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achieving partial restoration of the physiological
nocturnal BP dipping pattern and exerting effi-
cient cardiovascular and renal protection [36].
Although antihypertensive “chronotherapy” has
not been formally demonstrated to affect CKD
progression, that the anti-proteinuric efficacy of
the ARB valsartan or candesartan was associ-
ated with an increased day:night BP-level ratio
on ambulatory or home BP monitoring induced
by evening dosing is noteworthy [37,38].

The proposed strategy of anti-hypertensive ther-
apy in hypertensive patients with CKD is sum-
marized as schema (Figure 1). In conclusion,
employing anti-hypertensive therapy based on
ambulatory BP profile in the management of
hypertensive patients with CKD may be effective
to slow the progression of renal impairment and
suppress the development of cardiovascular
disease in these patients. Further clinical stud-
ies to confirm of the prognostic value of ambula-
tory BP profile, particularly ambulatory short-
term BP variability, would need to be provided
by outcome studies focusing on whether a
therapeutic intervention improving ambulatory
BP profile such as reducing BP variability also
carries additional _prognostic benefit, by con-
comitantly reducing also the rate of renal dete-
rioration and cardiovascular events (Figure 2).
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Prepubertal angiotensin blockade exerts long-term
therapeutic effect through sustained ATRAP activation in

salt-sensitive hypertensive rats
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Objective We previously showed that the molecule
interacting with Ang ll type 1 receptor (AT1R), ATRAP,
promotes AT1R internalization and attenuates AT1R-
mediated pathological responses. In this study we
examined whether the regulation of renal ATRAP
expression is related to the development of salt-induced
hypertension and renal injury as well as to the beneficial
effects of AT1R blockade.

Methods and results Dahl Iwai salt-sensitive hypertensive
and Dahl lwai salt-resistant rats were divided into six groups
for the administration of vehicle or olmesartan either
continuously from 3 to 16 weeks, or transiently from
weaning to puberty (3-10 weeks), and fed high salt diet
from 6 to 16 weeks. In Dahl Iwai salt-sensitive rats, not only
continuous, but also prepubertal olmesartan treatment
improved hypertension at 15 weeks. Renal ATRAP
expression was suppressed in vehicle-treated

Dahl lwai salt-sensitive rats, concomitant with up-regulation
of renal oxidative stress, inflammation and fibrosis-related
markers such as p22phox, TGF-B, fibronectin, monocyte
chemotactic protein-1 and type 1 collagen. However,
prepubertal as well as continuous olmesartan treatment
recovered the suppressed renal ATRAP expression and
inhibited the renal activation of p22phox, TGF-B, fibronectin,
MCP-1 and type 1 collagen. In Dahl lwai salt-resistant rats,
such suppression of renal ATRAP expression or induction of
renal pathological responses by salt loading was not
observed.

Introduction

Previous epidemiological studies showed that dietary salt
intake during the prepubertal period affects the blood
pressure profile after adolescence [1,2], and animal
studies using salt-sensitive hypertension models, includ-
ing Dahl Iwai salt-sensitive rats, also showed that high
salt intake at a young age promotes the development of
hypertension and tissue injury later in life [3-5]. On
the contrary, activation of the renal renin—angiotensin
system plays a critical role in overall renal pathophysio-
logy via the development of salt-sensitive hypertension
and diabetic nephropathy. In Dahl Iwai salt-sensitive
rats, high salt loading results in the development of
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Conclusions These results indicate that prepubertal
transient blockade of AT1R signaling exerts a long-term
therapeutic effect on salt-induced hypertension and renal
injury in Dahl lwai salt-sensitive rats, partly through a
sustained enhancement of renal ATRAP expression, thereby
suggesting ATRAP a novel molecular target in salt-induced
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severe hypertension as well as extensive cardiovascular
and renal damage. In Dahl Iwai salt-sensitive rats, high
salt loading decreases the activity of the circulating
renin-angiotensin system, but previous studies have
shown significant increases in components of the tissue
renin—angiotensin system at local tissue sites such as the
brain, heart, vessel wall and kidney [6-8].

The pathophysiological effects of the tissue renin—angio-
tensin system are mainly mediated by the activation of the
Ang II type 1 receptor (AT1R). The carboxyl-terminal
portion of ATIR is involved in the control of ATIR
internalization independent of G-protein-coupling, and

DOI:10.1097/HIH.0b013e32834a5a46
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plays an important role in linking receptor-mediated
signal transduction to specific pathophysiological res-
ponses through the promotion of oxidative stress and
inflammarory responses at local tissue sites [9—12]. The
AT1R-associated protein (ATRAP), which is a2 molecule
specifically interacting with the carboxyl-terminal domain
of AT1R, was cloned using a yeast-two hybrid screening
system [13,14]. The results of previous in-vitro studies
showed that ATRAP suppresses Ang [I-mediated patho-
logical responses in cardiovascular cells by promoting
ATIR internalization and decreasing the cell surface
ATIR number [15,16], thereby suggesting ATRAP is an
endogenous inhibitor of AT1R signaling [17,18].

With respect to the tissue distribution and regulation of
ATRAP expression iz vivo, ATRAP is broadly expressed
in many tissues [13]. We showed that there is a tissue-
specific regulacory balancing of the expression of ATRAP
and ATIR during the development of hypertension in
spontaneously hypertensive rats (SHRs) [19]. The acti-
vation of ATRAP in transgenic-models in which ATRAP
expression was increased beyond baseline promoted Ang
II-mediated ATIR internalization and inhibited renal
angiotensinogen production and cardiac hypertrophy in
response to Ang II stimulation [20].

The development of interventional approaches to pre-
venting the excessive activation of the renin—angiotensin
system and attenuating oxidative stress, inflammation and
fibrosis at local tissue sites is crucial for achieving the
ultimate goal of preventing hypertension and renal injury.
The feasibility of transient inhibition of the renin—angio-
tensin system to prevent the development of hypertension
in humans was reported in the Trial of Preventing Hyper-
tension (TROPHY) study [21], and the results of animal
studies also showed that transient blockade of the renin—
angiotensin system during a prepubertal critical period
resulted in an attenuation of hypertension and renal injury
in genertically hypertensive rats [22,23]. Thus, in this
study, we examined renal ATRAP modulation in salt-
induced hypertension as well as in the therapeutic effects
of the AT1R-specific blocker (ARB) olmesartan on high
blood pressure and renal damage, including oxidative
stress, inflammation and fibrosis in Dahl Iwai salt-sensitive
rats, a representative animal model of human salt-sensitive
forms of hypertension and renal injury.

Methods

The study was performed in accordance with the
National Institutes of Health guidelines for the use of
experimental animals. All of the animal studies were
reviewed and approved by the Animal Studies Commit-
tee of Yokohama City University.

Materials
Ang II was purchased from Sigma. The ARB olmesartan
(RNH6270) was supplied by Daiichi-Sankyo Pharma-

ceuticals.

Animals and treatments

Male Dahl Iwai salt-sensitive rats (3 weeks of age) were
purchased from SLC (Shizuoka), fed a normal salt diet
containing 0.3% NaCl (Oriental Yeast Kogyo), and
randomly divided into four groups (groups 1-4; #==6
per group) for the dietary high salt loading and oral
administration of vehicle or olmesartan (RNH6270;
Daiichi-Sankyo Pharmaceuticals). Male Dahl Twai salt-
resistant rats (3 weeks of age) were also divided into two
groups (groups 5 and 6; 7=6 per group) for the dietary
high salt loading.

