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(anti-pPer antibody) was raised in accordance with the previous
report (29, 30). Briefly, a 10-week-old female WKY/NCrj rat
was immunized with a synthetic peptide containing phospho-
rylated Ser®® (ARLGpS®*FRAPRC). Three weeks after immuni-
zation, lymph nodes obtained from the rat were dispersed, and
lymphocytes were fused with mouse myeloma Sp2/0-Agl4
cells. The phosphorylation-specific antibody was screened by
enzyme-linked immunosorbent assay using hybridoma super-
natants, and clone 2C2 was selected. Finally, 2C2 hybridoma
cells were injected into the abdominal cavity of nude mice, and
prepared ascites were used for immunological assays.

Detection of Peripherin Phosphorylation in Cultured Cells—
HEK 293T cells seeded on 60-mm culture dishes were grown to
~80% confluence and transfected with pcDNA3-peripherin
and pcDNA3-HA-WT-Akt using Lipofectamin 2000 (Invitro-
gen). After 8 h, the cells were seeded into 12 well culture dishes
and cultured for another 24 h. The cells were then serum-
starved for 10 h, treated with insulin (Sigma), and subjected to
Western blot analysis using the anti-pPer antibody. If neces-
sary, inhibitors were added to the cultured medium 30 min
before insulin treatment. As for the phosphorylation of endog-
enous peripherin, PC12 cells infected with AxCALNLLacZ
(MOI 100), AxCALNLHA-WT-Akt (MOI 100), AxCALNLHA-
CA-Akt (MOI 100), or AxCALNLHA-DN-Akt (MOI 100)
together with AXCANCre (MOI 30) for 48 h were examined.

Immunoprecipitation—HEK 293T cells seeded on 6-well cul-
ture dishes were transfected with pcDNA3-HA-WT-Akt
together with pcDNA3 empty vector or FLAG-tagged head
domain of peripherin (FLAG-Per 1-103) subcloned into
pcDNA3 using Lipofectamin 2000. After 32 h, the cells were
serum-starved for 10 h and treated with 100 nM insulin for 20
min. The cells were then washed in Tris-buffered saline briefly
and lysed in radioimmunoprecipitation assay buffer (50 mMm
Tris-HCl, pH 7.5, 150 mm NaCl, 1% Nonidet P-40, 0.1% SDS,
0.25% sodium deoxycholate, 1 mm phenylmethylsulfonyl fluo-
ride, 1 pg/ml leupeptin, 1 pg/ml aprotinin, 1 mM Na,VO,, and
10 mum NaF). After centrifugation at 10,000 X g for 10 min at
4 °C, the soluble fractions were collected and reacted with anti-
FLAG antibody followed by precipitation using protein
G-Sepharose 4B (Sigma). Immunoprecipitates were rinsed four
times with lysis buffer and eluted by adding 2X SDS sample
buffer.

Immunohistochemistry—Adult male Wistar rats weighing
~150 g were anesthetized with pentobarbital (40 mg/kg) and
positioned supine, and their right hypoglossal nerves were
crushed with forceps. The rats were perfused with 4%
paraformaldehyde in 0.1 M phosphate buffer 5 days after sur-
gery. The brains were quickly removed, post-fixed overnight at
4°C in the fixative, and immersed in 0.1 M phosphate buffer
containing 25% sucrose for an additional day. Sections were cut
on a cryostat (18 um in thickness), washed once in PBS, and
treated with 10 pg/ml proteinase K for 10 min. After two
washes in PBS, the sections were blocked with PBS containing
10% normal goat serum for 1 h and subsequently reacted with
primary antibodies (anti-peripherin antibody; 1:1000, anti-
pPer antibody; 1:1000) in PBS containing 1% normal goat
serum overnight at 4 °C. After three washes in PBS, the sections
were incubated with secondary antibodies for 1 h and finally
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washed three times in PBS. The sections were visualized by
fluorescent microscopy (AX70; Olympus, Tokyo, Japan).

RESULTS

Identification of Peripherin as an Akt Substrate in Neurons—
To identify novel neuronal substrates for Akt, we utilized the
anti-phospho-Akt substrate antibody. Akt preferentially phos-
phorylates Ser or Thr in the RXRXX(S/T) motif, and the anti-
body specifically recognizes this motif only when Ser or Thr is
phosphorylated. PC12 cells infected with adenovirus express-
ing LacZ or CA-Akt were subjected to Western blot analysis
using this antibody, and proteins exhibiting more intense signal
in the CA-Akt-expressing preparation were searched. Our pre-
liminary experiment using ordinary SDS-PAGE demonstrated
stacked positive bands where isolation of the individual positive
band was impossible (data not shown). We therefore performed
two-dimensional PAGE to also separate proteins by their iso-
electric points, and the two-dimensional gels were analyzed by
Western blotting using the antibody. We initially used a wide
pH range gel for the first dimension and found numerous spots
were intensely stained in the CA-Akt-expressing preparation;
in particular in the region in which the isoelectric point was
5.0 ~5.5 and molecular mass was ~60 kDa (Fig. 14). We there-
fore focused on this region and separated proteins more pre-
cisely by using narrow pH range gels for the first dimension (Fig.
18). Six spots that exhibited the intense positive inmunostaining
were identical to the protein spots in the protein-stained gels
(spots 1-4, 8, and 9 in Fig. 1C). Judging from their sequential
spot patterns, we assumed that spots 1—4 were the same pro-
teins, each of which might have different post-translational
modifications. Similarly, the spots 8 and 9 were assumed to be
the same protein. As representative samples, spots 1 and 9were
punched out from the gel and analyzed by MALDI-TOF mass
spectrometry to identify the corresponding proteins. The sub-
sequent data base search revealed that both spots were identical
to peripherin. All spots (spots 1—4, 8, and'9) were confirmed as
peripherin by Western blot analysis using the anti-peripherin
antibody (Fig. 1D).

Akt Phosphorylates Ser®® of Peripherin in Vitro—Peripherin,
whose expression is mostly restricted to neurons in the periph-
eral nervous system, is a member of type 11l intermediate fila-
ment proteins (31). Because peripherin has not been identified
as an Akt substrate, we performed further analysis. First, we
aimed to determine the phosphorylation site by Akt in vitro
using recombinant proteins. Although no typical consensus
sequence for the Akt substrate, RXRXX(S/T), was found in
peripherin, five potent sequences existed (Fig. 2A4). Because sev-
eral previous papers indicated that Akt could possibly recog-
nize some similar sequences as its target (details are described
under “Discussion”), we examined the possibility that Akt was
able to recognize and phosphorylate some similar sequences.
Four types of GST fusion proteins that contained one or two
potent sequences were generated and reacted with recombi-
nant CA-Akt protein in the presence of [y-**PJATP (Fig. 2B).
Autoradiography showed that one fragment containing 51-100
amino acids of peripherin (GST-Per 51-100) was exclusively
phosphorylated by CA-Akt among four fragments. Because
GST-Per 51-100 contained two potent sequences, SARLGS®
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FIGURE 1. Identification of peripherin as an Akt substrate in PC12 cells.
A, immunoblot patterns of PC12 cells expressing LacZ (feft panel) or CA-Akt
(right panel). PC12 cells infected with adenovirus expressing LacZ or HA-CA-
Akt for 48-h were subjected to two-dimensional PAGE using wide pH range
gels (pH 3-10). The gels were then analyzed by Western blotting using anti-
phospho-Akt substrate antibody. 8 and C, protein staining (B} and immuno-
blotting (C) of the gels {pH 5.10-5.45; molecular mass (M), 44- 68 kDa) of
the CA-Akt-expressing preparation. Extracted proteins from PC12 cells
expressing HA-CA-Akt were separated by two-dimensional PAGE using a nar-
row pH range gel. The gel was stained with SYPRO Ruby, a protein detection
reagent (B) or transferred to a nitrocellulose membrane followed by immu-
noblotting using anti-phospho-Akt substrate antibody (C). Six spots (spots
1-4,8, and 9)in B were recognized by anti-phospho-Akt substrate antibody in
C. D, peripherin (Per) spots.in the HA-CA-Akt-expressing preparation. The
same membrane used in Cwas reprobed with anti-peripherin antibody. Al of
the peripherin spots are indicated by arrows (spots 1-10).

and ALRLPS”®, we then introduced site-directed mutagenesis
to GST-Per 51-100 to produce unphosphorylated mutants.
These proteins were analyzed by an in vitro kinase assay (Fig,
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2C). The S66A mutation entirely prevented Akt phosphoryla-
tion, whereas the S79A mutation did not cause any alterations.
These results demonstrate that Akt phosphorylates Ser®® of
peripherin in vitro. The sequence containing Ser®® is highly
conserved among mammalian species (Fig. 2D).

