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The perspective of reference value—normal and abnormal in medicine
Hiroshi Shimolkata® and Fujiko Ando?

Abstract

A normal value is a laboratory parameter to discriminate between “normal” and “abnormal” in clinical decision-making.
Because individual differences in the elderly are large, it can be difficult to determine a normal value as a group, thus refer-
ence values are basically used to assess laboratory parameters. However, the reference value only shows the range of aver-
age values in the healthy population, and does not determine or predict present and future health status. In geriatric prac-
tice, reference values of laborantory parameters in life-style related disease to predict independent life is indispensable. Al-
though there are many risk factors of cognitive impairment related to independent life, the contribution rate of each factor is
small and it is often difficult to determine a cut-off point by conventional methods. A new methodology is required to deter-
mine the optimal range of clinical parameter of life-style-related disease using longitudinal data.
Key words: Reference value, Reference range, Independent life, Longitudinal study, Aging
{Nippon Ronen Igakkai Zasshi 2013; 50: 168-171)

1) Department for Development of Preventive Medicine, National Center for Geriarrics and Gerontology
2) Faculty of Health and Medical Sciences. Department of Sports and Health Sciences. Aichi Shukutoku University
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Mechanisms With Clinical Implications for Atrial Fibrillation—
Associated Remodeling: Cathepsin K Expression, Regulation,

and Therapeutic Target and Biomarker

Masaya Fujita, MD; Xian Wu Cheng, MD, PhD, FAHA; Yasuya Inden, MD, PhD; Masayuki Shimano, MD, PhD; Naoki Yoshida, MD, PhD;
Aiko Inoue, MS; Toshihiko Yamamoto, MD; Kyosuke Takeshita, MD, PhD, FAHA; Seifuku Kyo, MD; Noriko Taguchi, MD;
Guo-Ping Shi, DSc; Masafumi Kuzuya, MD, PhD; Kenji Okumura, MD, PhD; Toyoaki Murohara, MD, PhD

Background—The cysteine protease cathepsin K (CatK) has been implicated in the pathogenesis of cardiovascular disease. Wi
sought to determine the link between atrial fibrillation (AF) and plasma CatK levels and to investigate the expression of an
therapeutic target for CatK in vivo and in vitro.

Methods and Results—Plasma CatK and extracellular matrix protein peptides (intact procollagen type | of N-terminal propeptide
carboxyl-terminal telopeptide of type | collagen [ICTP]) were measured in 209 consecutive patients with AF (paroxysmal AF, 14¢
persistent AF, 63) and 112 control subjects. In addition, the regulation of CatK expression was investigated in vivo and vitrc
Patients with AF had higher plasma CatK and ICTP levels than did control subjects. Patients with persistent AF had higher levels c
plasma CatK and ICTP than did patients with paroxysmal AF. CatK was correlated with ICTP concentration and left atrial diameter i
all subjects. In rabbits, superoxide production, CatK activity, fibrosis, and the levels of atrial tissue angiotensin ll, angiotensin typ
1 receptor, gp9 1phox, phospho-p38 mitogen-activated protein kinase, and CatK were greater in those with tachypacing-induced A
than in controls, and these changes were reversed with angiotensin type 1 receptor antagonist. Olmesartan and mitogen-activate:
protein kinase inhibitor decreased the CatK expression induced by angiotensin Il in rat neonatal myocytes.

Conclusions—These data indicated that increased plasma CatK levels are linked with the presence of AF. Angiotensin type

receptor antagonist appears to be effective in alleviating atrial fibrosis in a rabbit AF model, partly reducing angiotensin type

receptor-p38mitogen-activated protein kinase-dependent and -independent CatK activation, thus preventing AF. (/ Am Hear
Assoc. 2013;2:e000503 doi: 10.1161/JAHA.113.000503)

Key Words: angiotensin type 1receptor e atrial fibrillation ¢ cathepsin K « extracellular matrix * mitogen-activated protein kinas

