Statins Protect Human Aortic Smooth Muscle Cells From
Inorganic Phosphate-Induced Calcification by Restoring
Gas6-Axl Survival Pathway
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Abstract—Vascular calcification is clinically important in the development of cardiovascular disease. It is reported that
hydroxy-3-methylglutaryl coenzyme A (HMG CoA) reductase inhibitors (statins) inhibited vascular calcification in
several clinical trials. However, the mechanism is poorly understood. Recently, it has been suggested that apoptosis is
one of the important processes regulating vascular smooth muscle cell (VSMC) calcification. In this study, we
investigated the effect of statins on VSMC calcification by testing their effect on apoptosis, focusing in particular on
regulation of the survival pathway mediated by growth arrest-specific gene 6 (Gas6), a member of the vitamin
K~—dependent protein family, and its receptor, Axl. In human aortic smooth muscle cells (HASMC), statins significantly
inhibited inorganic phosphate (Pi)-induced calcification in a concentration-dependent manner (reduced by 49% at
0.1 umol/L atorvastatin). The inhibitory effect of statins was mediated by preventing apoptosis, which was increased
by Pi in a concentration-dependent manner, and not by inhibiting sodium-dependent phosphate cotransporter (NPC)
activity, another mechanism regulating HASMC calcification. Furthermore, the antiapoptotic effect of statins was
dependent on restoration of Gas6, whose expression was downregulated by Pi. Restoration of Gas6 mRNA by statins
was mediated by mRNA stabilization, and not by an increase in transcriptional activity. Suppression of Gas6 using small
interfering RNA and the Axl-extracellular domain abolished the preventive effect of statins on Pi-induced apoptosis and
calcification. These data demonstrate that statins protected HASMC from Pi-induced calcification by inhibiting
apoptosis via restoration of the Gas6-Ax! pathway. (Cire Res. 2006;98:1024-1031.)
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ascular calcification, such as coronary and aortic calci-

fication, is a significant feature of vascular pathology,
because this lesion is associated with cardiovascular dis-
ease.’:? It has been recognized that statins exhibit various
protective effects against atherosclerosis, including modifica-
tion of endothelial function,® decreased inflammation,* and
inhibition of vascular smooth muscle cell (VSMC) prolifer-
ation and migration,’ all of which cannot be accounted for by
lipid reduction. One of the interesting pleiotropic effects of
statins is the inhibition of vascular calcification. Results from
clinical trials suggest an association of statin use with slowed
progression of calcific aortic stenosis®—* and coronary artery
calcification.® Statins also inhibited calcification of athero-
sclerotic plaques in experimental hyperlipidemic animals.10-1}
On the other hand, some recent clinical trials were not able to
find such an inhibitory effect.’213 To clarify these discrepan-
cies, it is important to identify the detailed regulatory mech-
anism of vascular calcification and the target of effect of
statins.

Based on clinical findings,'* inorganic phosphate (Pi) has
been shown to be an important inducer of VSMC calcifica-
tion, which is morphologically similar to that observed in
calcified human heart valves and the aortic media. Transport
of Pi into VSMC has been suggested to play an important role
in the initiation of extracellular matrix calcification.’s Re-
cently, it has been shown that similar structures to matrix
vesicles, derived from apoptotic VSMC, have been identified
in human calcified arteries.'¢ These vesicles have the capacity
to concentrate and crystallize Ca, initiating calcification. Pi
has been shown to induce apoptosis of hypertrophic chondro-
cytes, which is associated with cell maturation and extracel-
lular matrix mineralization.!” However, it is not clear whether
or not apoptosis plays a regulatory role in the occurrence of
VSMC calcification induced by Pi.

Recently, it was shown that growth arrest-specific gene 6
(Gas6), a member of the vitamin K-dependent protein
family, and its receptor, Axl, a membrane receptor tyrosine
kinase, are decreased on calcification of vascular pericytes.!8
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Gas6 is a secreted protein that harbors a y-carboxylglutamic
acid-rich domain and 4 epidermal growth factor-like re-
peats.!? Gas6-Axl interaction has been shown to be impli-
cated in the regulation of multiple cellular functions, includ-
ing growth, survival, adhesion, and chemotaxis.20-2 In
particular, they are known to protect a range of cell types
from apoptotic death. However, there is no evidence that
Gas6-Axl interaction is involved in Pi-induced apoptosis and
calcification of VSMC.

In the present study, we found that statins inhibited
Pi-induced calcification by preventing apoptosis in human
aortic smooth muscle cells (HASMC). The effect of stating
was dependent on restoration of the Gas6-Axl pathway.
Furthermore, this beneficial effect was mediated by Gasé
mRNA stabilization, and not by increasing the transcription
rate. Our results reveal a novel pathway by which statins
regulate Pi-induced calcification in HASMC.

Materials and Methods

Materials

Pravastatin, atorvastatin, and fluvastatin were supplied by Sankyo Co
Ltd, Pfizer Inc (New York), and Tanabe Seiyaku Co Ltd, respec-
tively. Recombinant human Gas6 (thGas6) and AxI-ECD were
prepared as described previously.?>2* All other reagents were of
analytical grade.

Cell Culture

HASMC were obtained from Clonetics. They were cultured in
DMEM supplemented with 20% 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.

