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Tacrolimus but not cyclosporine A enhances
FGF-2-induced VEGF release in osteoblasts
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Abstract. We previously reported that basic fibroblast growth
factor (FGF-2) stimulates the release of vascular endothelial
growth factor (VEGF) via p44/p42 mitogen-activated protein
(MAP) kinase and stress-activated protein kinase/c-Jun
N-terminal kinase (SAPK/INK) in ostcoblast-like MC3T3-
El cells and that FGF-2-activated p38 MAP kinase
negatively regulates VEGF release. In addition, p70 $6 kinase
activated by FGF-2 negatively regulates VEGF release via
SAPK/INK. In the present study. we investigated the effects
of tacrolimus (FK506) and cyclosporine A, well-known
immunosuppressants, on the FGF-2-induced VEGF release m
these cells. Tacrolimus, but not cyclosporine A which alone
had no effect on VEGF basal levels, significantly enhanced
FGF-2-stimulated VEGF release. Tacrolimus markedly
enhanced FGF-2-induced phosphorylation of SAPK/INK
without affecting the phasphorylation of p44/p42 MAP or p38
MAP kinases. SP600125, a specific inhibitor of SAPK/INK,
reduced the amphification by tacrolimus of the FGF-2-
induced VEGF release. The FGF-2-induced phosphorylation
of p70 86 kinase was supy I by tacroli These results
strongly suggest that tacrolimus enhances FGF-2-stimulated
VEGF release via up-regulation of SAPK/INK through
modulating p70 S6 Kinase in osteoblasts.

Introduction

Vascular endothehal growth factor (VEGF) is an angiogenic
growth factor displaying high specificity for vascular endo-
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thelial cells (1). VEGF, which is synthesized and secreted by
a variety of cell types, stimulates proliferatuon of endothelial
cells and increases capillary permeability (1). Bone metabolism
15 strictly regulated by osteoblasts and osteoclasts. responsible
for bone formation and bone resorption, respectively (2). In
addition, it is currently recognized that bone remodeling carried
oul by osteoblasts and osteoclasts is accompanied by new
capillary extending (3 4). Capillary endothelial cells provide
the microvasculature during bone remodeling. It is speculated
that the activities of osteoblasts, osteoclasts, and capillary
endothelial cells are closely coordinated and regulate bone
metabolism (5). It is considered that these functional cells
influence one another via humoral factors. as well as by
direct cell-to-cell contact. As for bone metabolism. it has been
reported that an inactivation of VEGF causes complete
suppression of blood vessel invasion concomitant with
impaired trabecular bone formation and cxpansion of the
hypertrophic chondrocyte zone in the mouse tibial epiphyseal
growth plate (6). It has been reported that osteoblasts among
bone cells produce and secrete VEGF in response to various
physiological agents (1,7-9). Based on these findings, it is well
recognized that VEGF secreted from osteoblasts may play a
crucial role in regulating bone metabolism (5,10). However,
the exact mechanism underlying VEGF synthesis in
osteoblasts and its rel from these cells remains to be
clarified.

Basic fibroblast growth factor (FGF-2) is produced in
osteoblasts and FGF-2 is embedded in the bone matrix (11,12),
FGF-2 expression in osteoblasts is detected during fracture
repair (13). Therefore, it is considered that FGF-2 plays a
pivotal role in fracture healing, bone remodeling and osteo-
genesis (14). We demonstrated that FGF-2 auto-phosphorylates
FGF receptors 1 and 2 among four structurally related high
affinity receptors in osteoblast-like MC3T3-E1 cells (15). As
for VEGF release, we previously reported (16,17) that FGF-2
stimulates VEGF release in MC3T3-E1 cells. and that release
is positively regulated by p44/p42 mitogen-acuvated protein
(MAP) Kinase and stress-activated protein kinase/c-Jun
N-terminal kinase (SAPK/INK) among the MAP kinase
superfamily (18), while FGF-2-activated p38 MAP kinase
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negatively regulates VEGF release. In addition, we recently
demonstrated that p70 56 kinase functions at a point upstream
from SAPK/JNK and limits FGF-2-stimulated VEGF release
via down-regulaung SAPK/INK (19).

Tacrolimus (FK506) and cyclosporine A are potent
immunosuppressive agents which are used clinically to
prevent tissue rejection in organ transplants and to treat auto-
immune diseases (20.21). As for bone metabolism, it has been
shown that immunosuppressants cause bone loss when
systemically admimistered ar high doses over the long term
(22.23). Recently, though, these agents reportedly up-regulate
alkaline phosphatase activity and osteocalcin levels, and
promote bone formation (24.25). Therefore. it is speculated
that immunosuppressants induce osteoblast differentiation,
However. the exact role of immunosuppressive agents in bone
metabolism and osteoblasts is not fully understood.