Atrial fibrillation (AF) is the most common cardiac
arrhythmia in clinical practice. AF itself has been shown
to cause changes in the function and structure of the atria,
providing a possible explanation for the progressive nature of
this arrhythmia."™ In the atria, the extracellular matrix
provides supportive scaffolding for cardiomyocytes, maintains
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the structural integrity of cardiac tissue, and is necessary fc
electrical conduction via Cardiomyocytes."' Growing evidenc
supports the concept that structural remodeling of th
extracellular matrix may be the key event leading to th
development of AF and atrial mechanical dysfunction. Lysos
mal protease cathepsins (Cats) traditionally have been know
to degrade unwanted intracellular or endocytosed proteins.
However, the recent recognition of the inducible CatK an
CatS has revealed their proteolytic functions in inflammator
disease, including atherosclerosis-based vascular diseas
pro<:<9sses.6"8 More recently, several studies have reporte
that Cats play a functional role in intracellular and extrace
lular protein degradation in cardiac myocytes by contributin
to matrix turnover, chamber dilation, and structural remode
ing.”~"* A few reports suggest that circulating Cats have
predictive value for proteolysis-associated disease, an
related research has focused on vascular disease (includin
coronary artery diseases and aortic aneurysm).'®'* To date
no studies have examined atrial Cat expression and plasm
levels as potential biomarkers for atrial remodeling in atri:
disease.
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Recently, activation of the renin—angiotensin system has
been implicated as part of the mechanism of AF.™ Cardiac-
specific overexpression of angiotensin-converting enzyme in
mice results in excessive levels of cardiac angiotensin Il {Ang
1), and the mice develop spontaneous AF." Ang Il has
numerous cardiovascular effects that might lead to cardiac
arrhythmia, including the induction of fibrosis and the prolif-
eration of cardiac fibroblasts, the increased synthesis of
collagen, and the promotion of reactive oxygen species
generation.’” Ang Il has been shown to induce p38mitogen-
activated protein kinase (p38MAPK) /extracellular signal-regu-
lated kinase activation and atrial interstitial fibrosis.'®'®
Several recent studies have demonstrated that angiotensin
inhibition prevents left ventricular fibrosis by decreasing
the nicotinamide adenine dinucleotide phosphate (NADPH)
oxidase—dependent Cat activation.' "% Although the inhibition
of Ang Il through the use of Ang Il type 1 receptor (AT1R)
antagonists or angiotensin-converting enzyme inhibitors has
prevented AF in animal models and a diverse human population
with AF or at risk of developing AF,2"2* the underlying
mechanism is poorly understood.

In this study, we sought to determine whether circulating
CatK levels are closely linked to the presence of AF and
increased levels of the collagen type | degradation marker. In
addition, we explored the possible mechanisms by which Ang
II inhibition mitigates atrial remodeling and AF in a rabbit
tachypacing model.

Methods
Study Population

We recruited 209 consecutive patients with paroxysmal AF
(PAF; n=146) or persistent AF (PeAF; n=63) who were admitted
to Nagoya University Hospital between March 2009 and
December 2010 for scheduled radiofrequency catheter abla-
tion with coronary angiography. AF in these patients had been
diagnosed in light of symptoms, 12-lead electrocardiogram,
and Holter electrocardiogram. As described previously,?® PAF
was defined on the basis of a history of 1 or more episodes of
AF that self-resolved or were terminated medically within
7 days, and PeAF was defined according to a history of 1 or
more episodes of AF over 7 days that required pharmacolog-
ical or electrical cardioversion to establish normal sinus
rhythm. None of the patients in this study had permanent AF.
We excluded patients with dilated or hypertrophic cardiomy-
opathy, myocardial infarction, congenital heart disease, con-
gestive heart failure, or valvular heart diseases and those
receiving hemodialysis. AF patients were receiving standard
therapy with antiarrhythmic drugs, B-blockers, angiotensin-
converting enzyme inhibitors or AT1R blockers, and statins at
the time they underwent ablation. We also assessed 112

subjects with and without paroxysmal atrial arrhythmia (1
previously documented AF), who were considered to represe
the control group. The study protocol was approved by ti
ethics committee of the Nagoya University School of Medicin
and written informed consent was obtained from all patient

Laboratory Assay

Laboratory measurements were performed under blinds
conditions. Human and rabbit plasma CatK levels we
determined by using ELISA kits (Biomedica Gruppe, Biomedi
Medizinprodukte). Serum interleukin-1p levels were measur
by using commercially available kits. Serum levels of inta
procollagen type | N-terminal propeptide (I-PINP), carbox
terminal telopeptide of collagen type | (ICTP), atrial natriure
peptide, cystatin C, high-sensitivity C-reactive protein, her
globin Alc, and atrial tissue Ang il were measured at
commercial laboratory (SRL [Tokyo, Japan]). Plasma Ca
values were expressed as ng/mL, and interassay and intraass
coefficients of variation were <8% (n=20).

