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66.7% in high stratum, respectively. These results
suggest that in patients with high multimarker
score, prognosis is poor and intense follow-up
with chest-X ray, echocardiography, and blood
examination after discharge is recommended.

Discussion

In the present study, we showed that multimarker
score was higher in patients with cardiac events
than in those without cardiac events. The univari-
ate Cox proportional hazard analysis demonstrated
that patients in the high stratum were associated
with the highest risk for cardiac events compared
with lower strata. Only multimarker score was an
independent predictor of cardiac events among
age, NYHA functional class, and LVEF by the multi-
variate Cox proportional hazard regression analysis.
Furthermore, cardiac events occurred most fre-
quently in patients in the high stratum compared
with lower strata. These findings suggest that the
combination of multiple biomarkers could poten-
tially improve the risk stratification of CHF patients
for the prediction of cardiac events.

Our results have clinical importance; incorporat-
ing this powerful risk prediction in the management
of patients with CHF may be potentially helpful
to improve their dismal prognosis. The suggested
multiple biomarkers reflecting different aspects of
interrelated pathophysiological processes of CHF
appear to be suitable to designate this high-risk
group of CHF patients. The 7 biomarkers in this
study are easy to measure in the routine exami-
nation, and can be used multiple times to follow
up patients without interobserver variability, and
are also appropriate in the emergency setting.
Therefore, it seems that this approach using mul-
tiple biomarkers is useful as one of the options for
risk stratification and information of tailored treat-
ment, which includes more intense monitoring and
specialist care in CHF patients.

Many clinicians have encountered problems in
CHF patients. How will we identify and detect CHF
patients at an earlier stage? How do we predict CHF
patients with the greatest risk of cardiac events
or cardiac deaths? Shortness of breath, general
fatigue, and even edema do not necessarily indicate
the presence of CHF in a case. Nevertheless, the
clinician must have a high index of suspicion that
the source of patients’ problems may be CHF and
must assess whether patients have volume overload
and cardiac dysfunction. It seems that measure-
ment of these 7 markers may aid in the diagnosis
and assessment of CHF.

There was no difference in rate of use of
ACE inhibitors, ARBs, and B-blockers at discharge
among the 3 strata.-Multimarker score identified
CHF patients who are at increased risk of car-
diac events and who may warrant more aggressive
therapy. it is important that we perform thera-
peutic intervention in prospective clinical trials
to improve prognosis of severe CHF patients in
the future. In addition, patients with preserved
ejection fraction were included in this study.
We will anatyze the difference in multimarker
score between patients with preserved ejection
fraction and systolic heart failure in the future.
Cardiac events increased with advancing multi-
marker score. Because echocardiography is subject
to interobserver variations in interpretation, it
seems this multimarker approach is a simple and
easy method to estimate severity and prognosis of
CHF for many clinicians.

We selected 7 biomarkers on the basis of previous
experimental and clinical studies. We acknowledge
other biomarkers not tested in this study, such as
troponin T or heart-type fatty acid binding protein
(markers for ongoing myocardial damage) [13—15],
cystatin C (a new marker for renal function) [16],
and inflammatory [17] and oxidative stress mark-
ers [18]. Improvement in biomarker strategies may
depend on the discovery of new biomarkers.

Conclusions

Our findings suggest that this simple multimarker
approach demonstrates the potential to assist clin-
icians in predicting prognosis of CHF patients with
low cost and wide availability. Future study is
needed to show whether this multimarker approach
allows clinicians to improve management and prog-
nosis in CHF patients.
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KEYWORDS Summary A 78-year-old man who had been treated with maintenance hemodial-
. Complete ysis for chronic renal failure was admitted with severe edema in left arm for 1
atrioventricular block; month. Venous angiography showed a severe stenosis in left innominate vein, then,
Venous stent; he underwent percutaneous balloon angioplasty and venous stenting (Wall Stent

RP). His arm edema soon improved after angioplasty, however, he complained of
general fatigue and bradycardia 2 days after the venous angioplasty. Electrocar-
dlogram showed complete atrioventricular block with 35 wide QRS complexes per
minute. His echocardiogram showed a pipe-shaped structure with multiple slit and
acoustic shadow in right ventricle. His radiographical right ventriculogram revealed
the migrated venous stent from innominate vein to right ventricle. We tried to per-
form percutaneous transvenous stent extraction using Goose-Neck snare catheter,
however, the wall stent stuck in the right external iliac vein, and contrast media
leaked to the outside of the vascular wall. Therefore, we implanted this stent in
the iliac vein with optimal-sized balloon inflation, and succeeded in stopping bleed-
ing. Complete atrioventricutar block was recovered to sinus rhythm with left bundle
branch block just after the removal of the venous stent from right ventricle, and no
cardiovascular events occurred after the treatment.
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Introduction

it has been reported that transient atrioven-
tricular block is caused by mechanical and
physiological disorders such as trauma, myocar-
dial ischemia, infection, neurally mediated and/or
metabolic diseases, and iatrogenic injury of the
atrioventricular node (catheter, radiofrequency
energy, surgical procedure, and drug-induced)
[11.

it is well known that dislodgement and/or
migration of the intravascular stent are major
complications in radiological intervention [2—7],
however, there are few reports regarding stent
migration from innominate vein to intra-cardiac
cavity causing transient and complete atrioventric-
ular block.

Percutaneous transvascular stent extraction
using Goose-Neck snare catheter is thought to
be a useful procedure to retrieve it [3,6,8,9].
Although Goose-Neck snare catheter is a popular
procedure for stent extraction, we experienced
stent sticking in the external iliac vein and
vascular rupture. Herein, we report the intra-
cardiac migration of the vascular stent and
the pitfall of using percutaneous stent extrac-
tion.