In the present study, we investigated the effects of
tacrolimus and cyclosponine A on the FGF-2-stimulated VEGF

l in osteoblast-like MC3T3-El cells. We showed that
tacrolimus but not cyclosporine A amplifies VEGF release via
up-regulation of SAPK/INK in these cells.

Materials and methods

Materials. The FGF-2 and mouse VEGF enzyme immuno-
assay kits were purchased from R&D Systems, Inc.
(Minneapolis, MN). Tacrolimus hydrate (FK506) was
purchased from Sigma Chemical Co. (St. Louis, MO).
Cyclosporine A and SP600125 were obtained from
Calbiochem-Novabiochem Co. (La Jolla, CA). Phospho-
specific p44/pd42 MAP kinase antibodies, p44/p42 MAP
kinase antibodies. phospho-specific p38 MAP kinase
antibodies, p38 MAP kinase antibodies, phospho-specific
SAPK/INK antibodies, SAPK/INK antibodies. phospho-
specific p70 S6 kinase antibodies and p70 $6 kinase
antibodies were purchased from Cell Signaling. Inc.
(Beverly, MA). The ECL Western blotting detection system
was purchased from Amersham Biosciences (Piscataway,
NJ). Other materials and chemicals were obtained from
commercial sources. Tacrolimus, cyclosporine A and
SP600125 were dissolved in dimethyl sulfoxide (DMSO).
The maximum concentration of DMSO was 0.1%. which
did not affect the assay for VEGF or the Western blot
analysis.

Cell culmre. Cloned osteoblast-like MCAT3-E| cells derived
from newborn mouse calvaria (26) were maintained as
previously described (27). Briefly, the cells were cultured in
a-minimum essential medium («-MEM) containing 10% fetal
calf serum (FCS) at 37°C in a humidified atmosphere of 5%
CO./95% air. The cells were seeded into 35-mm (5x10°) or
90-mm (5x10°) diameter dishes in «-MEM containing 10%
FCS. After 5 days, the medium was exchanged for «-MEM
containing 0.3% FCS. The cells were then used for
experiments after 48 h.

Assay for VEGF. The cultured cells were stimulated by various
doses of FGF-2 in | ml of a-MEM containing 0.3% FCS for
the indicated periods. When indicated, the cells were
pretreated with tacrolimus, cyclosporine A or SP600125 for
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Figure 1. Effect of tacrolimus on the FGF-2-sumulated VEGF release in
MC3T3-El celis. The culiured cells were prewreated with 300 ng/mil
tcrol {circle symbols) or vehicle (sq ymbols) for 60 min. and then
stimulated by 70 ng/ml FGF-2 (solid symbals) or vehicle (npen symbuols) for
the mdicated perinds. Each value represents the mean £ SEM of wiplicate
determinations, Similar resulis were obtained with two additional and different
cell preparations. “p<.035. in comparison (o the control. “*p<0.05. in
comparison to the value of FGF-2 alone,
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Figure 2. Dose-dependent effect of tacrolimus on the FGF-2-stimulated
VEGF release in MC3T3-El cells. The cultured cells were pretreated with

doses of ti for 60 min and then stimulated by 70 ng/ml
FGF-2 (#] or vehicle (] for 24 h. Each volue represents the mean = SEM of
triplicate determinations. Sirmilar results were ob § with two addi I
und different cell preparations. “p<0015, in comparison 1 the value of FGF-2
alone.

60 min. The conditioned medium was collected at the end of
incubation, and the VEGF concentration was measured by
ELISA kit.

Western blot analysis. The culred cells were stimulated by
FGF-2 in «-MEM containing 0.3% FCS for the indicated
periods. The cells were washed twice with phosphate-
buffered saline and then lysed. homogenized and sonicated in
a lysis buffer containing 62.5 mM Tris/HCL. pH 68. 2%
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Figure 3. Effects of tacrolimus on the FGF-2-induced phosphorylation of
PHp42 MAP kinase in MC3T3-El cells. The cultured cells were prefreated
with various doses of tacrolimus for 60 min. and then stimulated by 30 ng/ml
FGF-2 or vehicle for 20 min. The extracts of cells were analyzed by
Western blonting using antibodies against phospho-specific p44/pa2 MAP
or p4dipd2 MAP kinase. The histog shows g ve representations
of the phosphorylation level for p44/p42 MAP kinase obtained from a laser
densitometric analysis. Each value represents the mean = SEM of miphicate
determimations. Similar results were obtained with two additional and
ditferem cell preparations.