Whereas the Dahl Iwai salt-sensitive racs in group 1 and
Dahl Iwai salc-resistant rats in group 5 were fed a normal
salt diet (0.3% NaCl) and treated with vehicle through-
out the experimental period from 3 to 16 wecks of age,
Dahl I'wai salt-sensitive rats in groups 2, 3, and 4 and Dahl
Iwai salt-resistant rats in group 6 were initially fed a
normal salt diet and then fed a high salt diet (8% NaCl)
from 6 to 16 weeks. The Dahl Iwai salt-sensitive rats
in group 2 were treated with vehicle throughout the
experimental period until 16 weeks. The Dahl Iwai
salt-sensitive rats in group 3 were transiently treated
with olmesartan (8 mg/kg per day) in drinking water
during the prepubertal period from 3 to 10 weeks.
The Dahl Iwai salt-sensitive rats in group 4 were con-
tinuously treated with olmesartan (8 mg/kg per day) in
drinking water throughout the experimental period from
3 to 16 weeks. The olmesartan dosage was determined
from previous studies [19].

SBP was measured by the tail cuff method (BP-monitor
MK-2000; Muromachi Kikai Co) at the age of 3, 7, 11 and
15 weeks [19]. The rats were anesthetized and the tissues
were placed into liquid nitrogen at the end of the experi-
mental period (16 weeks of age). Plasma renin actvity
was measured by radioimmunoassay as described pre-
viously [24].

Western blot analysis

The characterization and specificity of the anti-ATRAP
antibody and the ant-AT1R antibody (sc-1173; Santa
Cruz Biotechnology Inc., Santa Cruz, California, USA)
were described previously [19,20,25,26]. The anti-
p22phox antibody (sc-20781; Santa Cruz Biotechnology
Inc.), anti-p47phox antibody (sc-14015; Santa Cruz Bio-
technology, Inc.), ant-Racl antibody (DAM1522857;
Millipore) and anti-Ang II type 2 recepror (AT2R) anti-
body (sc-9040; Santa Cruz Biotechnology Inc.) were also
used in this study. Western blot analysis was performed
essentially as described [19,20,25,26].

Immunohistochemical analysis

The 4-pm thick sections were blocked for endogenous
biotin activity using peroxidase blocking reagent
(DAKO, Tokyo, Japan) and were incubated with either
anti-ATRAP antibody diluted at 1:100; anti-AT1R anti-
body diluted at 1:100; anti-p22phox antibody diluted at

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



1:100; or antaquaporin 1 (AQP1) anubody (ab9566,
Abcam) diluted at 1:100, essentially as described pre-
viously [25,27].

Real-time quantitative RT-PCR analysis

Real-time quantitative RT-PCR was performed by incu-
bating the RT product with TagMan Universal PCR
Master Mix and a designed TagqMan probe (Applied
Biosystems, Foster City, California, USA), essentially
as described previously [20,26,28]. The RNA quantity
was expressed relative to the 185 rRNA endogenous
control.

Statistical analysis

Data are expressed as mean =+ SEM. Statistical sig-
nificance was determined by unpaired Student’s f-test,
with P less than 0.05 being deemed staustically sig-
nificant.

Results

Effects of prepubertal treatment with olmesartan on
blood pressure in Dahl Iwai salt-sensitive rats

SBP did not differ among the six groups of Dahl Iwai salt-
sensitive and Dahl Iwai salt-resistant rats at 3 weeks of
age (Fig. 1). SBP of the Dahl Iwai salt-resistant rats in
group 5 (normal salt loading) and group 6 (high salt
loading) did not show any significant changes during
the experimental period. Also, SBP of the Dahl Iwai
salt-sensitive rats in group 1 (normal saltloading) remained
normotensive at 15 weeks (128 £2 mmHg). In contrast,
the group 2 Dahl Iwai salt-sensitive rats (high salt loading)
showed a progressive increase in SBP ac 11 wecks
(1749 mmHg) and 15 weeks (199+15 mmHg). On
the contrary, the Dahl Iwai salt-sensitive rats in group
4 (Olm3-16) exhibited a significant suppression of the
increase in SBP at 15 weeks (150 £6 mmHg). Further-
more, the group 3 Dahl Iwai salt-sensitive rats (Olm3-10)
also exhibited a (comparably) significant suppression of the
increase in SBP at 15 weeks (143 & 7 mmHg).

Effects of prepubertal treatment with olmesartan on
development of renal oxidative stress, inflammation and
fibrosis in Dahl lwai salt-sensitive rats

Since the salt-induced hypertension was observed only in
Dahl Iwai salt-sensitive rats, we next examined effects of
high salt loading and olmesartan treatment on the renal
pathological responses in Dahl Iwai salt-sensitive rats at
16 weeks. The results of real-time RT-PCR analysis
showed that high salt loading increased the renal cortical
TGF-B, fibronectin and type 1 and type 3 collagen mRNA,
compared with normal salt loading (Fig. 2a—d). Among
these upregulated mRNA levels in response to high salt
loading, the mRINA expression of TGF-f3, fibronectin and
type 1 collagen was significantly suppressed by continuous
treatment with olmesartan (Olm3-16). Furthermore, pre-
pubertal transient treatment with olmesartan comparably

Renal ATRAP inhibits salt hypertension Dejima et al. 1921

Fig. 1
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Effects of prepubertal transient olmesartan treatment on salt-induced
hypertension in Dahl lwai salt-sensitive rats. Male DS and DR rats

(8 weeks of age) were randomly divided into six groups for dietary high
salt loading and oral administration of vehicle or olmesartan. Normal salt
loading (NS), DS and DR rats fed a normal salt diet (0.3% NaCl); high
salt loading, DS and DR rats fed a high salt diet (8% NaCl) from 6 to
16 weeks and treated with vehicle throughout the experimental period
until 16 weeks; Olm 3-10, DS rats fed a high salt diet (8% NaCl) from
6 to 16 weeks and transiently treated with olmesartan (8 mg/kg per
day) during the prepubertal period from 3 to 10 weeks; Olm 3-16, DS
rats fed a high salt diet (8% NaCl) from 6 to 16 weeks and continuously
treated with olmesartan (8 mg/kg per day) throughout the experimental
period from 3 to 16 weeks. The values of the SBP measured by the tail
cuff method are expressed as the mean+ SE (n=6 in each group).
*P < 0.05 vs. NS. DR, Dahl lwai salt-resistant; DS, Dahl lwai salt-
sensitive.

inhibited the up-regulation of T'GF-8, fibronectin and
type 1 collagen mRNA levels induced by high salt loading
(Olm3-10).