(0)

G

Case report

A 78-year-old man who had been treated with main-
tenance hemodialysis for 2 years due to chronic
renal failure was admitted with severe edema in
his left arm, which had an arterio-venous shunt
for dialysis, for 1 month. His venous angiography
showed a severe stenosis in left innominate vein,
then, he underwent percutaneous balloon angio-
plasty (Synergy balloon catheter, Boston Scientific,
Natick, MA, USA; 10mm in diameter and 4.0cm in
length) and venous stent implantation (Wall Stent
RP, Boston Scientific; 10mm/3.9cm). Although his
arm edema soon improved after angioplasty, he
complained of general fatigue and bradycardia 2
days after the venous angioplasty. His electrocar-
diogram showed left bundle branch block with sinus
rhythm on admission, and complete atrioventricu-
lar block with 35 wide QRS complexes per minute
2 days after the operation. He did not receive
oral administration of anti-arrythmic medicine, and
circulating levels of electrolyte, including sodium,
potassium, and magnesium levels, were normal. His
echocardiogram showed global reduced motion and
eccentric hypertrophy in left ventricle (60mm in
left ventricular end-diastolic dimension and 30% in
fractional shortening) and a pipe-shaped structure

Figure 1 B-mode echocardiograms showing pipe-shaped structure with multiple slit and acoustic shadow (arrows) in
right ventricle: (a) parasternal long-axis view; (b) parasternal short-axis view; (c) apical four-chamber view;.(d) apical

short-axis view.
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Figure 2 Right ventriculograms showing migrated venous stent in the right ventricle {(a and b), and percutaneous
transvenous stent extraction using Goose-Neck snare catheter (c and d). (a) RAO view; (b) LAO view; (c) stent retrieval
from right ventricular cavity; {d) stent lodging in the right internal iliac vein.

with multiple slit and acoustic shadow in right ven-
tricle (Fig. 1). He was transported to the catheter
laboratory without delay, and underwent right ven-
tricular temporary pacing. His radiographical right
ventriculogram revealed the migrated venous stent
between basal free and septal wall in the right
ventricle (Fig. 2a and b). We did not select sur-
gical removal of the venous stent because he had
complications with renal failure and severe left
ventricular dysfunction. We tried to perform per-
cutaneous transvenous stent extraction using 6Fr
Amplatz Goose-Neck snare catheter (C. R. Bard,
Inc. USA) with 14Fr sheath introducer (Medikit,
Tokyo, Japan) from right femoral vein (Fig. 2c and
d). Although we succeeded in retrieving the stent
from right ventricular cavity using this catheter, the

.wall stent stuck in the right external iliac vein, and

contrast media leaked to the outside of the vascu-
lar wall while trying to catch and retrieve this stent
through the venous sheath using a T-REX biotome
catheter for the ventricular biopsy (Boston Scien-

tific) (Fig. 3a). Therefore, we implanted this stent
in the iliac vein with optimal-sized balloon infla-
tion (Synergy balloon catheter, Boston Scientific;
10mm/7.5¢cm), and succeeded in stopping bleed-
ing (Fig. 3). Complete atrioventricular block was
recovered to sinus rhythm with left bundle branch
block just after the removal of the venous stent
from right ventricle, and no cardiovascutar events
occurred after the treatment,

Discussion

We experienced a case with venous stent migration
into the right ventricular cavity causing transient
atrioventricular block, and iliac venous wall rupture
when performing stent extraction using Amplatz
Goose-Neck snare catheter.

in the present case, we did not choose open-
heart surgery and stent extraction. We thought that
open-heart surgery with artificial cardiopulmonary
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Figure 3 Radiographic angiograms showing contrast media leaked to the outside of the right external iliac vein (a),
stent implantation and optimal-sized balloon inflation in the iliac vein (b and c), and after the balloon angioplasty (d).

bypass would be associated with a high risk of car-
diovascular complications. This patient had renal
failure and left ventricular dysfunction that seemed
to be the dilated phase of end-stage hypertensive
heart disease, because the patients’ pathogenesis
of chronic renal failure had been suspected to be
renal sclerosis due to hypertension. Furthermore,
we had to remove the venous stent as soon as
possible because this patient had a symptomatic
complete atrioventricular block. As a result, we
succeeded in stent extraction by percutaneous and
transvenous approach, and atrioventricular block
was recovered to sinus rhythm.

it has been previously reported that a vascu-
lar stent was implanted to superior vena cava to
improve superior vena cava syndrome [10]. These
reports suggest that stent migration into the right
atrium and/or ventricle by the stenting in the
venous system has potentially fatal complications
such as arrhythmias, thrombus, and/or infections,
and is most likely to occur during the treatment

of superior vena cava obstruction [5—7]. Further-
more, it has been reported that cardiac tamponade
occurred by migrated inferior vena cava filter
implanted for a case with deep venous thrombo-
sis [11]. In our experience, it is thought to be rare
that the vascular stent implanted in the left innomi-
nate vein migrated to the right ventricle and caused
transient and complete atrioventricular block. It is
speculated that vascular stents might be liable to
migrate in the venous system as compared to the
arterial system that has intimal proliferation and
comprehension.

Migration and/or dislodgement of coronary
stents sometimes occurred and were retrieved with
balloon catheters, guide wires, guiding catheters,
and direct snaring [3—6]. In the present case,
we used Amplatz Goose-Neck share catheter to
retrieve migrated venous stents according to a few
previous reports [3,6,8,9]. Although we succeeded
in retrieving the stent from the right ventricu-
lar cavity using this catheter, the wall stent stuck
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in the right external iliac vein and vascular rup-
ture occurred. The wall stent is a self-expanding
stent, therefore, stent diameter in the present case
might be larger than 14Fr venous sheath introducer
catheter in spite of using this sheath as large lumen
as possible. On the other hand, it might be useful
to implant migrated stent in the sticking site using
optimal-sized balloon inflation to stop bleeding and
repair venous rupture [12].

Venous thrombosis, pulmonary embolism, and
complete atrioventricular block without anti-
coagulant therapy have not occurred for 2 years.
Three years passed from the implantation of venous
stent, and he has received anti-coagulant therapy
for persistent atrial fibrillation.

We have reported here a case of self-expanding
stent migration from innominate vein into right
ventricle that caused transient and complete atri-
oventricular block. We used Amplatz Goose-Neck
snare catheter and succeeded to retrieve the
migrated venous stent from right ventricle, how-
ever, the stent stuck in the iliac vein and caused
vascular rupture. Further experience is required
to retrieve the migrated venous stent safely and
quickly.
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Deficiency of Clusterin Inhibits Neointimal Hyperplasia After
Vascular Injury
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Aim: Increased clusterin mRNA and protein levels have been detected in various tissues undergoing
stress, and we previously reported that clusterin is markedly induced in media and neointima follow-
ing vascular injury. The present study therefore investigated the impact of clusterin on neointimal
hyperplasia following vascular injury.