Echocardiography

Two-dimensional and Doppler echocardiography was pi
formed by an experienced sonographer using a Vivid4 Syste
(GE Healthcare Bio-Sciences). The images were recorded or
DVD recorder and analyzed offline. Left atrial diameter (LA
was obtained by using standard M-mode measurements,

recommended by the American Society of Echocardiograpt
The left ventricular ejection fraction was calculated using t
modified Simpson’s rule.

Animal Model and Treatment

A rabbit AF model was induced by ventricular tachypacing
described previously.?® The study protocol was approved by t
Institutional Animal Care and Use Committee of Nago
University School of Medicine. Eleven-week-old male N
Zealand White rabbits (Kitayama Labs) underwent surgery w
or without the implantation of right ventricular pacemake
(Medtronic) under anesthesia with ketamine hydrochlori
35 mg/kg and xylazine 3 mg/kg. After the animals recover
from surgery, the pacemakers were programmed to pace
380 beats/min for 4 weeks. Rabbits were divided into
groups as follows: nonpaced control rabbits {control rabbi
n=7), rabbits subjected to ventricular tachypacing treated w
vehicle (0.5% carboxymethylcellulose, AF rabbits; n=7), a
rabbits subjected to tachypacing with olmesartan treatme
(Olm rabbits; n=5). Daily oral administration of olmesart
(1 mg/kg; Daichi-Sankyo) via gastric tube was initiated 1 we
before surgery and continued throughout the study peric
Electrocardiograms were monitored once per week to adjt
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the pacing rate to the maximum rate, thus allowing for 1:1
capture in each rabbit. At the end of 4 weeks of ventricular
tachypacing, open chest electrophysiological studies were
performed under anesthesia and ventilated mechanically with
isoflurance-containing room air (0.5% per 2 L/min) as
described previously.z‘S After electrophysiological evaluation,
both atria were harvested for biologic and histological analyses.

Western Blotting

On postoperative day, tissue samples obtained on operative
day 28 were homogenized lysis buffer containing 20 mmol/L
Tris-HCI, pH 7.4, 1% Nonidet P-40, 150 mmol/L NaCl, 0.5%
deoxycholic acid, 1 mmol/L sodium orthovanadate, and
protease inhibitor mixture (Sigma). The protein content was
determined by using the Bradford method. The same amount
of protein (40 pg) was loaded per lane and separated using
denaturing 10% polyacrylamide gels. The membranes were
probed with antibodies to Catk,”’ to AT1R (Santa Cruz
Biotechnology), to gp91phox (BD Biosciences), and to total
p38MAPK and phosphorylated p38MAPK (p-p38MAPK) (Cell
Signaling Technology, Inc). Bands were visualized using
chemiluminescence (ECL Western Blotting Detection Kit,
Amersham Biosciences).

Immunohistochemistry

On postoperative day 28, transverse sections (5-pm thickness)
of atrial tissues were stained with rabbit polyclonal antibody to
CatK (dilution, 1:100) as described previously.?” As a negative
control, the primary antibody was replaced by nonimmune
immunoglobulin G (Vector). Azan Mallory staining was applied
to evaluate fibrotic deposition in rabbit atria. We set a
threshold to automatically compute the blue pixel area for the
histochemical stain and then computed the ratio (percent) of
the positively stained area to the total cross-sectional atrial
free-wall area using BZ-l Analyzer, Exe 1.42 software
(Keyence). Three random microscopic fields (x400) from 8
independent cross sections of atrial free-wall (24 fields) in
each animal were quantified and averaged for each animal.

