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Table 2. Cox Proportional Hazard Models for Mortality or Hospitalization During a 3-Year Period

Difficulty with Self-Medication
Difficulty with Self-Medication Receiving Assistance Absence of Assistance

Mortality and Hospitalization Hazard Ratio (95% Confidence Interval)
Mortality

Crude model 2.48(1.97-3.11) 2,70 (214-3.40) 1.37 (0.91-2.06)

Adjusted* 0.98 (0.72-1.32) 1.00 (0.72-1.38) 0.92 (0.60-1.42)
Hospitalization

Crude model 1.51 (1.30-1.76) 1.53{1.31-1.79) 1.41 (1.09-1.83)

Adjusted’ 1.13(0.83-1.38) 1.06 (0.86-1.32) 1.32 (1.01-1.73)

* Adjusted for sex, age, acuviry of daily living [ADL) score, living arrangement, regular medical examination, number of regular medicanions, and presence or
absence of chronic diseases, including congestive heart failure, demennia, cancer, and hypertension.

' Adjusted for sex, age, ADL score, living arrangement, regular medical examination, number of regular medications, and presence or absence of chronic diseases,
mcluding econgestive heare failure, cerebrovascular disease, diaberes mellitus, and eancer

survival and hospitalization during the 3-year follow-upin  people who require medication assistance, was associated

participants according to the presence or absence of difi-  with higher all-cause mortality and all-cause hospiraliza-
culty with self-medication management, or receiving med-  tion during a 3-year follow-up period, although these as-
ication assistance. sociations disappeared after adjusting for potential

confounders. However, in participants who had difficulry
with self-medication management, the crude model dem-
DISCUSSION onstrated that receipt of medication assistance was associ-
The present study found that difficulty with self-medication  ated with higher mortality and hospitalization during the
management in elderly people, in other words in elderly  study period. Needing but not receiving assistance was as-
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Figure 1. Multivariate adjusted Kaplan-Meier plots of survival (A, B) and hospitalization (C, D) during the 3-year follow-up in
participants according to the presence or absence of difficulry with self-medication management, or receiving medication assistance.
Gender, age, activities of daily living (ADL) score, living arrangement, regular medical checkup, number of regular medications, and
presence or absence of chronic diseases including congesuve heart failure, dementia, cancer, and hypertension were included as
covanates for mortality analysis and gender and age, ADL score, living arrangement, regular medical checkup, number of regular
medications, and presence or absence of chronic diseases including congestive heart failure, cerebrovascular disease, diabetes mellitus,

and cancer were included as covariates for hospitalization analysis. (B) The lines of “having assistance™ overlap the lines of no difficulty
with self-medication.
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sociated with more hospitalization but not greater mortal-
ity than having no difficulty, although after adjustment for
potential confounders, the association between 3-year mor-
tality and hospiralization and receipt of medication man-
agement assistance disappeared, suggesting that higher risk
of mortality or hospitalization in participants receiving as-
sistance was related to their baseline characteristics, in-
cluding age, ADL status, comorbidity, and living
arrangement. In contrast, the association between hospi-
talization during the 3-year study period and the absence of
medication management assistance in those having diffi-
culty with self-management persisted even after full adjust-
ment for potential confounders.

These observations may indicate that unmet need for
assistance with medication management is a risk factor of
all-cause hospitalizarion in community-dwelling older peo-
ple with disabilities. The lack of help to appropriately self-
manage complicated medication regimens seems to lead to
poor adherence to medication regimens.!! Poorer adher-
ence was observed in participants who had no help for
medicarion than in those who reported no difficulty with
medication management or in participants receiving med-
ication assistance. Poor adherence to medication regimens
accounts for substantial worsening of disease and health
condition.'>'* In addition, it has been reported that a high
percentage of medication-related hospital admissions are
due to poor medication adherence.'*!5 These results sug-
gest that the poor adherence contributes to the higher risk of
hospitalization at least in part because of unmet need for
support for medication management in community-dwell-
ing disabled older people. However, in the present study, the
inclusion of medication regimen did not greatly influence
the HR of the lack of needed assistance for all-cause hos-
pitalization adherence in the multivariate analysis, which
suggests that poor adherence may not be a major cause of
the higher hospitalization in participants who do not re-
ceive help for medication management. It has been dem-
onstrated that the adverse drug events in older people are a
major cause of hospitalization in older people.'®'” The lack
of needed assistance may lead not only to poor adherence to
medication regimens, but also to the adverse drug events
that the inappropriate use of drugs causes, including taking
the wrong dose and inappropriate frequency or route of
administration,