Methods and Results: As compared with wild-type mice, clusterin knockout mice (clusterin-KO)
demonstrated a significant decrease of the intima/media rato 4 weeks after cuff placement. Immu-
nohistochemical analysis of injured femoral arteries in clusterin-KO demonstrated the accumulation
of p53 in nuclei of neointimal vascular smooth muscle cells (VSMCs). Moreover, VSMCs from either
clusterin-KO or rat VSMCs treated with clusterin-short-interfering (si) RNA subjected to static
stretch exhibited significantly increased p53 and p21, and increased G1 cell cycle arrest as indicated
by flow cytometry compared with VSMCs from wild-type mice.

Conclusion: Reduced clusterin expression reduced the proliferation of VSMCs and induced G1 arrest
via p53 and p21. Clusterin therefore represents a promising molecualar target to limit restenosis after

coronary intervention.

J Atheroscler Thromb, 2009; 16:772-781.

Key words; Clusterin, p53, p21, Vascular smooth musde cell, Neointima

Introduction

Percutancous coronary intervention (PCI) is a
uscful procedure for the treatment of coronary steno-
sis. Sirolimus-cluting and polymeric paclitaxel-eluting
stents strongly suppress neointimal hyperplasia!®;
however, meta-analysis of randomized clinical trials of
drug-eluting stents reported that the rate of angio-
graphic restenosis after drug-eluting stents is 8.9%%.
Thus, restenosis after PCI is still a significant prob-
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lem. Identifying the molecules involved in restenosis
after PCI will help to develop new strategies for the
prevention of restenosis. Neointimal hyperplasia is a
major cause of restenosis after PCI?. We previously
reported that clusterin was markedly induced in media
and neointima following vascular injury, and the
expression of clusterin stimulated the proliferation and
migration of cultured vascular smooth muscle cells
(VSMCs) 7 vitro®. Moreover, clusterin antisense was
reported to inhibit the proliferation of cultured VSMC
obtained from ncointima after ballooning iz vitro’y
however, it is unknown whether clusterin stimulates
or protects against restenosis following vascular injury
in vive.

Clusterin, also known as apolipoprotein J, testos-
terone-tepressed prostate message-2, or sulphated gly-
coprotein-2, is a secretory heterodimetric disulphide-
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linked glycoprotein (449 amino acids) that is expressed
in virtually all tissues and is found in most physiologi-
cal fluids, including human plasma, urine, breast milk,
semen, and cerebrospinal fluid® 9, The wide distribu-
tion and sequence conservation of clusterin suggests
that this protein performs functions of fundamental
biological importance. It is involved in numerous phys-
iological processes important for carcinogenesis and
tumor growth, induding apoptotic cell death, cell-cycle
regulation, DNA repair, cell adhesion, tissue remodel-
ing, lipid transportation, membrane recycling, and
immune systemn regulation. Increased clusterin mRNA
and protein levels have been consistently detected in
various tissues after stress, including the heart, brain,
liver, kidney, breast, and retinal tissues both iz vive
and iz vitro'.

The purpose of this study was to investigate the
impact of clusterin on neointimal hyperplasia follow-
ing vascular injury # vive, and to clarify the precise
mechanism of the effect of clusterin on the prolifera-

tion of VSMC in vizre.

Materials and Methods

Mice

This study was performed under the supervision
of the Animal Research Committee in accordance
with the guidelines on animal experiments of the Fac-
ulty of Medicine, Kagoshima University. We used
C57BL6 (wild-type) and clusterin knockout mice
{clusterin-KO) in this study. Clusterin-KO mice were
as described by McLaughlin ez @/, We used 8-week-
old male mice that weighed 24-30 g. The animals
were given a standard diet and water ad libitum. In
order to confirm the deficiency of clusterin, mice tails
were biopsied at 8 weeks of age. Genomic DNA was
isolated using proteinase K and analyzed with the
polymerase chain reaction as described.

Cuff Placement

Neointimal formation in the femoral artery of
mice was induced by placement of a polyethylene cuff
as described previously'* 13, Mice were anesthetized
with pentobarbital (50 mg/kg) by intraperitoneal injec-
tion and diethyl ether. The right femoral artery of the
mouse was exposed and isolated from the surrounding
tissues. A non-constrictive polyethylene cuff (length,
2.0 mm; inner diameter, 0.40 mm; outer diameter,
0.80 mm; Natsume, Tokyo, Japan) was cut longitudi-
nally and loosely placed around the right femoral
artery and tied in place with an 8-0 silk suture. The
cuff was larger than the vessel and did not obstruct
blood flow. The left femoral artery was dissected from

the surrounding tissue, but a cuff was not placed
(sham-operated). The wounds were closed with sutures.

Tissue Harvesting and Lipid Analysis

Four weeks after cuff placement, the mice were
killed by an overdose of pentobarbital. For morpho-
metric analysis, the thorax was opened, and blood
samples were taken through a 23-gauge butterfly
angiocatheter placed in the left ventricle. Subsequently,
the mice were perfused with PBS, and the vessels were
perfusion-fixed at 100 mmHg with 10% neutral-buff-
ered formalin. The cuffed artery and sham-operated
artery were harvested and then postfixed in 10%
neutral-buffered formalin overnight and embedded in
paraffin.

The concentration of plasma total cholesterol
and high density lipoprotein (HDL) cholesterol was
measured enzymatically using a commercially available
kit (Kainos Laboratories, Tokyo, Japan).

Morphometric Analysis

The artery was cut into three subserial cross sec-
tions of 10 pm thickness at intervals of 0.5 mm. The
sections were stained by hematoxylin and eosin (H&E)
and Elastica van Gieson, and photographed with a
microscale. The areas of the media and neointima
were measured using image analyzing software (NIH
image) by an observer blinded to the animal’s geno-
type. Neointima was defined as the area between the
vessel lumen and the internal elastic lamina. Media
was defined as the area between the internal elastic
lamina and the external elastic lamina. We also calcu-
lated the intima-to-media ratio (I/M ratio) of each
section. The average value of these sections was taken
as the value for each animal.