Assay of Superoxide Production

Specific NADPH oxidase activity of total homogenates of fresh
left atrial tissue was measured with the use of a lucigenin-
based enhanced chemiluminescence assay as described.?® A
low lucigenin concentration (5 mmol/L) was used to minimize
artifactual O, production attributable to redox cycling. In
brief, homogenate protein (1 mg) lysis buffer (1 mL;
20 mmol/L Tris-HCI, pH 7.5, 150 mmol/L NaCl, 1 mmol/L
EDTA, 1 mmol/L ethylene glycol tetraacetic acid, and 1%
Triton X-100) was transferred to an assay tube, and NADPH

and dark-adapted lucigenin were added to final concentrs
tions of 100 and 5 mmol/L, respectively, immediately befor
the measurement of chemiluminescence. All assays wen
performed in triplicate. The chemiluminescence signal wa
sampled every minute for 12 minutes using a tube luminomr
eter (20/20; Turner Biosystems), and the respective back
ground counts were subtracted from the experimental values

Cell Culture and Simulation

Neonatal rat atrial myocytes from 1-day-old Wistar rats wer
isolated as described previously?® and cultured in a mixtur
(50:50, v/v) of Dulbecco’s modified Eagle’s medium an
Ham’s F-12 (Invitrogen) supplemented with 10% fetal bovin
serum and antibiotics.'’ After 24 hours of culture, the cell
(5x 10*/well in 12-well plates) were pretreated with ¢
without various reagents for appropriate amounts of time, an
the cells were subjected to the related biologic assays.'

Gene Expression Assay

Total RNA was isolated cultured cells and was subjected t
reverse transcription with a PCR Core kit (Applied Biosys
tems). The resulting cDNA was subjected to quantitative rea
time PCR analysis with targeted gene primers and with use ¢
the ABl 7300 Real-Time PCR System under the followin
conditions: 50°C (2 minutes) for UNG incubation, 94°
(10 minutes) for AmpliTag Gold activation, 95°C (15 sec
onds), and 59°C (1 minute) for 40 cycles as previou
described.”’ The amount of each mRNA was normalize
against the corresponding amount of glyceraldehyde-3-phos
phate dehydrogenase mRNA.

Assay of Collagenolytic Activity

Total protein {100 pg) from the extracts of cells and atri:
tissues was incubated with 500 pg/mb fluorescein-labele
type | collagen (Molecular Probes Inc) for 6 hours. Reaction
were performed in the absence or presence of sever:
protease inhibitors at indicated concentrations as describe
previously.?’

Statistical Analysis

Summary descriptive statistics for continuous parameter
are presented as mean=®SD values. Categorical variable
were compared among study groups by using the %2 tes
Student’s t test (for comparison of continuous parameter
between 2 groups) or 1-way ANOVA (for comparison ¢
continuous parameters among 3 or more groups), followe
by Tukey's post-hoc test, was used to test significar
differences. Cystatin C and high-sensitive C-reaction protei
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concentrations were logarithmically transformed because
the data showed a skewed distribution. If the homogeneity
of the variance assumption was violated, the nonparametric
Kruskal-Wallis test was used instead. The factors that related at
the P<0.1 level were selected as independent variable candi-
dates for multiple logistic regression analysis and were used to
evaluate the independent contribution of clinical parameters to
AF. Correlation coefficients were calculated using linear
regression analysis. In animal and in cell experiments, we
performed the text related to ensuring normality for the tests
with very small sample sizes. StatFlex (version 6.0; Artech) was
used for all statistical analysis. P values of <0.05 were
considered statistically significant.

Results
All Patients

The baseline clinical and demographic features of the study
population are shown in Table 1. The AF group was older and
had more men than did the control group (P<0.001). There
were no differences between the AF and control groups in
potential causal factors. AF patients had taken more
B-blockers than had the control subjects (P=0.02). Patients
with AF had significantly (P<0.05) larger LADs and worse
ejection fractions than did control subjects.

