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ular mechanism of the LDL apheresis-mediated effects on
endothelial cells needs to be further investigated, these
results suggest that the long-term effects of LDL apheresis
on endothelial cell functions through the activation
of eNOS contribute to the improvement in peripheral
circulation.

The role of angiogenesis in atherosclerosis remains
controversial.?®> Angiogenic cytokine therapy has been
widely regarded as an attractive approach to treating
ischemic heart disease and PAD.26 Furthermore, a variety
of studies suggest that neovascularization contributes to
the growth of atherosclerotic lesions.?’-28 We did not find
any change in tube formation activity in HUVECs cultured
with the serum collected during the study period in either
group. Although the angiogenic cytokines VEGF and HGF
stimulate angiogenesis events such as tube formation, as
well as the activation of eNOS and proliferation in
endothelial cells, the concentrations of VEGF and HGF
were not affected by LDL apheresis in this study. Previous
studies have reported differential effects of antiangiogenic
factors that preserved endothelial proliferation but inhib-
ited tube formation capacity.?3® The results of this study
suggested that LDL apheresis increased activated eNOS
protein expression and proliferative activity without a
promotion of angiogenic properties and that the activating
effects of LDL apheresis and the angiogenic cytokines
VEGF and HGF occur through different mechanisms.
Additional studies are necessary to address the molecular
mechanisms of this differential activating effect of LDL
apheresis on endothelial cells, including identification of
the responsible factor(s) involved.

Although the absolute walking distance and ABI still
remained significantly improved in the responders at 3
months after the 10th apheresis compared with at baseline,
the LDL apheresis—mediated decrease in the oxidized
LDL, CRP, and fibrinogen concentrations lasted until the
10th apheresis, but it did not persist at 3 months after the
10th apheresis. With respect to endothelial cellular func-
tion in the responders, although the proliferative activity,
as estimated by BrdUrd incorporation, was significantly
activated at 3 months after the 10th apheresis in compar-
ison with baseline (Figure 2), the increase in the activated
eNOS protein level at 3 months after the 10th session did
not reach statistical significance compared with baseline
(Figure 1). Thus, there is a discrepancy between the
long-term therapeutic effects of LDL apheresis on clinical
parameters, including walking distance and ABI, and the
improvements in laboratory and endothelial functional
parameters, including oxidized LDL, CRP, fibrinogen, and
activated eNOS expression.

However, significant correlations were found between
walking distance and laboratory parameters, including
oxidized LDL and fibrinogen, and significant relationships
were also disclosed between the activated eNOS protein
level, one of the endothelial functional parameters, and
walking distance and ABI in the responders (Figure 3).
These results suggests that the long-term therapeutic ef-
fects of LDL apheresis may involve the chronic reduction

of oxidized LDL and fibrinogen and a relatively sustained
activation of eNOS protein in endothelial cells.

On the other hand, there was no significant correlation
between BrdUrd incorporation, which is an index of
endothelial proliferative activity, and ABI or walking
distance in the responders, and this may be one of the
reasons why BrdUrd incorporation was significantly in-
creased by incubation with the responder serum collected
3 months after the 10th apheresis, but not that collected at
the 1st and 10th aphereses, compared with the serum at
baseline (Figure 2). Thus, there is a possibility that other
factors that have not identified in this study play a critical
role in mediating the long-term therapeutic effects of LDL
apheresis on endothelial cellular function. Also, the com-
ponents of the nonresponders’ serum responsible for the
insufficient clinical improvement by LDL apheresis re-
main to be determined. Therefore, additional studies, such
as microarray analysis, are necessary to address these
important issues.

A limitation of the present study is that it did not
examine the effects of LDL apheresis on other in vitro
endothelial functions, including the expression of proin-
flammatory adhesion molecules, reactive species produc-
tion, and NADPH oxidase expression in HUVECs, or on in
vivo endothelial function, such as forearm endothelium-
dependent vasodilatation. Another limitation is the lack of
a control therapy group, and the general applicability of
the results thus awaits further confirmation by a study with
a larger number of patients. In conclusion, the results of
the present study suggest that the long-term therapeutic
effects of LDL apheresis on patients with end-stage renal
disease who have PAD are at least partly dependent on the
sustained reduction of oxidized LDL and inflammatory
stress, along with the activated eNOS-mediated improve-
ment of endothelial cell function. Because the activation of
endothelial cells is an important strategy for suppression of
the atherosclerotic vascular process,?' further efforts to
improve the therapeutic efficacy of LDL apheresis are
warranted.
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Supplemental Figure Legends

Figure I. The effects of serum from patients undergoing LDL apheresis on the
tube formation of human umbilical vein endothelial cells (HUVECs:).
Tube formation assay was performed for HUVECS incubated with the serum from the

responders (A) or non-responders (B). Values are expressed as the mean+SE.