Immunohistochemistry

Immunochistochemical staining of the tissue sec-
tions was performed as described prcviouslyé) by the
labeled streptavidin-biotin complex method (Nichirei
Bioscience, Tokyo, Japan). A goat polyclonal antibody
against human apo] (Rockland Immunochemicals,
Gilbertsville, PA), a goat polyclonal antibody against
human p53 (Santa Cruz Biotechnology, Santa Cruz,
CA), a rabbit polyclonal antibody against human acti-
vated caspase-3 (BD Bioscience, Franklin Lakes, NJ),
and a rabbit polyclonal antibody against human p21
(Santa Cruz Biotechnology) were used as primary
antibodies. The specificity of the immunoreaction was
evaluated in comparison with a negative control speci-
men in which goat or rabbit IgG was used instead of
the primary antibody.
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VSMC Isolation from Clusterin-KO and Wild-Type
Mice

VSMCs were isolated by an explant method from
the medial layer of the thoracic aorta obtained from
clusterin-KO or wild-type mice. VSMCs were cul-
tured in DMEM containing 5% FBS in a humidified
atmosphere and 5% CO2-95% air as described previ-
ously'¥. VSMCs from the fifth to tenth passage were
used in the experiments. The identity of cultured
VSMC was confirmed by microscopic identification
of their characteristic “hill-and-valley” growth pattern
and by immunohistochemical identification of smooth
muscle actin using a specific monoclonal antibody
(human @-actin; Santa Cruz Biotechnology).

Static Stretch System

The strain unit, Flexcell FX-2000 (Flexcell Inter-
national, Hillsborough, NC), consists of a vacuum
unit linked to a valve controlled by a computer pro-
gram. VSMCs cultured on the flexible membrane base
were subjected to static stretch produced by this com-
puter-controlled application of sinusoidal negative
pressure as described previously'* 19 Flex I culture
plates not subjected to static stretch served as controls.

Proliferation Assay of VSMC with or without Stretch

VSMCs from wild-type or clusterin-KO mice
were cultured on Flex I 6-well plates coated with type-1
collagen (density, 2 % 10°/well) with medium contain-
ing 5% FBS. After 48 h, VSMCs were exposed to
static stretch provided by 25% radial stretch of the
membrane for 10 min. After 48 h with or without
stretch, we demonstrated VSMC proliferation by
counting cells with an clectronic counter (Sysmex,
Hyogo, Japan).

In addition, after 24 h with or without stretch,
we used VSMCs for Western blotting and cell-cycle
analysis by flow cytometry.

Western Blotting

For Western blotting of clusterin, p53, p21,
cleaved caspase-3, and @-actin, proteins were extracted
from cultured VSMCs of clusterin-KO mice, wild-
type mice, and rat aorta as reported previously'” 18,
Cells were incubated in ice-cold 0.1% Triton lysis
solution [mmol/L: HEPES 10 (pH 7.4), sodium pyro-
phosphate 50, NaF 50, EDTA 5, EGTA 5, and NaCl
50, and 100 mmol/L NasVOy4, 0.1% Triton X-100,
500 mmol/L PMSE and 10 mg/mL leupeptin] for 1 h.

Insoluble matter was removed by centrifugation,
and the protein concentration was measured by a
bicinchoninic acid assay (PIERCE Biotechnology,
Rockford, IL). Western blotting was performed with a

NuPAGE Electrophoresis System (Invitrogen, Carls-
bad, CA) as reported prcviouslyl9). Briefly, protein
samples were resuspended in reduced sample buffer,
electrophoresed on a 4-12% Bis-Tris gel (Invitrogen)
with MOPS running buffer, blotted to a PVDF mem-
brane (Millipore, Billerica, MA), and sequentially
probed with a goat polyclonal antibody against mouse
clusterin, 2 mouse monoclonal antibody against human
p53, a rabbit polyclonal antibody against human p21,
a rabbit polyclonal antibody against human cleaved
caspase-3, and a mouse monoclonal antibody against
human a-actin (all from Santa Cruz Biotechnology).
Either horseradish peroxidase-conjugated goat anti-
mouse antibody, goat anti-rabbit antibody, or donkey
anti-goat antibody (all from Santa Cruz Biotechnol-
ogy) was then added, and the secondary antibody was
detected by autoradiography using enhanced chemilu-
minescence (GE Healthcare, Little Chalfont, Eng-
land). The expression of a@-actin was used as a refer-
ence for quantification of the respective proteins. Den-
sitometric analysis was performed to quantitate the
protein expression of clusterin, p53, p21, and a-actin
using NIH image software. The a-actin protein was

used as a reference for quantitation of clusterin, p53,
and p21.

Flow Cytometry for Cell Cycle Analysis

The cell cycle was assessed by flow cytometry
(Beckmann Coulter, Fullerton, CA). VSMGCs were
fixed with 70% ethanol on ice for 30 min, washed
with phosphate-buffered saline (PBS), treated with
RNase A (100 pg/mL) for 30 min at 37T and stained
for DNA with propidium iodide (10 pg/mL) for 15
min at room temperature. Cells were centrifuged,
resuspended in 1 mL PBS, and analyzed using flow
cytometry as described prcviouslyzo).

Short-Interfering RNA Transfection and Stretch of
Rat VSMCs

We used short-interfering (si) RNA to suppress
the expression of clusterin. The sequences of siRNA
against clusterin (clusterin-siRNA) were 5°-GGCUU-
UCCCGGAAGUGUGUdtdt-3’ (sense) and 5-ACA-
CACUUCCGGGAAAGCCdtdt-3° (antisense). These
siRNA and negative control siRNA (control-siRNA),
a 21-nucleotide RNA duplex with no known sequence
homologym, were purchased from Ambion (Austin,
TX). For siRNA transfection, rat VSMCs were cul-
tured on Flex I G-well plates coated with type-1 colla-
gen (density, 4% 10%/well) with medium containing
10% FBS. After reaching 50-60% confluence, trans-
fection of siRNA into rat VSMCs was achieved using
oligofectamine (Invitrogen). Bricfly, 20 pmol/L stock
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siRNA and 8 pL oligofectamine were diluted and
mixed gently with 1 mL M199 to achieve the final
concentration of oligofectamine, 8 pL/well. Cultured
cells were washed with M199 without serum and anti-
biotics. The oligonucleotide-oligofectamine complexes
were then added to each well and the cells were incu-
bated at 37T for 4 h. FBS was then added to the cdls
to achieve a final concentration of 5% in M199 and
incubated for 2 h. The cells were then exposed to
static stretch provided by 25% radial stretch of the
membrane for 10 min. Twenty-four hours after
stretching, total RNA was isolated from cultured
VSMCs for reverse-transcription polymerase chain
reaction (RT-PCR). Forty-cight hours after stretching,
we analyzed the cell number and isolated protein for
Western blotting as described previously??.