In order to investigate the mechanisms involved in the
prepubertal olmesartan treatment-mediated suppression
of renal damage in response to high salt loading, we
analyzed the renal cortical expression of oxidative
stress-related proteins, including Racl, p47phox and
p22phox, at 16 weeks (Fig. 2e-—g). Although neither
high salt loading nor olmesartan treatment affected
Ractl or p47phox expression, high salt loading sig-
nificantly increased the renal cortical p22phox expres-
sion compared with normal salt loading. On the contrary,
continuous olmesartan treatment (Olm3-16) completely
abolished the high salt loading-mediated increase in
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Effects of prepubertal transient olmesartan treatment on the expression of renal oxidative stress, inflammatory response, and fibrosis-related genes in
Dahl lwai salt-sensitive rats. The effecis of high salt loading and continuous (Oim 3-186) or prepubertal (Olm 3-10) treatment with olmesartan on TGF-
B (a), fibronectin (b), type 1 collagen (c), type 3 collagen (d) and MCP-1 (h) mRNA expression in the renal cortex of DS rats at 16 weeks are shown.
Values are calculated relative to those achieved with extracts in DS rats with normal salt loading (NS) and are expressed as the mean + SEM (n=6in
each group). *P < 0.05, vs. NS, /P < 0.05, vs. HS. Representative western blot and quantitative analysis of the effects of high salt loading (HS) and
continuous (Olm 3-18) or prepubertal (Olm 3-10) treatment with olmesartan on Rac1 (e), p4 7phox (f) and p22phox (g) protein expression in the renal
cortex of DS rats at 16 weeks are also shown. Values are calculated relative to those achieved with extracts in DS rats fed a NS and are expressed as
the mean + SEM (n=6 in each group). *P < 0.05, vs. NS, 1P < 0.05, vs. HS. DS, Dahl lwai salt-sensitive; MCP-1, monocyte chemotactic protein-1.

p22phox expression, and prepubertal transient olmesar- increased the renal cortical monocyte chemotactic
tan treatment (Olm3-10) had a moderate inhibitory protein-1 (MCP-1) expression compared to normal
effect on the renal cortical p22phox expression (Fig. 2 salt loading, both continuous olmesartan treatment
g). Furthermore, whereas high salt loading significantly ~ (Olm3-16) and prepubertal transient olmesartan treatment
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(Olm3-10) significantly suppressed the high salt loading-
mediated increase in the renal cortical MCP-1 expression
(Fig. 2 h).

Effects of prepubertal olmesartan treatment on renal
expression of renin, AT1R and AT2R in Dahl Iwai salt-
sensitive rats

In Dahl Iwai salt-sensitive rats, the high salt loading
significantly decreased plasma renin activity and renin
mRNA expression at 16 weeks, which was reversed by
either continuous (Olm 3-16) or prepubertal transient
(Olm3-10) olmesartan treatment (Fig. 3a and b). The
results of western blot analysis showed that high salt
loading did not affect renal cortex ATIR protein levels,
whereas AT2R protein levels were significantly increased

Fig. 3

Renal ATRAP inhibits salt hypertension Dejima et al. 1923

by high salt loading and olmesartan treatment suppressed
this increase (Fig. 3¢ and d).

Effects of prepubertal olmesartan treatment on renal

expression of ATRAP in Dahl lwai salt-sensitive rats

We also examined the effects of high salt loading and
olmesartan treatment on endogenous ATRAP gene
expression in the kidneys of Dahl Iwai salt-sensitive rats
at 16 weeks. The results of real-time RT-PCR analysis
showed that high salt loading significantly decreased
ATRAP mRNA expression in the renal cortex and
medulla, which was reversed by either continuous
(Olm 3-16) or prepubertal transient (Olm3-10) olmesar-
tan treatment (Fig. 4a and b). The resules of western blot
analysis also demonstrated a significant reduction of renal
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Effects of prepubertal transient olmesartan treatment on plasma renin activity and expression of renal renin, AT1R and AT2R expression in Dahl lwai
salt-sensitive rats. The effects of high salt loading (HS) and continuous (OIm3-16) or prepubertal (Olm 3-10) treatment with olmesartan on PRA (a),
renal cortex renin mRNA (b} and AT1R (c) and AT2R (d) protein expression in DS rats at 16 weeks are shown. Values are calculated relative to those
achieved with extracts in DS rats with normal salt loading (NS) and are expressed as the mean &= SEM (n=6 in each group). *P < 0.05, vs. NS.
AT1R, Ang Il type 1 receptor; DS, Dahl lwai salt-sensitive; PRA, plasma renin activity.
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Effects of prepubertal transient olmesartan treatment on expression of ATRAP and AT1R in the renal cortex and medulla of Dahl lwai salt-sensitive
rats. The effects of high salt loading (HS) and continuous (Olm 3-16) or prepubertal (Olm 3-10) treatment with olmesartan on ATRAP mRNA levels in
the renal cortex (a) and medulla (b) and on ATRAP protein levels in the renal cortex (c) and medulla (d) in DS rats at 16 weeks are shown. Values are
calculated relative to those achieved with extracts in DS rats with normal salt loading (NS) and are expressed as the mean+SEM (n=6 in each
group). *P < 0.05, vs. NS. AT1R, Ang Il type 1 receptor; DS, Dahl lwai salt-sensitive,

cortical ATRAP protein level, which was comparably
recovered to the baseline level under normal salt loading
by either continuous (Olm 3-16) or prepubertal transient
(Olm3-10) olmesartan treatment (Fig. 4c). On the con-
rary, a lower level of ATRAP protein expression was
detected in the renal medulla and the inhibitory effect of
high salt loading on renal medullary ATRAP protein
levels did not reach the statistical significance (Fig. 4d).

Effects of high salt loading on renal pathological
responses and expression of ATRAP and AT1R in Dahl
lwai salt-resistant rats

In control Dahl Iwai salt-resistant rats, the high salt
loading exhibited no apparent effects on the mRNA
expression of TGF-B, type 3 collagen, ATRAP and
ATIR in the renal cortex at 16 weeks (Fig. 5a—d).

Effects of prepubertal oimesartan treatment on
intrarenal AT1R and p22phox immunostaining and
interstitial fibrosis in Dahl lwai salt-sensitive rats

The results of immunohistchemical analysis showed
that neither high salt loading nor olmesartan treat-
ment (Olm3-10, Olm3-16) affected the intensity or
distribution of renal AT1R immunostaining in Dahl Twai
salt-sensitive rats at 16 weeks (Fig. 6). On the contrary,
the resuits showed that high salt loading increased the
renal cortical p22phox immunostaining, which was
decreased to the same degree as in normal salt loading
by either continuous (Olm3-16) or prepubertal transient
(Olm 3-10) olmesartan treatment. With respect to the
renal fibrotic response, the results of Masson’s trichrome
staining showed a prominent interstitial fibrosis in the
high salt group compared to the normal salt group, which
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Effects of high salt loading on renal pathological responses and expression of ATRAP and AT1R in Dahl lwai salt-resistant rats. The effects of high
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Values are calculated relative to those achieved with extracts in DR rats with normal salt loading (NS) and are expressed as the mean+SEM (n=6in

each group). AT1R, Ang Il type 1 receptor; DR, Dahl lwai salt-resistant.

was attenuated in both the prepubertal olmesartan treat-
ment group (Olm3-10) and continuous olmesartan treat-
ment group (Olm3-16).

Effects of prepubertal olmesartan treatment on
intrarenal distribution of ATRAP immunostaining in Dahl
lwai salt-sensitive rats

With respect to the intrarenal distribution of ATRAP,
there was a relatively dominant ATRAP immunostaining
in the inner cortex region of the kidney in Dahl Iwai salt-
sensitive rats fed a normal salc diet, but ATRAP immu-
nostaining in the inner cortex was decreased in Dahl Iwai
salt-sensitive rats fed a high salt diet (Fig. 7a). However,
either prepubertal (Olm3-10) or continuous (Olm3-16)
olmesartan treatment recovered the suppressed ATRAP
immunostaining to degree comparable with the Dahl
Iwai salt-sensitive rats fed a normal salt diet. The results
of further immunohistochemical analysis using consecu-
tive sections stained for ATRAP and AQP1, which is

specifically expressed in the proximal tbule [27],
showed that the ATRAP immunostaining sites in the
proximal tubules in the inner cortex were involved in the
high salt loading-mediated decrease in the kidneys of
Dahl Iwai salt-sensitive rats at 16 weeks (Fig. 7b).