Compared with controls, patients with AF had signifi-
cantly (P<0.001) higher plasma CatK, interleukin-18, ICTP,
and IPINP levels and lower I-PINP:ICTP ratios than did
control subjects. Compared with controls, AF patients had
higher levels of hemoglobin Alc (P<0.001), high-sensitive
C-reactive protein (P=0.04), and atrial natriuretic peptide
(P<0.001), whereas there were no significant differences in
potassium or in low-density and high-density lipoproteins. In
all subjects, univariate regression analysis revealed that
there was a positive correlation between CatK and ICTP
(r=0.3, P<0.0001; Figure 1A) and LAD (r=0.4, P<0.000f7;
Figure 1B).

PAF Versus PeAF

The baseline characteristics of the PAF and PeAF groups are
presented in Table 2. Patients with PeAF had larger LADs and
worse ejection fractions than did PAF patients (P<0.05). With
the exception of age, the percentage of women, chronic heart
failure, and use of statin treatments, there were no significant
differences between the 2 groups. As expected, the PeAF
group had increased levels of plasma high-sensitive C-reactive
protein and atrial natriuretic peptide (P<0.05 for both)
compared with patients with PAF. In addition, the levels of
CatK, ICTP, and interleukin-13 were higher and the -PINP:
ICTP ratio lower among subjects in the PeAF group compared

Table 1. Patient Characteristics

Demographic Characteristics

Antiarrhythmic drugs, %

100

Age,y 60.1+109 | 54.8+£10.7 | <0.001
Female, % 23.0 429 <0.001
Body mass index, kg/m? | 23.7+3.4 23.0+2.8 0.09
Smokers, % 30.1 23.2 0.25
Causal factors
Hypertension, % 45.5 38.4 0.26
Diabetes mellitus, % 20.1 12.5 0.09
Ischemic heart disease, % | 8.1 3.6 0.12
Chronic heart failure, % 7.2 45 0.34
Echocardiography
Left atrial diameter, mm | 39.0+6.9 32.3+4.9 <0.001
LV ejection fraction, % 61.84+8.4 77.14+6.9 0.002
Blood examination
Potassium, mEg/L 4.3+0.4 42404 0.48
LDL, mg/dL 118.4+27.8 | 121.2+29.3 | 0.40
HDL, mg/dL 55.7+14.2 | 57.4413.3 0.32
Hemoglobin Alc, % 5.6+£0.7 5.2+0.7 <0.001
ANP, pg/mL 7094709 | 27.3+29.9 | <0.001
hs-CRP, mg/dL 0.14+04 0.06-£0.1 0.04
IL-1B, pg/mL 14.3+7.0 10.9+7.9 <0.001
I-PINP:ICTP 13.7+7.7 25.1419.2 | <0.001
ICTP, ng/mL 3.8+27 1.5+1.3 <0.001
CatK, ng/mL 13.1:6.7 6.1+£3.9 <0.001
Medications
ACEls, % 43 8.0 0.17
ARBs, % 30.1 26.8 0.53
CCBs, % 20.1 17.0 0.50
{3-Blockers, % 29.7 8.9 0.02
Statins, % 20.1 22.3 0.64
0

Biomarkers for Prediction of AF

Values are expressed as mean=+SD. AF indicates atrial fibrillation; LV, left ventricula
LDL, low-density lipoprotein; HDL, high-density lipoprotein; ANP, atrial natriuretic
peptide; hs-CRP, high-sensitivity C-reactive protein; IL, interleukin; I-PINP, intact
procollagen type | N-terminal propeptide; ICTP, carboxyl-terminal telopeptide of type
collagen; CatK, cathepsin K; ACEIl, angiotensin-converting enzyme inhibitor; ARB,
angiotensin Il receptor blocker; CCB, calcium channel blocker.

with those in the PAF group (P<0.05 for all comparisor
Figure 2).

Table 3 shows the results of the multiple logistic regressic
analyses to assess the factors (included at the P<0.1 level
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Figure 1. Correlations between plasma levels of CatK and ICTP (A) and (B) LAD. In all patients, there were positive correlations between plasm
levels of cathepsin (CatK) and carboxyl-terminal telopeptide of type | collagen (ICTP) and left atrial diameter (LAD).

