the result
of the National Nutrition Survey conducted by the Ministry
of Health, Labor, and Welfare (recommended daily allow-
ance of calcium for Japanese, 600 mg; actual intake, 585 mg
on average in 1995) and on determination of the necessary
amount in the elderly, estimated in a calcium balance study
(700-800mg) [19]. The calcium lactate was administered
after the evening meal. Risedronate and the placebo tablets
were supplied by Takeda Pharmaceutical (Osaka, Japan).
Throughout the study period, concomitant use of any drug
known to affect bone metabolism was prohibited.

Patient selection and number of patients

Ambulatory patients of either sex, older than 50 years of
age, with documented involutional osteoporosis, according
to the diagnostic criteria for primary osteoporosis [20,21],



were eligible. The lumbar spine (L2-L4) BMD of eligible
patients was less than 70% of the young adult mean (YAM)
in patients without fragility fracture, or less than 80% of the
YAM in those with fragility fracture. The actual cutoff val-
ues of L2-1.4 BMD for instruments used for the determina-
tion of BMD by dual-energy X-ray absorptiometry (DXA)

were set as follows: the BMD values corresponding to 70%-

of the YAM for Hologic QDR (Hologic, Waltham, MA,
USA), Norland XR (Norland, Fort Atkinson, W1, USA),
and Lunar DPX (Lunar, Madison, W1, USA) instruments
were (.708, 0.728, and 0.834 g/cmz, respectively, and those
corresponding to 80% of the YAM were 0.809, 0.832 and
0.954 g/cm’, respectively.

Exclusion criteria were any secondary osteoporosis or
other diseases with reduced bone mass; recent use of drugs
known to affect bone metabolism (e.g., treatment with
bisphosphonates within 48 weeks before starting the study
medicine); serious renal, hepatic, or cardiac diseases; drug
hypersensitivity; gastrointestinal diseases; history of radio-
therapy to the lumbar spine or pelvis; and malignant tumor
for which chemotherapy was being received. Those with
morphologic problems that grossly interfered with accurate
1.2-L4 BMD determination, such as severe spinal scoliosis,
fracture, deformity, or osteosclerotic changes in L2-14,
were excluded from the study.

The number of patients required to demonstrate signifi-
cant noninferiority of the once-weekly treatment with
17.5mg risedronate compared with the once-daily treat-
ment with 2.5mg was estimated to be 190 in each group,
based on several assumptions. The difference between the
once-daily and once-weekly treatments in mean percent
changes in L2-1.4 BMD at week 48 was estimated to be
0.2%, based on the data obtained in a North American
study [15], provided that the efficacy of a 5-mg daily dose in
Caucasians was equivalent to that of a 2.5-mg daily dose in
Japanese. The SD common to both treatment groups was
estimated to be 4.5%, based on the data obtained at the end
of week 48 in a preceding Japanese phase III comparative
study [7], in which the effect on lumbar spine BMD of a
2.5-mg daily dose of risedronate was compared with that
of etidronate. Using these assumptions, we calculated the
number of patients required to attain a power of 80% to
demonstrate noninferiority by showing a two-sided 95%
confidence interval (CI) with the noninferiority margin, A =
1.5% [11]. The actual number of patients included in the
study was 496 (once-weekly, n = 249; once-daily, n = 247) in
consideration of the potential number of early patient
discontinuations.

Measurement of efficacy

The primary efficacy endpoint was the percent change in
mean L2-L4 BMD from baseline to week 48. The antero-
posterior 1.2-1.4 BMD was determined at baseline and after
12, 24, 36, and 48 weeks of treatment, or at the time of
withdrawal from the study. DXA was carried out with a
QDR type, an XR type, or a DPX type of DXA instrument.
The validity of each DXA measurement was assessed by the
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Central Assessment Committee of DXA, without any infor-
mation being provided on the patients.