sodium dodecyl sulfate (SDS), 50 mM dithiothreitol and 10%
glycerol. The cytosolic fraction was collected as a supernatant
after centrifugation at 125,000 x g for 10 min at 4°C. SDS-
polyacrylamide gel electrophoresis (PAGE) was performed
according to Laemmli (28) in 10% polyacrylamide gels. The
Western blot analysis was performed as described previously
(29) by using phospho-specific p70 S6 kinase antibodies, p70
S6 kinase antibodies, phospho-specific pd4/p42 MAP kinase
antibodies, p44/p42 MAP kinase antibodies, phospho-specific
p38 MAP kinase antibodies, p38 MAP kinase antibodies.
phospho-specific SAPK/INK antibodies or SAPK/INK
antibodies, with peroxidase-labeled antibodies raised in goat
anti-rabbit I1gG being used as second antibodies. The
peroxidase activity on the polyvinylidine difluonide membrane
was visualized on X-ray film by means of an enhanced chemi-
luminescence Western blotting detection system.

Determinations. The absorbance of enzyme immunoassay
samples was measured at 450 nm with EL 340 Bio Kinetic
Reader (Bio-Tek Instruments, Inc.. Winooski, VT). A densito-
melric analysis was performed using the Molecular Analyst/
Macintosh software program (Bio-Rad Laborutories, Hercules,
CA).

Stanstical analysis. The data were analyzed using ANOVA
followed by the Bonferrom method for multiple comparisons
between pairs, and a p<( .05 was considered to be significant.
All data are prescnted as the mean £ SEM of triplicate
determinations. Each experiment was repeated three times
with similar results.
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Figure 4. Effects of tacrolimus on the FGF-2-mduced phosphorylation of
p3& MAP kinase in MC3T3-El cells. The cultured cells were pretreated
with vannus doses of tacrolimus for 60 min and then stimulated by 3 ng/ml
FGF-2 or vehicle for 20 min. The extracts of cells were analyzed by
Western blotting using fies agains phospho-speeific p38 MAP or p38
MAP kinase. The histogram shows guantitative representations of the
phosphorylation level for p38 MAP kinnse obtuined from a laser densito-
metric analysis, Ench value represents the mean = SEM of tnplicate
determinations. Similar results were obunned with 1wo additional and
different cell preparanions

Results

Effects of tacrolimus or cyclosporine A on the FGF-2-
stimulated VEGF release in MC3T3-El cells. To investipate
the effects of immunosuppressants on the FGF-2-induced
release of VEGF in MC3T3-E| cells, we examined the effect
of tacrolimus and cyclosporine A on VEGF release.
Tacrolimus, which alone did not affect basal levels of VEGF,
significantly amplified the FGF-2-induced release of VEGF
n @ time-dependent manner (Fig. 1). The amplifying effect of
tacrolimus was dose-dependent in the range between | and
50 ng/ml (Fig. 2). Tacrolimus at | pg/ml caused ~100%
enhancement in the FGF-2 effect. However, cyclosporine A
failed to strengthen the FGF-2-induced release of VEGF in
the range between | ng/ml and 1 pg/ml (<7.8 pg/ml for control,
<7.8 pg/ml for | pg/ml cyclosporine A; 2686145 pg/ml for
70 ng/ml FGF-2 alone; 2343+185 pg/ml for 70 ng/ml FGF-2
with 1 pg/ml cyclosporine A, as measured during the
stimulation for 24 h).

Effects of tacrolimus on the FGF-2-induced phosphorylation
of p44ip42 MAP kinase, p38 MAP kinase ar SA PKIINK in
MC3T3-EI cells. Tn our previous studies (16.17), we showed
that p44/p42 MAP kinase and SAPK/JNK function as
positive regulators in the FGF-2-stimulated VEGF release in
osteoblast-like MC3T3-E1 cells and that FGF-2-activated
p38 MAP kinase negatively regulates VEGF release.
Therefore, in order to clarify whether the amplifying effect of
tacrolimus on the FGF-2-stimulated VEGF release is through
the activation of pdd/p42 MAP kinase. p38 MAP kinase or
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Figure 5 Effects of tacrolimus or cyclosporme A on the FGF-2-induced
phosphorylation of SAPK/INK in MC3IT3-E1 cells. The cultured cells were
pretreated wath vanous doses of {A) tacrolimus or (B) cyclosponne A for
60 min and then stimulated by 30 ng/ml FGF-2 or vehicle for 20 mmin, The
extracts of cells were analyzed by Western blotting using antibodies against
phospho-specific SAPK/INK or SAPK/INK. The histogram shows
quantitative representations of the phosphorylation level for SAPK/ANK
obtained from a laser densitometric analysis. Each value represents the mean
+ SEM of tnplicate determmations. Similar results were obtained with two
additional and different cell preparations. “p<f) 15, in comparison to the
value of FGF-2 alone

