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Abstract

Apoptosis is essential for the initiation and progression of vascular calcification. Recently, we showed that 3-kydroxy-3-methylghutaryl (BMG)
CoA reductase inhibitors (statins) have a protective effect against vascular smooth muscle cell calcification by inhibiting apoptosis, where growth
arrest-specific gene 6 (Gas6) plays a pivotal role. In the present study, we clarified the downstream targets of Gas6-mediated survival signaling in
inorganic phosphate (Pi)-induced apoptosis and examined the effect of statins. We found that fluvastatin and pravastatin significantly mhibited Pi-
induced apoptosis and calcification in a concentration-dependent manuer in human aortic smooth muscle cells (HASMC), as was found with
atorvastatin previously. Gas6 and its receptor, Axl, expression were downregulated in the presence of Pi, and recombinant human Gas6 (thGas6)
significantly inhibited apoptosis and calcification in a concentration-dependent manner. During apoptosis, Pi suppressed Akt phosphorylation, which
was reversed by thGas6. Wortmanmin, a specific phosphatidylinositol 3-OH kinase (PI3K) inhibitor, abolished the increase in Akt phosphorylation
by thGas6 and eliminated the nhibitory effect of thGas6 on both Pi-induced apoptosis and calcification, suggesting that PI3K-Akt is 2 downstream
signal of the Gas6-mediated survival pathway. Pi reduced phosphorylation of Bcl2 and Bad, and activated caspase 3, all of which were reversed by
thGas6. The inhibitory effect of statins on Pi-induced apoptosis was accompanied by restoration of the Gas6-mediated survival signal pathway:
upregulation of Gas6 and Axl expression, increased phosphorylation of Akt and Bl2, and inhibition of Bad and caspase 3 activation. These findings

—indicate that the-Gas6-mediated survival pathway is-the tarzet of statins> effect to-prevent-vaseular-ealeifieation————
© 2006 Elsevier B.V. All rights reserved. )
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1. Infroduction atheromatous disease (Wexler et al., 1996). In diabetic patients,
medial calcification has been shown to be a strong independent

Va$cular calcification, such as coronary and aortic calcifica-  predictor of cardiovascular mortality (Everhart et al., 1988).

tion, is clinically important in the development of cardiovascular
disease (Eggen, 1968). Two distinct forms of vascular calci-
fication are well recognized. One is medial calcification, which
occurs between the cell layers of smooth muscle cells and is
related to aging, diabetes and chronic renal fajlure (Neubauer,

1971; Goodman et al., 2000). The other is atherosclerotic calci-
fication, which occurs in the intima during the development of
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We recently demonstrated that atorvastatin prevented inoz-
ganic phosphate (Pi}-induced calcification by inhibiting apo-
ptosis, one of the important processes regulating calcification.
This was mediated by growth amest-specific gene 6 (Gas6), a
vitamin K-dependent protein (Son et al., 2006). Gas6 binds to
Axl, the predominant receptor for Gas6, on the cell surface and
transduces the signal by Axl autophosphorylation (Mark et al.,
1996). Gas6-Axl inferaction has been shown to be fmplicated in
the regulation of multiple cellular functions (Yanagita et al.,
2001; Goruppi et al., 1996; Nakano et al., 1997; Fridell et al,,
1998). Especially, they are known to protect a range of cell types
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from apoptotic death (Goruppi et al., 1996, 1999; Healy et al.,
2001). However, the downstream targets of Gas6-mediated
signaling in Pi-induced apoptosis and the effect of statins on this
pathway are poorly understood.

With respect to the targets of Gas6-Axl interaction, Lee et al.
(2002) showed that activation of Akt is necessary for Gas6-
dependent cell survival. Akt is an important mediator of meta-
bolic and survival responses after growth factor stimulation. Akt
is activated by phosphorylation, which is performed by phos-
phatidylinositol 3-OH kinase (PI3K), a kinase that is activaied
by Gas6-Axl interaction (Lee et al., 2002; Ming Cao et al,,
2001). Activation of Akt leads to downstream signaling events
including those associated with mitochondrial regulators of
apoptosis such as Bcl2 and Bad.

In the present study, we examined the effect of statins using
two different types: lipophilic fluvastatin and hydrophilic pra-
vastatin. We mvestigated the effect of statins on Pi-induced
apoptosis and calcification as well as on signaling components
in this process. Consequently, we found that both stafins res-
tored the Gas6-mediated survival pathway, with upregulation
of the expression of Gas6 and Axl, increased phosphorylation
of Akt, Bcl2 and Bad; and finally inhibition of caspase 3
activation, resulting in the prevention of apoptosis and
subsequent calcification in human aortic smooth muscle cells

(HASMC).
2. Materials and metheds

2.1. Materials

Pravastatin and fluvastatin were supplied by Sankyo Co. Ltd.
and Tanabe Seiyaku Co., Lid., respectively. Recombinant
human Gas6 (thGas6) was prepared as deseribed previously
(Ming et al., 2001). Wortmannin was purchased from
Calbiochem. All other reagents were of analytical grade.

2.2, Cell culture

HASMC were obtained from Clonetics. They were cultured
in Dulbeceo’s modified Eagle’s medium (DMEM) supplemen-
ted with 20% fetal bovine servm (FBS), 100 U/ml penicillin and
100 mg/ml streptomycin at 37 °C in a humidified atmosphere
with 5% CO,. HASMC were used up to passage 8 for the
experiments.