Reasons other than taking medication might be in-
volved in the greater risk of hospital admission in those with
an unmet need for medication management. The unmet
needs for medication support by family or formal commu-
nity-based services under the LTCI program may also reflect
the multiple types of unmet needs for various kinds of ADL
tasks. Poorer total informal care levels, as assessed by vis-
iting nurses or care managers, were observed in participants
who did not receive the help thar they needed with med-
ication management than in those who had medication
support (data not shown). These total unmet needs for care
may contribute to substantial worsening of disease and in-
crease the risk of hospitalization in community-dwelling
older people with disabiliries.

This study had important limitations. Because of the
observational design, the marginal significance of the unmer
need for medicartion support for hospitalization risk could
be due to unmeasured factors, including the severity of

chronic diseases of patients, health conditions of caregivers,
socioeconomic status, educational artainment, and quantity
and quality of community services. In the analysis, baseline
data about medication management and medication use
were included, but changes in care and medication during
the follow-up period were not considered. In addition, these
findings may not be generalizable to other populations,
given that health pracrices, a variety of social and economic
factors, ethnic artitudes about caring for very old people,
and cost may have influenced them. The self-reported abil-
ity to manage medication and the self-reported average
medication adherence may not have been accurate or re-
flected precise ability and adherence rate. More-objective
and -precise assessments of difficulty with medication man-
agement and adherence rate should be used in the furure
research in this area, and further studies are needed to de-
termine what kind of medication management problems are
involved in the poor outcomes of disabled elderly people
and what kind of medication supports are important to
improve the outcomes,

The present study demonstrated that lack of medica-
tion assistance in those needing medication support was
associated with higher risk of hospitalization. Healthcare
providers and families should recognize the importance of
evaluating the ability of older people o independently ad-
minister medications and provide the appropriate medica-
tion support for subjects who need medication assistance.
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ABSTRACT

Background: Maintaining continuous pharmacological treatment of patients with
dementia is often difficult. In the current study we surveyed the discontinuation
of donepezil, a cholinesterase inhibitor, for the treatment of Alzheimer's disease
in a Japanese geriatric outpatient clinic in a university hospital.

Methods: Using a retrospective chart review from 1 July 2003 to 30 June 2005,
prescriptions of donepezil and the reasons for discontinuing the prescription in
a university hospital were determined. The severity of dementia was evaluated
by the clinical dementia rating (CDR).

Results: Out of 264 patients, 140 (53.1%) discontinued taking donepezil during
the two-year observation period. The mean age of the continued group and
the discontinued group did not differ significantly (79.5+£6.7, 79.8£6.4,
respectively). Kaplan-Meier analysis showed that the patients with more severe
cognitive impairment (CDR score = 3) discontinued donepezil earlier and more
frequently. The reasons for discontinuation were a change in the doctors
treating the patients (n=71), ineffectiveness (n= 16), gastrointestinal side-
effects (n=11), and others (n=41). In patients with CDR =1 or 2, changes
of doctors were the most frequent reason for discontinuation. However, in
patients with CDR = 3, ineffectiveness of the medication was the major reason
for discontinuation.

Conclusion: Donepezil was frequently discontinued, and the rate of discontinua-
tion was higher in partients with advanced dementia.
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Discontinuation of donepezil in AD

Introduction

Japan has been experiencing the fastest growth of its older population in the
world, with the proportion of people aged over 65 years old reaching 20% in
2005. In parallel with the increasing number of older persons, the number of
older people affected by various forms of dementia is also rising.

Although there are several cholinesterase inhibitors available worldwide for
treating patients with Alzheimer’s disease (AD) (Blennow er al., 2006), only
donepezil has been licensed so far in Japan. In terms of maximizing the effect
of donepezil for retarding the disease progression, adherence of the patients to
the pharmacotherapy is crucial. Other than the cessation of the medication due
to adverse drug reactions such as gastrointestinal irritations (Birks, 2006), the
continuation of donepezil can be hampered by patients’ lack of competence to
take the drug regularly owing to their memory problems or inadequate support
from their caregivers. With the aim of examining what factors can lead to the
discontinuation of donepezil, we surveyed the background of patients when they
started the medication and examined its association with the discontinuation of
the drug during the follow-up period.