Discussion

The main findings of this study are as follows: pre-
pubertal transient treatment with the ATI1R-specific
blocker olmesartan continued to exert a long-term blood
pressure-lowering effect after the treatment, an effect
which was comparable with that obtained by continuous
olmesartan treatment in Dahl Iwai salt-sensitive rats
under high salt loading; prepubertal transient treatment
with olmesartan continued to maintain the inhibitory
effects on renal oxidative stress and inflammatory and
fibrotic responses after the treatment; the long-term
therapeutic effects of the prepubertal transient treat-
ment with olmesartan were accompanied by a sustained
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Fig. 6
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Representative kidney sections showing the effects of prepubertal transient olmesartan treatment on intrarenal AT1R and p22phox immunostaining
and interstitial fibrosis in Dahl lwai salt-sensitive rats. Representative immunohistochemical staining of the effects of high salt loading (HS) and
continuous (Olm 3-16) or prepubertal (Olm 3-10) treatment with olmesartan on AT1R and p22phox immunostaining in the renal cortex of DS rats at
16 weeks are shown. The positive areas for AT1R and p22phox are evident as brown dots in the sections. Representative Masson's trichrome
staining of the effects of high salt loading and continuous or prepubertal treatment with olmesartan on renal interstitial fibrosis in the renal cortex of
DS rats at 16 weeks is also shown. Original magnification: x40. Bars=100 pm. AT1R, Ang ll type 1 receptor; DS, Dahl lwai salt-sensitive; NS,

normal salt loading.

recovery of repressed renal ATRAP expression in Dahl
Iwai salt-sensitive rats under high salt loading.

In the present study, the high salt diet-induced elevation
of blood pressure was attenuated by transient adminis-
tration of olmesartan only during the prepubertal period
(from 3 to 10 weeks of age) in Dahl Iwai salt-sensitive
rats (Fig. 1), thereby supporting the existence of the
‘renin-angiotensin system block memory phenomenon’
reported previously [29]. In several types of genetically
hypertensive rats, including SHR and Dahl Iwai salt-
sensitive rats fed a high salt diet, the blood pressure

increases gradually from the age of 3-10 weeks, and
subsequently the hypertensive state is established. Thus,
the age of 3—10 weeks is called the critical period and
corresponds to prehypertension in humans. The activity
of the renin—angiotensin system during this critical
period is suggested to have a major influence on the
pathogenesis of hypertension [29]. Previous studies
showed that transient pharmacological blockade of the
renin—angiotensin system during the critical period sig-
nificantly inhibits the vascular hypertrophy of renal
arterics and arterioles as well as increases in blood pres-
sure, and thus efficiently blocks this vicious cycle by
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Representative kidney sections showing the effects of prepubertal transient olmesartan treatment on intrarenal localization of ATRAP immunostaining
in Dahl lwai salt-sensitive rats. Representative high magnification of the kidney sections for the effects of high salt loading (HS) and continuous (Olm
3-16) or prepubertal (Olm 3-10) treatment with olmesartan on immunohistochemical localization of ATRAP expression in the outer cortex, inner
cortex, outer medulla and inner medulla is shown (a). Consecutive sections also show the immunostaining of ATRAP and aquaporin 1 (AQP1),
respectively (b). The positive areas for ATRAP or AQP1 are evident as brown dots in the sections. Original magnification: x 200. Bars =50 um. DS,

Dahl lwai salt-sensitive; NS, normal salt loading.

accelerating the ‘reno-vascular amplifier’ mechanism
[29-31]. Furthermore, a persistent lowering of blood
pressure and an attenuation of renal pathological changes
were achieved by transient ARB treatment of Dahl Iwai
salt-sensitive rats fed a high salc diet [23]. In this study,
high salt loading caused glomerular sclerosis and vascular
hypertrophy, and these pathological changes were
attenuated, albeit not completely prevented, in the Dahl
Iwai salt-sensitive rats treated either prepubertally or
continuously with olmesartan (data not shown).

The increase in renal oxidative stress plays an important
role in the pathogenesis of hypertension and the devel-
opment of renal injury [12,32-35]. Ang II and high salt
loading provoke organ injury in various tissues, including
blood vessels, glomeruli and renal tubules, through an
activation of NADPH oxidase and stimulation of oxida-
tive stress at local tissue sites [9,12,33,36—-39]. Previous
studies showed that high salt loading-mediated parado-
xical activation of the renal renin—angiotensin system,
such as an enhancement of the renal angiotensinogen and
(pro)renin receptors, in spite of the suppression of the
circulating renin—angiotensin system, still contributed to

hypertension and renal injury in Dahl Iwai salt-sensitive
rats [7,8,40,41]. Because the biological actions of Ang II
are influenced by the AT1R expression levels [42], and
Ang II infusion in mice specifically lacking renal AT1R
failed to develop hypertension [43], investigation of
the renal activity of AT1R signaling in Dahl Iwai salt-
sensitive rats fed a high salt diet is important in order
to elucidate the mechanisms responsible for the salt-
sensitive hypertension and renal injury observed in this
hypertension model.

We previously cloned ATRAP as a molecule which
interacts with ATIR, and showed that ATRAP sup-
pressed the Ang Il-induced hypertrophic and prolifera-
tive responses of cardiovascular cells by inducing AT1R
internalization [17,18]. Thus, a tissue-specific regula-
tory balancing of ATRAP and ATIR expression may
be involved in the modulation of ATI1R signaling in
each ussue. With respect to salt-induced hypertension,
previous studies showed significant increases [8,44] or no
evident changes [23,41] in ATIR mRNA and protein
levels in response to high salt loading in Dahl Iwai salt-
sensitive rats. In this study, whereas AT1R expression
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did not appear to be modulated by high salt diet in the
kidney of Dahl Iwai salt-sensitive rats, there was a
significant decrease in renal ATRAP expression in the
Dahl Iwai salt-sensitive rats fed a high salt diet along with
the development of hypertension. This suppression of
the renal ATRAP expression induced by salt-induced
hypertension is AT1R-dependent, as it is prevented in
Dahl Iwai sale-sensitive rats teated continuously with
olmesartan (Fig. 3). Furthermore, because the high salt
diet did not have any influence on renal ATRAP expres-
sion in normotensive Dahl Iwai salt-resistant rats in this
study and the development of hypertension without high
salt dietary regimen did not decrease the renal ATRAP
expression in SHR [19], it is suggested that the high sale
loading is not sufficient but the AT 1R-dependent process
during salt-induced hypertension is required for the renal
suppression of ATRAP expression.

Interestingly, transient treatment with olmesartan during
only the prepubertal period from 3 to 10 weeks of age was
found to completely recover the repressed renal ATRAP
expression in the Dahl Iwai salt-sensitive rats fed a high
salt diet. This sustained effect of prepubertal olmesartan
treatment on renal ATRAP expression was accompanied
with significant suppression of the high salt-induced
up-regulation of renal oxidative stress and inflammatory
and fibrotic markers such as p22phox, TGF-8, fibronec-
tin, MCP-1 and type 1 collagen (Fig. 2). Among the
components of NADPH oxidase, p22phox is an essential
subunit of NADPH oxidase by influencing the activity of
this enzyme through the assembly of membrane-bound
p22phox [12,45-47].