Ser®® of Peripherin Is Phosphorylated in Akt-activated Cul-
tured Cells—To evaluate peripherin phosphorylation in vivo, a
monoclonal antibody (anti-pPer antibody) was raised against
the synthetic peptide ARLGpS**FRAPRC. Specificity of this
antibody was tested by Western blot analysis using GST-Per
51-100 in vitro (Fig. 34). The anti-pPer antibody could detect
GST-Per 51-100 only when the fragment was reacted with CA-
Akt,-and the intense immunoreactivity entirely disappeared
when the S66A mutant was used. Using this antibody, periph-
erin phosphorylation was examined in HEK 293T cells. HEK
293T cells were transfected with WT-Akt and peripherin,
because they have no endogenous peripherin, subsequently
stimulated with insulin to activate Akt, and peripherin phos-
phorylation was detected by Western blot analysis. First, HEK
293T cells were treated with increasing doses of insulin, and
peripherin phosphorylation was examined (Fig. 3B). Both Akt
activation, which was evaluated by the phosphorylatien state of
Akt (32), and peripherin phosphorylation occurred in a dose-
dependent manner. Next, we observed changes in peripherin
phosphorylation over time after insulin treatment (Fig. 3C).
Peripherin was phosphorylated in a time-dependent manner,
which paralleled Akt activation. To further demonstrate that
Akt kinase activity regulated peripherin phosphorylation, we
used several inhibitors to modulate Akt activity. Both Akt acti-
vation and peripherin phosphorylation were almost prevented
by pretreating cells with LY294002 {phosphatidylinositol 3-ki-
nase inhibitor, which inhibited upstream signaling of Akt). In
contrast, peripherin phosphorylation was not prevented by
Me, SO (the vehicle for control), U0126 (MEK (mitogen-acti-
vated protein kinase/extracellular signal-regulated kinase
kinase) inhibitor, which prevented mitogen-activated protein
kinase signaling), or rapamycin (mTOR inhibitor, which pre-
vented one of the downstream signaling of Akt). We also exam-
ined the phosphorylation of endogenous peripherin. in PC12
cells by Western blot analysis (Fig. 3E). Peripherin phosphoryl-
ation was hardly detected in PC12 cells infected with adenovi-
rus expressing LacZ, WT-Akt, or DN-Akt. In contrast, periph-
erin phosphorylation was clearly observed in cells expressing
CA-Akt. Although some minor additional bands were observed
at different molecular masses in this blotting using PC12 cells,
we assumed those bands would be nonspecific because their
intensity was not affected by WT-, CA-, or DN-Akt expression.
Together with the results obtained by HEK 293T cells, these
results demonstrate that Ser® of peripherin is phosphorylated
in an Akt-mediated pathway in cultured cells.

Akt Interacts with the Head Domain of Peripherin in Vivo—It
is likely that Akt may directly phosphorylate Ser®® of peripherin
invivo. To provide further support for this possibility, we exam-
ined whether these two proteins could interact in vive using a
co-immunoprecipitation experiment. Full-length peripherin,
most of which may form intermediate filament in cells, is
almost detergent-insoluble (33), and we assumed that periph-
erin might not be solubilized in a typical lysis buffer for immu-
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FIGURE 2. Ser® of peripherin is specifically phosphorylated by Akt in vitro. A, phosphorylation site candidates in mouse peripherin (Per). Peripherin has
several potent sequences which are recognized by Akt (underfined). Phosphorylation site candidates within respective sequences are indicated by asterisks
(ser?', ser®®, Ser’®, Thr'®!, and Ser*?). Band C, in vitro kinase assay using recombinant peripherin fragments. GST fusion proteins containing potent sequence(s)
were generated. 2 ug of each fragment was subjected to SDS-PAGE followed by Coomassie Brilliant Blue (CBB) staining for checking Ueft panels). These
fragments were reacted with recombinant His-CA-Akt protein in the presence of Mg®* and [y-**PJATP for 30 min, and phospharylation was detected by
autoradiography (right panels). Phosphorylation of GST-peripherin 51-100 by CA-Akt was clearly observed (B). GST-Per 51-100 carrying the S66A mutation
entirely prevented Akt phosphorylation, whereas the S79A mutation did not show any alterations (C). D, conservation of the motif among different mammalian
species. Conserved .amino acids between two species and those among three species are shown as gray and black boxes, respectively. Phosphorylated Ser

residue in the motifis indicated by an asterisk.

noprecipitation. Therefore, we used a deletion form of periph-
erin for the immunoprecipitation experiment. Because our
preliminary experiment showed that the head domain of
peripherin (1-103 amino acids), which contained Ser®, could
be solubilized entirely in radioimmunoprecipitation assay
buffer (data not shown), we used the head domain instead of
full-length peripherin in this assay. HEK 293T cells transfected
with FLAG-Per 1-103 and WT-Akt were treated with or with-
out insulin and subjected to immunoprecipitation using the
anti-FLAG antibody (Fig. 4). Akt was co-precipitated with
FLAG-Per 1-103, indicating that they could interact in vivo. It
was of note that this interaction was not dependent on Akt
activity because insulin treatment did not enhance the interac-
tion. A similar activity-independent binding has also been
reported on several other Akt substrates (34, 35).

Ser® of Peripherin Is Phosphorylated in Regenerating Hypo-
glossal Motor Neurons—Previous reports have revealed that
Akt was activated in response to neuronal injury (10, 13, 36). In
particular, Akt activation is crucial for nerve-injured motor
neurons to regenerate (10). We therefore examined the phos-
phorylation of endogenous peripherin in nerve-injured hypo-
glossal motor neurons. We crushed the hypoglossal nerve, and
then peripherin expression and phosphorylation were exam-
ined by immunohistochemistry 5 days after injury (Fig. 5).
Peripherin expression was induced in the cell bodies and also
axons of injured neurons (Fig. 54). The higher magnification
photographs showed a significant increase of peripherin immu-
noreactivity in the cell bodies of injured neurons (Fig. 5, D and
G) and a simultaneous induction of peripherin phosphorylation
in the cell bodies (Fig. 5, E and H). However, in injured nerves,
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immunoreactivity for phosphorylated peripherin was hardly
observed, although the peripherin protein was induced and
abundantly expressed (Fig. 5, A—C and J-L). This observation
may suggest that enhanced immunoreactivity for phosphoryl-
ated peripherin in the cell body of injured neurons is not simply
caused by increased peripherin expression. These results indi-
cate that the Ser®® of peripherin is phosphorylated in regener-
ating neurons and that phosphorylated peripherin was pre-
dominantly localized to their cell bodies but not to axons.

DISCUSSION

We performed a proteomic approach to identify novel Akt
substrates in neurons using the anti-phospho-Akt substrate
antibody. The present study revealed that Akt phosphorylates
Ser® of peripherin both in vitro and in vive. The antibody we
used recognizes the RXRXX(pS/pT) motif, which is preferen-
tially recognized and phosphorylated by Akt. However, the
sequence containing Ser®® (SARLGS®®) is not typical for Akt
substrates where only one Argresidue exists at the —3 position,
although the typical one has Arg residues at both —3 and —5
positions. Because a similar variation has been reported for sev-
eral Akt substrates, the Argat the —5 position may not always
be necessary. For instance, the sequences of PSRTAS in ATP-
citrate lyase, LSRRPS in cAMP response element-binding pro-
tein, GARRSS in 14-3-37, PMRNTS in p21-activated protein
kinase 1, and HVRAHS in Yes-associated protein can be phos-
phorylated by Akt both in vitro and in vive (37—41). As for the
+1 position, peripherin has a Phe residue that would be suitable
as an Akt substrate because previous studies have shown that a
large hydrophobic residue in the +1 position is preferable (42).
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FIGURE 3. Peripherin phosphorylation in Akt-activated cultured cells. A, Specificity of anti-pPer antibody. GST-peripherin (Per) 51-100 WT or S66A was
incubated with or without His-CA-Akt for 30 min, and the reaction mixtures were analyzed. Anti-pPer antibody specifically recognized GST-peripherin 51-100
WT reacted with CA-Akt. The antibody did not recognize the S66A mutant even when the mutant was incubated with CA-Akt. 8-D, HEK 293T cells transfected
with peripherin and HA-WT-Akt for 32 h were serum-starved for 10 h and treated with insulin, and peripherin phosphorylation was examined. 8, dose~depend-
ent effect of insulin on peripherin phosphorylation. HEK 2937 cells were treated with different concentrations of insulin for 30 min, and peripherin phospho-
rylation was detected. The phosphorylation of peripherin, as well as the phosphorylation of Akt, was induced in a dose-dependent manner. C, time-dependent
effect of insulin on peripherin phosphorylation. HEK 293T cells were treated with 100 nm insulin for indicated times, and peripherin phosphorylation was
detected. The phosphorylation of peripherinand Akt was induced in a time-dependent manner. D, effect of inhibitors on peripherin phosphorylation. HEK 293T
cells were treated with 100 nM insulin for 30 min in the presence or absence of inhibitors. Peripherin phosphorylation was not inhibited by Me,SO (DM),
rapamycin.(rap), or by U0126 (U0). In contrast, peripherin phosphorylation was markedly inhibited by LY294002 (LY). Note that peripherin phosphorylation was
parallel to Akt phosphorylation. £, phosphorylation of endogenous peripherin in PC12 celis. PC12 cells infected with adenovirus expressing LacZ, HA-WT-Akt,
HA-CA-Akt, or HA-DN-Akt for 48 h were subjected to Western blot analysis, and the phosphorylation of endogenous peripherin was examined. Anti-pPer
antibody detected an intense band of ~60 kDa in CA-Akt-expressing preparation (arrow), although several nonspecific bands were also detected.

FLAG-per1-103 = — 4 <4 from our screening raised an alternative possibility in which
insulin = 4 = 4 peripherin might be phosphorylated by p70S6K rather than

: Akt. This possibility might be disregarded by the results of the

anti-HA —— in vitro kinase assay, where only recombinant proteins were
P used in these experiments (Figs. 2, B and C, and 34). However,

anti-FLAG —— - that result does not entirely rule out a possibility that p70S6K
may phosphorylate peripherin in vivo, because an in vitro

’ kinase is not always an in vivo kinase (45, 46). To eliminate this

anti-pAkt - L possibility, we examined the effect of p70S6K inhibition on
lysates peripherin phosphorylation in vivo using cultured cells (Fig,

anti-HA DN 3D). We treated HEK 293T cells with rapamycin, which is
known to inhibit p70S6K activation via inhibition of its

FIGURE 4. Akt interacts with the head domain of peripherin in HEK 293T
cells. HEK 2937 cells transfected with HA-WT-Akt together with empty vector
or FLAG-peripherin (Per) 1-103 for 32 h were serum-starved for 10 h and
treated with or without 100 nminsulin for 20 min. FLAG-Per 1-103 was immu-
noprecipitated (iP) from cell lysates using anti-FLAG antibody, and co-precip-
itated HA-WT-Akt was detected with anti-HA antibody. As a control, the cell
lysates were probed with anti-HA antibody. The same amount of Akt was
co-precipitated with FLAG-Per 1-103 with.or without insulin.