2.3. Induction and quantification: of calcificaiion

For Pi-induced calcification, Pi (a miged solution of
Na,HPO, and Nal,PO, whose pH was adjusted to 7.4) was
added to serum-supplemented DMEM to a final conceniration
of 2.6 mM. After the indicated incubation period, cells were
decalcified with 0.6 M HC], and Ca content in the supernatant
was determined by the o-cresolphthalein complexore method
(C-Test, WAK Q). The remaining cells were solubilized in 0.1 M
NaOH/0.1% sodium dodecyl sulfate (SDS), and cell protemn
content was measured by Bio-Rad protein assay. Calcification
was visualized by von Kossa’s method. Briefly, the cells were

fixed with 4% fommaldehyde and exposed to 5% aqueous
AgNO;.

2.4. Induction and determination of apoptosis

Two different time courses were tested to investigate Pi-
mduced apoptosis and examine the effect of statins, under short-
term (within 24 h) and long-term (up to 10 days) conditions
(Son et al., 2006).

2.4.1. TdT-mediated dUTP nick end-labeling (TUNEL) assay

TUNEL assay to detect DNA fragmentation was performed
using a commercially available kit (ApopTag Plus, Chemicon).
Briefly, the samples were preincubated with equilibration buffer
for 10 min, and subsequently incubated with terminal
deoxyribonucleotidyl transferase in the presence of digox-
igenin-conjugated dUTP for 1 h at 37 °C. The reaction was
terminated by incmbatng the samples in stopping buffer for
30 min. After 3 rinses with phosphate-buffered saline (PBS), a
fluorescein-labeled anti-digoxigenin antibody was applied for
30 min, and the samples were rinsed 4 times with PBS. The
samples were then stained, mounted with DAPI (4',6-diamino-
2-phenylindole)/antifade, and examined by fluorescence
THCIOSCOPY.

2.4.2. Detection of DNA fragmentation by ELISA

Cytoplasmic histone-associated DNA. fragments were deter-
mined with a cell-death detection ELISAP™ kit (Roche) as a
quantitative index of apoptosis. Briefly, afier the cells were
incubated in lysis buffer for 30 min, 20 pl of the cell Iysates was
used for the assay. Following addition of substrate, colorimetric
change was determined as the absorbance valoe measured at
405 nm.

2.5. mmunoblotfing

The effect of Pi and statins on the expression of Gas6 and
Axl, phosphorylation of Akt, Bcl2 and Bad, and activation of
caspase 3 was examined at 12 h. The collected cell lysates were
applied to SDS-polyacrylamide gels under reducing conditions,
and transferred to a polyvinylidene diffuoride (PVDF) mem-
brane. Jnmuunoblot analysis was performed using specific
prmary antibodies: anti-Axl, anti-Gas6 (Santa Cruz Biotech-
nology), anti-caspase 3, anti- anti-Bel2, anti-phospho-Akt,
anti-phospho-Bel2, anti-phospho-Bad (Cell Signaling Technol-
ogy), and anti-Bad (Transduction Laboratories). Affer mcuba-
tion with horseradish peroxidase-conjugaied secondary
antibodies (Amersham Pharmacia), blots were visualized by
enhanced chemiluminescence and autoradiography (ECL Plus,
Amersham Pharmacia). Experiments were performed with at least
three different cell populations.

2.6. Statistical analysis
All results are presented as mean+SEM. Statistical com-

parisons were made by ANOVA, unless otherwise stated. A
value of P<0.05 was considered to be significant.



B.-K Son et al / European Jowrral of Pharmacology 556 (2007) 1-8 3

3. Results

3.1. Statins inhibit Pi-induced apoptosis and calcification in
HASMC

In HASMC, a high Pi level (>2.6 mM), comparable to that
of hyperphosphatemia in end-stage renal disease, significantly
induced calcification. Fluvastatin showed an inhibitory effect
on Pi-induced calcification at as high a concentration as 0.1 pM
(26.1+2.3% of control), while pravastatin showed the degree of
effect at 50 pM (27.443.1% of control) (Fig. 1A). An inhibitory
effect on Ca deposition was also found by von Kossa’s staining
(Fig. 1B). Both statins prevented Pi-induced apoptosis at the
same concentrations as those at which they prevented calci-
fication (Fig. 1C). An antiapoptotic effect of statins was also
observed by TUNEL assay on day 6 (Fig. 1D).

3.2. Gas6 plays an important role in Pi-induced apoptosis

In the presence of 2.6 mM P4i, the expression of Gas6 and Ax1
was markedly downregulated (Fig. 2A). To investigate the role
of Gas6 in Pi-induced apoptosis and calcification, first, we
tested whether supplementation of rhGas6 could prevent Pi-
induced apoptosis. In HASMC, thGas6 significantly inhibited
Pi-induced apoptosis in a concentration-dependent manner
(Fig. 2B). Furthermore, during apoptosis, activated products of
caspase 3 (17 and 19 kDa) were significantly increased by
2.6 mM Pi, which was reversed by rhGas6 (Fig. 2C). Next, we
examined the effect of thGas6 on calcification. Recombinant
human Gas6 significantly inhibited Pi-induced calcification on
day 6 in a concentration-dependent manner (Fig. 2D), sug-
gesting that Gas6 plays an important role in Pi-induced apop-
tosis and calcification.
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Fig. 1. Statins prevent Pi-indnced apoptosis and calcification. FASMC were culimred with the indicated concentrations of flrrvastatin and pravastatin in the presence of
2.6 mMPi fur 6 days. Ca deposition was measured by o-cresolphthalem complexone method, znd normatized by cell protein content. All values are presented as mean+
SEM. (r=6). *P<0.05 vs. statin (—) by Fisher’s test. N.D. stamds for “not detected” (A). On day 6, the inhibitory effect of fluvastatin (0.1 pM) and pravastatin (50 uM)
on 2.6 mM Pi [Pi(+)}-induced Ca deposition was evaluated at the light microscopic level with von Kossa's staining (B). Sertn-starved HASMC were cultured with the
indicated coneertrations of fiuvastatin and pravastatin for 12 b and then incabated with 2.6 mM Pi for an edditional 24 h. A qeanfitative index of apoptosis, determined
by ELISA, is presented as the relative value fo that without statins and 2.6 mMPi. All valees are presented as mean+S EM (=3). ¥P<0.05 vs. 2.6 mM P4, stafin (~) by
Fisher's test (C). The antiapoptatic effect of Savastatin (0.1 pM) snd pravaststin (50 pM) was evalusted by TUNEL staining (green) on day 6. Nuclei were