Induction and Quantification of Calcification
For Pi-induced calcification, Pi (a mixed solution of Na,HPO, and
NaH,PO, whose pH was adjusted to 7.4) was added to serum-
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supplemented DMEM to final concentrations of 2.0, 2.6, and
3.2 mmol/L (“calcification medium”™). After the indicated incubation
period, cells were decalcified with 0.6 mol/L. HCL, and Ca content in
the supernatant was determined by the o-cresolphthalein complexone
method (C-Test, WAKO). The remaining cells were solubilized in
0.1 mol/L. NaOH/0.1% SDS, and cell protein content was measured
by Bio-Rad protein assay. Calcification was visualized by von
Kossa’s method. Briefly, the cells were fixed with 4% formaldehyde
and exposed to 5% aqueous AgNO;.

Induction of Apoptosis

Two different time courses were tested to investigate Pi-induced
apoptosis and examine the effect of statins. (1) Short-term condition:
Pi was added at final concentrations of 2.0, 2.6, and 3.2 mmol/L for
24 hours at confluence, after the cells were incubated with serum-
free DMEM for 48 hours. To test the effect of statins on apoptosis,
they were added 24 hours after incubating the cells with serum-free
DMEM (12 hours before adding Pi). (2) Long-term condition: at
confluence, the medium was switched to calcification medium and
cells were cultured for up to 10 days. The medium was changed
every 2 days. To test the effect of statins, each was added simulta-
neously when the medium was switched to the calcification medium.

RNA Extraction, Northern Blot, and mRNA
Stability Analysis

The 304-bp product of the Gas6 cDNA probe (forward, 5'-
GCGTGGCCAAGAGTGTGAAGT-3'; reverse, 5'-CGCCACTCC-
TCAACAGAGAT-3") was amplified by RT-PCR. For Northern blot
analysis, harvested RNA (=5 to 10 pg) was fractionated on 1.4%
formaldehyde-agarose gel and transferred to a nylon filter. The filter
was hybridized at 68°C for 2 hours with **P-labeled Gas6 cDNA and
188 probe in QuickHyb solution (Stratagene) and autoradiographed.
To examine Gas6 mRNA stability, serum-starved HASMC were
incubated with actinomycin D (Act D, 5 pg/mL) in the presence of
2.6 mmol/L Pi after 12 hours of atorvastatin (0.1 pmol/L) treatment.
Total RNA was harvested at 0, 1, 3, and 6 hours for Northern blot
analysis. Signal density of the Gasé mRNA was normalized to that

Figure 1, Statins prevent HASMC calcification.
A, HASMC were cultured with the indicated
concentrations of atorvastatin in the presence
of 2.6 mmol/L. Pi for 6 days. Ca deposition was
measured by o-cresolphthalein complexone
method and normalized by cell protein content.
All values are presented as mean*=SEM (n=86).
*P<0.05 vs statin (-} by Fisher’s test. N.D. indi-
cates not detected. B, On day 6, the inhibitory
effect of atorvastatin (0.1 pmol/L) on

2.6 mmol/L. Pi-induced Ca deposition was eval-
uated at the light microscopic level with von
Kossa’s staining. The arrow points to an area of
Ca deposition. C, HASMC were cultured with
mevalonate (100 umol/L), farnesylpyrophos-
phate (1 umol/L), or geranylgeranylpyrophos-
phate (1 pmol/L) in the presence of atorvastatin
{0.1 umol/L) and 2.6 mmol/L Pi for 6 days. All
values are presented as mean*=SEM (n=6).
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Figure 2. Pi induces apoptosis, and
ZVAD.fmk inhibits Pi-induced calcification.
A, After incubation with 1.4 (Pi-) and

3.2 mmol/L. (Pi+) Pi for 10 days, apoptotic
cells were identified by TUNEL staining
{green). Nuclei were counterstained with

4’ 6-diamidino-2-phenylindole (DAPY) (blue).
B, Serum-starved HASMC were cultured
with the indicated concentration of Pi for 24
hours. A quantitative index of apoptosis,
determined by ELISA, is presented as the
relative value to that with 1.4 mmol/L Pi. All
values are presented as mean+SEM (n=3).
*P<0.05 vs 1.4 mmol/L Pi by Fisher’s test.
C, HASMC were incubated with the indi-
cated concentration of ZVAD.fmk in the
presence of 2.6 mmol/L Pi for 6 days. Ca
content was measured and normalized by
cell protein content. All values are presented
as mean=SEM (n=6). *P<0.01 vs

2.8 mmol/L. Pi, ZVAD.fmk(-) by Fisher’s test.
Experiments were performed with at least 3
different cell populations.

24 hr ZVAD.fmk
{umol/L)

of the 185 RNA at each time point, and the half-life was calculated
by linear extrapolation.

Preparation of Small Interfering RNA Targeting
Gas6 and Transfection

Two small interfering RNAs (siRNAs) were designed to target
human Gas6 (accession no. NM_000820) using siRNA design
software (Dharmacon). The sequences for Gas6 were 5'-
GGACCTGCCAAGACATAGA-3' and 5'-ACCTCGTGCAGCCT-
ATAAA-3’. Nonspecific control siRNA was synthesized using
standard templates (Dharmacon). Twenty-four hours after HASMC
seeding onto 12-well plates, cells were cultured in serum-free
medium for an additional 24 hours, then transfected with Gas6 (100
nmol/L) and control siRNA using transfection reagent (Upstate). To
evaluate the effect of Gas6 siRNA on Ca deposition, siRNA was
transfected when HASMC had reached 80% to 90% confluence and
then transfected every time the medium was changed (every 2 days)
up to 6 days. The loss of Gas6 by transfection of siRNA was
validated by immunoblotting for Gas6 protein in the cell lysates 48
hours and 6 days after siRNA transfection.

Statistical Analysis
All results are presented as meanSEM. Statistical comparisons
were made by ANOVA, unless otherwise stated. A value of P<<0.05
was considered to be significant.