Methods

The study was conducted in parients in the outpatient clinic in the Department
of Geriatrics, Nagoya University Hospital. AD was diagnosed according to the
DSM-1V criteria (American Psychiatric Association, 1994).

Patients started donepezil at 3mg daily. If tolerated for one or two weeks, the
doses were increased to 5mg daily. The severity of dementia in patients at the
point of discontinuation of treatment was evaluated by their attending doctors
with the clinical dementia rating (CDR) (Hughes et al., 1982; Morris, 1993).

Using a retrospective chart review from 1 July 2003 to 30 June 2005, the
prescription of donepezil and the reasons for discontinuing the prescription
were determined. The lack of efficacy was determined by the attending doctors
mainly based on caregivers’ information.

The Pearson yx? test for categorical data and the independent t-test for
continuous data were used to compare the characteristics of the patients.
A Kaplan-Meier analysis was conducted to investigate the continuation of
the prescription of denepezil. Logistic regression analysis was performed to
investigare the factors associated with the discontinuation of donepezil.

A p value < 0.05 was considered significant. The analysis for this study was
generated using SAS statistical software, version 9.1 (SAS Institute Inc., Cary,
North Carolina).

Results

Out of 264 patents, 140 (53.1%) discontinued taking donepezil during the
observation period. The mean age of the continued group and the discontinued
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Table 1. Patients’ backgrounds

ALL
Age (years old) 79.6£6.5
Male/female 87177
Duration of 231.4+145.6

prescription (days)

Number of patients E
of CDR 0.5

Number of patients 165
of CDR 1

Number of patients 58
of CDR 2

Number of patients 32
of CDR 3

79.5£6.7

41/84

359.4+098.8

3 (33.3%)
91 (55.2%)

21 (36.2%)

P
CONTINUED DISCONTINUED VALUES

79.8+6.4 0.775
46/93 0.171
105.1 +£43.7 <0.001

6 (66.7%)
74 (44.8%)
37 (63.8%)
22 (68.8%)

10 (31.3%)

0 30 60 80 120 150 180 210 240 270 300 330 360 3N

Duration (days)

Figure 1 Kaplan-Meier analysis showing that the patients with more severe cognitive
impairment represented by the CDR score (=3) discontinued taking donepezil earlier and

more frequently.

group did not differ significantly (79.5 £+ 6.7, 79.8 + 6.4, respectively) (Table 1).
The percentages of the patients having concomitant ftreatment with
antipsychotics, benzodiazepines or antidepressants were 25.6% (32/125) and
23.7% (33/139) for continued and discontinued patients, respectively. Kaplan-
Meier analysis showed that the patients with more severe cognitive impairment
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Table 2. Logistic regression analysis adjusted for age

ODDS RATIO 95%Cl1 P-VALUE
CDR 1.713 1.170-2.508 0.006
Living alone 1.073 0.492-2.338 0.860

Mote: CI = confidence interval.

as represented by their CDR score (CDR = 3) discontinued taking donepezil
earlier and more frequently (Figure 1). The durarions of the treatment with
donepezil were 236.6 +139.5 days, 252.3 +141.1 days, 205.2 £+ 147.9 days,
and 187.3 + 148.8 days for CDR 0.5, 1, 2, 3, respectively.

The reasons for discontinuation were changes in the doctors treating the
patients (n=71), ineffectiveness (n = 16), gastrointestinal side effects (n=11)
and others (n=41).

To determine the variables significantly associated with discontinuation,
logistic regression analysis was performed. The variables selected for this analysis
were patients’ age, gender, CDR, and living alone. The analysis showed that
CDR was the only significant variant affecting discontinuation (Table 2).

The reasons for discontinuation at each CDR severity level are shown in
Table 3. In patents with CDR=1 or 2, whose dementia was relatively less
severe, the changes of doctors were the most frequent reason for discontinuation.
However, in the patients with CDR = 3, ineffectiveness of the medication was
the major reason for discontinuation.