counterstained with DAPI (4,6-diamino-2-phenylindole, biue) (D).
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Fig. 2. Pi suppresses Gas6 and Axl expression, and thGas6 inhibits caspase-dependent apoptosis and calcification. HASMC were cultured in the presence or absence of
2.6 mM Pi for 12 b. Cell lysates were collected and subjected to SDS-PAGE followed by immmunoblotting with antibodies to Gas6, Axl or P-nbulin (A). After
pretreatment with the indicated concentrations of thGas6, apoptosis was indnced by 2.6 mM P1. All values are presented as mean=S.EM. (n=3). *P<0.05vs. 2.6 mM
Pi, thGas6 (—) by Fisher’s test (B). HASMC were pretreated with thGas6 (400 ng/ml) for 1 b, then cultured with 2.6 mM Pi for 12 Cell lysates were immunoblotted
with an antibody that recognizes caspase-3 (35 kDa) and the cleaved forms of caspase-3 (17 and 19 kDa) (C). For measurement of Ca deposition, HASMC were
cultured with the indicated concentrations of thGas6 in the presence of 2.6 mM Pi for 6 days. All values are presented as mean+SEM. (n=6). *P<(.05 by Fisher’s
test (D). Experiments were performed with at least three different cell populations.

3.3. Downregulation of phospho-Akt participates in Pi-induced
apoptosis

'Since in NIH-3T3 fibroblasts, the antiapoptotic effect of Gas6-
Ax! interaction has been shown to be mediated by Akt phos-
phorylation (Goruppi et al, 1999), we examined whether Akt
participates in the signaling of downregulation of the Gas6-Axl
interaction dwring Pi-induced apoptosis. In the presence of
2.6 mM Pi, Akt phosphorylation was downregulated in a time-
dependent manner, whereas the expression of total Akt was not
changed (Fig. 3A). In addition, thGas6 abrogated the Pi-induced
decrease in Akt phosphorylation, implying that subsequent
downregulation of Akt phosphorylation is the pathway of Pi-
mduced apoptosis (Fig. 3B).

Beeause Akt phosphorylation is regulated by PI3K, we exa-
" mined the effect of wortmannin, a specific PI3K inhibitor, on
rhGas6-mediated phosphorylation of Akt. As shown in Fig. 3B,
wortmannin abrogated the thGasé-induced phosphorylation of

Akt and finther eliminated the mhibitory effect of thGas6 on Pi-
induced apoptosis and calcification (Fig. 3C, D). These results
indicate that the preventive effect of rhGas6. on Pi-induced
apoptosis and calcification was mediated by the PI3K-Akt pathway.

3.4. Pi suppresses Bcl2 phosphorylation and acitvates Bad

To establish the downstream components of Pi-induced
apoptosis, two key apoptosis-regulating proteins, Bel2 and Bad,
were analyzed. During apoptosis, phosphorylation of Bcl2
(active form) and Bad (inactive form) was markedly reduced by
2.6 mM Piin a time-dependent manner. The expression level of
their total protein was not changed in this period (Fig. 4A, B).
By supplementation of the medium with rhGas6, the decrease in
phosphorylation of Bcl2 and Bad by Pi was reversed to almost
the basal level (Fig. 4C, D). These results indicate that Pi
promotes apoptosis by inactivating Bel2 and activating Bad via
a Gas6-dependent pathway.
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Fig. 3. Pi decreases Akt phosphorylation, and wortrannin abrogates the inhibitory effect of thGas6 on Akt phosphorylation, apoptosis and calcification. HASMC were
cultured in the presence of 2.6 mM Pi for the indicated periods. Cell lysates were ipmranoblotted with anti-phospho-Akt (p-Akf) antibody and total Akt (t-Akt)
antibody (A). HASMC were pretreated with thGas6 (400 ng/ml), wortmannin (1 M), ex both for 1 b, and then treated with 2.6 mM Pi for 12 h. Cell lysates were
immumoblotted with p-Akt and t-Akt antibody (B). After pretreatment with thGas6 (400 ngiml) and wortmzanmin (1 pM), apoptosis was indnced by 2.6 mM Pi AT
values are presented as mean+S.EM. (n=3). *p<0.05 vs. 2.6 mM Pi, thGas6 (=), wortmammin (—) by Fisher’s test (C). HASMC were coltured with thiGas6 (400 ne/
ml) and with or without wortmammin (1 uM) in the presence of 2.6 mM Pi for 6 days Ca content was meastured and nosmatized by cell protsin content ATl values are

presented as mean+S EM. (n=6). *P<0.05 by Fisher’s test (D).