These studies support the finding that Ser®® in peripherin is
likely to be phosphorylated by Akt.

The RXRXX(S/T) motif is fairly specific as an Akt substrate;
however, this motif can also be the phosphorylation target by
another evolutionally related kinase, p70 S6 kinase (p70S6K)
(43). Because p70S6K is activated downstream of the phospha-
tidylinositol 3-kinase-Akt pathway (44), the result obtained
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upstream mTOR kinase (44). The phosphorylation state of
peripherin was not changed by rapamycin treatment, whereas it
was markedly decreased by phosphatidylinositol 3-kinase
inhibitor LY294002 treatment when the cells were stimulated
by insulin. Furthermore, we performed a co-immunoprecipita-
tion experiment using the head domain of peripherin and
revealed that peripherin was capable of interacting with Akt in
vive (Fig. 4). Taken together, these data suggest that Akt
directly phosphorylates peripherin in vivo.

Although various types of Akt substrates have been identified
ina variety of cell types to date, to our knowledge this is the first
report that identified an intermediate filament protein as an
Akt substrate. Peripherin is a member of type HI intermediate
filament proteins, which include vimentin, desmin, and glial
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FIGURE S. Peripherin phosphorylation in injured hypoglossal motor neurons. Peripherin (Per) phospho-
rylation was examined in hypoglossal neurons by immunohistochemistry using anti-peripherin (4, D, G, and J)
and anti-pPer antibody (B, £, H, and K) 5 days after unilateral nerve crush injury. A-C, low magnification photo-
graphs show the entire image of hypoglossal nucleus and nerve in the medulla. Hypoglossal nucleus and nerve
on the injured side are indicated by an arrow and arrowheads, respectively. D-F, images of the control nucleus
(left side) and the injured nucleus (right side). Not only peripherin expression, but also peripherin phosphoryl-
ation, is significantly induced in the injured nucleus. G-/, high magnification photographs of the injured
nucleus. Apparent peripherin phosphorylation is observed in cell bodies of injured neurons. J-L, high magni-
fication photographs of the injured nerve indicated by arrowheads in A-C. Phosphorylated peripherin is hardly

observed. Scale bar, 500 um (A-C), 200 um {D-F), and 50 um (G-L).

fibrillary acidic protein (31). Intermediate filament proteins
generally consist of a central coiled-coil a-helical rod domain
flanked by a head and a tail domain (47), and Ser®® resides in the
center of the head domain of peripherin. Generally, head and
tail domains of intermediate filament proteins contain several
phosphorylation sites, whereas rod domains do not (48). It is
well known that a similar neuron-specific intermediate fila-
ment, the neurofilament (NF), which belongs to type IV inter-
mediate filament proteins, has multiple phosphorylation sites
within its head or tail domains (49). With regard to peripherin,
it had been hypothesized that its head domain might contain
multiple phosphorylation sites like other intermediate filament
proteins (50), and in fact, it has been reported that the N termi-
nus of peripherin, which contains a head domain and a half of
rod domain, was phosphorylated in cultured neurons, although
the exact phosphorylation sites have not been determined yet
(33, 51). Therefore, Ser® could be one of phosphorylation sites
previously suggested in those papers.

Of the intermediate filament proteins, peripherin is probably
one of the most unknown members in terms of physiological
function. However, there are several studies demonstrating its
characteristic expression pattern. In contrast to NF proteins,
which are widely expressed in various kinds of neurons, periph-

'@%
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erin expression is rather restricted
to peripheral nervous system neu-
rons {50, 52-54). It is of interest that
peripherin expression is transiently
induced in injured neurons (55-58).
Helfand et al. (60) recently revealed
that peripherin might be required
for both formation and elongation
of neurites in PC12 cells, although
there remains controversy (59).
Therefore, it is likely that periph-
erin may be involved in neuronal
regeneration, probably by contrib-
uting to rearrangement of inter-
mediate filaments in neurons dur-
ing nerve regeneration processes.
Although the functional signifi-
cance of the Akt-mediated pe-
ripherin phosphorylation remains
unclear, Akt, which is necessary for
nerve regeneration, would transfer
divergent signals to the substrates,
including peripherin, for proper
nerve regeneration.

The present immunohistochemi-
R cal study demonstrated that periph-
erin phosphorylation occurred endo-
genously in hypoglossal neurons
after nerve injury (Fig. 5). These
data suggest that not only periph-
erin expression but also peripherin
phosphorylation may be associated
with neuronal regeneration. Al-
though it remains unclear how
peripherin phosphorylation plays a
role in motor nerve regeneration, immunchistochemical local-
ization of phosphorylated peripherin may provide clues to
address this issue. In adult rats, peripherin expression was
induced in both cell bodies and axons of injured neurons (Fig. 5,
A, D, G, and /). However, phosphorylated peripherin was only
observed in cell bodies of injured neurons (Fig. 5, £ and H) and.
could hardly be detected in injured axons (Fig. 5K). This cell
body-specific localization is reminiscent of phosphorylated
NE-L. It has been shown that Ser®® within the head domain of
NF-L is phosphorylated by protein kinase A (61, 62). This
occurred immediately after its synthesis in neuronal cell bodies,
and thereafter the phosphorylation of NF-L disappeared, along
with its translocation into axons (61). In addition, transgenic
mice in'which Ser®® was replaced with Asp to mimic permanent
phosphorylation showed aberrant NF-L inclusions in neuronal
perikarya (63). Because NF-L phosphorylation by protein
kinase A can lead to disassembly of the filament (64), it is
assumed that phosphorylation may block premature assembly
of NF-L in cell bodies before transport into axons (49, 61, 63).
As mentioned above, Ser®® of peripherin is located at the head
domain, and some phosphorylation of head domains often
causes disassembly of intermediate filaments (48). If Ser®s
phosphorylation is able to trigger disassembly of peripherin fil-
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ament, Akt may control the dynamics of intermediate filament
in regenerating axons by phosphorylating newly synthesized
peripherin and prevent them from assembly in neuronal cell
bodies until the appropriate timing.

It is also possible that peripherin phosphorylation may mod-
ulate interactions with other proteins. Previous reports suggest
that peripherin has interactive proteins. Peripherin was shown
to bind to dystonin (also known as BPAGI1-n), which was
assumed to be a cross-linker between intermediate filaments
and microfilaments (65). Peripherin was also reported to
interact with the small heat shock protein aB-crystallin (66).
Although it has not been addressed which part of peripherin
may be responsible for these interactions, these interactive
properties may be regulated by Akt-mediated phosphorylation.

In conclusion, we have identified peripherin as a novel neu-
ronal substrate for Akt both in vitro and in vivo, and Akt-medi-
ated phosphorylation was induced in regenerating motor neu-
rons. Because Akt is known to play a pivotal role in neuronal
regeneration, peripherin would be one of the significant sub-
strates for Akt during nerve regeneration processes. To gain a
better understanding of Akt function in regenerating neurons,
in particular the functional significance of Akt for the cytoskel-
etal rearrangement in neurons after nerve injury, further stud-
ies, such as how Ser®® phosphorylation is capable of changing
physiological property of peripherin, are required.

Acknowledgments—We are grateful to Dr. F. Landon (CNRS, France)
Jor peripherin cDNA; Drs. M. Kasuga and W. Ogawa (Kobe Univer-
sity, Japan) for DN-Akt plasmid; Drs. 1. Saito and Y. Kanegae (Uni-
versity of Tokyo, Japan) for pAxCALNLw, AxCANCre, and AxCALN-
LLacZ; Drs. F. Murakami (Osaka University, Japan) and A. Tamada
(RIKEN, Japan} and the National Institute for Basic Biology Center
Jfor Analytical Instruments for the use of the MALDI-TOF mass spec-
trometer; C. Kadono and 1. Jikihara for technical assistance; and T.
Kawai for secretarial assistance.

REFERENCES

1. Brazil, D. P, and Hemmings, B. A. (2001) Trends Bivchem. Sci. 26,
657664
2. Sinor, A, D, and Lillien, L. (2004) /. Neurosci. 24, 8531-8541
3. Peng, Y, Jiang, B.H., Yang, P.H.,Cao, Z,, Shi, X,, Lin, M.C.,He, M. L., and
Kung, H. F. (2004) /. Biol. Chem. 279, 2850928514
4. Brunet, A, Datta, S.R.,and Greenberg, M. E. (2001) Curr. Opin. Neurobiol.
11, 297--305
5. Markus, A., Zhong, J., and Snider, W. D. (2002) Neuron 35, 65-76
6. Yoshimura, T., Kawano, Y., Arimura, N., Kawabata, S., Kikuchi, A., and
Kaibuchi, K. (2005) Cell 120, 137-149
7. Akama, K. T., and McEwen, B. S. (2003) J. Neurosci. 23, 2333-2339
8. Znamensky, V., Akama, K T., McEwen, B. S, and Milner, T. A. (2003)
J. Neurosci. 23, 23402347
9. Wang, Q. Liu, L., Pei, L, Ju, W., Ahmadian, G, Ly,]., Wang, Y., Liu, F.,and
Wang, Y. T. (2003) Neuron 38, 915-928
10. Namikawa, K,, Honma, M., Abe, K,, Takeda, M., Mansur, K., Obata, T.,
Miwa, A., Okado, H., and Kiyama, H. (2000) /. Neurosci. 20, 2875-2886
11. Manabe, Y., Nagano, 1, Gazi, M. S, Murakami, T, Shiote, M., Shoji, M.,
Kitagawa, H., Setoguchi, Y., and Abe, K. (2002) Apoptosis 7, 329-334
12. Ohba, N, Kiryu-Seo, S., Maeda, M., Muraoka, M., Ishii, M., and Kiyama,
H. (2004) Neurosci. Lett. 359, 159-162
13. Endo, H,, Nito, C., Kamada, H,, Yu, F., and Chan, P. H. (2006) Stroke 37,
21402146
14. Polazzi, E., and Contestabile, A. (2002) Rev. Neurosci. 13, 221-242

23498 JOURNAL OF BIOLOGICAL CHEMISTRY

15.
16.
17.
18.
19.
20.
21.