Discussion
In the current study, the prescriptions of donepezil given to AD patients were
frequently discontinued. The discontinuation was observed earlier and more
frequently in patients with severe AD (CDR=3). The main reason for the
cessation was the perceived ineffectiveness of the medication. However, in
less severe AD patients (CDR =1, 2), the prescription of donepezil from the
specialist was stopped mostly because of referral to the local primary care
physicians. In the current study the continuation of the prescription by the
local primary care physicians was not traced. Our previous study showed that
the arttitudes of the majority of general practitioners in Japan were reluctant to
follow patients with dementia (Umegaki er al., 2007). The continuation of the
prescription after the hand-over should be investigated in future studies. Previous
surveys showed that the rate of discontinuation of the cholinesterase inhibitor
prescription to patients with senile dementia of Alzheimer’s type (SDAT) was
30-50%, which is similar to the present results (Evans ez al., 2000; Frankfort
et al., 2005; Mauskopf et al., 2005; Suh et al., 2005).

Under the current National Health Insurance-based medical practice in
Japan, donepezil (5 mg) is licensed only for patients with mild to moderate
AD. This means that patients with an advanced stage of AD (CDR =3) are not
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indicated for treatment by donepezil. However, due to the lack of options for
alternative pharmacotherapy, donepezil tends to be used irrespective of dementia
severity. The application of a higher dosage (10 mg) of donepezil to severe
AD patients has recently been licensed, and is expected to be beneficial for
AD patients in the advanced stages. In the current survey, age of the patients,
gender and living alone were not significantly associated with discontinuation. In
addirtion, very few patients discontinued because of poor drug adherence. This
may be due to the fact that donepezil was not prescribed from the outset to those
patients who were considered incapable of taking the drug regularly.

The current study has several limitatons. First, because the survey was
implemented in the outpatient clinic of a university hospital, the results may
not be generalizable to other clinical settings. In university hospitals there are
many referral cases, and hence the patients are in a more advanced stage of
dementia relative to other clinical settings. This may have contributed to the
higher rate of discontinuation than we had expected. Also, because of higher
expectations for drug efficacy in patients and their caregivers, a poor response
10 denepezil treatment may have led to the discontinuation of pharmacotherapy.
Therefore, the results need further substanuation by extending the survey to
other clinical settings. Another limitation of this study is that we could not trace
the patients who were transferred to other settings. Those transferred cases that
were counted as discontinued in this survey do not reflect the number of patients
who stopped donepezil treatment.

In summary, in the memory clinic of a umversity hospital, donepezil
was more frequently discontinued than we had expected, and the rate of
discontinuation was higher in patients with advanced dementia. In terms of
scamless pharmacological treatment, drugs that can be beneficial for patients in
the advanced stages of dementia are greatly needed.
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Abstract

Background: Senescence marker protein-30 (SMP30), whose expression declines during aging in
rat liver, has been proposed as an important aging marker. Besides apoptosis, SMP30 also protects
cells against various other Injuries by enhancement of membrane calcium-pump activity. The
mechanlsm of this differential gene expression mechanism is not known. DNA-protein interactions,
mutation analysis and luciferase reporter assay studies have been performed to elucidate the
mechanism of transcriptional regulation of SMP30 gene.

Results: We have characterized up to -2750 bp of the promoter by DNA-protein interactions
studies. Twenty eight transcription factor binding sites have been identifled by DNase | footprinting
and electrophoretic mobility shift assay (EMSA). Transient transfection of 5' and 3' -deleted
promoter-reporter constructs and luciferase assay illustrated the region between -128/+157 bp s
sufficient to drive promoter activity. We have mapped an essential regulatory region between -513
to -352 bp which causes a drastic decline of reporter activity. This region conuins CdxA, GATA2
and SRY transcription factor binding sites. Individual mutation of these three sites showed increase
in reporter activity. Mutation in SRY site (-403/-368) showed maximum increase in reporter activity
among these three sites. Therefore, we suggest that SRY like protein may be acting as a strong
repressor of SMP30 gene along with CdxA and GATA-2. We alsa report that mutation of both Spl
(172/-148 bp) and a C/EBPB (-190/-177 bp) transcription binding site located adjacent to each other
on SMP30 gene promoter, causes a significant enhancement in reporter activity than individual
mutation, thus may be causing the repression of SMP30 promoter actvity.

Conclusion: These studies provide novel insights into the mechanism that regulate SMP30 gene
expression.