3.5. Gas6-mediated survival pathway is the target of statins'
effect on apoptosis

To investigate whether the antiapoptotic effect of statins is
associated with the GasG-mediated survival pathway, first, we
examined the effect of statins on the expression of Gas6 and
Axl. As shown in Fig. 5A and B, both fluvastatin and pravas-
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tatin restored the expression of Gas6 and Axl, which was
downregnlated by 2.6 mM Pi. Because we have shown that the
Gas6-mediated survival pathway is Akt-dependent, the effect of
statins on Akt phosphorylation was examined. The Pi-indeced
decrease in Akt phosphorylation was restored by both staims,
while total Akt expression was not changed. In addition, we
found that both statins stimulated phosphorylation of Bcl2 and
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Fig. 4. RhGas6 restores Pi-indnced decrease in phosphorylation of Bel2 and Bad. HASMC were exposed o 2.6 M Pi for the indicated periods, and cell lysates were
subjected to immunoblotting with anti-phospho-Bel2 (p-Bcl2) antibody and total Bel2 (t-Bel2) antibody (A), or with anti-phospho-Bad (p-Bad) anfibedy and total Bad
(t-Bad) antibody (B). HASMC were pretreated with thGas6 (400 ngfml) for 1 b, zud then treated with 2.6 mM Pi for 12 h. Cell Iysafes were sobjested o
immumoblotiing with p-Bel2 and tBcl2 antibody (C), or with p-Bad and +-Bad antibody (D).
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Fiz. 5. Anfispoptofic effect of statins is associated with upregolation of Gas6-
Ax! survival pathway. After pretreatment with 0.1 pM fheeastatin (A) and 50 pM
pravastatim (B) for 12 h, apoptosis was induced by 2.6 mM Pi. After 12 b, cell
tysates were collected znd subjected to SDS-PAGE followed by immuencblotting
with antibodies that recognize Gas6 and Axl, with phospho-specific Akt (p-Akf)
and total Akt (-Akt) antibedy, with phospho-specific Bel2 (p-Bel2) and total
B2 (t-Bcl2) antibody, or with phospho-specific Bad (p-Bad) and total Bad (¢
Bad) amtibody. Cell lysates were immumoblotted with aa anftbody that
recogmizes wncleaved caspase-3 (35 kDa) and the cleaved forms of caspase-3
(17 azd 19 kDa).

Bad, with total expression unchanged Pi-induced caspase 3
activation was also prevented by both statins. Taken together,
these findings suggest that the inhibitory effect of statins on Pi-
induced zpoptosis is mediated by restoration of the Gas6-
mediated survival pathway; PI3K-induced Akt phosphoryla-
tion, Bcl2 sctivation, Bad inactivation, and caspase 3
inactivation

4, Discassion

In the present study, we found that both lipophilic fluvastatin
and hydrophilic pravastatin protected against Pi-induced apop-
tosis and calcification in HASMC, as we found with atorvastatm
previousty. With regard to the different potency of statins, we
found that the inhibitory effect of pravastatin was inferior to
thase of fluvastatin and atorvastatin, which exerted smmilar
effects on calcification and apoptosis. This might relate to our
previous finding that the inhibjtion of caleification by statins

was not dependent on the mevalonate pathway (Son et al,
2006). Consequently, the inhibitory effect on calcification was
not parallel to the cholesterol-lowering effect. We speculate that
the difference between statins was derived from their affinity to
vascular smooth muscle cells (VSMC), that is, lipophilic statins
have stronger effects on VSMC calcification than hydrophilic
statins.

The antiapoptotic effect of statins was induced by restoration
of the Gas6-mediated survival pathway: PI3K-induced Akt
phosphorylation, Bcl2 and Bad phosphorylation, and caspase 3
inactivation. Gas6 plays a crucial role in the effect of statins on Pi-
induced apoptosis. Gas6, a secreted vitamin K-dependent protein,
binds to the receptors of the mammalian Axl protein-tyrosine
kinase family; AxL, Sky, and Mer, with different affinities (Nagata
et al., 1996). Gas6 and Axl have been shown to localize in the
neointima of the artery after balloon injury, in which they pre-
sumably modulate several cell functions such as differentiation,
adhesion, migration, proliferation, and survival in a cell-specific
memner (Melaragno et al., 1998). The Gas6-Axl inferaction is also
shown to upregulate scavenger receptor A expression in VSMC
(Ming et al., 2001), and facilitates the clearance of apoptotic cells
by macrophages (Ishimoto et al., 2000). Of the above functions,
protection against apoptotic cell death has been most studied
(Goruppi et al., 1996; Healy et al., 2001; Lee et al., 2002; Nakano
et al., 1996). Consistently, the expression of Gas6 and Axl was
downregulated by Pi, leading to apoptosis and subsequent
calcifieation. '

Several intracelular signating pathways mediated by Gas6-
Axl interaction have been shown previously (Goruppi etal., 1999;
Lee et al, 2002; Ming et al., 2001). Akt, which is necessary for
Gas6-dependent servival, is a critical downstream effector of the
PE3K-dependent amtiapoptotic pathway. In VSMC, it has been
reported that the PI3K-Akt pathway mediates Gas6 induction of
scavenger receptor A (Ming et al,, 2001). Consistent with these
reports, our study provides evidence that the PI3K-Akt pathway is
a target of Gas6-Ax] interaction, and downregulation of Akt
phosphorylation is associated with Pi-induced apoptosis and cal-
cification. Mareover, it is known that PI3K-Akt affects the cell
death program through the Bel2 family of proteins. This protem
family is a critical regulator of apoptosis in a variety of cell types,
and the balmce of anfizpoptotic members, such as Bcl2, versus
proapoptotic mediators, such as Bad, detenmines cell fate (Reed,
1997). Bcl2, whose phosphorylation is required for ifs anti-
apoptotic activity (Ruvolo et al, 2001), inhibits programmed cell
death by several mechanisms: [tbinds to caspase CED-4 (Apaf-1)
and prevents the cell execution cascade; Bel2 alters mitochondrial
membrane potential and inhibits the release of cytochrome ¢. On
the other hand, Bad plays a proapoptotic role in 15 depho-