22

23.

24

25.

26.

27.

28.
29.

31

32.
33.
. Datta, S.R,, Dudek, H., Tao, X., Masters, S., Fu, H., Gotoh, Y., and Green-

35.

36.

37.

39.

41.

42.

43.

45.

47.
. Omary, M. B, Ku, N. O, Tao, G. Z., Toivola, D. M., and Liao, J. (2006)

49.
. Leonard, D. G., Gorham, J. D., Cole, P., Greene, L. A., and Ziff, E. B. (1988)

Liberto, C. M., Albrecht, P.]., Herx, L. M., Yong, V. W, and Levison, S. W.
(2004) J. Neurochem. 89, 10921100

Frostick, S. P, Yin, Q., and Kemp, G. J. (1998) Microsurgery 18, 397-405
Terenghi, G. (1999) J. Anat. 194,1-14

Grothe, C., and Nikkhah, G. (2001) Anat. Embryol. (Berl.) 204, 171-177
Boyd, . G., and Gordon, T. (2003) Mol. Neurobiol. 27, 277-324
Patapoutian, A., and Reichardt, L. F. (2001) Curr. Opin. Neurobiol. 11,
272--280

Besset, V., Scott, R. P., and lbanez, C. F. (2000) J. Biol Chem. 275,
39159 -39166

Karajannis, M. A, Vincent, L., Direnzo, R., Shmelkov, S. V., Zhang, F,
Feldman, E. ], Bohlen, P., Zhu, Z,, Sun, H., Kussie, P., and Rafii, S. (2006)
Leukemia 20, 979-986

Kohn, A. D., Takeuchi, F., and Roth, R. A. (1996) J. Biol. Chem. 271,
2192021926

Sato, Y., Tanaka, K, Lee, G., Kanegae, Y., Sakai, Y., Kaneko, S., Nakaba-
yashi, H,, Tamaoki, T, and Saito, 1. (1998) Biochen:. Biophys. Res. Com-
mun. 244, 455- 462

Kitamura, T., Ogawa, W., Sakaue, H., Hino, Y., Kuroda, S., Takata, M.,
Matsumoto, M., Maeda, T., Konishi, H., Kikkawa, U., and Kasuga, M.
(1998) Mol. Cell. Biol. 18,3708 -3717

Miyake, S., Makimura, M., Kanegae, Y., Harada, S., Sato, Y., Takamori, K.,
Tokuda, C., and Saito, L (1996) Proc. Natl. Acad. Sci. U S. A 93,
1320-1324

Kanegae, Y., Lee, G., Sato, Y., Tanaka, M., Nakai, M., Sakaki, T., Sugano, S.,
and Saito, I. (1995) Nucleic Acids Res. 23, 3816 -3821

Konishi, H., Namikawa, K., and Kiyama, H. (2006) Glig 53, 723-732
Kishiro, Y., Kagawa, M., Naito, I, and Sado, Y. (1995) Cell Struct. Funct,
20, 151-156

. Ushijima, R, Sakaguchi, N, Kano, A., Maruyama, A., Miyamoto, Y., Seki-

moto, T., Yoneda, Y., Ogino, K., and Tachibana, T. (2005) Biochem. Bio-
phys. Res. Commun. 330, 880 - 886

Coulombe, P. A, Ma, L., Yamada, S., and Wawersik, M. (2001) J. Cell Sci.
114, 4345-4347

Coffer, P. ., Jin, ]., and Woodgett, J. R. (1998) Biochem. J. 335, 1-13
Giasson, B. 1., and Mushynski, W. E. (1998) J. Neurochem. 70, 1869—1875

berg, M. E. (1997) Cell 91, 231241

Kim, A. H, Khursigara, G., Sun, X, Franke, T. F,, and Chao, M. V. (2001)
Mol. Cell. Biol. 21, 893-901

Yu, F., Sugawara, T., Maier, C. M., Hsieh, L. B, and Chan, P. H. (2005)
Neurobiol. Dis. 20, 491499

Du, K, and Montminy, M. (1998) J. Biol. Chem. 273, 32377-32379

. Powell, D. W., Rane, M. ],, Chen, Q,, Singh, S, and McLeish, K. R. (2002)

J. Biol. Chem. 277, 2163921642
Zhou, G.L,, Zhuo, Y., King, C. C,, Fryer, B. H,, Bokoch, G. M., and Field, .
(2003) Mol. Cell Biul. 23, 8058 —8069

. Basy, S, Totty, N. F,, Irwin, M. S., Sudol, M., and Downward, J. (2003) Mol.

Cell11,11-23

Berwick, D. C,, Hers, I, Heesom, K. J., Moule, S. K., and Tavare, . M.
(2002) J. Biol. Chem. 277, 33895-33900

Alessi, D. R, Caudwell, F. B., Andjelkovic, M., Hemmings, B. A, and Co-
hen, P. (1996) FEBS Lett. 399, 333-338

Leighton, 1. A, Dalby, K. N., Caudwell, F. B., Cohen, P. T., and Cohen, P.
(1995) FEBS Leit. 375, 289-293

. Asnaghi, L., Bruno, P., Priulla, M., and Nicolin, A. (2004) Pharmacol. Res.

50, 545-549

Lovestone, S., Reynolds, C. H., Latimer, D., Davis, D. R., Anderton, B. H,,
Gallo, ]. M., Hanger, D., Mulot, S., Marquardt, B., Stabel, 5., Woodgett,
J. R, and Miller, C. C. J. (1994) Curr. Biol. 4,1077-1086

. Sperber, B.R., Leight, S., Goedert, M., and Lee, V.M. (1995) Neurosci. Lett.

197, 149153
Strelkov, S. V., Herrmann, H., and Aebi, U. (2003) Bioessays 25, 243-251

Trends Biochem. Sci 31, 383-394
Grant, P,, and Pant, H. C. (2000) /. Neurocytol. 29, 843872

J. Cell Biol. 106, 181-193

VOLUME 282-NUMBER 32- AUGUST 10, 2007

— 178 —

8002 ‘2 UoIBIAl U0 AINN NS.LILIHS YMYSO 1 B10°0a[ mmm Wwiol pepeojumoq



The Jousndl of Bislogical Chemistry

51

52

53.

55.

56.

57.

58.
59.

Hugc, C,, Escurat, M., Djabali, K., Derer, M., Landon, E, Gros, F., and
Portier, M. M. (1989) Biochem. Biophys. Res. Commun. 160, 772-779
Portier, M. M., de Nechaud, B, and Gros, F. {1983) Dev. Neurosci. 6,
335-34

Parysek, L. M., and Goldman, R D. (1988) J. Neurosci. 8, 555-563

. Brody, B. A, Ley, C. A., and Parysek, L. M. (1989) /. Neurosci. 9,2391-2401

Oblinger, M. M., Wong, J., and Parysek, L. M. (1989) J. Neurosci. 9,
3766-3775

Troy, C. M., Muma, N. A, Greene, L. A,, Price, D. L., and Shelanski, M. L.
(1990) Brain Res. 529, 232-238

Terao, E,, Janssens, S., van den Bosch de Aguilar, P, Portier, M., and
Klosen, P. (2000) Neuroscience 101, 679688

Beaulieu, J. M, Kriz, J., and Julien, J. P. (2002) Brain Res. 946, 153-161
Troy, C. M, Greene, L. A,, and Shelanski, M. L. (1992) /. Cell Biol. 117,

AUGUST 10, 2007+ VOLUME 282 -NUMBER 32 ¥ ]

— 179 —

61.
62.

63.

65.

Peripherin Phosphorylation by Akt

1085-1092

. Helfand, B. T., Mendez, M. G,, Pugh, ], Delsert, C, and Goldman, R. D.

(2003) Mol Biol Cell 14, 50655081

Sihag, R. K., and Nixon, R, A. (1991) . Biol. Chem. 266, 18861-18867
Nakamura, Y., Hashimoto, R., Kashiwagi, Y., Aimoto, S., Fukusho, E.,
Matsumoto, N., Kudo, T., and Takeda, M. (2000) J. Neurochem. 74,
949 959

Gibb, B. J., Brion, J. P., Brownlees, J., Anderton, B. H, and Miller, C. C.
(1998) J. Neurochem. 70, 492-500

Nakamura, Y., Takeda, M., Angelides, K. ]., Tanaka, T., Tada, K, and
Nishimura, T. (1990) Biochem. Biophys. Res. Commun. 169, 744~750
Leung, C.L,, Sun, D., and Liem, R K (1999) /. Celi Biol. 144, 435-446

. Djabali, K., de Nechaud, B., Landon, F.,and Portier, M. M. (1997) J. Celi Sci.