Figure Il. Relationships between the ankle-brachial pressure index (relative ABI)
and activated eNOS protein level in HUVECs (relative p-eNOS/eNOS) (A) in the
non-responders, and between walking distance (relative walking distance) and
plasma oxidized LDL (relative oxidized LDL) level (B) in the non-responders.

The respective values were calculated relative to those achieved at baseline in the

responder or non-responder group.
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Interstitial cell + e +

PCT : proximal convoluted tubule E{ZERRIAE
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CCD : cortical collecting duct REE£EAE

OMCD : outer medullary collecting duct BEEABESE
IMCD : inner medullary collecting duct BEENEEAE
eff. . efferent arterioles ) #ENAR

aff. : afferent arterioles I A MBI
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BiEE 2ot 2 MIMESE TIX, &) BRLBESLEL Shz—F, RELFEOEEESHEILTLD,
BRI <, EREEETIC KD, MERRY X 455 non-dipper B BT 2 2 L BMIS ATV, 46, &
MHEEEIC ARB/FIREGHN (Y LY~ 50mg/E FurnuF 72 F 125me) 215 L, EEMFE, H@ng
i&%), Health-Related QOL (HRQOL) DZEALE & U2 DE#Ic > THRET L 7, MRFZBh o @IME 8BS 10 4 (35
360, &7 005 IR 67.6 i) 2 R E L, ARB/FIREAADBELET -7, 13 5 AR O S5H#% cIFEm
HIBERF R 3 TM2425 (A & D #t) (< X 2 IUFE H 9 8) (MERIS LS MIE) & 24 BRDOAZEENIC X b B AtaEe
RE & ARE R (PWV) 2 HIE L 72, %72 HRQOL 03D % ¥ (C SF-36 & i - RA({LRE 21T - 72,
ARB/HIFRIEGHIAMRE, HEIEYIMEE, 24 FEZERMEEEIL 2 W TNEBICET 2R L 2 (114£5 vs. 100+
3 mmHg, p<0.03), (1.48£0.8 vs. 0.94£0.2, p<0.02) T L 2 70 =)L id 2 NENERICRIMN 2R L 72 (p<0.01).
HRQOL DA 2713, ARBICWEZAD L (p<005), SEDEH TIX, ARB/AIREAFIZS T X b BEILE X
h L EKRME & ZREFES 2B T ¢k,

We reported on the relationship between base blood pressure (BP), autonomic function and health-related
quality of life (HRQOL)in healthy adults. The aim of the present study was to examine the relationship between
the antihypertensive effects, autonomic function, and HRQOL following the treatment of hypertensive subjects
with losartan/hydrochlorothiazide in hypertensives. Tn the 10 hypertensive patients treated with angiotensin
receptor blockers for more than 1 month, combination therapy with losartan/hydrochlorothiazide was conducted
for 3 months after the cessation of treatment with angiotensin receptor blockers. Either immediately before the
onset of combination therapy or 3 months after the treatment, 24~h ambulatory BP and pulse wave velocity
(PWV) were measured. Sympathetic nervous activity (ratio of low frequency to high frequency component : LF/
HF) and parasympathetic nervous activity (high frequency component : HF) were calculated by heart rate
variability. Quality of life (HRQOL) was assessed by the Medical Outcome Study Short-Forum 36-Item Health
Survey (SF-36). All of the participants completed the study. Losartan/hydrochlorothiazide combination therapy
reduced base BP(from 1145 to 1003 mmHg ; p<0.03)and 24-h LE/HF (from 1.4840.18 (o0 0.9440.20 ;
p<0.02). However, heart rates and PWV were not influenced by losartan/hydrochlorothiazide treatment. The
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HRQOL scores improved during the study (p<<0.05). These findings indicated that losartan/hydrochlorothia-
zide was associated with an improvement in base BP relative to daytime BP, autonomic function and HRQOL.

Jpn J Nephrol 2010 5 52 & 939-944.