- sphorylated form by binding to Bcl2 and reversing its anti-

apoptotic effect; phosphorylation of Bad results in its cytosolic
sequestration by 14-3-3 and hampers its binding to Bel2 (Zha
et al., 1996). It was also reported that Bad is directly phos-
pharylated by PISK-Akt (del Peso et al.,, 1997). In the present
study, Bcl2 was mactivated and Bad was activated (both proteins
were dephosphorylated) by Pi, directing the cells to apoptosis, and
thGas6 restored phosphorylation of Bel2 and Bad. During apo-
pross, one of the final biochemical events leading to programmed
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cell death is activation of the caspase cascade. Activation of
caspase 3 is required for intermucleosomal DNA degradation
(Woo etal., 1998), and caspase inhibition prevents the release of
apoptotic bodies from cells (Zhang et al., 1999). In the present
study, supplementation of the medium with thGas6 prevented Pi-
induced caspase 3 activation. These results clearly show that Pi
downregulates Gas6-Axl, decreases PI3K-mediated Akt phos-
phorylation, inactivates Bcl2, activates Bad, and activates caspase
3, leading to apoptosis.

The present study demonstrated that statins restored the
Gas6-mediated survival pathway. Consistent with these results,
Akt phosphorylation has been reported to be an antiapoptotic
mechanism of statins: pravastatin inhibited hypoxia-induced
apoptosis through activation of Akt in cardiomyocytes (Berg-
mann et al., 2004), and simvastatin and pravastatin enhanced
phosphorylation of Akt and promoted angiogenesis in endo-
thelial cells (Kureishi et al., 2000). Recently, it was reported that
statins inhibit caspase 3 activation driven by protein kinase C
inhibitors in the process of apoptosis, suggesting that caspase 3
is also under the control of statins during apoptosis (Tanaka
et al., 2004).

In this study, we performed experiments under both short-
term (within 24 h) and long-term (up to 10 days) conditions. In
general, short-term experiments are able to examine acute cell
behavior, such as signaling and transcription. However, because
obvious HASMC calcification takes at least 3 days, we also
performed long-term experiments. Downregulation of Gas6,
Ax] expression and reduced phosphorylation of Akt, Bel2, and
Bad, and a beneficial effect of statins were consistently found in
the long-term condition. This confirms that the Gas6-Axl sur-
vival signal is the key mechanism for Pi-induced calcification.

It is concluded that statins inhibit Pi-induced apoptosis via the
Gas6/Ax1-PI3K-Akt signal pathway, which has a crucial role in
the prevention of HASMC calcification. This study adds further
evidence of the pleiotropic effects of statins, suggesting a thera-
peutic strategy for the prevention of vascular calcification.
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Improved cognitive function,
mood and brain blood flow in
single photon emission computed
tﬁm@ﬁraphy following individual
reminiscence therapy in an
elderly patient with Alzheimer’s
disease

Katsualki Tanaka, Yukiko Yamada, Yoshio Kobayashi, Kazuki Sonohara,
Ayako Machida, Ryuhei Nakai, Koichi Kozaki and Kenji Toba

Department of Geriatric Medicine, Kyorin Unizersity, Schosl of Medicine, Mitska, Toya, Japan

An 88-year-old man who was suffering from chronic renal failure and hypertension visited
our memory clinic because of recent cognitive decline and a sradual decrease i his vitality
and volition. His Mini-Mental State Examination (MMSE) score was 22, his 15-item
Genatric Depression Scale (GDS-15) score was 10, and his Vitality Index (VI; fudi score,
10) was 6. We diagnosed Alzheimer’s disease with depressive mood, and this was sup-
ported by findings of global brain atrophy by magnetic resonance imaging and decrease
brain blood flow in the posterior cingulated gyrus and frontal association area by single
photon emission computed tomography (SPECT). After completion of a fife review of the
patient, individual reminiscence therapy was performed once a week for 2 months. After
the therapy, a comprehensive geriatric assessment showed that coguitive function, depres-
sive mood and decreased vitzlity had all mmproved (MMSE, 29; GDS, 7; VI, 9).
Moreover, SPECT showed improved brain blood flow, espedially in the frontal lobe. We
believe that this is the first case in which reminiscence therapy alope not only improved
cogaitive function and mood but also reduced newuroimaging abnormatities.

Keywords: Alzheimer's disease, coguitive function, life review, reminiscence, single
photon emission computed tomography easy Z-score imagmg system (SPECT €ZI5).

Resmimwiscenice is a psychophysiologicsl fua‘apy pro—
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Butler, im 1963,! and recommended as a grade I’ psy-
chelogical approach o the manasement of newwopsy-
chiatric symptoms of demeniia by Livingsione et al”
There are iwo methoeds of remimiscence therapy: group
rermniscenice and individnsl rewminiscence. The fomar
is very common and widely performed m public weliare
facilities; in conirast, very few Budliies perform mdi-
vidusl remimiscence® and relsed docwmnenis and refer-
eaces are limited in Japan >

Hewein, we repori the case of an 88-year-old mam who
was trezied by individusl renmmiscence therapy at our
cuipatient memory dinic. We show that cogmitive
function, depressive condition and volition were all
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improved in a comprehensive geriatric assessment
performed after therapy. Objeciive changes supporting
these outcomes were noted in imaging after completion
of the individual reminiscence program.

Case report

The patient was an 88-year—old man suffering from

chronic venal failure, hypertension and hyperuricemia.

He was taking Nifedipine CR tablet 20 mg/day and

allopurinol tablet 50 mgf/day. He had been bomn in

Asakusa, Tokyo, and had hived at his mother’s home in

Gifu Prefecture while he was a primary schoolboy. His

surviving family members were his wife, a second son

and his wife, two grandsons and one granddaughter.

His occupation had been as a private primary school

teacher; and after retirement he was engaged in editing

and publishing biographies of great persons at an edu-
cational book publishing company.