RT-PCR

RT-PCR was performed as described previ-
ouslym. Total RNA for use in RT-PCR was isolated
using the Mini RNA isolation kit (ZYMO RESFARCH,
Orange, CA). For cDNA synthesis, 0.5 pg total RNA
was reverse-transcribed with random hexamers using
SuperScript I RT (Invitrogen). The transcribed cDNA
was amplified by PCR with specific primers for clus-
terin and glyceraldehydes-3-phosphate dehydrogenase
(GAPDH). Two specific primer pairs corresponding
to published sequences were used to amplify clusterin
(5-TGATGGCCCTCTGGGAAGAGT-3’ and 5-
TCTCCAGCAGGGAGTCGATGCG-3)? and
GAPDH (5-ATGGTGAAGGTCGGTGTG-3 and
5-ACCAGTGGATGCAGGGAT-3)#, The PCR
amplification protocol included 31 cycles of denatur-
ing, annealing, and clongation with Taq polymerase
(TaKaRa Bio, Shiga, Japan). Equal amounts of PCR
products were subjected to electrophoresis through
2% agarose gels and visualized with ethidium bro-
mide. GAPDH expression was used as a reference.

Statistical Analysis

All calculated data are presented as the mean *
S.D. and analyzed by unpaired Student’s # test. A value
of p<0.05 was considered significant.

Results
Mice

To clarify the impact of clusterin on vascular
remodeling, we compared wild-type mice with clus-
terin-KO mice.

We measured the body weight and plasma level
of total cholesterol and HDL cholesterol in wild-type
and clusterin-KO mice at 12 weeks of age and found

A
P-0.39
30
E" —t
=
2020
¢
g
.
3
s 1
0
wild  clusterin
-lype -KO
B
P=0,13 P=0.56
. 801 | - |
gef L g T
E £ 20
340 Z
£ =
(7] &
z 20 é 10
£ z
0 0
wild clusterin wild clusterin
-type  -KO -type -KO

Fig. 1. Body weight (A) and plasma levels of total cholesterol
and HDL cholesterol (B) in wild-type {white bar) and
clusterin-KO mice (black bar) (n =13 mice per group)
at 12 weeks of age.

There was no significant difference in the body weight, plasma lev-
els of total cholesterol and HDL cholesterol between wild-type and
clusterin-KO.

no significant difference (Fig.1).

Quantification of Intimal Lesions After Cuff Place-
ment

We quantified morphometric changes in the
injured artery of wild-type and clusterin-KO mice 4
weeks after cuff placement. There was no significant
difference in the medial area between wild-type and dus-
terin-KO mice (Fig. 2A, B); however, dusterin-KO mice
demonstrated a significant decrease of the I/M ratio
(#<<0.01) as compared with wild-type mice (Fig. 2C).

Analysis of Proliferation and Apoptosis of VSMCs
in Intimal Lesions

In order to analyze the mechanism of the effect
of clusterin deficiency on neointimal formation fol-
lowing vascular injury, we performed immunohisto-
chemical staining using anti-p53 antibody. In clus-
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Fig. 2. Clusterin-KO mice showed a significant decrease in
the I/M rato.

Representative sections of the injured femoral artery from wild-
type and clusterin-KO mice 4 weeks after cuff placement, stained
by H&E and Elastica Van Gieson (). Arrows indicate internal
elastic lamina. Quantification of the medial area (B) and the 'M
ratio (C) of the injured femoral artery 4 weeks after cuff placement
in wild-type (white bar) and clusterin-KO (black bar) (z=15 mice
per group). There is no significant difference in the medial area
between wild-type and clusterin-KO; however, clusterin-KO mice
showed a significant decrease in the I/M ratio. All scale bars denote
25 pm.

terin-KO mice, the accumulation of p53 in the nuclei
of necointimal VSMCs was detected (Fig.3). This
result suggested that apoptosis or G1 arrest occurred
in neointimal VSMCs of clusterin-KO mice. Further-
more, we examined apoptosis using anti-activated cas-
pase-3 antibody, and the immunoreactivity of activated
caspase-3 in neointima demonstrated no differences
between wild-type and clusterin-KO mice (Fig.3). We
then performed immunchistochemistry on p21 to
analyze G1 arrest of neointimal VSMCs. In clusterin-
KO mice, p21 was accumulated in the nuclei of neo-

clusterin-KO

wild-type

clasterin

p33

activated
caspase-3

pit

Fig.3. Clusterin-KO mice demonstrated accumulation of
p33 and p2l in nuclei of neointmal VSMCs in
injured arteries.

Immunohistochemical staining of clusterin, p53, activated cas-
pase-3, and p21 in the injured femoral artery 4 weeks after cuff
placermnent from wild-type and clusterin-KO mice. Arrows indicate
internal elastic lamina.

intimal VSMCs (Fig.3), suggesting that G1 arrest
occurred in neointimal VSMCs of clusterin-KO mice.

Proliferation Stimulated by Stretching in VSMCs
Obtained from Clusterin-KO or Wild-Type Mice

VSMCs were explanted from the thoracic aorta
obtained from clusterin-KO or wild-type mice. The
cell number and protein expression of clusterin in wild-
type VSMCs increased with the strength of stretch
(Fig. 4), and therefore, we decided to use the maxi-
mum 25% stretch for 10 min in this experiment.
Fig. 5A demonstrates the fold increase of cell number
after 48 h with or without 25% stretch for 10 min in
wild-type and clusterin-KO VSMCs. Wild-type VSMCs
showed a significant 1.2-fold increase of cell number
by stretching, but clusterin-KO VSMCs did not.
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Fig. 4. Cell number (A) (n=3 per group) and protein expres-
sion of clusterin (B) in wild-type VSMCs increased
with the strength of stretching

Induction of p53 and p21 by Stretching in Clusterin-
KO VSMCs

Cultured VSMCs of clusterin-KO and wild-type
mice were exposed to 25% static stretch for 10 min.
After 24 h, the expressions of clusterin, p53, and p21
were analyzed by Western blot analysis. Clusterin was
induced by 25% static stretch in wild-type VSMCs,
but not in clusterin-KO VSMCs. In addition, the
expression of p53 and p21 was induced by 25% static
stretch in clusterin-KO VSMCs, but not in wild-type
VSMCs (Fig. 5B).