SAPK/INK in MC3T3-E| cells, we next examined the effect
of tacrolimus on the FGF-2-induced phosphorylation of
pdd/pd2 MAP kinase, p38 MAP kinase and SAPK/INK. The
FGF-2-induced phosphorylation of p44/p42 MAP kinase
(Fig. 3) and p38 MAP kinase (Fig. 4) was not affected by
tacrolimus. On the contrary. tacrolimus, which by itself had
no effect on the SAPK/INK phosphorylation, significamly
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Figure 6. Effect of tacrolimus on the FGF-2-induced phosphorylation of p70
S6 kinase in MCIT3-E] cells. The cultured cells were pretreated with
various doses of tacrolinus for 60 min, and then stimulated by 30 ng/ml
FGF-2 or vehicle for 20 min. The extracts of cells were unalyzed by
Western blothing using against phosph sitic p70 S6 kinase ar
p70 56 kinase. The histogram shows g ve represc of the
phaspharylation level for p70 56 kinase obtained from a laser densiometric
analysis. Each value represents the mean £ SEM of wiphcate detenmmations
Similar results were obrained with two addiional and different cell
preparations. "pei) 05, in comparison 1o the value of FGF-2 alone.

enhanced the FGF-2-induced phosphorylation of SAPK/JINK
(Fig. 5A). However, cyclosporine A had little effect on the
phosphorylation of SAPK/INK (Fig. 5B).

Effects of tacrolimus on the FGF-2-induced phosphorylation
of p70 56 kinase in MC3T3-E] cells. We previously reported
that p70 S6 kinase hmits the FGF-2-stimulated release of
VEGF via down-regulation of SAPK/INK. compuosing a
negative feedback system, in MC3T3-El cells (19). Thus, we
examined the effect of tacrolimus on the FGF-2-induced
phosphorylation of p70 86 kinase. Tacrolimus markedly
suppressed the FGF-2-induced phosphorylation of p70 56
kinase (Fig. 6).

Effects af SP600123 on the amplification by tacrolimus of the
FGF-2-induced VEGF release in MC3T3-El cells. SP600125,
a specific SAPK/INK inhibitor (30), which by itself did not
affect basal levels of VEGF, significantly reduced the
enhancement by tacrolimus of FGF-2-induced VEGF release
(Table 1), The enhanced levels by tacrolimus of FGF-2-
induced VEGF release were reduced by SP600125 sinular to
the levels by FGF-2 with SP600125 treatment.

Discussion

We previously reported that FGF-2 stimulates the release of
VEGF, which is an endothelial cell-specific mitogen and an
angiogenic inducer (1) in osteoblast-like MC3T3-El cells
(16). Accumulating evidence suggests that immuno-
suppressants modulate bone metabolism (22-25). Thus, we
nvestigated the effects of tucrolimus and cyclosporine A,
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Table I. Effect of tacrolimus on the enhancement by
tacrolimus of the FGF-2-induced VEGF release m MC3T3-E]
cells.

SP600125 Tacrolimus FGF-2 VEGF (pg/ml)

- - - <78

% - + 2438+132

- + - <18

- - + 5733£221°
+ - - <78

+ - + 1125£85"

+ + - <78

+ it + 1208+103¢

The cultured cells were pretreated with 10 uM SP600125 or vehicle
for 60 min and then incubated with 0.3 jeg/ml tacrolimus or vehicle
for 60 min. The cells were stimulated by 70 ng/ml FGF-2 or vehicle
for 24 h. Each value represents the mean + SEM of triplicate
determinations. Similar results were obtained with two additional
and different cell preparations. *p<0.05. in comparison to the
control. "p<0.05, in comparison to the value of FGF-2 alone.
*p<0.05, in comparison to the value of FGF-2 with tacrolimus
pretreatment

well known and clinically used immunosuppressive agents
(20.21). on the FGF-2-sumulated VEGF release in MC3T3-
E1 cells. Tacrolimus markedly enhanced the FGF-2-stimulated
release of VEGF in these cells. On the other hand, we found
that cyclosporine A did not amplify VEGF release. Therefore,
we investigated the mechanism of tacrolimus underlying the
amplifying effect on the FGF-2-induced VEGF release in
osteoblast-like MC3T3-El cells.