110, 27592769

JOURNAL OF BIOLOGICAL CHEMISTRY 23499

8002 ‘Z UdIBIN L0 AINN NSLIHIHS YAVSO e Bio'og mmm woy pepeojumod



J Bone Miner Metab (2007) 25:261-265
DOI 10.1007/500774-007-0760-1

© Springer 2007

REVIEW ARTICLE

Hiroshi Hagino*

Features of limb fractures: a review of epidemiology from

a Japanese perspective

Received: March 13, 2007 / Accepted: March 29, 2007

Key words epidemiology - fractures - osteoporosis - inci-

dence - trends

Introduction

Fractures among the elderly which are associated with
osteoporosis have become a major health and socioeco-
nomic issue with the rapid increase in the elderly population
in both Western and Asian countries. Among the elderly,
bone mineral density (BMD) generally decreases with age,
and the incidence of fractures increases with age, with the
exception of the wrist (Fig. 1) {1]. Among adolcscents,
BMD increases with age, but the age-specific incidence of
fractures does not decrease with age, but rather peaks at
the time of the growth spurt (Fig. 1} [2]. These discrepancies
between BMD and aging and fracture incidence seem
to shed light' on the pathogenesis and prevention of
fractures.

In this review, the features of geriatric and adolescent
limb fractures among the Japanese population will be pre-
sented, and an attempt will be made to identify factors for
fracture prevention.

Fractures in adolescence
Incidence of fractures in adolescence
Fracture of the distal radius is the most common fracture

among children, comprising 20% of total fractures under
the age of 17 [3]. The age- and sex-specific incidences under
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20 years of age were higher in males than in females, with
peaks at 12 or 13 years for males and 11 years for females
(Fig. 2) [2]. However, 13-year-old boys and 11-year-old girls
are not more active or more prone to falls and trauma than
children older or younger than 13 or 11. Therefore, the
promincnt peak in the incidence of fracture in adolescence
has no relation to BMD or physical activity.

Bone mineral density and peak incidence

There is a close relationship between fracture incidence and
the relatively low bone density of the radius. The age of
peak incidence of distal radius fractures coincides with the
age when the metaphyseal/diaphyseal density ratio is lowest
(Fig. 2) [2]. The age at which the incidence of fractures
peaks almost perfectly matches the age at which the speed
of growth in height peaks in both boys and girls. This rela-
tive low bone density at the metaphysis is possibly caused
by rapid growth during adolescence.

Rauch et al. [4] demonstrated that cortical thickness
remains unchanged from 6 to 13 years in girls and from 6
to 15 years in boys, as measured by peripheral quantitative
computed tomography (pQCT). The endocortical apposi-
tion rate at the distal radial metaphysis should be extremely
high in order to maintain cortical thickness during growth.
They estimated the endocortical apposition rate at the distal
radius metaphysis to be about 9.5-10um/day, which is 10-20
times that of the periostcal apposition of the diaphysis. This
makes it difficult for the bone to adapt its strength to the
increased mechanical needs during growth [5]. After longi-
tudinal growth ceases, the robustness of bone can catch up
with the loading nceds.

Recent trends

There has been some debate as to whether the incidence of
fractures among children in Japan has increased or not. To
address this question, all wrist fractures in Tottori Prefec-
ture were surveyed from 1986 to 1995, and the age- and
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fracture. Derived from data in Hagino et al. [1.2,7]

/100,000

1000 1 09

800

800 | :

700
0.8

600

500

400

0.7
300

200

100

¥ 056
1011 1213 14 1516 17 18 19

T T

.
:
H
)
i
i
'
'
H
)
.
|
'
)
:
T

B T B T TR TR

-
N oA

(5]

N PO
o

O Aecrcannn

age (yrs.)

Fig. 2. Fracture incidence and BMD of the distal radial in adolescence
for boys. Derived from data in Hagino et al. &2]‘ —&— Fracture inci-
dence (It. axis), —O-- metaphyseal/diaphyseal density ratio (rt. axis)

sex-specific incidences were calculated, revealing that the
incidence increased with time for males between 7 and 12
years of age [6]. Although the changes in incidence among
females were not significant, the peak incidence increased
during the observation period. Because the mean body
hcight in Japanesc adolescents is greater than was previ-
ously recognized, this may make the adaptation of bone to
loading more difficult than before, and may contribute to
weakness at the distal radius with time.

Table 1. Comparison of the incidence of hip fracture in various geo-
graphic areas

Men Women
Rochester, USA [9] 168.7 382.3
Central Finland [10] 1478 290.7
Malmo, Sweden [11} 198.1 4717
Picardy, France [12] 67.4 1654
Cantabria, Spain {13] 542 205.5
Beijing, China {14} 533 59.4
Chonnam, Korea [15] 87.2 119.0
Tottari, Japan [7} 583 181.3

Data arc incidences (per 100000 person-years) adjusted to the popula-
tion structure of all of Japan (235 years, 2000)

Fractures in the elderly
Hip fracture
Lower incidence among the Asian population

There have hbeen many epidemiological surveys of hip frac-
tures all over the world. One of the conclusions derived
from these studies is that hip fracture incidence is lower
among Asian or African populations than among North
American or northern European populations. The age- and
sex-specific incidence of hip fractures for both sexes
increased exponentially with age after 70 years (Fig. 1) [7,8].
Table 1 shows a comparison of the incidence of hip fracture
among different populations bascd on previous studics. The
incidences for both sexes in Asian populations, including
Japanese, are substantially lower than those in Caucasian
populations living in northern Europe or North America,
but not in those in southern Europe.

As bone mass in Asians is known to be lower than or
similar to that in Caucasians, the difference in bone mass
does not explain the difference in the incidence of hip frac-
tures [16]. Elucidation of the cause of the ethnic differences
in the incidence of hip fracture may suggest preventive
measures that could protect against osteoporosis-related
fractures. Therefore, several different approaches have
been tried in order to clarify why the incidence of hip frac-
ture is lower in Asian populations.

Geometry of the proximal femur and fracture typé

In the early 1990s, Yoshikawa et al. [17] and Nakamura et
al. [18] found that the geometric characteristics of the proxi-
mal femoral neck in Japanese women are associated with a
lower risk of hip fracture. Faulkner et al. [19] found that a
hip axis length (HAL) of 11.0cm corrcsponds to a doubling
of hip fracture risk compared to women with a normal hip
Iength. Duboeuf et al. [20] demonstrated that in the neck
fracture group, the HAL was significantly longer than in
controls, but this was not true in the trochanteric fracture
group.

The incidence of trochanteric fracture is higher than that
of neck fracture for individuals over 75 years of age (Fig. 3)
[7}. The incidence of neck fracture is substantially lower
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than that of trochanteric fractures in Japanese people, but
this is not true for Caucasians. The incidence of neck frac-
turc is higher than that of trochanteric fracture in northern
European populations, and therefore the neck fracture/
trochanteric fracture ratio is different in Japanese and
northern Europeans (Fig. 4) [21,22]. The short HAL among
Asians affects the lower incidence of neck fractures and
might be one possible explanation for a lower incidence of
hip fractures.

Risk factors

A case-control study in four Asian countries established the
lifestyle factors associated with hip fracture; these are low
dictary calcium intake, lack of rcgular load-bearing activity
in the immediate past, no vigorous sports activity between
25 and 49 years of age, cigarette smoking (for men only),
daily alcohol consumption, a history of fracture after 50

/100,000
1600
1400 |
trochanteric fracture
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Fig. 3. Age-, sex-, and fracture-type-specific incidence rates of hip
fracture in Tottori. Derived from data in Hagino et al. [7]

263

years of age. a history of falls in the year before a fracture,
and a history of stroke [23]. Two studies have examined the
risk factors for hip fracture among the Japancse population
[24,25]. In one of these studies [23], Suzuki performed a
case-control study and found that excessive coffee drinking
and sleeping on a bed (as opposed to a futon) were signifi-
cant risk factors.

In Japan, about 10%-20% of elderly people living in
their own homes fall during a year, while 30%-40% fall in
northern Europe and North America [26]. The fact that the
prevalence of falls among Japanese is half that among
Caucasians offers a possible explanation for the difference
in the incidence of these fractures [27].

Changes in incidence over time

Recent trends in the incidence of hip fractures have varied
between observation periods or geographic areas. Epide-
miological surveys in Europe before 1990 showed that
the incidence of hip fractures was increasing [11,28,29].
However, data from the 1990s or later from northern
Europe [30,31], North America [32], and Australia [33]
indicated that the increase had leveled off [34,35]. On the
other hand, most reports from Asia indicate an increase in
the incidence of hip fracture with time [7,8,36,37].

The reason for the discrepancies between races has not
been clearly elucidated, although changes in lifestyle in
Asian countries seem to affect the trend. In Singapore, hip
fracture rates from 1991 to 1998 were 5 times higher than
rates during the 1960s [38]. In Hong Kong, the fracture rates
in 1995 for women 80 years and older were 3 times higher
than corresponding rates in the 1960s [39]. However, the
incidence rates in these two areas over the last decade have
not changed appreciably. The increases were only 1.1 times
in Singapore in the 1990s and 1.4 times in Hong Kong from
1985 to 1995. The increase in the incidence rate in Japan of
1.4 times {rom 1986 to 1998 was very similar. From these
points of view, the age-specific incidence of hip fracture
among developed and urbanized Asian areas seems to have
leveled off over the last decade, even though increases still
exist. Urbanization or industrialization, with attendant

Fig, 4. Neck/trochanteric frac- 25 - w . Norway 25 ¢
ture ratio in different geographic .
areas. Derived from data in 0= Finland
Bjorgut and Reikeras [21], Luthje | —a— Tottori (Japan 20 |
et al. [22], and Hagino et al. [7] 20 (Japan) o ’
* : M
15 D 15
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changes in degree of physical activity. nutrition, alcohol
intake, sedative drug use, and lifestyle in Asian countries,
may contribute to the rising fracture trend by increasing
bone fragility and the risk of falls. On the other hand, ade-
quate diagnosis and treatment for osteoporosis is thought
to relate to the decreased incidence of hip fracture in North
America [35].

Upper limb fracture
Lower incidence among the Asian population

The incidence of wrist (distal radius) and proximal humerus
fractures was surveyed in Tottori Prefecture (Fig. 1) {1}. In
women, the incidence of wrist fractures increases after the
menopause and plateaus at over 70 years of age; however,
the incidence of proximal humerus fractures increases with
age over 70 years. This is because elderly people over 75
have difficulty in protecting themselves with their hands
when they fall, and instcad they injurc their hip or
shoulder.