Based on a family interview, the patient had shown
temaporal disorientation, derangement of the capacity to
register and decreased activities of daily living (ADL) for
several years; for these reasons he visited our outpatient
memory clinic. His present fllness was not specific, his
neurologjcal findings were normal, and no other
psychological or psychiatric symptoms were noted. In
radiological imaging, global cerebral atrophy was noted
in brain magnetic resonance imaging (MRI), and relative
decreases in blood flow in the posterior cingulated gyrs
and right median plane of the frontal lobe were noted
on single photon emission computed tomography
(SPECT; ethylene cystine dimer [ECD]).

Although his Gerdatric Depression. Scale score sug-
gested depression, his symptoms did not satisfy major
depression criteria of the Dingnostic and Statistical Manual
of Memtal Disorders, 4th edition (DSM-IV). Dementia
with Lewy bodies (DLB) was suspected based on

. decreased blood flow in the occipital lobe on SPECT;

however, because neurological symptoms such as par-
kinscnism, hallucnation and visual hallucination were
zbsent, and reduction of cognitive function was mild,
Alzheimer’s-type dementia was diagnosed. Based on
this diagnosis, administration of donepezil hydrochlo-
ride {Aricept) was considered, but the patient had
chronic renal failure and we were concemed about the
tisk of donepezil-induced rhabdomyolysis. Considesing
the risk, the family requested that the patient should not
receive ihis drug, so individual reminiscenice therapy
was initiated imsiead.

The individusl reminiscence procedure. Was per-
formed as follows:

1 The person with the main responsibility for taking
care of the patient (the wife of his second son) first
visiied the hospital alone, and were interviewed about
the patient’s profile (shown below) before therapy.
This allowed discussion of episodes that she could
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not mention in the presence of the patient, and
aflowed a prior understanding of things that should
be avoided when talking to the patient. The interview
clarified: () details of the interviewee and her relation-
ship wiih the patient; (i) the patient’s diagnosis and
medications; (iil) the patient’s past medical history,
lifestyle and other diseases; (iv) the patient’s family
members (i.e. marital status and presence or absence
of spouse), pickname, parents, siblings, children,
grandchildren, close relatives and friends, and other
people; (%) native town, places of importance to the
patient other than his native town, history of moving;
(v1) final level of school education; (vii) professional
career (Le. thoughts on work and feelings of accom-
plishment); (viii) hobbies (including interests and
matters of concern); (ix) likes and distikes; (%) religion
and beliefs; and (x) particulars regarding medical care
and mental state. ‘

2 The above items were discussed in the mterview,
and the first session of reminiscence therapy was
performed 1 week later. Subsequently, sessions of
approximately 1 h were performed weekly for 8 weeks
{one set of therapy).

3 The person taking care of the patient attended all the
sessions to correct paramnesia, and to insert words
related to the date and weather to comrect temporal
disorientation. :

4 In the first session, the patient was allowed to talk
freely about the times that he had held stromg
feelings. Later sessions progressed through a chrono-
logical fife review from boyhood to late middle age,
including background, life and manners, and sodial
conditions of the times.

The following iterns were used to jog the memory: a

cup and ball, ohajili (small discs of glass), menko

(cardboard), a five-bead abacus, an antique watch, an

empty lemonade bottle, primary and jumior high -

school text books from approximately 1910 until the
mid-1920s, and a collection of old photographs from

the mid-1920s untl approximately 1960.

6 Before the fifth session, the effect of the first four
sessions was evaluated using a Comprehensive
Geriairic' Assessment (CGA). The CGA was also

"performed after complefion of all sessions before imi-
tiation of the next outpatient treaiment, and the final
ouicome of the individual reminiscence therapy was
determined. Ounly the Migi-Menial State Examina-
don (MMSE), Hasegawa's Dementia Scale — Revised
{fID5-R), 15-item Geriaizic Depression Scale {(GDS-
15) and Viiality .Index (VI) were evaluated aiter
completion of the fourth session. The CGA was com-
prised of (§) Barthel Index (B]) as s index of ADL
(full score, 100 points); {@) MMSE and HDS-R for
evaluation of coguitive function; @) Demeniia
Behavior Disturbance Scale (DBD) for behavioral and
psychological symptoms of dementia; iv) GDS-15 as

wn
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an index of depression (full score, 15 points); (v) VI
for evaluation of vitality and volition (full score, 10
points); and (3) Zarit’s Burden Interview (ZBI) for
evaluation of carer’s load (full score, 88 poinis).
There are two approaches to reminiscence therapy:
one in which the patient recalls memories from histori-

cal news and events, old articles regarding every-day

issues, old toys, and printed material such as old books;
and a second in which a life review is held, in which the
patient looks back on their own history and hife and
com?pares this with their cuirent condition. In our case,
individual reminiscence therapy was performed using
the latter procedure, but the former procedure was
employed concomitantly as needed for introductory
purposes in the first sesston and as idle talkwbcn the
conversation halted during a session.

On MRI, the entire brain was seen to be markedly
atrophied, and some ischemic lesions, such as periven-
tricular high intensity lesions, were also noted. Almost
no changes were noted on MRI performed 6 months
after completion of the reminiscence program.

On SPECT (*Tc-ECD) Relative reduction of blood
flow was noted in the frontal and occipital lobes, poste-
zior cingulated gyrus and precuneus in easy Z-score
imaging system (€ZIS) analysis. In €ZIS images after
completion of the program, improvements were noted in
regions that had previously shown. reduced blood flow,
with a partiaularly marked increase in blood flow in the
frontal lobe, compared to that before therapy (Fig. 1).