Background is preferentially expressed in hepatocytes and renal tubu-
Senescence marker protein-30 (SMP30), a 34 kDaprotein,  lar epithelia. SMP30 is unique in that, its expression is
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maintained at a high level throughout the tissue matura-
tion process, then decreases in an androgen-independent
manner during senescent stages in both sexes [1,2], Anal-
ysis of murine genomic clone revealed that SMP30 is
organized into seven exons and six introns spanning
approximately 17.5 kb. The full length ¢cDNA fragment
(1.6 kb) contains an open reading frame of 897 bp encod-
ing 299 amino acids. Cloned SMP30 promoter is approx-
imately 3 kb in length and up to -1.5 kb of upstream
promoter region has been sequenced |2]. We have further
sequenced upstream region -3001 to -1502 bp, and the
sequence is available from the NCBI database under the
accession number EU251064. SMP30 knockout mice
though are viable and fertile have reduced body weight
and life span. SMP30 deficiency in mice causes an accu-
mulation of neural lipids and phospholipids in liver and
shortens the life span [3]. SMP30 plays an imporant role
in maintaining calcium homeostasis as it blunts down cell
death caused by intracellular accumulation of caldum by
enhancing plasma membranes calcium pumping activity
[1]. It also plays a profound role in rescuing cells from cel-
lular injuries such as apoptosis and hypoxia [4]. Besides,
SMP30 functions as gluconolactonase in L-ascorbic acid
biosynthesis, and its knockout mice are prone to scurvy
[5]. Recently, we have also reported the alteration of
SMP30 expression in hyperthyroidism [6). Considering
the immense importance of SMP30 in aging and in gen-
eral physiology of an organism, it is highly essential to
understand the mechanism of SMP30 gene expression.
Regulation of gene expression at ransciptional level is
mediated by the interaction of trans-acting factors with
cis-acting DNA sequences on the promoter region of the
genes. Thus, the cross-talk between trans-acting regulatory
factors and cis-acting regulatory elements may be impor-
tant for regulation of SMP30 gene expression. The identi-
fication of cis-regulatory elements are therefore central
and detailed analyses of cis-regulatory mechanisms con-
trolling critical transcription factor will be required in
order to understand the transcriptional regulation of
SMP30 gene. Previously, we reported DNase I footprint-
ing on SMP30 promoter up to -800 bp upstream of the
transaiption start site and identified eight nuclear factor
DNA binding sites in this region excluding -513 to -352
bp [7]. The aim of the present study is to characterize and
decipher the mechanism of SMP30 gene expression and
regulation. In elucidating the mechanism that endow
potent and regulated expression of SMP30, detailed char-
acterization of the promoter is highly desirable. To char-
acterize SMP30 promoter we carried out DNA-protein
interaction study by DNase I footprinting studies from -
800 bp to -2750 bp and electrophoretic mobility shift
assay. In this region about twenty eight putative transcrip-
tion factor binding sites have been identified of which ten
transcription factor binding sites were confirmed by com-
petitive EMSA. Further, to access the transcriptional mech-

hitp:/Awww. biomedcantral com/1471-2198/3/43

anism of SMP30 gene expression and regulation, we have
carried out for the first time 5' and 3' serial deletion of
SMP30 promoter and subsequently cloned into luciferase
reporter vector. Transient transfection and luciferase assay
illustrated the region of SMP30 promoter between -128/
+157 bp (Luc-6), having significant promoter activity.
Progressive deletion study confirmed the presence of a
repressor element between -313 bp to -352 bp. DNase |
footprinting assay was carried out to chalk out the repres-
sor elements, which revealed the presence of three DNase
1 protected sites. Analysis of these sequences with
TFSEARCH showed the binding of CdxA, GATA2 and SRY
transcription factors. Transient transfection of individual
site-directed mutated constructs into RAG cells and luci-
ferase assay showed an increase in reporter activity for all
the three mutated constructs,

Since mutation of SRY region (-403/-368) showed maxi-
mum reporter activity, we suggest SRY along with CdxA
and GATA-2 may be acting as a major negative regulator
of this gene. Binding of SRY, GATA-2 and CdxA to their
respective sites were confirmed by competitive EMSA.
Another interesting feature of SMP30 gene promoter is
location of Sp1 and C/EBP wansaription factor binding
sites adjacent to each other. Here, we also report that
though the presence of these two transcription factor
binding sites to minimal promoter region (Luc-5) did not
show any significant change in reporter activity as com-
pared to Luc-6, but mutation of both the transcription fac-
tor binding site enhanced the reporter activity
significantly by 23%. This suggests either direct or indirect
interaction between Sp1 and C/EBPp occurs at transcrip-
tional level in presence of other regulatory factor in
SMP30 promoter which causes repression in SMP30 gene
promoter activity.