In the present study, there was a significant decrease
in renal ATRAP expression, particularly in the AQP1-
positive proximal tubules in the inner cortex, in the Dahl
Iwai salt-sensitive rats fed a high salt diet along with the
development of hypertension (Fig. 7), and the prepuber-
tal transient AT1R blockade-mediated recovery of the
repressed ATRAP expression in the inner cortex region
of Dahl Iwai salt-sensitive rats on the high salt loading
coincided with the sustained suppression of p2Zphox
expression in the inner cortex region even after the
discontinuation of AT1R blockade. Since our previous
results showed that adenoviral overexpression of ATRAP
suppressed pathological AT1R signaling such as Ang II-
mediated TGF-B production in renal tubular cells [27],
the results in this study suggest that the sustained recov-
ery of renal tubular ATRAP exerts a long-term inhibitory
effect on pathological AT1R signaling to maintain the
suppression of p22phox expression in Dahl Iwai salt-
sensitive rats on high salt loading.

A limitation of the present study is that this study is
mainly an association study and no specific direct proofs
are provided regarding the role of ATRAP on the con-
sequence of the high salt loading-mediated process of
hypertension in Dahl Iwai salt-sensitive rats and further

studies are needed to elucidate the function of renal
tubular ATRAP on AT1R signaling under pathological
interventions iz vive, and these will be taken up in due
course. Our previous in-vitro study showed that ATRAP
associated specifically with AT1R but not with AT2R
[13], and there was a significant increase in renal ATZR
expression in the hypertensive Dahl Iwai salt-sensitive
rats fed a high salt dict with an opposite direction of
change from renal ATRAP expression (Fig. 3). However,
previous studies demonstrated that AT2R signaling
antagonizes ATIR signaling in the renal tubules and
activation of renal tubular AT2R exerted natriuretic
responses to reduce blood pressure iz vivo [48,49]. Thus,
although activation of the ATZR pathway is not likely to
play a major role in the development of the salt-induced
hypertension in Dahl Iwai salt-sensitive rats, it is still
possible that ATRAP may function as a novel functional
modulator of AT2R signaling zz vzvo.

Because the present study was performed only in Dahl
Iwai salt-sensitive and Dahl Iwai salt-resistant rats, it is
important to use caution in applying the findings to the
pathophysiology of salt-sensitive hypertension and kidney
damage in humans. Nevertheless, the findings of the
present study may provide important information for
further investigation 7z vivo of possible functional roles
of ATRAP in the pathogenesis of salt-sensitive hyperten-
sion and kidney damage in humans, and suggest the
potential benefitof an ATRAP activation strategy. Further
studies to eclucidate the molecular mechanisms of the
antihypertensive and kidney-protecting properties of
ATRAP may enable clinical applications of ATRAP in
the near future, such as activating ligands for a more
efficient inhibition of AT'1R signaling in combination with
inhibitors of the renin—angiotensin system. In conclusion,
the present study shows that prepubertal temporary AT1R
blockade attenuated salt-induced hypertension and renal
injury, including oxidative stress overproduction, inflam-
mation, and fibrosis, and this in turn was associated the
sustained recovery of renal ATRAP expression.
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Abstract

Accumulating evidence has shown that diabetic patients are increasing in number, and renal and cardiovascular com-
plications are the most common cause of death in diabetic patients. Thus, it would be of considerable value to identify
the mechanisms involved in the progression of renal impairment and’ ‘cardiovascular injury associated with diabetes.
Recent evidence also indicated that multifactorial intervention'is able to reduce the risk of cardiovascular disease and
death among patients with diabetes and microalbuninuria: In this pilot study, we examined the effects of intensified
multifactorial intervention, with tight glucose regulation-and the use of valsartan and fluvastatin on ambulatory blood
pressure (BP) profile, estimated glomerular filtration rate (€GFR), and urinary albumin to creatinine ratio (UACR), in 20
hypertensive patients (16 male and 4 female) with type 2 dxabetes ‘mellitus and overt nephropathy. After 12 months
of intensified treatment, office BP, fasting plasma glucose {FPG), and low-density lipoprotein cholesterol (LDLC) were
significantly decreased compared to baseline (systolic blood pressure (SBP), 130 + 2 vs. 150 4+ 1 mmHg; diastolic
blood pressure (DBP), 76 %1 vs. 86 £ 1 mmHg; FPG, 117 & 5 vs. 153 & 7 mg/dl; LDLC, 116 & 8 vs. 162 + 5 mg/dl, P
< 0.0001). Also, compared to the baseline values, the daytime and nighttime ambulatory BP and short-term BP vari-
ability were significantly decreased after 12 months. Furthermore, while eGFR was not altered (44.3 & 5.1 vs. 44.3 +
6.5 ml/min/1.73 m?, not. significant (NS)), UACR showed a significant reduction after 12 months of intensified treatment
(1228 & 355 vs, 2340 4 381 mg/g-cr, P < 0.05). These results suggest that the intensified multifactorial intervention is
able to improve ambu!atory BP profile, preserve renal function, and reduce urinary albumin excretion in type 2 diabetic

hypertensive patients \ thh overt nephropathy

Keywords: ambulatory bloqd pressure monitoring, diabetic nephropathy, glomerular filtration rate, hypertension,
proteinuria, valsartan, fluvastatin -

(2-T7). A previous study showed that intensified multi-

INTRODUCTION
factorial intervention, with tight glucose regulation and

Cardiovascular complications are the main cause of
death in diabetic patients with overt nephropathy (1),
and major risk factors for cardiovascular disease in these
patients include hypertension, dyslipidemia, albumin-
uria, and decreased glomerular filtration ratio (GFR)

the use of renin-angiotensin system blockers, aspirin,
and lipid-lowering agents, reduce the risk of cardio-
vascular disease and death among patients with type 2
diabetes mellitus and microalbuminuria (8,9), while the
results of several recent studies questioned the beneficial
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effects of intensive control of BP, lipid, or glucose alone
on cardiovascular complications (10-13). Therefore, in
this pilot study, we examined the possible effects of
intensified multiple factorial intervention with tight con-
trol of BP, lipid, and glucose on the diurnal BP profile,
including the ambulatory short-term BP and HR vari-
ability,and renal function, including urinary albumin
excretion and estimated GFR (eGFR), in hypertensive
type 2 diabetic patients with overt nephropathy.

SUBJECTS AND METHODS

Study Population and Design

The recruitment of the participants of this study was
conducted from March 2007 to January 2008 in four
specialized university hospitals in Kanagawa prefecture,
Japan. This study was a pilot prospective trial consisting
of a 4-week observation period and 12-month treat-
ment period. After the observation period, along with
the discontinuation of any previous ARB, eligible 20
hypertensive patients with type 2 diabetic nephropathy
at Yokohama City University Hospital, Kitasato Uni-
versity Hospital, St. Marianna University Hospital, and
Tokai University Hospital were subject to the intensified
multifactorial medical therapy.

Inclusion criteria were an age > 20 years, a his-
tory of type 2 diabetes with the presence of diabetic
retinopathy, clinic systolic blood pressure (SBP) > 125
mmHg and/or diastolic blood pressure (DBP) > 75
mmHg, urinary protein creatinine ratio > 1 g per gram
creatinine, and already under dietary nutritional guid-
ance therapy. Urinalysis was performed to eliminate
the possibility of other abnormalities, such as hema-
turia and so on. Exclusion criteria included patients
who were receiving an angiotensin-converting enzyme
inhibitor, women who were nursing or pregnant, non-
diabetic renal disease, clinically significant heart disease,
arrhythmia, stroke, renal artery stenosis, hepatic dys-
function, and known hypersensitivity to any component
of the study medications.