Cell Cycle Analysis
Next, cell cycle was analyzed by flow cytometry
24 h after 25% static stretch for 10 min. As shown in

Fig. 5C, there was a significant progression to S and
G2/M phases in clusterin-KO VSMCs compared with
wild-type VSMCs 24 h after stretching, suggesting G1
arrest in clusterin-KO VSMCs (wild-type VSMCs:
G0/G1 70.7£1.8%, S 6.4+ 1.8%, G2/M 21.81.7%,
sub-G1 1.5%0.3% vs. clusterin-KO VSMCs: G0/G1
86.2+4.3%, S 3.9 £1.0%, G2/M 8.2 £3.0, sub-Gl1
1.3+ 0.7%).

Induction of Clusterin by Static Stretch and Knock
Down by siRNA in Rat VSMCs

We analyzed the expression of clusterin in rat
VSMCs transfected with control or clusterin-siRNA
at 24 h after 25% stretch for 10 min. RT-PCR dem-
onstrated that the expression of clusterin was upregu-
lated by stretching in rat VSMCs. We confirmed that
clusterin-siRNA but not control-siRNA inhibited the

expression of clusterin mRNA induced by stretching
(Fig. 6A).

Clusterin-siRNA Decreased YVSMC Proliferation
Stimulated by Static Stretch

We analyzed the proliferation of rat VSMCs by
counting cell numbers (Fig. 6B). Static stretch of 25%
for 10 min significantly increased the cell number
compared with non-stretch (25% static stretch: 3.34 %
10%+ 13,000 vs. non-stretch: 2.92% 10° 21,500, p<
0.0001). At 48 h without stretch, there is no signifi-
cant difference in the cell number of VSMCs trans-
fected with control-siRNA and clusterin-siRNA (clus-
terin-siRNA: 2.72x 105£15,500 vs. control-siRNA:
2.92 % 10%+21,500). In contrast, at 48 h after stretch-
ing, the cell number of VSMCs treated with clusterin-
siRNA was significantly lower than VSMCs treated
with control-siRNA (clusterin-siRNA: 2.68x10°% %
40,600 vs. control-siRNA: 3.34x10%%13,000, p<
0.001).

Clusterin-siRNA Upregulates p53 and p21 After
Stretching

We analyzed the expressions of clusterin, p53
and p21 at 48 h after 25% static stretch for 10 min.
Western blotting showed that treatment of rat VSMCs
cultured with clusterin-siRNA decreased the expres-
sion of clusterin and upregulated the expression of
p53 and p21 compared to VSMCs cultured with con-
trol-siRNA (Fig. 6C).

Discussion

Clusterin has been implicated in various cell
functions involved in carcinogenesis and tumor pro-
gression, including cell adhesion, tissue remodeling,
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Fig.5. Induction of p53 and p21, and G1 arrest by stretching in clusterin-KO

VSMCs.

The fold increase of cell number after 48 h with (black bar) or without (white bar)
25% stretch for 10 min in wild-type and clusterin-KO VSMCs (&) {z=6 per group).
Western blotting (B) (72=3 replications) and cell cycle analysis by the flow cytometry (C)
(n=4 times) at 24 h after 25% static stretch for 10 min in wild-type and clusterin-KO
VEMCs. *p<0.00001 versus wild-type GO/G1, **5<0.05 versus wild-type S, ¥¥p<

0.00001 versus wild-type G2/M.

lipid transportation, membrane re-cycling, immune
system and cell-cycle regulation, DNA repair, and
apoptotic cell death??, In addition, clusterin was
reported to function as an extracellular chaperone that
stabilizes stressed proteins in a folding-competent
state?. Increased clusterin mRNA and protein levels
have been detected in various tissues undergoing
stress, including heart, brain, liver, kidney, and retinal
tissues both 7 vitro and in vivo.

Surprisingly, immunohistochemistry of the
injured femoral artery in clusterin-KO mice demon-
strated the accumulation of p53 in nuclei of neointi-
mal VSMCs. Moreover, VSMCs from either clus-

terin-KQ or rat VSMCs treated with siRNA that were
subjected to static stretch exhibited significantly
increased p53 and p21, and increased G1 cell cycle
arrest as indicated by flow cytometry compared with
wild-type VSMCs. Previous studies have reported that
P53 acts as a transcriptional repressor of the clusterin
gene®® ) however, we could not determine the pre-
cise molecular mechanism by which the inhibition of
clusterin expression led to upregulation of p53. Both
clusterin and p53 limit tissuc injury and/or promote
tissue remodeling; therefore, we speculate that p53
may be upregulated in order to compensate for the
deficiency of clusterin in tissue damage or tissue
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Fig.6. Clusterin-siRNA decreased VSMC proliferation and upregulated p53
and p21 after stretching in rat VSMCs.

RT-PCR demonstrated the induction of clusterin by static stretch and knock down by
clusterin-siRNA in rat VSMCs at 24 h after stretching for 10 min (A). 48 h after
stretching, clusterin-siRNA decreased VSMC proliferation stimulated by 25% static
stretch for 10 min (B) (z=6 per group). Western blotting showed that clusterin-siRNA
decreased the expression of clusterin and upregulated the expressions of p53 and p21 in
cultured rat VSMCs compared with control-siRINA at 48 h after 25% static stretch for

10 min (C) (#=3 replications).

remodeling.

The tumor suppressor p53 is a transcription fac-
tor which has been identified as a participant in the
cellular DNA damage response resulting in either G1
arrest® 2 or apoptosis® 3 3V, It is well established
that the induction of p53 tumor suppressor protein
can lead to either cell-cycle arrest or apoptosis. Several
factors, including the cell type, the presence or absence
of survival factors in the external environment, the
extent of DNA damage, the level of p53 and post-

translational modifications, are involved in the choice

between cell-cycle arrest and apoptosis®?. In our exper-
iments using clusterin-KO mice, vascular damage by
cuff implantation upregulated p53, suggesting G1
arrest rather than apoptosis.

p53 is an important factor for maintaining
genetic stability and is a cell-cycle check-point protein
that helps to regulate progression from Gl into S
phase. Many environmental insults and cancer treat-
ments, including y radiation and chemotherapeutic
drugs, increase p53 levels, leading to a G1 phase cell-
cycle arrest®), The G1 arrest pathway involves p53-
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dependent transcriptional activation of p21%9. p21
inhibits G1 cyclin-Cdk complex, such as cyclm
D-Cdk4/Cdk6é and cyclm E- Cde33 Inhibidon of
G1 cyclin-Cdk complcx, in turn, inhibits phosphory-
latdon of pr33 34), thereby preventing activation of
E2F-tesponsive G1/S transition genes, such as dihy-
drofolate reductase and thymidylate synthase®. Thus,
p53 helps to maintain genetic stability by preventing
progression to the S phase under adverse conditions,
such as those created by environmental stresses or
treatment with anticancer agcnts%). In our in wvitre
experiments, we confirmed that clusterin-KO VSMCs
subjected to stretching upregulated p53 and p21, and
shifted to G1 arrest compared with wild-type VSMCs.

