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define sites in the promoter that might control the higher
level of expression under high glucose concentrations in
cultured rat aortic SMCs in vitro, with the aim of better
understanding the regulation of OPN expression in dia-
betic condition.

2. Materials and methods
2.1. Constructs for the finctional promoter assays

A series of 5'-deletion constructs of the rat OPN pro-
moter in a luciferase expression vector pGL2 basic (Prom-
ega) was prepared as described (Ridall, Daane, Dickinson,
‘& Butle, 1995). The 1984-rOPN-LUC, 1895-rOPN-LUC,
1032-rOPN-LUC, 554-rOPN-LUC, 295-+OPN-LUC, and
62-1OPN-LUC constructs contain from — 1984, — 1895,
— 1032, —554, —295, —62 to +66 bp of the rat OPN
promoter, respectively (see Fig. 1A). Another construct
designated as 112-rOPN-LUC containing from — 112 to
+ 66 bp of the rat OPN promoter was generated by PCR and
restriction enzyme digestion (Fig. 1A). An insert fragment
was amplified from the 1984-rOPN-LUC construct using a
sense primer, 5-TCCCCCGGGAGGAGCAGGTGGGCC-
GGCCGT-3', derived from the rat OPN genomic sequence,
and an antisense primer, 5-CTTTATGTTTTTGGCG-
TCTTCCA, derived from pGL2 basic vector sequence,
digested with Smal and Xhol, and subcloned into Smal/
Xhol-digested pGL2 basic vector. Mutant constructs desig-
nated as B-box MUT and GC-rich MUT were made by site-
directed mutagenesis using the QuikChange mutagenesis kit
(Stratagene) according to the manufacturer’s instruction.
Mutations were introduced into an E-box binding sequence
and a GC-rich region located between nucleotides — 101
and — 96 and nucleotides — 95 and — 87 bp, respectively,
of the rat OPN promoter in the 295-rOPN-LUC construct
(see Fig. 2). The nucleotide sequences of mutagenic primers
were as follows with the mismatch sequences italicized:
5'-GGAGTGTAGGAGACGGGTGGCCGGCCGTGG-3'
for the B-box MUT and 5-GTGTAGGAGCAGGTGGGC-
CTTCCGTGGCAAAAACC-3' for the GC-rich MUT. Both
mutated promoter fragments were verified by direct
sequencing, cut out from the original plasmid by digestion
with Smal and Xhol, and ligated into the Smal/Xhol-
digested pGL2 basic vector in order to confirm that no
unexpected mutation had occurred as a result of the muta-
genic reactions.

2.2. Cell culture and transient transfection

Rat aortic SMCs were isolated by the explant method
from adult male Wistar rats and the primary culture and
subculture were carried out as described (Morisaki et al.,
1994). Cells at the 5-10th passages were used for the
present study. Transient transfection of cells with the rat
OPN promoter/iuciferase constructs was performed as
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Fig. 1. (A) Schematic representation of the rat OPN promoter deletion
constructs used in transient transfection assays. (B) Induction of luciferase
activity with high glucose and glucosamine in rat aortic SMCs transfected
with the rat OPN promoter/luciferase reporter gene constructs, After 48 h of
transfection, the cells were incubated with different concentrations of
glucose and glucosamine for 48 h, After incubation, the luciferase activity
in the cell lysates was measured. Bars represent the relative induction of
luciferase activity after freatment with 50 mM pglucose or 5 mM
glicosamine/2.5 mM glucose as compared with 2.5 mM glucose-treated
control cells. Results represent means+S.D. of triplicate determinations.
All experiments were repeated at least three times to confinm the
reproducibility of the observations.