Previously. we demonstrated that FGF-2 induces the
activation of p44/p42 MAP kinase. p38 MAP kinase and
SAPK/INK n osteoblast-like MC3T3-El cells (16.17). The
MAP kinase superfamily mediates intracellular signal
transduction of a variety of extracellular factors and plays a
central role in cellular functions including cell proliferation,
differentiavon, and apoptosis (18). It is well recognized that
three major MAP kinases: pd4/pd2 MAP kinase, p38 MAP
kinasc. and SAPK/INK are central elements used by
mammalian cells to transduce the diverse messages (18), In
our previous studies (16,17), we demonstrated that p44/p42
MAP kinase and SAPK/INK acted as positive regulators in
the FGF-2-induced VEGF release in MC3T3-E| cells. On the
other hand, FGF-2-activated p38 MAP kinase functions as a
negative regulator in VEGF release. In the present study.
tacrolimus failed to affect the phosphorylation of pd4/p42
MAP and p38 MAP kinases. Based on these results. it seems
unlikely that tacrolimus affects the FGF-2-stimulated release
of VEGF through up-regulating the activity of p44/p42 MAP
kinase or down-regulating the activity of p38 MAP kinase in
osteoblast-like MC3T3-E| cells. On the contrary. we showed
here that the phosphorylation levels of FGF-2-induced
SAPK/INK were markedly enhanced by tacrolimus. In
addition. the amplification by tacrolimus of the FGF-2-
stimulated VEGF release was suppressed by SP600125, a

specific inhibitor of SAPK/INK (30), similar to levels of
FGF-2 with SP600125 In addition. we demonstrated that
cyclosporine A had no effect on the phosphorylation levels of
SAPK/NK mduced by FGF-2. In light of our findings, it is
probable that tacrolimus enhances the FGF-2-stimulated
VEGF release via strengthening the activity of SAPK/INK in
osteoblast-like MC3T3-E| cells.

In our recent study (19), we showed that FGF-2-stimulated
p70 56 kinase functions at a point upstream of SAPK/JNK
osteoblast-like MC3T3-El cells and negatively regulated
VEGF release by FGF-2. These findings led us to speculate
that tacrolimus might modulate the FGF-2-induced p70 S6
kinase activation in MC3T3-El cells. Thus, we investigated
the effect of tacrolimus on the FGF-2-stimulated activation
of p70 S6 kinase. The FGF-2-induced phosphorylation of p70
56 kinase was significantly attenuated by tacrolimus. Based
on our collective results, it is most likely that tacrolimus
modulates p70 56 kinase-regulated SAPK/INK in osteoblast-
like MC3T3-E| cells. resulting in enhanced FGF-2-stimulated
VEGF release.

Tacrolimus (FK506) and cyclosporine A are well known
immunosuppressants that are used mainly in clinical organ
transplantation (20 21). It has recently been shown that these
agents have significant effects on bone metabolism (22-25).
The immunosuppressants that were employed at high doses
after organ transplantation, reportedly caused the reduction in
bone mineral density (22.23). On the contrary, evidence 1§
accumulating that tacrolimus induces the promotion of osteo-
blastic differentiation in vitro (24,25 31). Our present results
indicate that not cyclosporine A but tacrolimus plays a role in
the control of the production of VEGF, one of the key
regulators of bone metabolism. It is generally recognized that
new capillary extending is essential for bone remodeling (5).
Since VEGF is a specific mitogen of vascular endothelial
cells (1), our present findings suggest that tacrolimus-
enhanced VEGF release from osteoblasts play an important
role in the pathophysiological process of bone remodeling
under the medication of this agent. It 1s probable that
tacrolimus positively regulates microvasculature development
in bones. Therefore, tacrolimus might be considered 10 be a
potent therapeutic agent useful for the disorder of bone
metabolism. However, the details regarding immuno-
suppressants in bone metabolism still remain unclear, Further
investigation is necessary to elucidate the exact mechanism
of tacrolimus in osteoblasts and in bone metabolism.

In conclusion, our present results strongly suggest that
tacrolimus enhances FGF-2-stimulated VEGF release via up-
regulation of SAPK/INK through modulating p70 $6 kinase
in osteoblasts.
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ARTICLE INFO ABSTRACT