An expanded Materials and Methods section can be found in the
online data supplement available at http://circres.ahajournals.org.

Results

Statins Inhibit Pi-Induced HASMC Calcification
To induce HASMC calcification, cells were incubated with
calcification medium for 10 days. We confirmed that high

phosphate (=2.6 mmol/L) induced Ca deposition in a
concentration- and time-dependent manner, whereas
1.4 mmol/L Pi, equivalent to the human physiological serum
phosphate level, was not able to induce Ca deposition up to
10 days. To investigate the effect of statins on Pi-induced
calcification, HASMC were incubated with atorvastatin in the
presence of 2.6 mmol/L. Pi. On day 6, Ca deposition was
significantly suppressed by atorvastatin in a concentration-
dependent manner (51.1£1.9% of control at 0.1 pmol/L)
(Figure 1A). An inhibitory effect of the statins on Ca
deposition was also found by von Kossa’s staining (Figure
1B). Atorvastatin was able to be added at as high a concen-
tration as 0.1 pmol/L. without cell damage. The inhibitory
effect was also observed with fluvastatin (0.001 to
0.1 pmol/L) and pravastatin (0.01 to 50 pmol/L) (data not
shown). The inhibitory effect of statins was not blocked by
mevalonate (100 pwmol/L), farnesylpyrophosphate (1 pmol/L),
or geranylgeranylpyrophosphate (1 pmol/L), suggesting that
the effect is not dependent on the mevalonate pathway
(Figure 1C).

Inhibitory Effect of Statins on Calcification Is Caused
by Preventing Apoptosis, Not by Inhibiting
Sodium-Dependent Phosphate Cotransporter Activity
Two different time courses were tested to examine the effect
of Pi on HASMC apoptosis: short-term (up to 24 hours) and
long-term (up to 10 days; practical time course of calcifica-
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tion process). During calcification, Pi increased the rate of
apoptotic cell death detected by terminal deoxyribonucleoti-
dyl transferase-mediated dUTP-digoxigenin nick-end label-
ing (TUNEL) assay (Figure 2A). Furthermore, cytoplasmic
histone-associated DNA fragments determined by ELISA, as
a quantitative index of apoptosis, were also increased by Pi in
a concentration- and time-dependent manner in both short-
term (Figure 2B) and long-term conditions (supplemental
Figure I). In addition, caspase 3 activation, detected by
immunoblotting, by 2.6 mmol/. Pi was observed in short-
term and long-term conditions (data not shown). To investi-
gate the relationship between apoptosis and calcification, we
used ZVAD.fmk, a general caspase inhibitor. We found that
ZVAD.fmk significantly inhibited Pi-induced apoptosis as
well as calcification in a concentration-dependent manner
(Figure 2C).

It has been reported that sodium-dependent phosphate
cotransporter (NPC) activity is an important pathway regu-
lating Pi-induced HASMC calcification.?’ We confirmed that
type I NPC (Pit-1) was expressed in the HASMC that we
used, and its activity was enhanced by Pi treatment. Further-
more, a specific inhibitor of NPC, phosphonoformic acid
(PFA), inhibited Ca deposition (reduced by 90.4% at
0.1 pmol/L), indicating that NPC-mediated Pi uptake is also
essential for HASMC calcification.

To investigate the mechanisms of these statins, we exam-
ined the effect of atorvastatin on apoptosis and NPC activity.
Atorvastatin, at concentrations exerting inhibition of calcifi-
cation, reduced apoptosis in a concentration-dependent man-
ner (Figure 3A). A beneficial effect of statins was also
observed in the long-term condition (supplemental Figure II).
On the other hand, statings did not inhibit NPC activity
induced by Pi treatment (Figure 3B).

Downregulation of Gas6-Axl Interaction Is
Associated With Pi-Induced Apoptosis

Immunoblot analysis showed that the expression of Gas6 and
Axl was markedly downregulated by 2.6 mmol/L Pi in both
short-term (Figure 4A) and long-term (supplemental Figure
TII) conditions. To further examine whether Pi affects the
secretion of Gas6 by HASMC, conditioned medium was
collected after Pi treatment. Gas6 production in the medium
was reduced by 2.6 mmol/L. Pi, along with a reduction in its
intracellular expression (Figure 4B). Gas6 production was
also reduced in an immunoprecipitation-immunoblotting
study on day 10 (Figure 4C). Next, to investigate the role of
Gas6-Ax! interaction in the process of apoptosis and calcifi-
cation, thGas6 and AxI-ECD were supplemented in Pi-treated
HASMC. The addition of rhGas6 significantly inhibited both
Pi-induced apoptosis and calcification. Addition of AxI-ECD
to block the binding of Gas6 to Axl clearly abrogated the
inhibitory effect of rhGas6 (Figure 4D and 4E). These results
indicate that Pi-induced apoptosis and calcification are asso-
ciated with downregulation of the Gas6-Axl! interaction.