Lateral and anteroposterior thoracic and lumbar spine
radiographs were obtained at baseline and after 48 weeks of
treatment, and vertebral fractures were evaluated by the
Central Assessment Committee according to the diagnostic
criteria for primary osteoporosis [20,21]. A vertebra was
considered to be fractured if the ratio of the central verte-
bral height to the anterior (C/A) or posterior vertebral body
height (C/P) was less than 0.8, or the ratio of the anterior to
posterior vertebral body height (A/P) was less than 0.75, or
if the anterior, central, and posterior vertebral heights were
decreased by more than 20% compared with those of the
adjacent vertebral body. If any one of the three vertebral
height ratios, C/A, C/P, or A/P, had decreased by 20% or
more from the baseline, or if any one of the three vertebral
heights (normalized using T4 height), A, C, or P, had de-
creased by 20% or more from the baseline, a new or wors-
ening vertebral fracture was judged to be present [22].

Biochemical markers of bone turnover were assessed at
baseline and after 4, 12, 24, 36, and 48 weeks of treatment.
Bone resorption was evaluated by several markers. Urinary
total deoxypyridinoline was determined using high-
performance liquid chromatography [23], and urinary
N-telopeptide of type I collagen (NTX) was measured
by enzyme-linked immunosorbent assay (ELISA), using
Osteomark (Ostex International, Seattle, WA, USA), and
urinary C-telopeptide of type I collagen (CTX) was
measured by ELISA, using Frelisa § CrossLaps (Nordic
Bioscience Diagnostics, Herley, Denmark). All urinary
parameters were corrected for creatinine excretion. Serum
bone-specific alkaline phosphatase (BAP), a bone-
formation marker, was determined by enzyme immuno-
assay, using Osteolinks “BAP” (QUIDEL, San Diego, CA,
USA).

Safety assessment

Subjective symptoms and objective signs related to adverse
effects were monitored by noting patients’ complaints at
each visit. Standard laboratory tests, including hematology,
blood biochemistry, and urinalysis, were conducted at regu-
lar intervals during the study.

Statistical analysis

Noninferiority of the 17.5-mg once-weekly treatment com-
pared with the 2.5-mg once-daily treatment was examined by
two-sided 95% CI for the difference between groups show-
ing mean percent change in L2-1.4 BMD from baseline to
week 48 with the noninferiority margin, A = 1.5%. If the
lower limit of two-sided 95% CI of the between-group differ-
ence in mean percent change in 1.2-14 BMD was not less
than -1.5%, then the once-weekly treatment was considered
to be noninferior to the once-daily treatment. The value, A=
1.5% was chosen based on the resuits of a placebo-controlled
dose-ranging study of risedronate in Japanese patients with
osteoporosis [11], in which the difference from placebo, in
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mean percent change from baseline in L2-1.4 BMD, after
daily treatment with 2.5mg risedronate for 36 weeks, was
4.5%, and the lower limit of the two-sided 95% CI was 2.3%.
For the present study, A = 1.5% represents approximately
one-third of the point estimate of the mean difference from
placebo, and less than the lower limit of two-sided 95% CI of
the mean difference from placebo. The difference from pla-
cebo may become greater after 48 weeks’ treatment. The
primary efficacy analysis (showing a two-sided 95% CI) was
performed on data from the primary efficacy population
(PEP) who had evaluable data for L2-L.4 BMD at both
baseline and week 48. In addition, two-sided 95% CI was
also shown on data from the per-protocol set (PPS) of pa-
tients, to confirm the robustness of the result.

For the secondary efficacy variable — vertebral fracture
rate - two-sided 95% CI for the between-group difference
was constructed using the full analysis set (FAS). For the
percent changes from baseline in bone turnover markers,
descriptive statistics were computed at each measurement
point, using the FAS; the one-sample Wilcoxon test was
applied for the within-group difference from baseline, and
the two-sample Wilcoxon test was applied for the between-
group difference. The incidence of adverse events was
compared using the %’ test for 2 x 2 cross-table. For the
between-group differences in the incidences of adverse
events, two-sided 95% CI was constructed.