Table 1) that independently contributed to AF. According to
the multiple logistic regression analyses, only LAD (odds ratio,
1.19; 95% Cl, 1.06 to 1.36; P<0.05), CatK (odds ratio, 1.27;
95% Cl, 1.10 to 1.39; P<0.01), and I-PINP:ICTP (odds ratio,
0.79; 95% Cl, 0.69 to 0.90; P<0.001) were significantly
associated with AF.

Inhibitory Effect of AT1R Antagonism on CatK
Expression and Atrial Remodeling With AF

Immunostaining showed that the expression of CatK was
markedly increased throughout the atrial tissue of AF rabbits,
with apparent expression in the myocytes, and this change
was inhibited by olmesartan (Figure 3A). As shown in Figure
3B, collagenolytic activity was higher in AF rabbits than in
controls, and this change was more sensitive to a specific
CatK inhibitor (CatK-l) and the broad-spectrum cysteine
protease E64 than to GM6001, an inhibitor of matrix
metalloproteinases (Figure 3B). Olmesartan reduced the
amount of increased collagenolytic activity in the atrial
extract of AF rabbits (0.56+£0.09 versus 0.94+0.19 fluores-
cence intensity, P<0.01).

AF rabbits had increased levels of NADPH oxidase activity
{Figure 3C) and of an NADPH oxidase subunit, gp91phox
protein (Figure 3D; P<0.01). As shown in Figure 3D and 3E,
Western blotting revealed that the levels of CatK, AT1R, and
p-p38MAPK proteins were greater in AF rabbits than in
controls (P<0.01). All of these changes were reversed with
olmesartan (P<0.01). In addition, rabbits with AF had
significantly higher atrial tissue Ang Il levels than did control
rabbits (78.3+6.0 versus 36.24-4.8 pg/100 mg, P<0.01),
and this effect was also reduced by olmesartan (45.14+3.7
versus 78.34:6.0, P<0.05). The duration of AF was
11.840.2 seconds in ventriculartachypaced rabbits, whereas
AF was not induced in nonpaced controls (Figure 4A). The

duration of AF was significantly reduced in olmesartar
treated rabbits (3.240.1 seconds) compared with ventricul:
tachypacing—only rabbits (P<0.01). Furthermore, olmesarta
significantly suppressed atrial fibrosis compared with th
control group (3.9:40.6 versus 9.841.6%, P<0.05) (Figure 4
and 4C).

Quantitative real-time PCR demonstrated that both H,C
and Ang Il significantly (P<0.05) enhanced CatK mRN
expression and that olmesartan reduced CatK expression i
response to Ang Il in cultured rat neonatal atrial myocyte
(Figure 5A). Ang Il enhanced the collagenolytic activity in cel
extracts, and this effect was sensitive to CatK-ll and E6
(Figure 5B). Western blots showed olmesartan-mediate
reductions in the level of Ang ll-induced CatK, gp91ipho
and p-p38MAPK (Figure 5C). Furthermore, Ang fl~induce
CatK gene expression was suppressed (P<0.001) by olmu
sartan as well as by NADPH oxidase inhibitor apocynin ar
p38 inhibitor SB202190 (Figure 5D). Furthermore, apocyn
markedly enhanced MAPK inhibitor—mediated action.

Discussion

Plasma Biomarkers of CatK and Collagen
Turnover and AF

Several studies have examined the effect of myocardi
collagen turnover on the pathogenesis of AF and the outcorr
of AF ablation.?®2%®! Multiple lines of evidence indicate th.
CatK is the most abundant and important cysteinyl enzymr
synthesized by the cardiovascular system and that it

relevant to cardiovascular disorders, including atheroscler
sis,"“B osteoarthritis,a'2 and heart failure.?” To the best of o
knowledge, this is the first study to show that patients with #
had higher levels of plasma CatK than did control subjects.
agreement with this observation, CatK levels and CatK-relate
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Table 2. Patient Characteristics