Although few epidemiological surveys have been per-
formed to elucidate the incidence among Asian popula-
tions, the incidences of wrist and proximal humeral fractures
are substantially lower among Japanese than Caucasians.
Because 96% of wrist and 95% of humerus fractures are
due to falls {40}, the lower incidence of upper limb fractures
seems o be closely related 1o the lower incidence of falls.

Risk factors

Epidemiological studies have indicated that risk factors for
distal forearm fracture are low bone mass, estrogen defi-
ciency, falls [41], and drinking alcohol [42, 43]. Poor visual
acuity, frequent walking [44], and walking at a brisk pace
[45] are also risk factors for distal forearm fractures. Among
the Japanese population, increased physical activity, in par-
ticular increased walking ability, is a risk factor for wrist
fractures [46]. This is in agreement with factors identified
in previous studies among Caucasians, which concluded
that increased physical activity, increased walking ability,
and frequent outdoor walking all increase the risk of falls.

On the other hand, a greater frequency of going out-
doors significantly decreased the risk of proximal humerus
fracture among the Japanese population [46]. This agrees
with data from past cohort and case-control studies which
identified risk factors for proximal humerus fracture as a
low level of physical activity and infrequent walking [47].
The opposite is true for wrist fractures, i.e., wrist fractures
are most likely in patients with fragile bones and increased
physical aclivity, while proximal humerus fractures are most
likely in paticnts with fragile bones and decreased physical
activity.

One of the significant factors associated with reduced
risk of wrist fractures among the Japanese was the use of
a futon (as opposed to a bed), which also reduces the risk
of hip fracture [24,46 }. Futon use might maintain physical
activity, resulting in a reduced risk of falls.

Changes in incidence over time

According to our survey performed from 1986 to 1995, the
age-adjusted incidence rates of wrist fraclures showed a
significant increase with time, although no increase was
observed among men [1]. Proximal humerus fractures
showed a significant increase over time for both sexes. It
has been speculated that decreased physical activity associ-
atcd with a Westernized lifestyle is onc possible cxplanation
for the increase in fracture incidence among the Asian
population.

Conclusions

In the year 2000, there were an estimated 9.0 million osteo-
porotic fractures, of which 1.6 million were at the hip, 1.7
million were at the forcarm, and 1.4 million were clinical
vertebral fractures [48]. It is estimated that the annual
number of hip fractures will increase progressively to 2.6
million by the year 2025, and to 4.5 million by 2050 [49].
However, the increase is estimated to be S times higher, at
21.3 million, when an annual rate of increase of 3% outside
North America and northern Europe is used. This increase
will be most marked in Asia.

The percentage of the Japanese population aged 65 years
and older will be 23% in 2010, 32% in 2030, and 40% in
2050. Based on the age- and sex-specific incidences observed
in the recent study in Tottori, the total number of hip frac-
ture patients in Japan is estimated to be 159000 per year in
2010 and 255000 in 2030. From all these data, we recognize
that it is extremely important to implement preventive
strategies, which should include the treatment and preven-
tion of osteoporosis, the reduction and prevention of falls,
and the maintenance of physical activity among the elderly
through lifestyle changes. A reduction in the number of
fractures in the elderly is very important in order to reduce
the future medical and social burden.
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Differences of therapeutic effects on regional bone min-
eral density and markers of bone mineral metabolism
between alendronate and alfacalcidol in Japanese os-
teoporotic women
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Abstract : We studied the differences of therapeutic effects on regional bone mineral
density (BMD) and markers of bone mineral metabolism between alendronate and alfa-
calcidol in Japanese osteopérotic women. Ninety-two Japanese women suffering from
primary osteoporosis without osteoporotic fractures, aged 55 to 81 years, were divided
into two groups: women treated orally with alendronate for one-year (5mg/day)(alen-
dronate group, n=35) and women treated orally with alfacalcidol for one year (0.5u g/
day) (alfacalcidol group, n=57). The mean BMD of the 2nd to 4th lumbar vertebrae (L.2-4
BMD) and regional BMD were measured using dual energy X-ray absorptiometry. In the
alendronate group, the percentage changes of L2-4BMD, lumbar spine BMD, thoracic
spine BMD, pelvis BMD in the alendronate group were 106.3+4.6%, 104.2+6.6%, 107.1+
10.4%, 107.1+£10.5%, respectively. The percentage changes of L2-4BMD and regional BMD
except for head BMD in the alendronate group were significantly greater than those in
the alfacalcidol group. In the alfacalcidol group, L2-4BMD, thoracic spine BMD and lum-
bar spine BMD were maintained at respective pretreatment levels, whereas other re-
gional BMD were decreased. Both serum bone-specific alkaline phosphatase and urinary
typeI collagen cross-linked N-telopeptide of the alendronate group were decreased,
whereas these markers of bone mineral metabolism of alfacalcidol group were increased
compared with the respective pre-treatment levels. The results suggest that one-year
treatment with alendronate increased L2-4BMD, lumbar spine BMD, thoracic spine BMD
and pelvis BMD, and that markers of both bone formation and bone resorption were de-
creased following one-year treatment with alendronate. J. Med. Invest. 54 :35-40,
February, 2007

Keywords : alendronate, alfacalcidol, bone mineral density, bone mineral content, markers of bone mineral me-

tabolism
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complications and an increasing health care bur-
den in osteoporotic patients. As the population of
elderly people increases, the incidence of osteo-
porotic fractures is expected to dramatically rise.
At present, large number of postmenopausal women
in Japan are at high risk for osteoporosis and its
associated fractures, which is an issue of clinical
importance. Therefore, in the treatment of osteo-
porosis, prevention of fractures is undoubtedly a
major goal. Smith showed that bone mineral density
(BMD) was accounted for approximately 75-80% of
the variance in the bone strength (2). It is an un-
doubted fact that BMD is one of the important de-
terminants of bone strength.

The purpose of this study was to clarify the dif-
ference of therapeutic effects of regional BMD and
markers of bone mineral metabolism between one-
year treatment of alendronate and that of alfacalcidol.
Alendronate is a second-generation aminobisphos-
phonate. Bisphosphonate is an antiresorptive agent
of bone and it increases BMD and bone mineral
content resulting from inhibition of osteoclast-
mediated bone resorption (3, 4), leading to pre-
vention of osteoporotic fractures, hip fractures (5)
and vertebral fractures (6). Alfacalcidol, 1 alfa-
hydroxyvitamin Ds, is a prodrug of calcitriol, and is
one of active vitamin D analog. Alfacalcidol has been
widely used in the treatment of osteoporosis in
Japan. Alfacalcidol stimulates intestinal calcium ab-
sorption, increases urinary Ca excretion and serum
Ca levels, and suppresses parathyroid hormone
secretion (5). Alfacalcidol is effective to increase
BMD and reduces rate of vertebral fracture (7) or
hip fracture (8).

MATERIALS AND METHODS

One hundred and three Japanese women suffer-
ing from primary osteoporosis without osteoporotic

fractures, aged 55 to 81 years, were divided into
two groups: women treated orally with alendro-
nate for one year (dmg/day) (alendronate group,
n=41) and women treated orally with alfacalcidol
for one year (0.5ug/day) (alfacalcidol group, n=62).
In the alendronate group, 35 of 41 women com-
pleted one-year treatment of alendronate. In con-
trast, 57 of 62 women in the alfacalcidol group
completed one-year treatment of alfacalcidol. All
the women had no osteoporotic fractures, no renal
injury, no disease of the alimentary tract, no osteo-
malacia, and no primary or secondary neoplastic
bone disease. None of them had received treat-
ments affecting bone metabolism. All the women
are allowed to continue their usual diets. Table 1
showed pre-treatment values of body mass index
(BMD), age, [.2-4BMD, total body BMD. No sig-
nificant differences were found between the two
groups with regard to BMI and age, L2-4BMD and
total body BMD.

The mean BMD of the 2nd to 4th lumbar verte-
brae (L2-4BMD), regional and total body BMD
were measured by DXA using a Hologic QDR
2000 (Waltham, MA, USA). The coefficient of
variation (CV) for DXA for total BMD and soft
tissue mass was 0.5%-1.0% (9).

The regional BMD (g/cm? was measured in
the head, arms, ribs, thoracic spine, lumbar spine,
pelvis and legs (Figure 1). The regional BMD (g/
cm’) was measured in the head, arms, legs, ribs,
thoracic spine, lumbar spine and pelvis. The hori-
zontal line above the shoulders should be just
below the chin. The vertical lines at the shoulders
should be between the head of the humerus and
scapula at the glenoid fossa. The vertical lines on
either side of the spine should be moved close to
the spine, angled to match the curvature if possi-
ble. The small horizontal line should be approxi-
mately at the level of L1-T12. The horizontal line
above the pelvis should be just above the crest of

Table 1. Comparison of characteristics of alendronate and alfacalcidol groups.
Alendronat group  Alfacalcidol group Pvalue
(n=35) (n=57)
Age 65.2+4.0 66.0£4.5 0.3388
BMI (kg/m?) 21.5%2.3 22.3+3.1 0.2233
L2-4 BMD (g/cm?) 0.678+0.082 0.69530.104 0.427
Total body BMD (g/cm?) 0.8241+0.066 0.83610.064 0.4061

BMI, body mass index ; L2-4 BMD, the mean bone mineral density of the 2nd to 4th lumbar vertebrae
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Figure 1. Screen display of total and regional BMD in vive.

the ilium. This line can be extended out at the
sides to include soft tissue in the chest and waist.