Results
Patient allocation and baseline characteristics

A total of 496 eligible patients were randomized to receive
either once-weekly treatment with 17.5 mg risedronate (»
249) or once-daily treatment with 2.5mg risedronate (n
247). In the once-weekly treatment group, 23 (9.2%) pa-
tients were prematurely withdrawn, and 226 patients
completed the study. In the once-daily treatment group, 2
(0.8%) patients received no study drug; 40 (16.2%) patients
were prematurely withdrawn, and 205 patients completed
the study (Fig. 1). The most common reason for premature
withdrawal was “occurrence of an adverse event”, account-
ing for 13 (5.2%) patients in the once-weekly group and 25
(10.1%) patients in the once-daily group. In the PEP; the
numbers of patients in the once-weekly and once-daily
treatment groups were 214 and 195, respectively; in the PPS,
211 and 193, respectively; and in the FAS, 245 and 243,
respectively. The démographic and baseline characteristics
of patients in the PEP are shown in Table 1. As is common
practice in Japanese studies, the regulatory guidelines
for the evaluation of new therapeutics for the treatment
of osteoporosis require the inclusion of involutional
osteoporosis. Therefore, male patients were enrolled in the
trial; however, they were few in number (2.9%). The two
treatment groups were well matched with regard to demo-
graphic and other baseline characteristics, although a slight
imbalance between the groups was found in age and in
years since menopause in the females. These results were
similar for the FAS and PPS populations.

i

Randomized
496

™

Withdrew before
receiving study drug

Received 17.5mg once-weekly 249 Received 2.5mg once-daily 245
Full analysis set 245 Full analysis set 243
Completed 226 Completed 205
Total withdrawal 23 Total withdrawal 40

Adverse events 13 Adverse events 25
Voluntary withdrawal 7 Voluntary withdrawal 10
Lost to follow-up 0 Lost to follow-up i
Others 3 Others 4
Primary efficacy population 214 Primary efficacy population 195
|| Patients excluded 38 .| Patients excluded 32
{rom PPS tfrom PPS
I Per protocol set 21 i ‘ Per protocol st 193

Fig. 1. Study profile and subject disposition. The primary efficacy
population (PEP) was used for the analysis of the primary efficacy
endpoint (percent changes from baseline in L2-L4 bone mineral den-
sity [BMD)]). The per protocol set (PPS) was used for the analysis of
the primary endpoint to confirm the robustness of the result obtained
in the primary analysis. The full analysis set (FAS) was used for the
analyses of other efficacy endpoints. FAS comprised all the subjects
who received at least one dose of the investigational product and
underwent observation of any kind after administration. Of the sub-
jects in the FAS, the population of those who were evaluable for the
main assessment parameter (i.e., L2-L4 BMD at both baseline and
week 48) was defined as the PEP. Of the subjects in the FAS, the
population of those who had no serious protocol deviation and were
evaluable for the main assessment parameter was defined as the PPS

Bone mineral density

The mean percent increases in L2-1.4 BMD from baseline
to week 48 in the once-weekly and once-daily treatment
groups were 5.36 * 4.27% (mean + SD) and 5.87 + 4.47%,
respectively, and the between-group difference (once-
weekly minus once-daily) was —0.5% (two-sided 95% CI;
-1.35%, 0.35%). The 95% CI fell entirely on the positive
side of the range of the predefined noninferiority margin
(>-1.5% A), demonstrating the noninferiority of once-
weekly treatment with 17.5mg risedronate compared with
once-daily treatment with 2.5mg risedronate (Table 2).
Similarly, no between-group difference was observed in the
subgroups of female subjects alone, (L2-1.4 BMD, 5.38 +
4.30% in the once-weekly group [n=211] v§ 5.86 +4.46% in
the once-daily group [n = 186]; between-group difference,
~0.48% [two-sided 95% CI, —1.35%, 0.38%]). Time-course
profiles of the increase in BMD were similar for the once-
weekly and once-daily treatments (Fig. 2).

Vertebral fracture incidence

The incidence of new vertebral fractures, including the
worsening of prevalent fractures, was 5 in 227 evaluable
patients (2.2%; 95% CI, 0.7%, 5.1%) in the once-weekly
treatment group, and 6 in 222 evaluable patients (2.7%;
95% CI, 1.0%, 5.8%) in the once-daily treatment group.