Statin-Mediated Induction of Gas6 Expression Is
Dependent on mRNA Stabilization, Not

on Transcription

To investigate whether the antiapoptotic effect of statins is
dependent on restoration of the Gas6-Axl interaction, we first
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assessed the effect of statins on Gas6 expression. As shown in
Figure 5A, atorvastatin increased Gas6 expression, which
was downregulated by Pi at both the mRNA and protein
levels. Upregulation of Gas6 expression was also observed in
the long-term condition (supplemental Figure IV). Further-
more, to elucidate the mechanism of statins on restoration of
Gas6 mRNA, a promoter study was undertaken. Reporter
assay using the —1.9 kb Gas6-luciferase DNA construct
revealed that atorvastatin did not have a significant effect on
Gas6 promoter activity (supplemental Figure V), as well as
mRNA expression under the condition in which it was
significantly inhibited by PDGF-BB (data not shown). Next,
we investigated the effect of atorvastatin on mRNA stabili-
zation using an RNA polymerase inhibitor, actinomycin D
(ActD). As shown in Figure 5B, Gas6 mRNA expression was
more stable in the presence of atorvastatin than in its absence
under Pi and ActD treatment. The half-life was 15.9 hours
with atorvastatin and 5 hours without atorvastatin, suggesting
the capacity of statins to improve Gasé mRNA stabilization
(Figure 5C). Taken together, these findings suggest that the
restoration of Gas6 mRNA by statins appears to be mediated
by decreasing the mRNA degradation rate, and not by
stimulating transcriptional activity.

Furthermore, to determine whether Gas6 is required for
statin-mediated effects, we tried to knock down the action of
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Figure 3. Effect of atorvastatin on Pi-induced apoptosis and
NPC activity. A, HASMC were cultured with the indicated con-
centration of atorvastatin for 12 hours and then incubated with
2.6 mmol/L Pi for an additional 24 hours. All values are present-
ed as mean+SEM (n=3). *P<0.05 vs 2.6 mmol/L Pi, statin (-) by
Fisher's test. B, HASMC were treated with (dotted line) or with-
out (solid line) 0.1 pmol/L atorvastatin in the presence of

2.6 mmol/L Pi. On day 6, NPC activity was determined in Earl’s
balanced salt solution containing 0.1 mmol/L. Ha*POy (1 uCi/mL)
with 143 mmol/L sodium chloride for the indicated period. All
values are presented as mean*=SEM (n=6).
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and rhGas$ inhibits Pi-induced apoptosis and cal-
cification via Axl. A, HASMC were cultured in the
presence of 2.6 mmol/L Pi for 12 hours. Cell
lysates were subjected to SDS-PAGE followed by
immunoblotting with antibodies to Gas6, Axl, or
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cipitation with anti-Gas6 antibody (lanes 1 and 2)
or control goat IgG (lanes 3 and 4). Precipitates
were immunoblotted with anti-Gas6 antibody. D,

I After pretreatment with rhGas6 (400 ng/mL) with or
without AxI-ECD (1 pg/mL), apoptosis was induced
by 2.6 mmol/L Pi. All values are presented as
mean=SEM (n=3). *P<0.05 by Fisher's test. E, For
measurement of Ca deposition, HASMC were cul-
tured with rhGas6 (400 ng/mL) with or without Ax}-
ECD (1 pg/mlL) in the presence of 2.6 mmol/L Pi
for 6 days. All values are presented as mean=SEM
(n=6). *P<0.05 by Fisher's test. Experiments were
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Gas6 and examined the effect of atorvastatin on Pi-induced
apoptosis and calcification. Transfection of Gas6 siRNA
markedly decreased Gas6 expression in the short-term and
long-term conditions (Figure 6A). The inhibitory effect of
atorvastatin on Pi-induced apoptosis and calcification was
reversed by Gas6 siRNA (Figure 6B and 6C). Similarly, the
beneficial effect of atorvastatin was also abolished by block-
ing the binding of Gas6 to Axl using AxI-ECD (Figure 6D
and 6E). These data support a critical role of Gas6 in the
preventive effect of statins on apoptosis and calcification.

Discussion

The present study demonstrated that statins protected
HASMC from Pi-induced calcification. The clinical effect of
statins on vascular calcification is controversial. Many retro-
spective clinical studies®?® and a prospective study® have
shown beneficial effects, whereas recent prospective studies
were unable to show such effects.!>!? The reason is not yet
clear, and the time window of statin use has been raised as an
important matter. The discrepancy may also derive from the
complex in vivo effects of statins. In this regard, it is
important to analyze the detailed regulatory mechanism of
statins in a simple model.

Tn Pi-induced calcification, HASMC undergo apoptosis. A
causal link between apoptosis and calcification was evident
from the finding that both apoptosis and calcification were
inhibited by the general caspase inhibitor, ZVAD.fmk. As
reported previously,? we confirmed that NPC-mediated Pi
uptake is another essential mechanism for HASMC calcifi-
cation. Given that apoptosis does not always lead to calcifi-
cation, Pi-induced HASMC calcification is presumably de-
pendent on both an NPC-mediated phenotypic transition from
SMC to an osteoblastic phenotype and apoptotic cell death.

performed with at least 3 different cell populations.

With respect to the mechanism of action of statins, they
clearly inhibited Pi-induced apoptosis, although they did not
have an effect on Pi-induced NPC activity or osteoblastic
differentiation; Pi-induced upregulation of matrix Gla protein
(MGP) mRNA was not inhibited by atorvastatin (supplemen-
tal Figure VI). These results suggest that apoptosis is the
target of statins in inhibiting HASMC calcification.