The purpose of this mndr was to clarify the relatmmhlp between oral function and general condition
among Japanese nursing home resid The hypoth was that oral function is one of the most
important factors for the maintenance of general condition in dependent elderly. Seventy-nine residents
of a nursing home in Japan participated in this study (54 women and 25 men, age range: 65-95 years,
mean age: 82.2 + 8.5). A water drinking test and gargling function were used as indicators of oral function,
Indicators of general condition included cog function ( tal state 1on; MMSE), ADL
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:eprndr:n eidedy (Barthel index). and nutritional status (body mass index = BMI, and serum albumin level). To clarify the
Oral function relanonship berween oral function and g 1 cond among di elderty, statistical evaluations of
Cognitive function correlations (Spearman rank correlation coefficient) and differences (Mann-Whitney U test, Student’s 1 test)
ADL between groups were conducted. SPSS was used for the statistical analysis. The water drinking and gargling

function tests showed a strong correlation (p < 0.001) with cognitive function and ADL The water drinking
and gargling function tests showed a correlation with BMI (p < 0,005, p < 0.01, respectively), and the water
irinking test sk a cor with serum albumin level (p - 0.05). However, no correlation was
observed between the gargling function tests and serum albumin level. It is concluded that oral function is
closely related to cognitive function, ADL, and nutritional status. Oral function may play an important role in
maintaining general condition in dependent eiderly. To prevent decreases in cognitive funcrion, ADL and
nutritional status in dependent elderly, the importance of improvements in oral function canum be over-
emphasized.

Nutnitional status

© 2007 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

In a number of societies. the proportion of elderly in the
population is rapidly increasing. In Japan, the proportion of elderly
citizens has been increasing, and the government predicts that by
the year 2015 more than 25% of all citizens will be over 65 years of
age. With the rise in the elderly population, the issue of their health
is becoming a social problem. It is estimated that approximarely 3
million elderly Japanese peaple have physical or mental dis-
abilities, and this number is predicted to rise to 5.3 million by 2025
(Ministry of Health, Labour and Welfare of Japan, 2003). Frail
elderly people often have serious dental problems. including
impaired oral functions. The main factors in death of elderly people

* Corresponding author, Tel.: +81 562 46 2311x731; fax: *B1 562 44 8518
E-mail oddress: yasusumi@ncgg gojp (Y. Sumi).

01674943/ - sec front matter © 2007 Elsevier Ireland Lid. All nghts reserved.
doi: 10.1016/).archger.2007.10.010

are considered to be nutritional disorders and breathing problems,
which are thought to be related to their impaired oral function.

Aspiration pneumonia is a prevalent and costly infection that i1s
a significant cause of morbidity and mortality, especially in the
elderly (Bentley, 1984). In addition to the risk factors of impaired
cognitive function and ADL, aspiration due to impaired oral
function is also recognized as one of the main causes of aspiration
pneumonia. It has also been suggested that oral bacterial flora may
function as a reservoir of potential respiratory pathogens that
facilitate colonization on the oropharynx (Sumi et al.. 2002, 2003,
2006, 2007).

In Japan more than BOOO elderly people die annually from
asphyxia due to airway obstruction by food. A contributing factor
in this is thought to be decreased oral function, including in elderly
people who have no problems eating in their daily lives. There are
also reports of a relation between the nutritional status of elderly
people and their oral function, and the importance of improving
oral function in the elderly has been indicated (lkebe et al.. 2006).
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The need to improve oral function was recognized in general
society with the introduction in 2006 of measures to improve oral
function in the new care insurance prevention benefits in Japan.
Thus, it is important to examine the relationship between oral
function and general condition among dependent elderly. However,
the relationship between general health and oral function among
frail elderly people is unclear. The purpose of this study was to clarify
the relationship between oral function (water drinking and gargling
function tests) and general condition (cognitive function, ADL, and
nutritional status) in Japanese nursing home residents.

2, Subjects and methods
2.1. Subjects

Seventy-nine residents of a nursing home in Japan participated
in this study (54 women and 25 men. age range: 65-95 years, mean
age: 82.2 + 8.5), after they or a family member fully understood the
purpose of the study and gave consent for participation. Participants
whose general condition was bad on the day of the examination or
who could not be evaluated because of hospitalization or other
reasons were excluded from the analysis.

2.2. Methods

Indicators for oral function evaluation were: (1) gargling
function, a modified version of the gargling test (Ushiyama,
2003) was used (Table 1). (2) Water drinking test, a modified
version of the water drinking test of Tohara et al. (2003) was used
for evaluation (Table 2).

Indicators for general function evaluation were: (1) assessment
of cognitive function, the mini-mental state examination (MMSE)
{Folstein et al,, 1975) was used by a psychiatrist. (2) Assessment of
ADL, the Barthel index (Collin et al., 1988) was used for assessment.
(3) Assessment of nutritional status, nutritional status was
assessed with the indicators of serum albumin level and BMI,
which were thought to reflect the nutritional status of the
participants.

In the statistical analysis, Spearman’s rank correlation coeffi-
cient was used for correlations. For tests between two groups, the
Mann-Whitney U test, Student’s t test, and Welch's t test were
used with 4 as the threshold in the water drinking test and 2 as the
threshold for gargling function. The SPSS statistical software
package was used.