If at all possible, soft tissue from the trunk should
not be included with the arms. Due to patient size
and placement of the hands, this may not always
be possible. The angled lines below the pelvis
should bisect both femoral necks. The vertical line
between the legs should be adjusted to be be-
tween the feet. The vertical lines lateral to (outside
of) the legs should be adjusted to include as much
of the soft tissue in the thighs as possible.

STATISTICS

Results were expressed as the mean=standard
deviation. Unpaired Student’s t-test was used to
evaluate the differences between the two groups.
A P value of less than 0.05 was considered signifi-
cant.

RESULTS

Fracture

After one-year treatment, 1 of 35 women in the
alendronate group and 4 of 57 patients in the alfa-
calcidol group suffered vertebral fractures.

Regional and total body BMD (Table 2)

Percent change of pre-treatment level of 1.2-4
BMD and regional BMD of alendronate group
were significantly greater than those of alfacalcidol

Table 2. Comparison of percent change of L2-4 BMD, BMD and BMC between alendronate and alfacalcidol groups.

Alendronate group  Alfacalcidol group Pvalue
(n=35) (n=57)

% L2-4 BMD (%) 106.3+4.6 100.74+6.8 <0.0001
% Lt arm BMD (%) 101.2+4.0 98734 0.0019
% Rt arm BMD (%) 100.4£3.4 97.7+34 0.0263
% Lt rib BMD (%) 103.2£6.7 98.9+55 0.0016
% Rt rib BMD (%) 102.2£4.2 99.6£5.3 0.017
% Thoracic spine BMD (%) 104.2+6.6 98.21+7.0 0.0001
% Lumbar spine BMD (%) 107.1+£104 100.7+6.9 0.0007
% Pelvis BMD (%) 107.1£10.5 100.6£6.9 - 0.0013
% Lt leg BMD (%) 100.1£2.6 98.5+3.4 0.015
% Rt leg BMD (%) 100.442.2 98.8+34 0.0096
% Head BMD (%) 101.3+3.1 101.1£3.5 0.9228
% Total body BMD (%) 101.14+1.8 <0.0001

99.2£22

BMD, bone mineral density ; L2-4 BMD, thé mean BMD of the 2nd to 4th lumbar vertebrae.

— 189 —



38

S. Takata, et al.

group except for BMD of head. In the alendronate
group, percentage change of L2-4BMD, lumbar
spine BMD, thoracic spine BMD and pelvic BMD
of alendronate group were greater than those of
other regional BMD. There was no significant dif-
ference of the percent change of pre-treatment level
of head BMD between the two groups.

L2-4BMD, lumbar spine BMD and thoracic spine
BMD were maintained at respective pre-treatment
levels, whereas other regional BMD were de-
creased following one-year treatment with alfacal-
cidol.

Markers of bone mineral metabolism (Table 3, Table 4)

There were no significant differences of pre-
treatmet levels of markers of bone mineral me-
tabolism between these two groups (Table 3).

Percent change of urinary type I collagen cross-

Effects of alendronate and alfacalcidol on bone

linked N-telopeptide (NTX) of the alendronate group
was decreased to 55.1£30.5% of the pre-treatment
level. In contrast, percent change of urinary NTX
of alfacalcidol group was increased to 103.3+50.2%
of the pre-treatment level. There was significant
difference between the two groups (p=0.0002).

Percent change of serum alkaline phosphatase
(AP) of alendronate group decreased to 77.4+18.0%
of the pre-treatment level, whereas that of alfacal-
cidol group increased to 106.4£50.9% of the pre-
treatment level, which was significantly different
(p=0.0073). Percent change of serum bone-specific
alkaline phosphatase (BAP) of alendronate group
was decreased to 65.6+£21.3% of the pre-treatment
level, whereas that of alfacalcidol group was in-
creased to 104.8+45.3% of the pre-treatment level.
There was significantly difference between the two
groups (p=0.0002) (Table 4).

Table 3. Comparison of markers of bone mineral metabolism before treatment.

Alendronate group  Alfacalcidol group Pvalue
(n=35) .(n=57)
Urinary NTX 57.0%289 4561135 0.1121
("MBCE/mMCr)
Serum AP 268.3£97.6 281.4+67.8 0.619
(uny
Serum BAP 36.5%+11.9 29.8+14.4 0.0983
(un
Serum Ca 89%1.1 86%1.5 0.398
(mg/d)
Serum P 4.0%x14 4.1+1.5 0.722
(mg/db
AP, alkaline phosphatase ; NTX, type I collagen cross-linked N-telopeptide ; BAP, bone-specific alkaline phosphatase
Table 4. Percent change of markers of bone mineral metabolism.
Alendronate group  Alfacalcidol group Pvalue
(n=35) (n=57)
% Urinary NTX (%) 55.1£30.5 103.31+50.2 0.0002
% Serum AP (%) 774%=18.0 106.4£50.9 0.0073
% Serum BAP (%) 65.6£21.3 104.8+45.3 0.0002
% Serum Ca (%) 98.0+14.6 97.9+94 0.2968
% Serum P (%) 93.5t14.6 94.8+10.4 0.7502

AP, alkaline phosphatase ; NTX, type I collagen cross-linked N-telopeptide ; BAP, bone-specific alkaline phosphatase
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DISCUSSION

One-year treatment with alendronate increased
L2-4BMD, thoracic spine BMD, lumbar spine BMD
and pelvic BMD, and maintained other regional
BMD. In contrast, one-year treatment with alfacal-
cidol maintained 1.2-4BMD, lumbar spine BMD,
pelvis BMD and head BMD, and decreased other
regional BMD. Einhorn (10) showed that the rela-
tive content of trabecular bone varied among the
different parts of the skeleton, and that the content
of trabecular bone of vertebra was 66-90%, that of
the hip at the intertrochanteric region was 50%,
that of the hip at the femoral neck was 25%, that of
the distal radius was 25%, that of the mid-radius
was 1%, and that of the femoral shaft was 5%. As
for bone metabolism, the trabecular bone is ap-
proximately eight times as metabolically active as
cortical bones, because the surface of trabecular
bone is larger than that of cortical bone, and the
response to metabolic changes in trabecular bone
is faster than that of cortical bone (11). Therefore,
the great rate of increase in L2-4BMD, thoracic
spine BMD, lumbar spine BMD and pelvis BMD
after one-year treatment of alendronate may be due
to the high content of trabecular bone compared
with other regional bones.

In this study, one-year treatment of alendronate
increased lumbar spine BMD, thoracic spine BMD
and pelvis BMD. Smith showed that BMD was
accounted for approximately 75-80% of the vari-
ance in the bone strength (2). In addition to BMD,
bone quality is also one of important determinants
of bone strength. Alendronate improves trabecular
bone microarchitecture of the ileum (greater bone
volume, trabecular thickness, decrease in trabecu-
lar spacing) (12). Based on these facts, one-year
treatment of alendronate increases bone strength
and prevents vertebral fracture and hip fracture in
osteoporotic patients.

Urinary NTX of the alendronate group were de-
creased, whereas urinary NTX of the alfacalcidol
group was increased. Urinary NTX is one of the
markers of bone resorption. This fact showed that
alendronate inhibits osteoclast-mediated bone re-
sorption. In addition, one-year treatment with alen-
dronate decreased serum BAP, whereas serum
BAP in the alfacalcidol group was increased. Serum
BAP is an index of bone turnover. This suggests
that one-year treatment with alendronate normal-
izes bone turnover in patients with osteoporosis.

Previous studies have shown that combination

therapy of alendronate and calcitriol are more ef
fective to increase BMD in patients with osteopo-
rosis than monotherapy with either calcitriol or
alendronate (13, 14). Recker er al/. (15) showed
that alendronate provides efficacy of bone resorp-
tion as measured by serum BAP and urinary NTX,
and that alendronate with cholecalciferol increases
25-hydroxyvitamin D (25-OH-D), whereas alendro-
nate without cholecalciferol decreases 25-OH-D.
Combination therapy of alfacalcidol and alendro-
nate may be more effective to increase regional
BMD and to reduce risk of osteoporotic fractures.
Further studies are required to clarify the thera-
peutic effects of combination therapy of alfacalci-
dol and alendronate on prophylaxis of osteoporotic
fractures.

REFERENCES

1.  Anonymous : Osteoporosis prevention, diag-
nosis, and therapy. NIH consensus develop-
ment panel on osteoporosis prevention, diag-
nosis and therapy. JAMA 285 : 785-795, 2001

2.  Smith CB, Smith DA : Relationship between
age, mineral density and mechanical proper-
ties of human femoral compacta. Acta Orthop
Scand 47 : 496-502, 1976

3. Shiraki M, Kushida K, Fukunaga M, Kishimoto H,
Taga M, Nakamura T, Kaneda K, Minaguchi H,
Inoue T, Morii H, Tomita A, Yamamoto K,
Nagata Y, Nakashima M, Orimo H : A double-
masked multicenter comparative study be-
tween alendronate and alfacalcidol in Japanese
patients with osteoporosis. The Alendronate
Phase III Osteoporosis Treatment Research
Group. Osteoporosis Int 10 (3) : 183-192, 1999

4. Hosking D, Chilvers CE, Christiansen C, Ravn
P, Wasnich R, Ross P, McClung M, Balske A,
Thompson D, Daley M, Yates AJ : Prevention
of bone loss with alendronate in postmeno-
pausal women under 60 years of age. N Engl
J Med 338 : 485-492, 1998

5. Ettinger MP : Aging bone and osteoporosis :
strategies for preventing fractures in the eld-
erly. Arch Intern Med 163 (18) : 2237-2246,
2003

6. Black DM, Cummings SR, Karpf DB, Cauley JA,
Thompson DE, Nevitt MC, Bauer DC, Genant
HK, Haskell WL, Marcus R, Ott SM, Torner
JC, Quandt SA, Reiss TF, Ensrud KE : Ran-
domized trial of effect on alendronate on risk

— 191 —



10.