described (Takemoto et al., 1999) using FuGene 6 trans-
fection reagent (Roche Molecular Biochemicals, Indianap-
olis, USA) according to the manufacturer’s instructions. In
order to minimize differences in transfection efficiency
between cells, all the transfected cells with the same
construct were trypsinized 24 h after transfection, thor-
oughly mixed together in one tube, equally inoculated to
culture dishes, and incubated for 24 h before high glucose
and glucosamine treatment. Then, the cells were further
incubated for 48 h in glucose-deficient Dulbecco’s modified
Eagle’s medium containing 10% fetal bovine serum (Gibco)
and 40 yg/ml gentamicin sulfate, supplemented with differ-
ent concentrations of glucose and glucosamine. After
incubation, the luciferase activity in the cell lysates was
measured as described (Takemoto et al., 1999). All trans-
fections were repeated several times with at least two
different batches of DNA.
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Fig. 2. (A) Comparison of proximal regions of the rat, mouse, and human
OPN promoters from ~ 110 to — 73 bp (rat promoter numbering). This
region is highly conserved in all three species and contains a number of
consensus regions including an E-box and a GC-rich region (boxed). (B)
Schematic representation of the rat OPN promoter mutation constructs used
in transient transfection assays. We mutated the E-box element in the
295-r1OPN-LUC construct (E-box MUT, CAggTG to ACggGT) as well as the
GC-rich region (GC-rich MUT; GG to TT). Mutations are underlined and
shown below their respective wild-type sequences. (C and D) Induction of
luciferase activity with high glucose (C) and glucosamine (D) in rat aortic
SMCs transfected with wild-type or mutant rat OPN promoter/luciferase
reporter gene constructs. After 48 h of transfection, the cells were treated and
data were expressed exactly as described in the legend to Fig. |. Results re-
present means% S.D. of quadruplicate determinations. * P<.05,* * P<.01.

2.3. Statistical analysis

Data are expressed as mean=S.D. The significance of
differences was evaluated by Student’s ¢ test.
3. Results and discussion

We have previously reported that high glucose stimulates
OPN expression via a protein kinase C-dependent pathway

and a hexosamine pathway in cultured rat aortic SMCs
(Takemoto et al., 1999). In order to determine a high
glucose/glucosamine responsive element within OPN pro-
moter, we carried out an extensive deletion analysis of
5'-flanking region of rat OPN gene. A series of 5'-deletion
constructs equipped with luciferase reporter gene, schem-
atically depicted in Fig. 1A, were transiently transfected into
cultured rat aortic SMCs and the luciferase activity was
measured. As shown in Fig. 1B, in the presence of 50 mM
glucose or 5 mM glucosamine, there were about 1.5-4.0-
fold increases in luciferase activity in the cells transfected
with the 1984-rOPN-LUC, 1895-rOPN-L.UC, 1032-rOPN-
LUC, 554-rOPN-LUC, 295-OPN-LUC, and 112-rOPN-
LUC constructs. On the other hand, no significant increase
in luciferase activity was detected in the cells transfected with
the 62-rOPN-LUC construct after treatment with either high
glucose or glucosamine. These results suggest that elements
involved in high glucose and glucosamine responses are
present within a region between — 112 and — 62 bp of the
OPN promoter. As shown in Fig. 24, this region is highly
conserved in the rat, mouse, and human promoters and con-
tains a number of consensus regions, including an E-box and
a GC-rich region (Malyankar, Hanson, Schwartz, Ridall, &
Giachelli, 1999). It should be noted here that high glucose/
glucosamine-stimulated increase in luciferase activity of the
112-rOPN-LUC-transfected cells was apparently higher than
that of the 295-rOPN-LUC- or 554-rOPN-LUC-transfected
cells, suggesting the presence of a repressor element in
the — 112 to ~ 554 region.

To further define precise nucleotide sequences of the rat
OPN promoter involved in high glucose and glucosamine
responses, we mutated the E-box element and the GC-rich
region in the 295-rOPN-LUC construct, and the mutated
constructs were designated as E-box MUT and GC-rich
MUT, respectively (Fig. 2B). The wild-type and mutated
constructs were fransiently transfected into cultured rat
aortic SMCs and the luciferase activity was measured 48 h
after high glucose or glucosamine treatment of the trans-
fected cells. All experiments were repeated at least three
times to confirm the reproducibility of the observations. As
shown in Fig. 2C, the cells transfected with either the E-box
MUT or the GC-rich MUT construct showed approximately
30% less luciferase activity in response to high glucose
treatment as compared with the cells transfected with the
295-rOPN-LUC construct. Likewise, as shown in Fig., 2D,
both of the mutations resulted in approximately 25%
decrease in glucosamine response. These results suggest
that two cis-acting elements, the E-box and the GC-rich
region, are involved at least partly in high glucose/ghicos-
amine-stimulated transcription of rat OPN gene.