2.3. Ethical considerations

The ethical regulations of the National Center for Geriatrics and
Gerontology were strictly followed. The study was approved by the
National Center for Geriatrics and Gerontology.
3. Results
3.1. Relationship between oral function and cognitive function

The participants were divided into two groups according to
gargling function, with 2 as the threshold, and cognitive function

Table 1

Gargling test

] Can be executed without problem

2 Can be executed with some difficulty

3 Water can be held in the mouth only

4 Water can be put in the mouth, but is swallowed
5 ‘Water cannot be put in the mouth

Table 2

‘Water drinking test

“No swallowing, gulping andjor changes in respiration

Swallowing: no gulping: changes in respiration or moist hoarseness
Swallowing, gulping

Swallowing, no gulping. no moist hoarseness

(I add to 4) Swallowing can be d once in 30 s

[

was investigated. [t was found that the group with low gargling
function (gargling function score of 3 or more) had significantly
lower (p< 0.001) cognitive function (MMSE). In a test of
correlation using Spearman’s rank correlation coefficient, a
negative correlation of y=0.766 (p < 0.001) was found between
gargling function and cognitive function (Fig. 1).

Participants were divided into two groups of those with a score
of 4 or less in the water drinking test and those with a score of 5.
and cognitive function was investigated. The group with the lower
score (4 or less) in the water drinking test had a significantly lower
(p < 0,001) cognitive function (MMSE). Correlation was tested
using Spearman’s rank correlation coefficient, and a positive
correlation of y=0.634 (p < 0.001) was found between gargling
function and cognitive function (Fig. 2).

3.2. Relationship between oral function and ADL

Participants were divided into two groups according to gargling
function, with 2 as the threshold, and ADL was investigated. It was
found that the group with low gargling function (gargling function
score of 3 or more) had significantly lower (p < 0,001) ADL (Barthel
index). In a test of correlation using Spearman’s rank correlation
coefficient, a negative correlation of y=0.8000 (p < 0.001) was
found hetween oral function and ADL (Fig. 3).

Participants were divided into two groups of those with a score
of 4 or less in the water drinking test and those with a score of 5,
and ADL was investigated. The group with the lower score (4 or
less) in the water drinking test had a significantly lower (p < 0.001)
ADL (Barthel index). Correlation was tested using Spearman's rank
correlation coefficient, and a positive correlation of y=0.754
(p < 0.001) was found between oral function and ADL (Fig. 4).

3.3, Relarionship between oral function and nutritional starus

Participants were divided into two groups according to gargling
function, with 2 as the threshold, and BMI was investigated. It was
found that the group with low gargling function (gargling function
score of 3 or more) had significantly lower (p < 0.005) nutritional
status (BMI). In a test of correlation using Spearman’s rank
correlation coefficient, a negative correlation of y=0.344
(p < 0.005) was found between oral function and BMI (Fig. 5).

Participants were divided into two groups of those with a
score of 4 or less in the water drinking test and those with a score
of 5, and BMI was investigated. The group with the lower score (4
or less) in the water drinking test had a significantly lower
(p < 0.05) nutritional status (BMI). Correlation was tested using
Spearman’s rank correlation coefficient, and a positive correla-
tion of = 0.306 (p < 0.01) was found between oral function and
BMI (Fig. 6).

Serum albumin level was investigated in two groups divided
according to gargling function, with 2 as the threshold. The group
in which gargling function was lower (gargling function score of 3
or more) had a lower serum albumin level, but the difference
between the two groups was not significant. In a test of correlation
with Spearman’s rank correlation coefficient, no correlation was
found between gargling function and nutritional status (serum
albumin level) (Fig. 7).
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Fig. 1. Relationship between gargling function and cognitive function.

MMSE

Fig. 2. Relationship between water drinking rest and cognitive function

Serum albumin level was investigated in participants divided
into two groups of those with a score of 4 or less in the water
drinking test, and those with a score of 5. The group with the lower
score on the water drinking test (4 or less) had a significantly
(p < 0.05) lower nutritional status (serum albumin level). In a test
of correlation with Spearman's rank correlation coefficient, a
correlation of y = 0280 (p < 0.05) was found between oral function
and serum albumin level (Fig. 8).

x
@
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4. Discussion

Relatively little attention has been paid to the impact of oral
health, and a similar diet is generally provided for all residents
regardless of oral function in institutions. Many elderly people
wish to take meals without feeding assistants, but they often have
physical functional disorders or mental illness that may influence
their eating ability. Self-feeding ability is an important part of ADL