Demographic characteristics
Age, ¥ 54.84+-10.7 61.1+10.6* 57.84+11.34 0.04
Female, % 42.9 27.4* 12.77% <0.001
Body mass index, kg/m2 23.0£2.8 3.5435 24.0+3.1 0.21
Smaker, % 23.2 28.1 349 0.31
Causal factors
Hypertension, % 384 46.6 429 0.48
Diabetes mellitus, % 125 21.8 15.9 1047
Ischemic heart disease, % 3.6 7.5 9.5 0.25
Chronic heart failure, % 45 3.4 15.97* 0.002
Echocardiography
Left atrial diameter, mm 32.3+4.9 37.246.1 43.1£7.0™ <0.001
LV ejection fraction, % 77.1£6.9 63.547.6% 58.0+9.0™ <0.001
Blood examination
Potassium, mEg/L 46+0.4 42+15 43+£1.3 0.06
LDL, mg/dL 121.3£29.3 120.0+26.5 114.7+30.4 0.24
HDL, mg/dL 57.4+13.3 55.94+15.1 55.3+11.8 <0.001
Hemoglobin Alc, % 5.24-0.7 5.6+0.6* 5.64-0.8* 0.89
hs-CRP, mg/dL 0.06+0.1 0.14+0.1* 0.16-:0.2* 0.02
ANP, pg/mL 27.3+29.9 59.5+69.9* 97.3+66.4* <0.001
Cystatine C, mg/L 0.9+0.3 1.0+0.2 1.1£0.9 0.23
Medications
ARBs or ACEls, % 34.8 37.7 27.0 0.08
CCBs, % 17.0 19.9 20.6 0.05
-Blockers, % 8.9 30.8* 27.0* 0.01
Statins, % 22.3 25.3 7.91 0.01

Values are expressed as mean=SD. PAF indicates paroxysmal atrial fibrillation; PeAF, persistent atrial fibrillation; LV, left ventricular; LDL, low-density lipoprotein; HDL, high-density
lipoprotein; hs-CRP, high-sensitivity C-reactive protein; ANP, atrial natriuretic peptide; ARB, angiotensin Il receptor blocker; ACEI, angiotensin-converting enzyme inhibitor; CCB, calci

channel blocker.

*P<0.05 compared with control value.

$P<0.01 compared with control values.

+P<0.05 compared with value for PAF vs PsAF patients.

collagenolytic activity were increased substantially in the
atrial tissue of rabbits with tachypacing-induced AF. Univar-
jate regression analysis showed a positive correlation
between plasma ICTP and CatK levels. Moreover, muitivariable
logistic regression analysis clearly showed that CatK and the
I-PINP:ICTP ratio were independent predictors of AF. Coupled
with several recent studies showing increased serum levels of
several Cats (S and L) in association with ischemic heart
disease,®™ our findings indicate that elevated plasma levels
of CatK with a collagen metabolism—related index (I-PINP:ICTP
ratio) can serve as a novel marker of AF and a noninvasive
~method of documenting the mechanisms of atrial fibrosis in
AF.

Patients initially presenting with PAF often exhibit disea
progression and eventually develop PeAF." Although the exa
pathophysiological mechanisms remain unclear, the pers
tence of AF is thought to result from atrial remodeling.®
Increasing evidence suggests that atrial fibrosis, which has
slower time course than does AF, may be involved in ti
development and recurrence of AF."*° In the current stuc
CatK and ICTP (a marker of collagen degradation) levels we
higher, but the I-PINP:ICTP ratio was lower, in the PeAF groi
than in the PAF group. Interestingly, CatK levels we
positively correlated with LAD, and patients with PeAF h
larger LADs than did those with PAF. These findings imy
that—in addition to the duration of arrhythmia—impair
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Figure 2. Box plot depiction of the differences in the levels of plasma CatK, I-PINP, ICTP, and IL-1B. Plasma levels of CatK, FPINP, ICTP, ar
IL-1B. Levels of (A) CatK and (B) ICTP gradually increased, whereas (C) the I-PINP:ICTP ratios decreased from control subjects to patients with P2
to subjects with PeAF. D, IL-18 levels in control subjects differed from those in both PAF and PeAF patients. Boxes represent the median (blac
line), 25th percentile, and 75th percentile of observed data; whiskers show the 5th and 95th percentiles of each group. Values are expressed ¢
mean=SD. *P<0.01 vs control; TP<0.01 vs PAF. CatK indicates cathepsin K; ICTP, carboxyl-terminal telopeptide of type | collagen; IL, interleuki
I-PINP, intact procollagen type | of N-terminal propeptide; PAF, paroxysmal atrial fibrillation; PeAF, persistent atrial fibrillation.