Results

Identification of DNase | protected sites on SMP30
promoter

We have previously identified eight transcription factor
binding sites within 0.8 kb mouse SMP30 promoter frag-
ment by DNase [ footprinting and EMSA [7]. In this study
we further investigated the transaription factor binding
sites by DNase | footprinting assay on SMP30 promoter
region between -2750/-777 bp using rat liver nuclear
extract. The Primers used for footprinting study of the
above mentioned regions are shown in table 1, Within
this region, twenty eight DNase | protecied sites were
identified (Table 2 and 3) and a representative of three
DNase | footprinting sites of the regions -1208/-777 bp, -
1491/-1205 bp and -2028/-1626 bp are shown (Figure 1,
2 and 3).
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Table I: Primers used for footprinting from 777 to -2750 kb.

http:/Aww biomedcentral.com/1471-2188/8/43

Serial No Region Amplified Primers: Sense (S5) and antisense (AS)
| -2008 to -777 55: CAGCATTCCTGGTAGAAACAGGTCC
1 -2008 o -777 AS: GTCCTACACATGGGTGGGCAAATG
3 <1276 o -1039 §5: GCTTCCCAGAGTTCGGCCATTGTTG
4 -12176 o0 -1039 AS: GTCTTGCAAGCGATGTGTGTGG

5 -149] 10 -1205 55: CCCTTCCCAAGGTTCTCTGC

3 -14%] to -1205 AS:GGTTTTCCCATTGTGACGACGTCGG
7 <1695 to -139] §5: CACTTGCTTTAACTCCTGCAGC

8 1695 to -1391 AS: GCTTCTTCATCTTACCCACC

9 +2028 to -1626 §5: GACACACCAGGTGAGCACTGTAC

19 -2028 o -1626 AS: GGTAACTGGAAGTACCCAGC

I -2190 to -1 865 55: CAAGGCCAGCATGGACTGC

12 -2190 o - 1865 AS: GAAGACCTTGGTGGCAGCAG

13 -2448 10 -2112 55: GGTATGCATGCATGCAGTGC

14 -2448t0 2112 AS: GAGCCAATCACCTCCAGGTG

15 -2750 to -22683 55: GAACGGCAAAGTTAGTATGAGGCC
16 2750 to -2283 AS: GAGACAGTCCTCAAGTAGCCTGC

Confirmation of identified transcription factor binding site
through electrophoretic mobility shift assay (EMSA)

All the DNase [ protected sequences were analyzed in tran-
scription factor data base (TFSEARCH, Japan) which
revealed binding sites sequence homology to multiple
transcription factors. To demonstrate the specificity of
transcription factors binding sites to the DNase 1 pro-
tected regions, we carried out EMSA and/or supershift
assay. We synthesized oligonuceotides (both strands)
comresponding to the protected sites (Table 2) and pre-
pared radiolabeled duplexes for EMSA studies. Five DNase
1 protected-sites were identified in the region -1208/-777
bp of which FP 4 and FP 5 have been confirmed by EMSA
(Figure 4 and 5), To FP 4 site binding of C/EBPp was con-
firmed by competition with cold C/EBP oligonudleotide
and also by C/EBPP antibody shift experiments. Binding
of GATA-1 to FP 5 is confirmed by competition experi-
ments. Four DNase | protected sites were detected in the
region -1491/-1205 bp. Though TFSEARCH revealed the
binding GATA-3, GATA-1, GATA-2 and AML-1a in order
of decreasing binding affinity, only AML-1a competed
with FP 6 site (Figure 6). Similarly TFSEARCH revealed the
binding of Lyf-1 and GATA-1 to FP8, only cold GATA-1
oligonucleotide competed with FP 8 but not Lyf-1 thus
confirming the binding of GATA-1 to FP8 (Figure 7).

Table 2: DNase | protected sites.

Three DNase | protected sites were detected in -2028/-
1626 bp region. Binding of no transaiption factor up 10
80% was observed in TFSEARCH to FP 10, thus it may be
a novel transcription factor binding site (Figure 8), Bind-
ing of SRY to FP 11 is confirmed by competition studies
(Figure 9). Table 3 shows all the DNase | protected sites
confirmed by EMSA (data not shown).