Key words : base blood pressure, combination therapy, health-related QOL
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Fig. 1. Effects of losartan/hydrochlorothiazide on day-to-
night changes in urinary excretion rate of sodium
(UNaV)in hypertensive patients

ARB HHUAR M 0> 24 BEREIIUE 13 146.1£3.1/75.1+3.1
mmHg, HPIMEE 151.1£2.8/78.1+3.3 mmHg, RREIME
1% 139.5+4.9/69.91+32 mmHg ThH - 7-, ARB/FIRFEAH]
TIDEZ 3 HHBICIE, 24 BREIMEIZ 134.1£5.0/90.7+
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6.6/63.6 3.4 mmHg Th- 7=, 24 FFEFFENRIA%IZ, ARB
BMHUAR A 683118 /4, ARB/FRZE A HIHED:
67018 1/ Thh, HEERZ R -/, 24 B - HH
D LF/HF 1%, ARB/FIIRFEAFFEHICABARRML 27
&, WMHE HF B HEELHEMERS 72, B LF/HF - 24 B
[l - B HF 3 EEEZ R0 hb o1,

WRth Na PElE X, ARB/FIPRZEA AN <A B 2w
Zad 7 (Fig), PWV I, BUHGEHEHSY 1,930.24132.1 cm/
#, ARB/FIRZEEARED 1,815311329 em/BTH H
BEE 32D o7, ABL 1, BUAFRIAY 1.1720.03, ARB/
FIRZBEERIE LD 1152002 THHEBEE R Aho
(Table 1),

W BV MR AL Table 2 IS RLTW3, 2
VA7a—i3, ARB/FREGHERNCHEEELTD
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Table 1.
ters during the study

Comparison between changes in measures of various parame-

Baseline 3 months %change p value

Systolic BP (mmHg)

24-h 146+3 1345 8.2 <0.05

Daytime 151£3 139+7 7.9 <0.05

Night-time 1405 1237 121 <0.03
Diastolic BP (mmHg)

24-h 75£3 90+4 =20 NS

Daytime 78£3 74+4 5.1 NS

Night-time 70x3 64+3 8.6 NS
Heart rate (beats/min)

24-h 682 67+2 1.5 NS

Daytime 63+2 p9+2  —95 NS

Night-time 63x2 62+3 1.6 NS
Office SBP (mmHg) 158+4 1417 108 NS
Office DBP (mmHg) 79%5 75+4 5.1 NS
Base SBP (mmHg) 1145 100£3 123 <0.03
Base DBP (mmHg) 54£2 51+2 5.6 NS
LF/HF (ratio)

24-h 1.48+0.18 0.94£0.20 36.5 <0.02

Daytime 3.20+1.54 0.10£0.21 96.9 NS

Night-time 1.24%£0.17 0.78%0.21 37.1 <0.04
HF (sec/squHz)

24-h 156.3%1.5 11.2£2.0 26.8 NS

Daytime 12.3+0.9 10.6£1.7 13.8 NS

Night-time 21427 12.1£3.0 42.7 <0.05
Pulse wave velocity (cm/s)

Right 1,919+123 1,802*=118 6.1 NS

Left 1,942+141 1,828%=148 5.9 NS

Mean 1,930£132 1,815+£133 6.0 NS

Values are expressed as meanxSE. SBP : systolic blood pressure,
DBP : diastolic blood pressure, LF :low frequency, HF : high fre-

quency

Table 2. Comparison between changes in clinical parameters during

the study

Baseline

Fasting blood glucose(mg/dL) 109+6
Blood urea nitrogen (mg/dL) 1411
Serum creatinine (mg/dL)

Serum uric acid (mg/dL) 5+1
Hematocrit (%) 47+8
Serum AST(U/L) 29+6
Serum ALT (U/L) 30+8

Serum total cholesterol(mg/dL) 202+13

Serum triglycerides(mg/dL) ~ 179£13
Physical functioning (PF) 76.0%+7
Role physical (RP) 65.0+13
Bodily pain (BP) 59.1£10
General health(GH) 56.2+7
Vitality (VT) 57.7+10
Social functioning (SF) 73.8+£11
Role emotional (RE) 86.7£t10
Mental health (MH) 67.2+8

0.72£0.06 0.78+0.1

16 week %change p value
91£9 =165 NS
15x2 -71 NS

—8.3 NS

6x1 —20 NS
38+%1 19.1 NS
31+6 —6.9 NS
32+9 =6.{ NS

21413 —59 <0.01

198+29 -—10.6 NS

81.7x6 -7.5 NS
80.2%9 —23.4 <0.03
62.6t9 —5.9 NS
56.0+7 —0.36 NS
58.9+9 —2.1 NS
75.0x11  =7.7 NS
70.4%15 18.8 NS
72.4%9 =70 NS

Values are expressed as mean=*SE.
AST : aspartate aminotransferase, ALT

. alanine aminotransferase
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