Fig. 3. Relationship between gargling function and ADL
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Fig. 4. Relationship between water drinking test and ADL

Fig. 5. Relationship between gargling function and BMIL

throughout human life. Our previous report indicated that the
highest risk for losing self-feeding ability was the inability to wash
one's own mouth (gargling function) (Arai et al, 2003). Gargling
function is also very important for the maintenance of oral health,
as oral pathogenic microbes are spit out with washing agents from

the oral cavity, If elderly people have frail airways and defective
oral functions, oral pathogenic microbes might intermittently
invade their airways (Preston et al., 1999). In fact, it was reported
that a higher rate of morbidity, especially aspiration pneumonia,
and mortality were found among persons who required assistance

Fig. 6. Relationship between water drinking test and BML
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Fig 7. Relationship between gargling function and serum albumin level

with eating when compared with those who did not (Blaum et al.,
1995; Langmore et al., 1998).

One fundamental way for the elderly to maintain the quality of
life (QoL) is to obtain nutrition by safely enjoying delicious food. To
maintain QoL of the elderly, prevention of dental disease and
maintenance of oral function is essential. Maintenance or
improvement of oral function is related to prevention of the
life-threatening disease of aspiration pneumonia, as well as to
prevention of asphyxia, dehydration, and poor nutrition, and is
therefore extremely important from the perspective of extending
healthy life and improving QoL

Low body weight and rapid unintentional weight loss are highly
predictive of mortality and morbidity in elderly populations
(Fischer and johnson, 1990). Malnutrition and dehydration are
common problems in the institutionalized elderly (Simmons et al.,
2001, 2003; Castellanos et al., 2004) The factors that contribute to
poor nutritional status include alternations in the gastrointestinal
tract, functional disabilities, lower socioeconomic status, social
isolation, and chewing problems. It has been reported that dental
status can affect food preference, dietary intake, and nutrition. The
results of some epidemiological studies suggest that oral health is
related to physical, mental and social health (Aviund et al., 2001;
Shimazakl et al., 2001}, In particular, it has been reported that
chewing ability influences nutritional status, overall health, and
ADL in the elderly (Agerberg and Carlsson, 1980: Horwath, 1989:

Miura et al., 1997, 1998). In an assessment of the relationship
between oral health status and nutritional condition, it was
reported that older people in Britain with more than 20 teeth are
more likely to have a normal BMI (Sheiham et al., 2002), Sahyoun
et al, (2003) reported that dental health is closely associated with
nutritional status and suggested that status of dentition should be
considered in nutritional counseling and assessment of older
adults. However, compared to number of remaining teeth or type
of dentition, oral functions such as gargling function and water
drinking have received less attention. There are many studies on
dental health and general condition. but few reported studies on
the relationship between oral function (gargling function and
water drinking test) and cognitive function, ADL and nutritional
condition.

The results of this study indicated that the water drinking and
gargling function tests were strongly correlated (p < 0.001) with
cognitive function and ADL The water drinking and gargling
function tests showed a correlation with BMI (p < 0.005, p < 0.01,
respectively), and the water drinking test showed a correlation
with serum albumin level (p < 0.05). However, no correlation was
observed between the gargling function test and serum albumin
level.

Based on the results of this study, it is concluded that oral
function is closely related to cognitive function, ADL, and
nutritional status. It is suggested that oral function is one of the

Fig. 8. Relationship between water drinking test and serum albumin level
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most important factors for the maintenance of general condition in
dependent elderly. To prevent decreases in cognitive function, ADL
and nutritional status in dependent elderly, the importance of
improvements in oral function cannot be overemphasized. From
the perspective of preventing the need for new or more intensive
care in the elderly, the necessity of strategies to prevent decreased
oral function has become clear.
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mg cal mg/cn
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Japanese Monkey 19573.3 37.2 525.7
Cynomaolgus Monkey 5165.2 16.6 310.4
Common Marmoset 329.4 3.1 106.2
Rat 393.2 3.1 127.8
Mastomys 8.7 1.1 71.4
Mouse 12.3 04 29.1
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Human 136420 .4 164 .5 829.6 0.557
Japanese Moakey 19573.3 37.2 525.7 0.541
Cynomolgus Monkey 5165.2 16.6 3104 0.501
Common Marmoset 329.4 3.1 106.2 0.509
Rat 393.2 31 127.8 0.542
Mastomys 78.7 1.1 71.4 0.529
Mouse 12.3 0.4 29.1 0.377
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Species Strains Days of age Femur weight BMC AREA BMD BMR
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F34/N female 212 410.5 212.8 2.097 117.3 0.518
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Mus musculus C57BL/6 233 209 0.576 3.2 0.461
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