Clusterin expression has been associated with the
progression of various human tumors, including blad-
der, colon, prostate, breast, lung, kidney, ovary, and
lymphoma®. The devated level of clusterin in human
cancer may promote oncogenic transformation and
tumor progression by interfering with Bax pro-apop-
totic actlvlty37) Silencing expression of the clusterin
gene in human cancer cells using small interfering
RNA was reported to induce spontaneous apoptosis,
and reduce growth ability and cell sensitization to
genotoxic and oxidative stress?. In the same way as
gene therapy for cancer, silencing the expression of the
clusterin gene in coronary arteries after PCI might be
useful to prevent restenosis in the clinical setting,

In this study, the mechanism of cell injury is dif-
ferent between cuff placement (¢ vivo) and cell stretch
(¢n vitro). Cuft placement induced neointimal forma-
tion following injury and inflammation of adventia of
the femoral artery. Injury by both cuff placement and
cell stretch upregulated the expression of clusterin in
VSMCs.

As compared with wild-type mice, clusterin-KO
mice demonstrated a significant decrease of neointi-
mal hyperplasia following vascular injury. In addition,
VSMCs from either clusterin-KO or rat VSMCs
treated with siRNA that were subjected to static
stretch exhibited significantly increased p53 and p21,
and increased G1 cell-cycle arrest compared with wild-
type VSMCs; therefore, clusterin represents a promis-
ing molecular target to limit restenosis after PCL
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A#m: Chronic kidney disease (CKD) is associated with an increased risk of cardiovascular disease,
although it has yet to be established whether CKD is an independent risk factor for arterial stiffness
in community residents. The purpose of this study was to determine the correlation between the car-
dio-ankle vascalar index (CAVI) and estimated glomerular filtration rate {(eGFR) in the general popu-
lation.

Methods: We studied 881 consecutively enrolled subjects undergoing health checkups. CAVI was cal-
culated automatically from the pulse volume record, blood pressure and the vascular length from the
heart to the ankle, CKD was evaluated by the eGFR.

Results: The distribution of eGFR was as follows: 241 with eGFR (mL/min/1.73m) 290; 572 with
eGFR 60-89; 65 with e GFR 30-59; 3 with eGFR 15-29; 0 with eGFR < 15, Linear regression anal-
ysis showed that CAVI was negatively correlated significantly with eGFR, while multiple regression
analysis using CAVT as an objective variable, adjusted for conventional atherosclerotic risk factors and
eGFR as explanatory variables, demonstrated that CAVI was an independent determinant of eGFR.
We also showed that stepwise increments of CAVI occurred with progressive deterioration of CKD.
Conclusion: CAVI was independently correlated with eGFR indicating that CKD is associated with
arterial stiffness in the general population.

JAtheroscler Thromb, 2009; 16:840-845.

Key words; Cardio-ankle vascular index, Chronic kidney disease, Arterial stiffness

Introduction

Chronic kidney disease (CKD) is a worldwide
publlc health problem” Cardiovascular disease (CVD)
is associated frequently with CKD, a relationship that
is important given that individuals with CKD are
more likely to die of CVD than to develop kidney
failure?. Numerous studies have established that CKD
is a major risk factor for CVD, not only in popula-
tions at high risk for CVD, but also in the general
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population3‘53. It has been reported that microalbu-
minuria is a strong determinant of ischemic heart dis-
casc and death, independent of age, sex, hypertension,
diabetes mellitus, renal function and the plasma lipid
profile?. As a consequence, mild renal dysfunction has
recently attracted increased attention, with a reduction
in the estimated glomerular filtration rate (eGFR)
being regarded as a useful index of kidney damage and
also an effective strategy for detecting patients with
CKD™.

Recently, an atherosderotic index, the cardio-
ankle vascular index (CAVI), has been developed that
involves measuring pulse wave velocity (PWV) and
blood pressure (BP). CAVI is adjusted for BP based
on the stiffness parameter § and is expressed as arte-
rial stiffness independent of BP 89, We have reported
previously that CAVI showed a weaker correlation
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with systolic BP (SBF) than with brachial-ankle PV
(baPWV) and was not affected by changes in BP dur-
ing measurement”. There is also evidence that CAVI
is associated significantly with the presence and sever-
ity of coronary atherosclerosis'”.

While it has been reported that PWV correlates
negatively with ¢GFR in community residents'?, it
has not yet been determined whether CAVI correlates
with eGFR in the general population. The purpose of
this study was therefore to determine the correlation
between CAVI and eGFR in the general Japanese pop-
ulation.

Methods

Subjects

The study group consisted of 881 consecutively
entolled subjects (488 males and 393 females, mean
ager 52* 14 years, range: 18-80 years) who under-
went routine health checkups at JA Kagoshima
Kouseiren Medical Health Care Center. Personal
interviews showed that 112 subjects were receiving
treatment for hypertension, 10 for diabetes mellitus
and 36 for hyperlipidemia. Five subjects had a history
of ischemic heart disease and 10 had a history of
stroke. Information on smoking history was obtained
by means of a self-administered questionnaire.

The protocol used for the present study was
approved by the institutional review board of
Kagoshima University. Informed consent was obtained
from all volunteers.

Biochemical Measurements

Blood samples were collected after the subjects
had fasted overnight. The serum concentrations of
total cholesterol (T'C), wiglyceride (TG) and high
density lipoprotein (HDL)-cholesterol were measured
by standard laboratory procedures, while low density
lipoprotein (LDL)-cholesterol was calculated by the
Friedewald equation. Eight subjects with a serum TG
concentration of 400 mg/dL or higher did not have
their LDL-cholesterol calculated as the Friedewald
equation is unsuitable for TG values above this level.