Another important signal in Pi-induced calcification is an
increase in intracellular Ca ([Ca®*];). Statins have been shown
to inhibit VSMC proliferation® and reduce the acute increase
of [Ca**}; in a mevalonate and isoprenoid pathway—indepen-
dent manner.2s On the other hand, [Ca*']; is reported to
modulate Pi-induced apoptosis of terminally differentiated
chondrocytes.?” Therefore, modulation of [Ca**}; is another
possible mechanism of the inhibition of apoptosis by statins.
In this study, we investigated the association of proliferation
with Pi-induced apoptosis and calcification. We found that Pi
did not affect proliferation, measured by the incorporation of
5-bromo-2'-deoxyuridine (BrdU) during calcification (data
not shown). We also found that the inhibitory effect of statins
on calcification was not affected by an inhibitor of Rho
kinase (Y-27632), an important modulator of the mevalonate
and isoprenoid pathway affecting proliferation and apoptosis
(supplemental Figure VII). These results suggest that prolif-
eration is not associated with Pi-induced calcification. The
inhibitory effect of statins on calcification was not blocked by
mevalonate, farnesylpyrophosphate, geranylgeranylpyro-
phosphate, or Rho kinase inhibitor, suggesting that the effect
of statins is not dependent on the mevalonate and isoprenoid
pathways. Indeed, a mevalonate pathway—independent effect
of statins has been reported previously,?6:28-30 although the
precise mechanism has not been shown. The pleiotropism of
statins is of continuing interest.
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Figure 8. Atorvastatin enhances Gasé mRNA sta-
bilization, but not transcription. A, After pretreat-
ment with atorvastatin (0.1 pmol/L) for 12 hours,
apoptosis was induced by 2.6 mmol/L Pi. At 12
hours, mRNA was isolated and Northern blot anal-

Atorvastatin - +

ysis for Gas6 and 188 was performed. Simulta-
neously, cell lysates were collected and subjected

Gasé

188

Remaining Gas6 mRNA
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An antiapoptotic effect of statins has been shown in
various cell types.?—3* In cardiomyocytes, apoptosis in-
duced by hypoxia or protein kinase C (PKC) inhibitors was
inhibited by 10 pmol/L pravastatin or 0.1 pg/mL atorva-
statin, respectively.?132 Simvastatin (1 pmol/L) promoted
endothelial cell survival.?® In VSMC, 7-ketocholesterol—
induced apoptosis was inhibited by 10 pumol/LL pravasta-
tin.** However, in contrast to the results of the present and
other studies, a proapoptotic effect of statins has also been
reported in VSMC,3% endothelial cells,?¢ and cardiac myo-
cytes.?? Although the precise mechanism is not understood,
it can be postulated that statins have biphasic effects on
cell survival (an antiapoptotic effect at low concentrations
and a proapoptotic effect at high concentrations) depend-
ing on the type of cell, statins, and apoptotic stimulus.
Indeed, Weis et al showed dose-dependent biphasic effects
of stating on apoptotic activity in microvascular endothe-
lial cells.?® Consistent with these data, we found that 3
different statins displayed an antiapoptotic effect at low
concentrations and a proapoptotic effect at high concen-
trations (>1 pmol/L for atorvastatin and fluvastatin;
>100 pmol/L for pravastatin) (data not shown).

During Pi-induced apoptosis, we have shown that Pi
downregulates the Gas6-Axl interaction, resulting in block-
ade of a survival signal, thereby promoting apoptosis and
calcification. We previously proposed that Gas6 may allow
Axl-expressing phagocytic cells, eg, macrophages and

6

to SDS-PAGE followed by immunoblotting with
antibodies to Gas6 and p-tubulin. B, Serum-
starved HASMC were incubated with actinomycin
D (Act D) (6 ug/ml) in the presence of 2.6 mmol/L
Pi after 12 hours of atorvastatin (0.1 umol/L) treat-
ment. Total RNA was harvested at 0, 1, 3, and 6
hours for Northern blot analysis. C, Signal density
of Gas6 mRNA with (solid line) or without (dotted
line) atorvastatin (0.1 wmol/L) in the presence of
2.6 mmol/L Pi and Act D (5 pg/mL) was normal-
ized to that of 18S RNA at each time point. Gas6
mRNA level at time 0 was given the value 1. Each
experiment was performed in triplicate for each
condition.

(hrs)

VSMC, to recognize cells exposing phosphatidylserine (PS)
on the outer cell membrane, the initial step of the apoptotic
process.®® Proudfoot et al also showed that in vascular
calcification, several PS-exposing cells are observed within
and on the periphery of the nodules.!s PS exposure by
apoptotic bodies generates a potential Ca-binding site and
membrane surface suitable for hydroxyapatite deposition.32:40
Based on these observations, Gas6-Axl downregulation is
presumably involved in decreased cell survival and clearance,
both directing cells to apoptosis-mediated mineral deposition.

With regard to the molecular pathway of the restoration of
Gas6 by statins, we have shown that statins retarded degra-
dation of Gas6 mRNA, not increasing the transcriptional rate.
Indeed, it was reported that statins improve mRNA stability
as well as transcription.*¥? In addition, the result that
suppression of the action of Gas6 by siRNA and AxI-ECD
abrogated the inhibitory effect of statins on apoptosis and
inhibition clearly indicates a pivotal role of Gas6 in the effect
of statins.

We conclude that statins inhibit Pi-induced HASMC cal-
cification by preventing apoptosis via restoration of the
Gas6-Axl pathway. The regulation of Gas6 by statins occurs
at the posttranscriptional level. The present study provides
evidence of a preventive role of statins in vascular calcifica-
tion and further indicates the pleiotropic effects of statins,
which could potentially contribute to the treatment of cardio-
vascular disease.
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analysis should be performed to clarify the underlying
mechanism.

Here, we report an elderly patient presenting with
severe symptomatic hypercalcemia resulting from
hyperthyroidism.

Case report

An 81-year-old woman was admitted to the Department
of Geriatric Medicine, Kyorin University Hospital
because of hypercalcemia on February 14 2004. She had
Basedow’s disease and osteoporosis, and had been tak-
ing thiamazole 5 mg/day and alphacalcidol 0.5 ug/day.
In January 2004, anorexia had gradually developed fol-
lowed by gait disturbance. When she was referred to the
hospital on February 14, she also presented with con-
fusion and low-grade fever of 37.2°C. Her blood pres-
sure was 122/62 mmHg with a pulse rate of 98 bpm.
Physical examination showed a soft diffuse goiter
and a systolic ejection murmur of Levine I/VI at the
apex, while abdominal and neurological findings were
normal.