11.

40 S. Takara, et al. Effects of alendronate and alfacalcidol on bone

of fracture in women with existing vertebral
fractture : Fracture Intervention Trial Research
Group. Lancet 348 : 1535-1541, 1996

Orimo H, Shiraki M, Hayashi Y, Hoshino T,
Onaya T, Miyazaki S, Kurosawa H, Nakamura T,
Ogawa N : Effects of 1 alfa-hydroxyvitamin D3
on lumbar bone mineral density and vertebral
fractures in patients with postmenopausal os-
teoporosis. Calcif Tissue Int 54 (5) : 370-376,
1994

Tanizawa T, Imura K, Ishii Y, Nishida S,
Takano Y, Mashiba T, Endo N, Takahashi HE ;
Treatment with active vitamin D metabolites
and concurrent treatments in the prevention
of hip fractures : a retrospective study. Osteo-
porosis Int 9 (2) : 163-170, 1999

Russell-Aulet M, Wang ], Thornton J, Pieson RNJr:
Comparison of dual-photon absorptiometry sys-
tems for total-body bone and soft tissue meas-
urements : dual energy X-rays versus Gad-
olinium 153.

J Bone Miner Res 6 (4) : 411-5, 1991

Einhorn TA : Bone strength. The bottom line.
Calcif Tissue Int 51 : 333-339, 1992

Frost HM : Dynamics of bone remodeling. In :

12.

13.

14.

15.

— 192 —

Frost HM (ed) Bone biodynamics. Little Brown,
Boston, 1964, pp.315-334

Recker R, Masarachia P, Santora A, Howard T,
Chavassieux P, Arlot M, Rodan G, Wehren L,
Kimmel D :Trabecular bone microarchitec-
ture after alendronate treatment of osteoporotic
women. Curr Med Res Opin 21 (2) : 185194,
2005

Nuti R, Martini G, Giovani S, Valenti R ; Effect
of treatment of with calcitriol combined with
low-dosage alendronate in involutional osteo-
porosis. Clin Drug Invest 19 (1) : 55-61, 2000
Frediani B, Allegri A. Bisogno S, MarcolongoR :
Effects of combined treatment with calcitriol
plus alendronate on bone mass and bone turn-
over in postmenopausal osteoporosis-two years
of continuous treatment. Clin Drug Invest 15
(3) : 735-744, 1998

Recker R, Lips P, Felsenberg D, Lippuner K,
Benhamou L, Hawkins F, Delmas PD, Rosen C,
Emkey R, Salzmann G, He W, Santora AC:
Alendronate with and without cholecalciferol
for osteoporosis : result of a 15-week random-
ized controlled trial. Curr Med Res Opin 22
(9) ; 1745-1755, 2006



20 F2ME(FR18FE) Y —ARBEEERE

Omm%ﬂﬁs

S OXS I o OH-LBEREBNMEADRE

e HE ZBR

L &Iz

BRI eXx 743, B 2 #HAGRIRM X
a7 Z R EFEE (Selected Estrogen
Receptor Modulator, SERM) /&4 3 B HEHE
BRETHD, FORBEMIZ, MEARNICAT
BET2xRbal U ZREICEAE LTI TR
Hxhb,

B X7k, BROBMLERICIE
T X baF AERERTN, —F, FERER
HLEBMEEICIE, e R b ERERETS
LW MRGRIREZ R &3, o EREtk
EREI—REBTHEATHD, Thbb,
WEES a7 o, OBEHIEEEE 2 i
LTREOBMPLERELEmD 5, QLDL =L
AT 0 — B R T & CHEMREE (L1 & 3648
15, QABHAADOHEE ME L THLBORE
V45, @FEWNBEICKT 5 HEER
WZEMLTFERBOREI AT ZETEHD,
LW O EE R BMER R RIES B,

AR, MBI Xy 7O REE
HEBHEREZHZNETDIEE L, BFE
AT, BT oX s T L OBER EBIME
BIZOWT, Bif-ZemAs2mzrz,

1 5 &
BRIT, PARRRBHRRIE L B S, BEFERT

&1 SERM#EL D#EE OBMLH

SERM #f D Bt pE
SE 19 27
64.8 65.9

R +6.3 +qg | 04083
ik 58 222 213

&y;” +26 +1.7 0.3077

DRV AN 46 Bl Th o7, Ffnix 56~72
Bk, WHEENL 65.5+5.5 B, (A IE%L body mass
index (BMI) X 21.6+2.1kg/m? THo7-, “h
bE, HEEIToXx 7 (60mg) % EAKS

L7 SERM # (n=19), E#HE ¥ I > D, 1A
& LT alfacalcidol (1.0pg) @ HEE L= DB
n=27) DB, ZhHD 2 BETH,
BEEICRELRITET THIEM L KK
¥BE—HIEE (K1),

FRBEALIC BT 2 BEER I O AL
ORENT, BR@~—b—DRER, HFERHG
A, BT nx 72 #51% 6 » BOBET
1otz

BEEB X O AL O L, dual
energy X-ray absorptiometry (DXA) Hologic
Delphi Z W o, £7, % 2 JEHENOE 4 EHE
EHFHEEE (L2-4BMD) Z8IE L=, 20
%, SHBFBEMNES /S e BT, i
B ERAL DB B DR TE & SERARRAR AR O fRAT %
Tolz, BEMEEMK T, BRIEHR G51i%
BRONVCEGEBRAEE R CH Y, WATIE, 1EIEW
HRICHYT2) CEHREZBOBOHIE L,
ERE AL OB K ORE T, B, L,
W, MadE, REHE, B8, TRE % oA
&L, BEMRRMEROBERES I, B, L,
fEe, TheE L7 (A1), 5OBOORIEMIZL,
TBRBTOME%E 100% & U754 R CTiaHBRAaT
B"OEILRERDT,

FRE~—H—DRIEE, Ko NTX, miE
BTNDY 74 A7 74— (BAP) %, BRI
LIEFIZ 6 » ADF 2 BIRIE L, BOBOD
RIEMEOEEX, IRFEATOME 100% & LB
TR,

BRI BT DB ORERBIE, 1BFFE 6
H AiCkT B Mt X OMEHEO BBl X BREFAR

BRI SRR DA R
144(274)

Osteoporosis Japan  wvol. 16 no. 2 2007

— 193 —



X1 DXA %AWz HEEHMOBEEB LUK
HHLEE AL O B LB O R TE
BREEMOBEE, FEREOMEIZ TR0
fEMCE, UETS, LR, WrE, MeME REME, B,
TROCERET B, F7o, WEBHEHRA T, 35,
LB, ke, FREAMESEE LTRET S,

EEEBLT, BHROFELHRT,

SERM #£ & D Bt & ORI BI A HEEHFERILEE
H, sHSORWEREE AW TTY, £OHFEK
Yh 5% & Lz, BOBODOEIERIZI T AIEH
BT 2B RIT, IS0 H D ¢t BETH
HEMREEITY, FOAEKEIRICL 5% &
L7

2 # g

1) BHREHEOBEFE, RIEWE. BHEOELL

OB BEEOEL

SERM Efic 517 5 L2-4BMD (3, IBFEATIZ L~
THEMLTED, TOBERIFHIHFNCHEE
Thotlz ($p=0.0394), —J5, D o L2-4BMD
PIEFRANIC A~ TR LS, 2O
BEENZ LN -T- (p=0.1403),

Osteoporosis Japan wvol. 15 no. 2 2007

82 B (FAL 18 4EE) U V) —AFEBh AR REmE 21

SHBEERNE 0/ T LA CTRIE L-WHEE
HE, BEHEEE, BREEE HHEEE,
L HBEEIX, SERM B CiXifEIICLE~TE
DOROEML TV, TNOOELED I b,
BREBEEOTIALEDOS,, AELREMAEA LN
7= (»p=0.0219),

QO EDZL

SERM BtTit, EfHER, EATE, 280
PRASHH B, RIS THEMmL T, %
nNHOERIX, EEEBLUHE iz T
BEELRETEZZ o= (p=0.0793, p=
0.1150), Um» L, EFE, Tk, 2&0kiE
AR, TR THEHEML T\ @
=(.0102, »=0.0183, »=0.0209), —J%, DBT
X, EEOLEBLIUOTHE, 250kIENE L
H12, TEEANCHE L C, HHFMICHEERE
T hot,

OEEOE(L

SERM HticRBTBAER LI, EATHE, 2%
FEMA B, BRAGIFEOZE(L &3z, 1BFHINT
ERTED LT, ZROELRED I b,
M FHICE B RBL 2 A T-01%, EAEEKEOD
HThHo1- (p=0.0378, p=0.0466),

2) BRERUEOBERE. REHE EBHEOD

BOEOOECEORUELE

OBFEEOELROLE (F2-A)

L2-4BMD 2842 T, SERM #i3 D ##12tb~
T, AEIZEWEEZR L (=0.0242),

ORIEIROELROLLE (% 2-B)

R, FERE, ETE, ATEK 250K
NERF RO AR ORI LLE Tk, SERM #iX D
HICh_THEEICEP»»T- (p=00299, p=
0.0351, »p=0.0128, p=0.0412, p=0.0114),

QEMROEROLE (& 2-C)

EBOTLR T, D HOA EREOBHEE
bR SERM BEICHRTHEILE > =
0.0260), —F, D HOEHOIEHREE{LREIX
SERM BICH AN THEBICEWMETH-72 =
0.0482)

3) BREXY—D—OBOEODELEOHMLE

(%£3)

SERM #Z 81 AR+ NTX B L UL BAP
W, BRI THED Lz, —F, DBETIRZ
MOV G IBERTOMIC R THEML T
7ro ZALEOLETYH, SERM BHORS NTX B

145(275)

— 194 —