Measurements of Proteinuria

Dipstick urinalysis for proteinuria was performed
on spontancously voided fresh urine samples. The test
results were interpreted by physicians and recorded as
-, %, 1+,2+, 3+ or 4+. Results recorded as — and
+ were classified as the absence of proteinuria and the
others were classified as the presence of proteinuria,

Measurements of Estimated GFR

CKD was evaluated by ¢GFR using the equation
of the Japanese Society of Nephrology: ¢GFR=194x
Cr 1% age™ % (mL/min/1.73 m*). For women, the
eGFR was multiplied by a correction factor of 0.739.
eGFR was classified using the following five categories
provided by the Kidney Disease Qutcomes Quality
Initiative (K/DOQI)'?: stage 1: eGFR 290 mL/min/
1.73 m’% stage 2: e€GFR 60 to 89 mL/min/1.73 m?
stage 3: eGGFR 30 to 59 mL/min/1.73 m?% stage 4:
eFR 15 to 29 mL/min/1.73 m% stage 5 ¢GFR <15
mL/min/1.73 m% In 2002, the National Kidney
Foundation published clinical practice guidelines on
evaluation, classification and risk stratification in
CKD. In these guidelines, CKD is defined as either
kidney damage for 23 months, as confirmed by kid-
ney biopsy or markers of kidney damage, with or
without a decrease in GFR; or GFR < 60 mL/min/
1.73 m? for >3 months, with or without kidney dam-
age!?.
Measurements of CAVI

CAVI was measured using a Vasera VS-1000
{Fukuda Denshi, Tokyo, Japan) as reported previ-
ously®19, Briefly, cuffs were applied to the four
extremities and electrocardiographic electrodes were
attached to the upper arm. A microphone was placed
on the sternal angle for phonocardiography. The sub-
jects then rested in the supine position for 5 min.
PWV was calculated by dividing the distance from the
aortic valve to the ankle artery by the sum of the dif-
ference between the time the pulse waves were trans-
mitted to the brachium and the time the same waves
were transmitted to the ankle, and the time difference
between the second heart sound on the phonocardio-
gram and the notch of the brachial pulse waves?. To
minimize cuff inflation effects on blood flow dynam-
ics, pulse waves were measured with the cuffs inflated
to lower than diastolic BP (DBRP) (50 mmHg). Extrem-
ity blood pressure was then measured by oscillometry.
SBE DBP and pulse pressure (PP) were obtained by
measuring blood pressure at the right brachial artery.
In this study, there were no patients with peripheral
artery disease with an ankle brachial index less than
0.9.

CAVI was calculated by the following equation:
CAVI=a [{2p = 1/(SBP-DBRP)}={In (SBP/DRP) x
PWVH] +b (p: density of blood, a and b: con-

stants) 210, 13).

Statistical Analysis

Data are expressed as the mean = SD. Differences
between the mean values of the two groups were ana-
lyzed by unpaired # tests. The relationship between
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Table 1. Characreristics of the subjects

Variable (n=881)
Age (years) 52+14
BMI (g/m? 230=x3.3
Gender {male/fernals) 488/393

o N2

Triglycerides (mg/dL) 11072
HDL cholesterol {(mg/dL) 58+15
LDL cholesterol {mg/dL) 12430
FBS (mg/dL) 10321
Hemoglobin Ale (%} 52+0.6
BUN {rng/dL) 154472
Creatinine {mg/dL) 0702
Systolic BP (mrmHg) 127+17
Diastolic BP {mmHg) 8212
Mean BP {mmHg 99 %15
Pulse pressure (mmHg) 45%10
Smoking history (%) S0

eGER (ralfmin/1.73 m?% 81%16
CAVI 85%1.3

BMI, body rnas index; HDL, high density lipoprotein; LDL, low
density lipoprotein; FRS, fasting blood sugar; BUN, blood urea nitro-
gen; BE blood pressure; ¢GER, estimated glornerular filtraton rate;
CAVI, cardio-ankle vascular index.

continuous variables was analyzed by linear regression
analysis. The independence of the association between
variables was tested with multiple regression analysis.
Statistical analyses were performed with Stat View,
version 9.0. P values less than 0.05 were considered
significant.

Results

Background of Subjects

The clinical characteristics of the subjects are
summarized in Table 1. The mean age was 52+ 14
years (range, 18 to 80 years). The mean value of ¢GFR
was 81 * 16 mL/min/1.73 m? with the distribution of
¢GFR and CKD stages as follows: stage 1, #=241;
stage 2, #="572; stage 3, n=05; stage 4, n=3; stage 5,
2= 0, The mean value of CAVI was 8.5+ 1.3.

Relationship between CAVI and Risk Factors

Linear regression analysis showed that CAVI cor-
related significantly with age, LDL cholesterol, TG,
HDL cholesterol, FRS, HbAlc, BUN, serum creati-
nine, SBP, DBP and PP (Table 2). In additon, there
was a significant negative correlation between CAVI
and ¢GFR (Fig. 1).

Table 2. Linear regression analysis berween CAVI and orher

variables

Variable r pvalue
Age 0.699 <0.0001
BIMI 0.025 0.47
Triglycerides 0.131 = 0.0001
HDL cholestercl -0.114 < 0.001
LDL cholesterol 0.15% < 0.0001
FBS 0.247 <Q.0001
Hemoglobin Alc 0195 <2 0.0001
BUN 0.308 < 00001
Creatinine 0.170 < 0.0001
Systolic BP 0.402 <0.0001
Diastolic BP 0.359 < 0.0001
Mean BP 0.443 < 00001
Pulse pressure 0.266 < 0.0001
eSFR -0.383 < 0.0001

BMI, body mass index; HDL, high density lipoprowin; LDL, low
density lipoprotein; FBS, fasting blood sugar; BUN, blood uria nitro-
geni; BE blood pressure; ¢GER, estimared glomerular filtration rate,

1=-0.383
p<0.0001

14‘ [}

CAVI

|89

t 1

0 25 50 75 100 125 150 175
Estimated GFR (ml/min/1.73m?)
Fig. 1. Relationship between CAVI and ¢GFR in the general

population.

CAVI, cardiv-ankle vascular index; «GFR, estimated glomerular
filtration rate.

Multiple Regression Analysis between CAVI and
Other Clinical Variables

Multiple regression analysis was performed using
CAVT as an objective variable, adjusted for conven-
donal atherosclerotic risk factors that included age,
gender, SBE LDL cholesterol, hemoglobin Alc and
eGFR, as explanatory variables. This analysis demon-
strated that CAVI correlated independently with age,
hemoglobin Alc, SBE history of smoking and ¢GFR
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