The intensified multifactorial intervention for tight
control of BP, lipid, and glucose was performed to con-
trol clinic BP to a level less than 125/75 mmHg, to
control low-density lipoprotein (LLDL) cholesterol to a
level less than 100 mg/dl, and to control HbAlc to
a level less than 6.5%. For BP control, the patients
were initially given 40 mg of valsartan once daily and
a dose of valsartan was titrated up to 160 mg daily
as needed. We chose valsartan for a blockade of the
renin-angiotensin system, since several previous stud-
ies reported that valsartan exerts renoprotective effects
in hypertensive patients with type 2 diabetes mellitus
and overt nephropathy (14,15). Other anti-hypertensive
drugs prescribed in this study were calcium channel
blockers, thiazide diuretics, loop diuretics, a blockers,
and b blockers. For lipid control, the patients were
initially given 10 mg of fluvastatin once daily and a
dose of fluvastatin was titrated up to 60 mg daily as

needed. We chose fluvastatin as the anti-dyslimidemia
drug, since fluvastatin treatment significantly improved
lipid parameters in patients with chronic renal disease
with good tolerability and without any adverse effects
on renal function in our previous study (16). Another
anti-dyslipidemia drug was prescribed. For control of
glucose, no specified treatment was recommended in
this study. The participants were also strictly instructed
on dietary control under stable sodium chloride intake
(6 g/day) with dietary restrictions of protein (0.7 g/kg
of body weight per day), phosphate (0.7 g/day), and
potassium (1.5 g/day).

Ambulatory BP monitoring was performed before
and 12 months after the start of treaument. Venous
blood samples for the measurement of hematologic and
biochemical parameters were drawn in the morning
after an overnight fast on the same day the ambula-
tory BP monitoring and measurement of brachial-ankle
pulse wave velocity (baPWV) were performed. We cal-
culated eGFR with an application of a revised equation
for the Japanese population: eGFR (mIl/min/1.73 m?)
= 194 x serum creatinine=1-09% x age=0-287 % 0,739
(if female) (17). This pilot study was approved by
the Ethics Committees of Yokohama City University
Hospital, Kitasato University Hospital, St. Marianna
University Hospital, and Tokai University Hospital,
and written informed consent was obtained from every
participant.

Determination of 24-h BP and Short-Term BP and HR
Variability by Ambulatory BP Monitoring

Ambulatory BP monitoring was performed at the end of
the observation period and each treatment period. The
ambulatory BP and heart rate (HR) were monitored
every 30 min with a fully automated device (TM-2425,
A&D, Tokyo, Japan), essentially as described previously
(18). The ambulatory BP monitoring was repeated in
patients who had >20% missing values out of the
expected number of readings, >30% error rate for the
total readings, or missing values for more than two con-
secutive hours. The following readings were omitted
because of technical artifacts: SBP > 250 mmHg or
< 70 mmHg, DBP > 130 mmHg or < 30 mmHg,
pulse pressure > 160 mmHg or <20 mmHg, systolic
differences > 60 mmHg, or diastolic differences > 30
mmHg, compared to the immediately preceding or suc-
cessive values (19). The patients were instructed to fill
out a diary to record the time of sleeping, rising, and
other daytime activities. Therefore, the term “day” and
“night” hours in the present study reflect the average
period during which the subjects were awake/upright
and asleep/supine, respectively. Short-term BP variabil-
ity, which is comprised of coefficients of variations of
BP values obtained from ambulatory BP monitoring,
is defined as the within-subject SD of all systolic and
diastolic readings at 30-min intervals divided by the
mean BP during the course of the measurement peri-
ods. Heart rate variability, which is comprised of the
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coefficients of variation of HR values, is defined as the
within-subject SD of all HR values at 30-min intervals
divided by the mean HR (20-25).

Brachial-Ankle Pulse Wave Velocity (baPWV)

The baPWV values were determined with a PP analyzer
(model: BP-203RPEIl; Nihon Colin, Tokyo, Japan).
Pulse volume waveforms were recorded with sensors
placed over the right brachial artery and both tibial
arteries. The baPWYV values measured by this method
are reported to significantly correlate with the aortic
PWYV measured by the catheter method (23,24,26).

Statistical Analysis

The quantitative data are expressed as the means +
SEM. For the statistical analysis of difference between
groups, analysis of variance followed by Scheffe’s F-test
was used. Paired samples were compared by a paired
comparison’s -test. A P value < 0.05 was considered
statistically significant.

RESULTS

Effects of Multiple Factorial Intervention on Clinical
Parameters Including Renal Function and On
Ambulatory BP Profile

Baseline characteristics of the participants (male/female
= 16/4, mean age = 57.6 + 2.8 years, mean dura-
tion of diabetes = 9.3 + 1.0 years, no smokers) and
effects of multiple factorial therapy on clinical param-
eters are summarized in Table 1. The multifactorial
medical therapy significantly improved the control sta-
tus of clinic BP, glucose, and LDI~cho, concomitant
with a significant reduction of urinary albumin to cre-
atinine ratio (UACR) but without a decrease in eGFR.
The multitherapy did not affect oxidative stress mark-
ers, high-molecular weight (HMW)-adiponectin and
advanced glycation end-products (AGEs), and baPWV.

Effect of Multitherapy on ABP in Diabetic Nephropathy 257

Table 2 shows the 24-h, daytime, and nighttime
ambulatory BP and HR values, and their variability at
baseline and after 12 months of multiple medical treat-
ment. The multifactorial therapy significantly decreased
all of the values of the 24-h, daytime, and nighttime
ambulatory BP after the 12-month treatment. With
respect to short-term BP variability, the multitherapy
significantly decreased the values of the 24-h, daytime,
and nighttime BP variability, other than nighttime DBP
variability. On the other hand, HR variability was not
affected as a whole.

Comparison of Effects of Multiple Factorial Intervention

on Clinical Parameters Including Renal Function

and On Ambulatory BP Profile Between Responders and
Non-Responders

Subsequently, the patients were classified into two
groups according to the changes in the eGFR at the
12 months after the start of treatment. The two groups
were patients with improved eGFR (responders, n =
8; male/female = 5/3, mean age = 56.3 £+ 3.9 years)
and patients with worsened eGFR (non-responders, n =
12; (male/female =11/1, mean age = 58.4 3 3.9 years).
The baseline characteristics in each group are shown in
Table 3. There was no significant difference between the
two groups in clinic BP, HR, or parameters of glucose,
lipid, oxidative stress, or renal and vascular functions. In
the responders, the eGFR in the responders was signif-
icantly more preserved than that in the non-responders
at the 12 months (59.0 % 9.1 ml/min/1.73 m? vs. 32.4
+ 7.9 ml/min/1.73 m?, P = 0.043). Also, in the respon-
ders, the UACR as well as the AGEs were significantly
improved in the 12 months compared to baseline (from
2053 £ 552 mg/g-cr to 482 + 157 mg/g-cr, P = 0.016;
from 3.7 & 0.5 mU/ml to 1.9 & 0.3 mU/ml, P = 0.010)
and tended to be lower than that in the non-responders
(482 =+ 157 mg/g-cr vs. 1726 + 544 mg/g-cr, P =
0.086; 1.9 0.3 mU/ml vs. 4.7 mU/ml, P = 0.068).