© 2006 Japan Geriatrics Society



Thyrotoxic hypercalceria

Table 1 Laboratory tests on admission

Table 3 Results.of markers of bone metabolism

Result

Test Marker Resuf'(normal range)
Hb 10.5 g/dL. Osteocalcin 9 (2.5-13)
Ht ' 32.6% Bone-specific afkaline
RBC 367 x 10%uL phosphatase

PLT 22.2 x 10%uL p-N-telopeptides
WBC 3200/uL Deoxypyridinoline/Cr
Na 144 mEq/L calcitonin

K 3.1 mEqg/L 1-25(0OH) VitD;

cl 100 mEq/L

Ca 11.7 mg/dL

P 3.4 mg/dL

BUN 19.3 mg/dL

Cr 0.7 mg/dL

TP 6.4 ofdL.

Alb 3.3 g/dL.

ALP 226 IU/L

AST 371U/L

ALT 35 IU/L

LDH 333 UL

CK 25TU/L

Glu 126 mg/dL

CRP 0.2 mg/dL

Alb, .. ;ALP, ..;ALT, ..;AST,...; BUN, ...; CK, .3 CRE, ..;

LDH, ..; PLT, ..; RBC, ...; TP, .... WBC, ... .

Table 2 Results of thyroid function test

Test

FreeT4

FreeT3

"Thyroid stimulating
hormone (THS)

TSH receptor antibody

TSAD (thyroid stimulatory
antibody)

Antithyroid peroxydase
antibody

Serum thyroglobulin
autoantibodies

Result (normal range

1 mg/dL (corrected
calcium of 12.4 mg/dL).“@ther“electrolytes as well as
liver and kidney function w
tion tests (Table 2) ri .
free T4 of 6.69 (reférer

13.27 (2.3-4.3) pg/mL

yroid stimulating hormone
(TSH) of <0.0183(0.5-5.0% nIU/mL. Plasma levels of
TSH receptor antibd Fyroid stimulating antibody
and an#i-TPO antibody were elevated, compatible with
the findings in Graves’ disease. Plasma intact PTH was

© 2006 Japan Geriatrics Society

Figure 1 X-ray of lumbar vertebrae.

13 (10~65) pg/mL and PTH-related protein was not
detected.

As shown in Table 3, markers of bone resorption
such as deoxypyridinoline (DPD) and N-telopeptides of
collagen cross-links (INTx) were elevated, whereas those
of bone formation such as osteocalcin and bone-type
alkaline phosphatase were not. Bone mineral density of
lumbar vertebrae was —-3.29 (T score), and that of femur
was =3.72 (T score). Multiple compression fractures
and remarkable reduction in bone mineral density were
found on spinal lateral X-rays and dual energy X-ray
absorptiometry, respectively (Fig. 1).

Initially, vitamin D toxicity was suspected as a cause
of hypercalcemia; thus, alphacalcidol was ceased with
fluid infusion to wash out calcium. However, the
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roidism, Indicating that hypercalcemia resulted from
hyperthyroidism. :

Thyroid hormones play a cr
opment because hypothyroidig
the impaired skeletal developme

al role in bone devel-
inichildhood results in
. In adults, thyroid
ainitenance of bone
e expressed in bone
eoclasts.”? In adult
-d bone remodelling,
both bone resorption
ice between bone resorp-
esults in bone loss and an
oporotic fracture.” In our case,

cells such as osteoblasts?
hyperthyroidism, therg:

and formation, and 4

= tion and formatio

1) Vams e soim B et g st g increased risk fi

admission disdarge however, the na: leers of bone resorption were elevated
but those of ho rmation were not. This pattern is
the changes of bone metabolism in
c patients,™ but is different from that
as mentioned above. This might be
ted decline in thyroid hormone sig-
eads to bone formation. However, no

. Figure2 Clinical course of the patient. Thyroid stimulating
hormone (T'SH) was below the detection limit throughout the
clinical course. ¢-Ca, collected serum calcium; u-Ca, urinary
calcium; FT4, free thyroxine; FT3, free trilodothyronine.

hypercalcemia had not improved one week later. Labo-
ratory and imaging tests were carried out to exclude
hyperparathyroidism, humoral hypercalcemia of malig-
nancy, osteolytic bone metastases and multiple
myeloma. Finally, hypercalcemia was considered to be
attributable to the exacerbation of hyperthyroidism
with high bone turnover. Consequently, the dose of
thiamazole was increased to 30 mg/day to normaliz
thyroid function. As shown in Figure 2, free T4
free T3, as well as serum calcium were gradually
decreased, and the patient was discharged on May%14
2004. In August 2004, her thyroid function retus
normal (free T4 of 0.95 ng/dL and free T3 of:2.2 pg/
mlL) with corrected serum calcium concents
9.2 mg/dL.

also bone mineral density™ in patients with
ic hypercalcemia. It has been also reported that
B blocker, propranolol,’®"” and radioiodine therapy™
mayéameliorate thyrotoxic hypercalcemia. In our case,
an increased dose of thiamazole normalized both thy-
oid function and serum calcium levels several months
er, but bone mineral density was not increased.
"Longer time periods would be necessary to see the
recovery of bone mass if possible.
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Creatinine clearance estimation in the extremely elderly subjects