ﬂ 'J_tbn Dfml. 7
regulation

To elucidate the mechanism of SMP30 gene expression,
both 5' and 3' deletion constructs were sub-cloned into
pGL3 luciferase plasmid and transiently transfected into
RAG cells. The 5' -serially deleted constructs are -920/
+157(Lue-1),-710/+157 (Luc-2), -513/+157(Luc-3), -352/
+157(Luc-4), -240/+157(Luc-5) and -128/+157(Luc-6).
The 3' -serially deleted constructs are +157/-128 and
+104/-128. The expression pattern of 5' -serially deleted
constructs is shown in figure 10, The 5' -deleted -128/
+157 bp construct (Luc-6) showed highest reporter activ-
ity among others. In order to delineate the basal promoter
activity further, we carried out transfection of 3' -deletion
construct into RAG cells. The construct -128/+104 bp
showed ~ 28% reduction in reporter activity (Figure 11).
Thus, the region between -128/+157 bp is essential in

of SMP30 gene expression and

Footprint DMase | protected region Transeription factor
FP4 TGTGGGTTAAGCTATTGCAAAACTCCAACATCTGATCTTGGGGLTT C/EBP R
FPS ACCCCTCCACACACATCGCTT GCAAGACAAACTGTGGGTT GATAI
FP& CACCCCAATCCGGCTGAGACTGCTCTGTGAGTAGC AML-1A
FPB CTTGGTGGGTAAGATGAAGAAGCTAGATTTGGGCGAAGGC GATAI
FP 10 TTTGCAAGCGTTGGCCTGCTGCCACCAAGGTCTTCCC Novel
FP 11 TAAACCAATCAMMATAAAGGCATTTTTCTTCCCCTTCC SRY
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Table 3: DNase | protected sites between <777 to <2750 (data not shown)

Footprint DMase | protected region Transeription factor
953 to -913 GGGCCAATTTTTAACAGCCAATGAAAATGGCAAATGCTACACA CaxA,
=995 to -954 GGGGCTTATCTACGATTGATAGCATGAAGC GATA-X
<1123 to -1 088 CCACCAGTTTGCAGCCAGAATTCCTGGTAGAAACAG CdxA
<1374 to -1351 CCCCTGGGAAGCTAGATTTGTTCA SRY
<1440 to -1419 CCCTGTGAATAACCGGGACAGG HSF2
-1546 to -1520 CCCCGGGCCGGCGGLTACCTATCTGOC GATA2
-1584 to -1550 AGAAGGGTGAGCCCTCAGGATCGCTAGTCTCTGCC GATA2
<1621 to -1587 GCTGAAMMATGAAAGGACAGCGTGGGCACCCGTAG Cda
-1983 to -1956 GGCTATGTCATTTAGAATCGTTTATTCC Oct-1
<1994 to - 1981 TAGCTATGTTTGGC SRY
-1076 to -2051 CCTATAAMATAAAGGGAAAAGAACACC TATA
-2111 to -2082 ACCTGGAGGTGATTGGCTCTGAGTTTCACC GATAI
+2134 to «2109 GGGGAGTGAGTCAGTGGTAGTGCACC Apl
<2167 to -2141 TGAAACTGCCAAGAMTAATGTCTTAG CaA,
<1384 to -21347 TAAATAGGTTTTTAAAAAGAAMMAGAAMAAATGGGGCA SRY
«2414 to -2381 AAGCAAAGCCCTCACACACATTAAMMATGAGTAAA Cdxea,
-1491 to -2449 GAGATGACAATTACATCAMTAATAAAAGTTATATTTACATCA CdxA
-1604 to -2562 TGGTGAGCTTATTTAATCTCAGAGACTGAAAACATTCTAGGCC HNF-3b
+2675 to -2646 GCTTGGCGAGGAGTTTTAACCCAGAACAGC SRY
«2691 to -2654 AGAAGCCAGATTGAATCAGTTGCTTGGCGAGGAGTTTTAACCT AP
<2704 to -2671 CCAAGAGAAGAAGCC Naovel
«2721 to -2703 GAGCAATTCAGGAGAGGCC Miee-2.5

determining the promoter activity of SMP30 gene and
sequence between +104 bp to +157 bp plays a detrimental
role during transaription.