Table 1. Baseline patient characteristics and effects of multiple factorial medical therapy on

clinical parameters

Baseline (N = 20) 12 Months (N = 20) r

BMI, kg/m? 26.741.1 26.1+1.1 NS
Clinic BP:

SBP, mmHg 150+1 130+2 P < 0.0001

DBP, mmHg 86+1 76+ 1 P < 0.0001

HR, beats/min 77+1 75+1 P =0.2631
Glucose:

FPG, mg/dl 15347 11745 P < 0.0001

HbAlc, % 6.7+0.3 6.0+0.2 P =0.0547
Lipid:

LDL cholesterol, mg/dl 162+5 11648 P < 0.0001
Ogxidative stress:

HMW-adiponectin, jpg/ml 7.7+1.8 9.7+2.1 NS

AGEs, mU/ml 3.34+0.3 3.6+0.8 NS
Renal function:

UACR, mg/g-creatinine 2340+ 381 1228 4355 P = 0.0395

eGFR, ml/min/1.73 m2 443+5.1 43.1+6.5 NS
Vascular function:

baPWV, cm/sec 1818+72 1710 £ 68 NS
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Table 2. Effects of multiple factorial medical therapy on ambulatory BP profile

Baseline (N = 20) 12 Months (N = 20) P
24-h:
SBP, mmHg 15242 138+ 3 P = 0.0003
DBP, mmHg 8642 79+2 P =0.0273
HR, beats/min 7242 6942 NS
SBP variability, % 13.4+0.6 114404 P =0.0051
DBP variability, % 14.74+0.8 12.04+0.5 P = 0.0065
HR variability, % 14.44+1.0 13.9+1.2 NS
Daytime:
SBP, mmHg 154+3 14143 P =0.0013
DBP, mmHg 88+2 81+2 P = 0.0428
HR, beats/min 74+£2 7243 NS
SBP variability, % 12.74+0.6 10.9+0.5 P =0.0205
DBP variability, % 13.7+£0.7 10.740.5 P =0.0014
HR variability, % 13.7+1.1 13.7+1.3 NS
Nighttime:
SBP, mmHg 146 +4 130+ 3 P =0.0024
DBP, mmHg 8042 7242 P=0.0371
HR, beats/min 7242 69+2 NS
SBP variability, % 11.1+£0.7 9.3+0.5 P =0.0370
DBP variability, % 11.5+0.8 10.44+0.6 NS
HR variability, % 9.84+1.3 84+0.7 NS

Table 3. Comparison of effects of multiple factorial intervention on clinic BP and parameters of glucose, lipid, oxidative stress, and renal

and vascular functions

) Baseline 12 Months
Responder (N = 8) Nonresponder (N = 12) Responder (N = 8) Nonresponder (N = 12)

BMI, kg/m? 28.342.0 25.6+1.3 27.7+1.9 25.0+£1.2
Clinic BP:

SBP, mmHg 14842 1514+2 126 4+ 1* 132 £ 4%

DBP, mmHg 8541 86+1 76 1% 76 +2*

HR, beats/min 76+£2 77+1 73+2 76+2
Glucose:

FPG, mg/dl 160+ 8 149+ 10 121 £ 9% 114 + 6%

HbAlc, % 6.8+0.4 6.7+0.4 6.0+0.3 6.1+03
Lipid:

LDL cholesterol, mg/dl 1514+9 168+6 112 £ 8% 119+ 12*
Oxidative stress:

HMWe-adiponectin, mg/ml 5.441.1 9.2429 7.441.4 11.3+3.3

AGEs, mU/ml : 3.7+£0.5 3.1+0.2 1.94£0.3*% 47+1.1
Renal function:

UACR, mg/g-cr 2053+552 2531+530 482 4+ 157* 1726 £ 544

eGFR, mV/min/1.73m? 49.84+7.3 40.6 7.1 59.0+9.1F 324+79
Vascular function:

baPWYV, cm/sec 1824+115 1814496 1617 £ 87 1773 £ 95%

P < 0.05, 12 months vs. baseline; IP < 0.05, responder vs. nonresponder.

On the other hand, none of eGFRs, UACRs, or AGEs
showed any statistically significant change during at the
12 months in the non-responders.

With respect to anti-hypertensive medication, the
average dose of valsartan was 140.0 & 13.1 mg daily
in the responders and 146.7 4+ 9.0 mg daily in the
non-responders after 12 months of treatment, without
statistical significance. Although more patients in the
responders were prescribed a blocker than those in the
non-responders at baseline and after 12 months of treat-
ment (Table 4), there were no significant differences
in other anti-hypertensive drugs between the groups
(Table 4).

Table 5 shows the 24-h, daytime, and nighttime
ambulatory BP and HR values, and their variability
at baseline and after 12 months of treatment with
the intensified multifactorial medical therapy. At base-
line, the values of 24-h DBP variability and 24-h and
daytime HR variability in the responders were sig-
nificantly greater than those in non-responders. With
respect to the effects of multifactorial medical ther-
apy on ambulatory BP values, there were comparable
decreases in the values of 24-h, daytime, and nighttime
SBP after the 12-month treatment in both responders
and non-responders. However, regarding short-term
BP variability, the multifactorial therapy significantly
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Table 4. Comparison of anti-hypertensive medication at baseline and after 12 months treatment with
multiple factorial intervention between responder and nonresponder

Baseline 12 months
Responder Nonresponder Responder Nonresponder
(N =8) (N=12) (N =28) (N =12)
Calcium channel blockers 4/8 9/12 4/8 10/12
Thiazide diuretics 4/8 4/12 4/8 4/12
Loop diuretics 0/8 2/12 0/8 2/12
a blockers 3/8* 0/12 3/8 * 0/12
B blockers 2/8 1/12 2/8 1/12

P < 0.05, responder vs. nonresponder.

Table 5. Comparison of effects of multifactorial therapy on ambulatory BP profile between responders and nonresponders
12 Months
Nonresponder (N = 12)

Baseline

Nonresponder (N = 12)

Responder (N = 8) Responder (N = 8)

24-h:

SBP, mmHg 149+3 15444 135+ 3% 140 4 4*
DBP, mmHg 8343 87+3 76+3 80+3
HR, beats/min 70+ 4 73+3 64+3 7343
SBP variability, % 14.540.8 12.8+0.8 10.8 +0.5% 11.7+0.6
DBP variability, % 16.8+1.41 13.34+0.7 12.4+0.7% 11.84+0.6
HR variability, % 17.3£0.9f 123+£1.2 15.44+2.1 129+1.6
Daytime:
SBP, mmHg 152+3 155+4 1394 4* 142 4 4%
DBP, mmHg 8613 . 89+3 79+4 8343
HR, beats/min 73+ 4 7543 6613 75+£3
SBP variability, % 13.6 0.5 12.14+0.9 10.2+0.6* 11.34+0.6
DBP variability, % 15.1£1.0 12.74+0.9 10.8+0.6* 10.6 +0.7
HR variability, % 16.441.3" 11.9+1.4 15.7+1.9 125+1.6
Nighttime:
SBP, mmHg 141+ 4 149+6 127 4 3% 132 £ 5%
DBP, mmHg 765 82+3 70+ 4 74+3
HR, beats/min 6314 68+3 59+4+3 68+4
SBP variability, % 124+1.3 10.2+0.6 7.540.6%F 10.440.4
DBP variability, % 129+ 1.0 10.6 1.1 9.5+0.9% 11.0+0.8
HR variability, % 12.8+2.3 7.8+1.3 9.0+1.6 8.0+0.7