Shunichi Hirayama®, Reiko Kikuchi®, Shinichiro Inoue®, Daisuke Tsukahara®,
Yumni 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 wrine 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+ 8.6 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 vears (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)
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ORIGINAL ARTICLE

Simple screening test for risk of
falls in the elderly

Jiro Okochi,! Kenji Toba,” Tai Takahashi,® Kozo Matsubayashi,*
Masanori Nishinaga,® Ryutaro Takahashi® and Takashi Ohrui’

'Hara-Doi Hospital, Japan Department of Clinical Research, Fukuoka, *Department of Geriatric Medicine,
Kyorin University School of Medicine, Mitaka, *Department of Medicine and Welfare, International
University of Medicine and Welfare, Otawara, *Center of South-east Asia, Kyoto University, Kyoto,

*Department of Medicine and Geriatrics, Kochi Medical School, Kochi, STokyo Metropolitan Institute of
Gerontology, Tokyo, and *Department of Geriatric Medicine, Tohoku University, Sendai, Japan

Background: The aim of this study is to construct a simple screening test for the risk of
falls in community-dwelling elder persons.

Methods: A total of 1378 community-dwelling people aged 65 years and older in five
different communities in Japan were asked to answer a self rated questionnaire including
22 items covering physical, cognitive, emotional and social aspects of functioning and
environmental factors. At a six-month follow-up, the outcome of fall occurrence and the

number of falls was ascertained by social workers, health visitors or nurses.

Results:

Five out of 22 items were selected using a logistic regression model. Using this

five-item version, a screening test was constructed, and at the best cut-off point, the sen~
sitivity and specificity were 68 % and 70%, respectively. The validity of this scale was tested

on persons with cognitive dysfunction.

Conclusion:

The simplicity and the predictive validity of the screening test support the

use of this test in health check ups or general outpatient facilities.

Keywords: accidental fall, aged, mass screening, reliability and validity, risk factor.

Introduction

Falls are rated as the third leading cause of a bed-ridden
state and are among the principal causes of morbidity in
the elderly in Japan.’ Previous studies evaluating the risk
factors for falls have used history of falls, results of phys-
ical performance tests,” activity of daily living (ADL)?®
and balance and gait* as predictors.
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Early identification of falls risk is likely to result in
earlier implementation of interventions and to minimize
development of unwanted sequels such as reduced con-
fidence and activity levels.®

In Japan, the Ministry of Health, Labour and Wel—
fare has put roughly 6000 local home care support
centers around Japan. The task of these centers,
according to Long-Term Care Insurance for the eld-
erly, includes screening of the elders at risk of devel-
oping disabilities, including risk for falls. In this
context, it is critical to develop a simple screening test
to adequately evaluate the risk of falls for each elderly
persom.

The aim of this study is to evaluate predictive validity
of a simple questionnaire composed of 22 items, with
the intention of constructing a shortened version that
would be simple, but effective to assess the future
risk of falls during periodic health check-up or outpa-
tient visits.

doi: 10.1111/].1447-0594.2006.00352.x | 223



J Okochi et al.

All elderly persons who participated in this research

gave written informed consent.
Methods

The initial 22-item questionnaire was constructed by
the Working Group of Fall Prevention commissioned
by the Japanese Ministry of Health, Labour and Welfare.
Known risk factors are transformed into comprehensi-
ble text for the elderly, as shown in Table 1. These items
were selected by studying both international and Japa-
nese research articles on fall risk factors.®

The interclass coefficient (ICC) of the one month
test-retest reproducibility study of the 22-item ques-
tionnaire score was satisfactory (ICC 0.74, 95% CI
0.46-0.89, n=21).°

Individuals chosen for this study lived in five different
urban and rural communities and they were over
65 years old.

In cases where subjects had cognitive impairment or
difficulty answering, a family member acted as a proxy
to help answer the questionnaire.

The outcome of fall occurrence and the number of
falls were confirmed by social workers, health visitors or
nurses six months after baseline measurement. A fall

was defined as an unintentional change in position
resulting in coming to rest on the ground or other lower
positions.®

Statistical analysis was performed on subjects who
completed the questionnaire both at baseline and at six
month follow-up. One half of the subjects were ran-
domly selected, and the relationship between falls and
potential predictors was examined by y test for each
predictor separately (developing samples). [tems that
achieved statistical significance of P < 0.05 were incor-
porated in the logistic regression analysis to identify
predictors. Then, the questionnaire items considered to
be associated with falls were selected using any falls as
an outcome variable, by forward stepwise selection by
the logistic regression model (P < 0.05).

The predictive power of the set of selected items,
adjusted by the odds ratio, was determined using the
area under the Receiver-Operating Characteristic (ROC)
curve (AUC) on the other half of the subjects as the val-
idating sample. Finally, the sensitivity and specificity of
the model were calculated to obtain the cut-off point.