Identification of SRY, GATA-2 and CdxA like transcription
factor as a repressor element present between -513 and -
352 bp

The reporter assay of 5' -serially deleted constructs showed
a drastic decline (~41%) of activity of Luc-4 (-352/+157
bp) as compared to Luc-3 (-513/+157 bp). DNase I foot-
printing study of the region between -513 bp and -352 bp
revealed three distinct DNase I protected sites such as Luc
3-1, Luc 3-2 and Luc 3-3 (Figure 12), TFSEARCH
revealed the binding of CdxA to Luc 3-1, GATA-2 to Luc
3-2 and SRY to Luc 3-3. To pin point the transcription
factor which act as a repressor we prepared site directed
mutated constructs for all the three sites, Transient trans-
fection of these mutated constructs was carried out along
with wild type Luc 3 (-513/+157) (Figure 13). Mutation of

Table 4: Primers used for 5' and 3' deletion.

Lue-1 (55) ACAGGTACCCAAATGCTACAGCGCTGG
Luc-2 (55) ACAGGTACCAATGTCTACTGGGGTAG
Luc-3 (55) ACAGGTACCCATGCAAGGAAGCAAG
Luc-4 (55) ACAGGTACCCCTCATACCTGCCATTATC
Luc-5 (55) ACAGGTACCTACCAAGCCTCTGGCTG
Luc-6 (S5) ACAGGTACCGAATGAGGGAGAGGTG

ACACTCGAGGCAAGACAGGAGGTGATTG
ACACTCGAGCGTCTTCAGTCAACTTACC

Lue-SMP-Xhol (AS)
Luc-Exon-SMP-Xhal

Luc3-1 leads to increase in reporter activity by 29%, Luc3-
2 by 27% and Luc 3-3 site leads to maximum increase in
reporter activity about 59%. This result revealed SRY,
CdxA and GATA-2 as the major repressor elements. To fur-
ther establish this fact, we did EMSA study using both wild
type and mutated oligonucleotide of Luc3-3 site. The wild
type Luc3-3 oligonucleotide competed with SRY specific
cold oligonucleotide consensus, but mutated 3-3 site did
not show any binding, thus establishing the binding of
SRY to this site (Figure 14). The competitive EMSA using
radiolabeled Luc3-2 oligonucleotide showed 100% com-
petition with GATA-2 (Figure 15), while EMSA using radi-
olabeled Luc 3-1 which has 85% homology revealed that
although there is competition by unlabeled Luc3-1 oligo-
nucleotide, no significant competition is observed using
consensus CdxA site. Considering the high homology to
Cdx A consensus binding site, Luc 3-1 site may be inter-
acting with CdxA like transcription factor with slight devi-
ation in binding sequence (data not shown),

Sp! and CIEBP/ causes repression of SMP30 promoter
activity

SMP30 gene promoter has a Sp1 and a C/EBP} transcrip-
tion factor binding site adjacent to each other. Spl site
spans between -172 to -148 bp and C/EBP@ spans
between -190 to -177 bp. Here we report that, presence of
these two sites in the minimal promoter region did not
cause any significant change in reporter activity (that is,
there is no significant change in Luc-5 as compared to Luc-
6). But site-directed mutation of both the transcription

Page 4 of 15
(pags number nol for cifation purposes)



BMC Molscular Biclogy 2008, 9:43

T C -RLNE +RLNE
R B

’!;.f

"
FP 2

= "‘
FP3
ii—

FP 1

= .

FP 4

:i..ﬁ

FP§

(A EIEEN

1]

R Al
12345

il
LU

Figure |

DNase | footprinting analysis of SMP30 promoter
between -1208 bp to -777 bp region: Lane -2, repre-
sent sequencing ladder T and C; Lane 3-4, represent
DNA treated with DNase | in absence of RLNE; Lane
5-6, represent DNA treated with DNase | in pres-
ence of 50 yug RLNE. The DNase | protected sites are
marked on right site.
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Figure 2
DNase | footprinting analysis of SMP30 promoter
between -1491 bp to -1205 bp respectively: Lane -2
represent DNA treated with DNase | in absence of
RLNE.Lane 3-4, represent DNA treated with DNase | in

prasence of 50 ug RLNE and Lane 5-6, represent sequencing
ladder T and C.
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