*P < 0.05, 12 months vs. baseline; TP < 0.05, responder vs. nonresponder.

decreased the values of 24-h, daytime, and nighttime Table 6. Multiple stepwise linear regression analysis of eGFR and
SBP/DBP variability and the nighttime SBP variability UACR

in the responders was significantly lower than that in the Variables Coefficient P-value
non-responders after the 12-month treatmf:nt: 'On the ¢GFR, ml/min/1.73m?:
other hand, the values of short-term BP variability were BMI, kg/m? 0.334 0.0030
not affected in the non-responders after the multifacto- Nighttime SBP variability, % —0.388 0.0016
rial therapy for 12 months. Overall, the multifactorial Nighttime DBP, mmHg —0.327 0.0254
therapy caused significantly greater improvement in Dayﬁzme HR variability, % 0.331 0.0288
short-term BP variability in the responders than in the (R®=0.616, P = 0.0001)
.. UACR, mg/g-creatinine:
non-responders on ambulatory BP monitoring. Daytime SBP, mmHg 0.331 0.0003
AGEs, mU/m! 0.354 0.0013
HMW-adiponectin, pg/ml 0.419 0.0106
Multiple Regression Analysis for Determination of the LDL cholesterol, mg/dl 0.276 0.0315

Factors Contributing to the eGFR and UACR (R? = 0.675, P < 0.0001)

Finally, to determine the factors contributing to the
eGFR and UACR, we performed the multivariate step-
wise linear regression analysis. As shown in Table 6, the
results of multivariate stepwise linear regression anal-
ysis indicated significant associations between eGFR
and BMI, nighttime SBP variability, nighttime DBP,
and daytime HR variability. The results also indicated

© 2011 Informa Healthcare USA, Inc.

The independent variables entered in the model for multivari-
ate stepwise regression analysis are as follows; age, BMI, FPG,
HbAlc, LDL cholesterol, HMW-adiponectin, AGEs, baPWV,
and parameters of ambulatory BP monitoring including sys-
tolic/diastolic BP, BP variability, HR, and HR variability during
the daytime and nighttime period. The variables which showed P-
value of 0.05 or more in the multivariate relations were excluded
from the table.
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significant relationships between UACR and daytime
SBP, AGEs, HMWe-adiponectin, and LDL cholesterol.

DISCUSSION

Ambulatory BP monitoring allows the acquisition of
valuable information on not only the average 24-h BP,
but also the variations in the BP values that happen
during the course of daily life. Among the informa-
tion obtained by ambulatory BP monitoring, previous
studies have shown that BP variability is a complex
phenomenon that involves both short- and long-lasting
changes (27). Thus, the 24-h BP varies not only because
of a reduction in BP during nighttime sleep and an
increase in the morning, but also because of sudden,
quick, and short-lasting changes that occur both dur-
ing the daytime and, to a lesser extent, at nighttime.
This phenomenon, short-term BP variability, has been
shown to depend on sympathetic vascular modulation
and on atherosclerotic vascular changes (18,21,28,29).
Several previous animal studies showed that exaggerated
short-term BP variability without significant changes
in mean BP induced chronic cardiovascular inflamma-
tion and remodeling (30,31). Short-term BP variabiliry
is also suggested to be clinically relevant by the fact
that hypertensive patients with similar 24-h mean BP
values exhibit more severe organ damage when the

" short-term BP variability is greater (18,21,23-25,29,

32-35).

The circadian pattern of BP in patients with dia-
betes has been found to exhibit a blunted nocturnal
decrease in BP, which is associated with autonomic neu-
ropathy and nephropathy (36,37). The loss of nocturnal
BP dipping has been considered to be a risk factor for
the progression of nephropathy and to be of prognostic
value with respect to target organ damage and cardio-
vascular morbidity in both diabetic and hypertensive
patients (38—42). However, the nighttime SBP/DBP val-
ues were similar in the responders and non-responders
in this study, thereby indicating that nocturnal BP
level was not critically involved in the response
of eGFR to the intensified multifactorial medical
treatment.

In the present study, the multifactorial therapy
caused significantly greater improvement in short-term
BP wvariability in the responders than in the non-
responders, concomitant with a preferential reduction
of plasma AGEs concentration and urinary albumin
excretion in the responders. With respect to the
pathologic significance of short-term BP variability in
diabetics, a previous study showed nighttime short-term
BP variability to be related to cardiovascular events
in type 2 diabetic patients (43), and thus short-term
BP variability may take part in the progression of
diabetic nephropathy and associated cardiovascular
complications.

Accumulated evidence has also shown that diabetes
and renal dysfunction are associated with persistent

oxidative and carbonyl stress as well as inflammation
(44,45). AGEs are made up of a protein carbonyl
compound, which is produced by protein-reactive oxy-
gen species interaction, and the elevation of oxida-
tive/carbonyl stress end products, including AGE, is
likely to be at least partly responsible for the increased
cardiovascular disease in diabetic patients (46,47). Fur-
thermore, the recent results of ACCOMPLISH study
and meta-analysis of several large-scale cohort studies
showed that preservation of eGFR concomitant with
reduction of albuminuria is important for the suppres-
sion of cardiovascular complications in patients with
chronic kidney disease (48-50). The baseline compar-
ison of ambulatory BP profile revealed that the mulu-
therapy responders had higher HR variability than non-
responders. The results of multivariate regression analy-
sis also showed a significant positive association between
eGFR and daytime HR variability during the intensified
multitherapy in the present study. Lower HR variabil-
ity occurs commonly in diabetic patients due to cardiac
autonomic neuropathy and is associated with increased
cardiovascular complications and mortality in diabetic
patients (51).

There are several limitations of the present study.
Firstly, this study was performed as a pilot study
and a limitation of the study is the lack of control
group. As another limitation of this study, the results
of ambulatory BP monitoring may be affected by sea-
sonal changes. Ambulatory BP levels and short-term
BP variability are reported to be affected by the sea-
sonal changes in environmental temperature (52). Since
the recordings of ambulatory BP monitoring at base-
line were performed from March 2007 to January
2008, this seasonal variation should be considered.
However, with respect to the effects of the intensified
multifactorial medical therapy on ambulatory BP pro-
file, the seasonal effect is not likely to play a major
role in each participant, because the recordings of
ambulatory BP monitoring were performed at base-
line and after the 12-month treatment in the same
season.

Also, it is possible that diurnal BP profile including
BP variability obtained by ambulatory BP monitoring
may vary every measurement and we did not show the
inter- and intra-variability of the methods of ambulatory
BP monitoring employed in this study. The ambula-
tory BP and HR were monitored every 30 min with
the fully automated device (TM-2425) and a recent
study examined the reproducibility of ambulatory BP
levels and BP variability monitored every 30 min with
the same device (TM-2425) in hypertensive patients
(53). The results showed good reproducibility of ambu-
latory BP levels and BP variability, thereby suggesting
that each single ambulatory BP monitoring, before and
after the treatment, is acceptable for the assessment of
drug efficacy (53). Finally, although the ambulatory BP
and HR were monitored every 30 min but not every 15
min in this study, a previous study showed that 15-min
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