To test the validity of the scale on persons with. cog-
nitive dysfunction, different item functioning (DIF)
analysis was performed on subgroups with and without
cognitive dysfunction using the Rasch measurement

Table 1 The initial 22-item questionnaire constructed by the Working Group of Fall Prevention and commissioned

by the Japanese Ministry of Health, Labour and Welfare

Questionnaire items Answer (%)t Incidence P
_ of fall (%)*
Q1. History of fall within one year = yes 107 (16%) 54 (50%) P <0.0001
Q2. History of stumbling within one year = yes 288 (42%) 75 (42%) P <0.0001
Q3. Can you climb stairs without help? =no 2671 (38%) 65 (25%) P=10.0001
Q4. Do you feel your walking speed declined recently? = yes 353 (51%) 76 (22%) P=0.0025
Q5. Can you cross the road within the green signal interval? = no 74 (11%) 25 (11%) P=10.0019
Q6. Can you walk 1 km continuously? = no 172 (25%) 46 (27%) P=10.0011
Q7. Can you stand on one foot for about five seconds? =no 180 (26%) 55 (31%) P <0.0001
Q8. Do you use cane when you walk? = yes 123 (18%) 43 (35%) P <0.0001
Q9. Can you squeeze the towel tightly? = no 80 (12%) 26 (33%) P=0.0026
Q10. Do you feel dizzy? = yes 151 (22%) 39 (26%) P=10.0076
Q11. Is your back bended? = yes 213 (31%) 62 (29%) P <0.0001
Q12. Do you have knee pain? = yes 264 (38%) 64 (24%) P=10.0005
Q13. Do you have a vision problem? = yes 292 (42%) 56 (19%) P=0.27%
Q14. Do you have a hearing problem? = yes 227 (33%) 48 (21%) P=10.0781
Q15. Do you think you are forgetful? = yes 332 (48%) 73 (22%) P=10.0020
Q16. Do you feel anxious to fall when you walk? = yes 226 (33%) 60 (27%) P=10.0001
Q17. Do you take more than five kinds of prescribed medicines? =yes 161 (23%) 39 (24%) P=0.0231
Q18. Do you feel dark walking within your home? = yes 54 (8%) 18 (33%) P=0.0124
Q19. Are there any obstacles within the house? = yes 87 (13%) 25 (29%) P=0.0181
Q20. Is there any level difference within your home? = yes 12,6 (62%) 79 (19%) P=10.1799
021. Do you have to use stairs in daily living? = yes 129 (19%) 23 (18%) P=0.7951
Q22. Do you walk steep slope around the house? = yes 202 (29%) 28 (14%) P=0.2517

#The answers as indicated in the question raw. ¥The incidence of fall among the relevant answer.
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technique.”” Three hundred persons were randomly
selected to obtain adequate sample size for this
analysis.'

In addition, results of the ROC curve were stratified
by the presence and absence of memory problem using
Q15 of the questionnaire to test the validity of the short
version on those with cognitive function problems.

Results

Of 1734 elderly, 1378 (79%) completed the question-
naire both at the baseline study and its six month fol-
low-up. The mean age of the subjects was 75.8 (SD 6.8)
years. The number of elders by five research centers was,
1050, 104, 82, 81 and 61, respectively. At least one fall
had occurred in 208 elderly (15.1%) dwing the six
month follow-up period. Of these, 103 (50%) suffered
from multiple falls, ranging in number from 2 to 20.

Of eligible samples, 1026 elders provided information
regarding mobility, cognitive status and ADL regarding
eating and toileting. In mobility, no. disability was seen
in 69.8% of them, while mild difficulty in climbing stairs
was present in 18.1%), and moderate or severe difficulty
required cane or wheel chair for moving around outside
in 12.1%.

In cognitive status, no memory disturbance was seen
in 62.8%, while mild and severe memory dysfunctions
were in 26.0% and 8.0%, respectively.

Regarding eating ADL, 93.4% showed no problem,
while 4.6% complained they had a mild problem, and
2.0% required assistance. Toileting related ADL was
intact in 89.0% of the elders while mild difficulty and
dependent status on toileting were seen in 6.0% and
5.0%, respectively. Although 8.3% of them were living
alone, 23.0% were with their spouse, and the rest were
with their children.

The samples were then divided into the developing
samples (n=0689) and validating samples (n=689).
There was no statistical significance between these two
samples, in distribution of living areas, gender and
response pattern to the questionnaire items examined
by %? test (data not shown). The average age of the val-
idating samples (75.8) was not significantly different
from developing samples (75.7) by t-test.

Table 1 shows the predictors in relation to falls in
developing samples. The Incidence of at least a single

fall and multiple falls were 108 (15.7%) and 55 (8.0%),
respectively. Gender did not achieve the statistical
significance to single fall (P = 0.05) and multiple falls
(P= 0.15), respectively. Fallers were elder than non-
fallers (P < 0.01) with average age of 79.1 versus 75.8,
respectively.

Questionnaire items, except for Q13, Q14, Q20, Q21
and Q22, achieved statistical significance and were
entered into the regression model. Table 2 shows the
item selected by the stepwise logistic regression model.

Using the odds ratio at integer level as the weight of
these five items, we constructed a screening test whose
score ranged from O to 14, and the AUC was 74% (95%
CI 69-79%) in the validating samples, as shown in
Figure 1. This was at the same level as the AUC of initial
22 items score (72%:95% CI 67-79%)

The maximum sum of sensitivity and specificity
reached <6 (sensitivity 0.68, specificity 0.70) and <7
(sensitivity 0.67, specificity 0.71). If a cut-off score of <6
was applied, subjects identified as positive had a 27.9%
rate of falls (positive predictive value) compared with a
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Figure T The Receiver-Operating Characteristic (ROC) of
the five-item screening test to detect elderly persons at risk of
falling.

Table 2 Questionnaire items selected by the stepwise logistic regression model

Questionnaire item selected by step wise logistic regression model Odds ratio 95%CI P
Q1. History of fall within one year = yes 4.5 (2.8-7.2) 0.00
Q4. Do you feel your walking speed declined recently? = yes 1.9 (1.0-3.6) 0.04
Q8. Do you use cane when you walk? = yes 1.8 (1.1-2.8) 0.02

Q11. Is your back bended? =yes 1.8 (1.1-2.8) 0.02

Q17. Do you take more than five kinds of prescribed medicines? = yes 1.7 (1.0-2.7) 0.03
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