Results of the CGA are given in Table1 and as
follows. At the first examination, the MMSE and
HDS-R scores were 22 and 14, respectively. These
scores increased to 25 and 24, respectively, afier
completion of four sessions of reminiscence therapy,
and to 29 and 21, respectively, after completion of the
program, showing a marked improvement of cognitive

- function compared to that before therapy. The patient
showed temporal disorientation and delayed recall of
three words, and was uriable to enumerate a list of 10
vegetables before therapy, and these charactedistics were
also markedly improved by the therapy. The MMSE
score was sall 29 om re—evaluauou 6 months after
completion of the program. .

The GDS-15 score was 10 on the first examination
and showed no chamge after four sessions; however, the
score decreased © 7 at completion of all sessioms, Indi-
caiing a slight i Improverneni of depressiori, and we saw
the patient smile more oftent than before treatment.

The VI and Bl scores were 6 and 85, respectively, at

. the first examination,- and inaeased to 10 and 90,

respeciively, after four sessions. After compleiion of all
sessions, these scores were 9 and 95, respeciively. The

patient stzxted to do things that he previously lefi 1o

others, and siarted to read ancient documenis again.

The VI and Bl scores remained at 9 and 95, respectively,

in tests 6 months after completion of all sessions.

© 2007 Japan Gemiatrics Sociefy

For the DBD and ZB], the patient had no behavioral
or psychological symptoms of dementia, and no
numertical changes were noted afier the therapy.

Discussion

Treatment with individual reminiscence therapy alome
markedly improved attention, volition and depression in
the patient. According to Butler, the pioneer of remi-
niscenice therapy, life review is a healthy psychological
behavior in which past events are re-evaluated, and
this process brings about improvements m physical as
well as mental and social activities,” thereby showing
an effect on volition. Bohlmeijer ezal. also reported
that reminiscence was effective for seuile depression;®
however, there have been no reports of an objective
effect on cognitive function. Several Japanese studies
have suggested that reminiscence is effective mainly for
psychological depressive tendency and decreased voki-
tion, but a marked effect on cognitive function has onty
been noted in a few reports. Kurokawa et al. reported
that reminiscence was more effective for vascular
dementia than for Alzheimer’s-type dementia with
regard to improvement of cognitive function,” and
Urabe etal. showed that individual remimiscence
improved cognitive function only in a few patients with
Alzheimer’s-type dementia

What was the canse of the marked improvement in
coguitive function in our patient? Ome characteristic
of the patient was an interest in ancient documents,
history, education, politics and economics. He remermn-
bered some details of interesting events in his childhood
and adolescence, and his memories becaine clearer as
the sessions progressed. Furthermore, his family very
cooperatively'® aitended all sessioms, understood his
condition in detail at each time point, and provided
information to the physician, as reflected by the abun-
dant information in the persomal chart (life review)
obtained before therapy. This background suggests that
the following factors contributed to the effectiveness of
individual reminiscence therapy for this patieni- (@) a
personal chart that provided extensive information priot
to therapy; @) cooperation of the patient’s family, not
only in taking care of the paiient but 2lso I visiting the
hospital and attending the therapy sessions; (@) the
paiient’s retention of memoiies of childhoed and ado-
lescence; (iv) the patient’s inferest m cerzin fields,
although not very active; and (v) the patieni had been
solitary, and the sessions. provided company and the
chance for conversaiion. The effectiveness of individual
reminiscence therapy may be greater in cases that follow
this patiern.

An mmporiani characieristic of this case was the
increased blood flow. in the fronal assedation area,
which is considered to be the center of voliticn, iIn
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Before therapy

After the therapy

. Flgurel Easy Z-score immaging system (€Z1S) image of single photon emission: computed tomography (SPECT) before and -
aiier individual reminiscence therapy. Redudtion of bloed flow in the right frontal, and both left temporal, median-parietal and -
occipitnl Iobes, posterior dngulaied gyrus, and precuneus (upper pam:b Comparing the SPECT findings before therapy,

pamel).

marked increase in the mmml lobe is noted (bottom

SPECT (eZ15) perfonmed afier remminiscence therapy.
Ushijima ¢ al. performed SPECT and MMSE in 59
paiients with Alzheimer's-iype dementia and im 12
normal vohunteers to find areas of reduced blood flow,
. end- investicaved -the relationship betwem cognitive
funciion and blood flow;™ the results showed that aiten-
tiveness and caloulaion ability were assodaied with
reduced blood flow in the fronfal cortex. Migpeco e al.
mepur“ad that decreased volition (apathy) in Alzheimer's
disease is related to reduced blood flow in the anferior
dngulated gyrus in SPECT,” and Holthoff e dl. also

308 |

mvesiicated decreased voliton in early stage Alzhaimer's
disease by posiron cmmission tomography, and found
that decreased blood flow in the lefi orbitofontal region
had an mfluence.™ Aldhough associstion of decreasad
cogmitive funciion and voliion with a reducton of
regional blood flow in the brain has been reported,™
theve has been no previcus report i a marked increase in
cerebral blood flow caused by individusl reminiscence
therapy. Thevefore, this case provides an important dem-
onstration of the relationship between blood flow in the
frontal lobe and volition and cogaitive funciion.

© 2007 Japan Geriatrics Sodety
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Table1 Effect of reminiscence therapy on the score of Comprehensive

Geriatric Assessment
Before After 2 months End of session
13May 5 August 16 September

Barthel Index (0-100) 35 S0 25

MMSE (0-30) 22 25 29

HDS-R (0-30) 14 24 21

GDS {(-13) 10 10 7

Vitality index (0-10) 6 10 9

Zasit Burden Interview (0-88) 21 19

GDS-15, 15-item Geniatric Depressicn Scale; HDS—R, Hasegawa's Dementia Scale —
sznseri, Mini-Mental State Examination (MMSE).
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Age (&) .
B Tt &tk
-~ 84 42 M 76
85 ~ 31 36 67
2 73 70 143
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HEETFBRMECERATA AL OETHALAER
BTETLL.