It was reported that, in murine mesangial cell culture,
transcriptional activation of transforming growth factor (3-1
by high glucose involved an E-box consensus region located
within its promoter (Hoffinan, Sharma, Zhu, & Ziyadeh,
1998). Furthermore, Koo et al. (Koo & Towle, 2000)
demonstrated, by analyses of the carbohydrate response



S. Asaumi et al. / Journal of Diabetes and Its Complications 17 (2003) 34-38 37

element of murine Spotl4 gene promoter in primary hep-
atocytes, that two half E-box motifs were critical for the
response to high glucose. As previously reported (Molken-
tin & Olson, 1996; Sawada & Noda, 1996; Sawadogo &
Roeder, 1985), different families of proteins bind to E-box
consensus regions including basic helix-loop-helix tran-
scription factors, such as MyoD and E2A, and basic helix-
loop-helix-leucine zipper transcription factors, such as
upsiream stimulatory factors (USFs), sterol response ele-
ment binding protein 1, and Myc. In fact, Malyankar et al.
(1999) reported that USF1 govemed expression of OPN in
cultured vascular SMCs and might contribute to initial OPN
expression observed after carotid njury and in vascular
pathologies in vivo. However, we could not find any
increase in the expression of USF1 and USF2 at protein
and mRNA levels in cultured rat aortic SMCs treated with
either high glucose or glucosamine (data not shown),

Chen et al. (1998) showed that high glucose directly
regulated plasminogen activator inhibitor-1 (PAI-1) gene
expression in rat aortic SMCs through an effect on two
adjacent Spl sites of the PAI-1 promoter. Moreover, Gold-
berg et al. (2000) reported that stimulation of the PAI-1
promoter by both high glucose and glucosamine involved
Spl and that the hexosamine pathway might be involved in
the regulation of PAI-1 gene expression by high glucose in
glomerular mesangial cells. However, no appreciable
changes were found in the amount of Spl protein and
transcript by treatment of cultured rat aortic SMCs with
either high glucose or glucosamine (data not shown). A
possibility remains to be elucidated that high glucose and
glucosamine do not quantitatively but qualitatively influ-
ence the activity of transcription factors by phosphorylation
or by the addition of O-linked N-acetylglucosamine (Comer
& Hart, 1999).

Finally, our present study identifies a putative high glu-
cose/glucosamine responsive element between — 122 and
— 62 bp of the rat OPN promoter. Further characterization of
the signaling pathway downstream of high glucose stimu-
lation is necessary and would provide us a novel therapeutic
target for prevention of the diabetic vascular complications.
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Abstract

A prospective comparison of day eare and freely chosen oceupational
therapy for elderly patients with dementia

Shizuru Yamada®? and Kenji Toba?

Since the introduction of long-term care insurance, day care services have become popular throughout Japan and many
kinds of behavioral approaches have been used. Although there have been many reports on the non-pharmacological effects
on cognitive function, case control studies to evaluate the effect of day care services are insufficient. Furthermore, no study
has compared the advantages of different behavioral therapies for elderly subjects with loss of cognitive function.

To clarify these issues, we compared the changes in activities of daily living, cognitive function and vitality/depression
among 78 subjects receiving different day care services. Community dwelling subjects using day care (day care group:n=
29, 80 +7.3 vears old) showed an improvement in abnormal behavior (DBD scale ; before 85+2.1, after 3.2+ 1.3, p<0.05) . Vi-
tality and volition measured by the Vitality Index were significantly preserved in the day care group compared with com-
munity dwelling subjects without day care services (n =11, 78.6 = 9.4 y.0.). Comparing the effect of three different behavioral
therapies (physical fitness, cooking and gardening), there was no difference in changes in cognitive function or in other
comprehensive measurements among the groups. On the other hand, different responses to various therapies were ob-
served among subjects. To determine the advantage of various non-pharmacological therapies for dementia, geriatricians
need to perform prospective case-control studies with a large number of subjects, using comprehensive geriatric assess-
ment as the art of a geriatrician.

Key words : Dementia, Behavioral therapy, Occupational therapy, Comprehenstoe geriatric assessmernt
(Jpn J Geriat 2005 ; 42 : 83—89)

1) Mahoroba-no-Sato Geriatric Health Care Facility
2) Department of Geriatric Medicine, Kyorin University, School of Medicine
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