(1) £HOX
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Creatinine clearance estimation in the extremely elderly subjects

Shunichi Hirayama®, Reiko Kikuchi?, Shinichiro Inoue?, Daisuke Tsukahara?,
Yumi Suemitsu?, Yoshio Kobayashi®, Yoichi Sugiyama?®, Hiroshi Hasegawa?,
Koichi Kouzaki?, Gosuke Inoue® and Kenji Toba?

Abstract .

Background: It has been reported that elderly outpatients take at least 6 different kinds of medication.

Purpose: To know which formula will best predict creatinine clearance, because 24-hour urine collection is difficult for eld-
erly outpatients.

Patients and Methods: We compared four types of formulae (Cockeroft & Gault, Yasuda, Orita, Walser) to estimate cre-
atinine clearance using serum creatinine of 143 elderly inpatients (73 men, 70 women, mean age 82.9+86 years old) includ-
ing 67 extremely elderly people with various underlying diseases.

Result: The formula of Cockcroft and Gault showed the best correlation with creatinine clearance in the extremely elderly
subjects (r=0.74) as well as in people under 85 years (r=0.76). However, the estimated values of the extremely elderly
women were lower than actual creatinine clearance.

Conclusion: The formula of Cockcroft and Gault is the best predictive equation of creatinine clearance, except in the ex-
tremely elderly women.

" Key words: Extremely elderly, Creatinine clearance, Predicting formula, Cockcroft & Gault's formula, Yasuda's formula

(Nippon Ronen Igakkai Zasshi 2007; 44: 90-94)

1) Tokyo University of Pharmacy and Life Science
2) Department of Geriatric Medicine, Kyorin University, School of Medicine
3) Department of Internal Medicine, Higashimurayama Nursing Home



Effectiveness of Multidimensional Exercises for the Treatment of
Stress Urinary Incontinence in Elderly Community-Dwelling
Japanese Women: A Randomized, Controlled, Crossover Trial

Hunkyung Kim, PhD, Takao Suzuki, MD, PhD, Yuko Yoshida, PhD, and Hideyo Yoshida, MD, PhD

OBJECTIVES: To evaluate the effectiveness of pelvic floor
muscle (PFM) and fitness exercises in reducing urine leak-
age in elderly women with stress urinary incontinence (UI).
DESIGN: Randomized, crossover, follow-up trial.
SETTING: Urban community in Japan.
PARTICIPANTS: Seventy women aged 70 and older who
reported urine leakage one or more times per month; 35

were randomly assigned to intervention and the other 35 to
control.

INTERVENTION: The intervention group attended an
exercise class aimed at enhancing PFMs and fitness. Dura-
tion of the exercise was 60 minutes per session twice a week
for 3 months. After 3 months of exercise, the intervention
group was followed for 1 year.

MEASUREMENTS: Body mass index (BMI), urine leak-
age, walking speed, and muscle strength were measured at
baseline, after the intervention, and at follow-up.
RESULTS: In the intervention group, maximum walking
speed and adductor muscle strength increased significantly
after the intervention; there were no significant changes in
the control group. After 3 months of exercise, 54.5% of the
intervention group and 9.4% of the control group reported
being continent. Within the cured group of Ul a signifi-
cantly higher proportion had decreased their BMI at 3
months (P =.03) and increased walking speed at 3 (P =.04)
and 12 (P =.047) months.

CONCLUSION: Decrease in BMI and increase in walking
speed may contribute to the treatment of Ul, although the
data do not support a positive correlation between strength-
ening of adductor muscle and improvement of UI, which
needs more research. ] Am Geriatr Soc §5:1932-1939, 2007.

Key words: urinary incontinence; pelvic floor muscle
exercise; fitness exercise; Japanese elderly women
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Urinary incontinence (Ul), particularly in elderly peo-
ple, is considered to be an important factor for ad-
mission to a long-term care and has been associated with
loss of independence, poorer quality of life, restricted social
activities, and greater anxiety and social isolation.!> Thus,
prevention and treatment of Ul in its early stages are im-
portant strategies for maintaining health and independence
in elderly people.

Common treatments for Ul include surgery, drug ther-
apies, and behavioral interventions. Behavioral interven-
tions such as pelvic floor muscle (PFM) exercises and
bladder training have potential benefits with few risks and
no side effects. PFM exercises, initiated by Kegel in 19483
have been found to be efficacious for stress incontinence.
Many investigators have validated the effectiveness of the
short-term effect of PFM exercises in reducing urine leak-
age,*7 with improvement rates reported to range from
17% to 84%.%° One study® demonstrated that exercise is
more effective in women younger than 55 than in women
aged 55 and older, indicating that the effect might be age
dependent. Another study® reported that the results of PFM
exercise is dependent on the degree and duration of treat-
ment and frequent supervision by a therapist. Although the
effects of PFM exercise have been observed in a large num-
ber of studies, the intervention conditions were different in
these studies, and direct comparison of results is difficult.
When evaluating the reported effects, the conditions that
influence the intervention outcome should be considered
carefully.

Several studies have examined the long-term effect of
PFM exercise.®-1% These studies were mainly hospital-based
and conducted in subjects with a wide age range!™'? in
young postpartum women,® with a small number of par-
ticipants,'? or no control group.!® Few randomized studies
have reported the effect of PFM and functional fitness ex-
ercise on Ul in community-dwelling elderly subjects.

The purposes of the present study were to evaluate the
short- and long-term effects of PFM and functional fitness
exercise and whether the fitness improvement was corre-
lated with reduction in urine leakage in elderly community-
dwelling Japanese women with stress UL
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