Table 3. Independent Predictors of AF According to
Multivariable Logistic Regression Analysis

1.06 10 1.36 | <0.05
11010 1.39 | <0.01
0.69 10 0.90 | <0.001

LAD 1.19
Catk 1.27
I-PINP/CTP ratio | 0.79

AF indicates atrial fibrillation; LAD, left atrial diameter; CatK, cathepsin I; I-PINP, intact
procollagen type | N-terminal propeptide; ICTP, carboxyl-terminal telopeptide of type |
collagen.

balance between collagen synthesis and metabolism may be
one of the initiating factors for AF. However, it should be
noted that there are also other initiating factors such as the
pulmonary veins for the initiation and maintenance of AF.*

Ang Il Inhibition Alleviates Structural Remodeling
Related to AF

Many of the Ang ll-induced actions in intracellular signaling
transduction pathways that regulate gene expression are
mediated by the activation and nuclear translocation of
MAPKs.?*** We have shown that Ang Il promotes p38MAPK

phosphorylation and CatK expression in cultured rat neon:
tal atrial myocytes and that these effects are reversed wit
olmesartan. An inhibitor of p38MAPK inhibited An
ll-induced CatK gene expression. In vivo studies, AF rabbit
exhibited substantial protein expression of CatK accon
panied by increased atrial levels of Ang I, ATIR, an
phosphorylated p38MAPK proteins, and these changes wet
reversed by olmesartan. Thus, AT1R antagonism appears 1
attenuate CatK expression through the AT1R-p38MAPK
dependent signaling pathway in the atrial tissues of A
rabbits. Recently, it was reported that the Cat inhibitor E64
prevented hypertensive cardiac remodeling and dysfunctic
in a Dahl rat model.'" In this study, olmesartan attenuate
the duration of AF and atrial fibrosis in tachypacing rabbit
Furthermore, olmesartan reduced the increase in collage
olytic activity in the atrial tissue of AF rabbits. The dal
from enzyme assays demonstrated that increased collagel
olytic activity in both atrial tissues and neonatal atri
myocyte—conditioned medium was attenuated by a Catl
specific inhibitor as well as a broad-spectrum Cat inhibito
Coupled with several recent clinical trials showing tr
prevention of AF with Ang Il inhibition,?*?* these finding
indicate that the attenuation of AT1R/p38MAPK-depender
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Figure 3. CatK protein expression and NADPH oxidase activity in nonpaced control (NP), ventricular tachypacing. (VTP), and ventricu
tachypacing plus administration of olmesartan (Olm) rabbits. A, Representative images for CatK immunostaining in the atrial tissues of NP, V'
Olm rabbits and negative controls (without primary antibody). B, ELISAs of collagenolytic activity in untreated atrial tissues or in those treated w
a broad-spectrum inhibitor of Cats (trans-epoxysuccinyl--leucylamido-(4-guanidino)butane [E64], 20 pmol/L; Molecular Probes), a CatK-speci
inhibitor (CatK-1l, 10 umoi/L), and an inhibitor of matrix metalloproteinases (GM6001, 10 pumol/L; both from Calbiochem). Recombinant mat
metalloproteinase 1 (rMMP-1) was included as a positive control. C, Chemiluminescence showing NADPH oxidase activity in atrial tissues from
groups. D, Representative Western blots and (E) quantitative data showing the levels of CatK, AT1R, gp9 1phox, p-p38MAPK, and glyceraldehyt
3-phosphate dehydrogenase (GAPDH) in left atrial tissue from rabbits. Analyzed animal numbers indicated on related bars. Scale bars indic:
50 pm. Values are expressed as mean+SEM. *P<0.01 vs NP; Tp<0.01, ¥P<0.001 vs VTP. AF indicates atrial fibrillation; AT1R, angiotensin type
receptor; CatK, cathepsin K; NADPH, nicotinamide adenine dinucleotide phosphate.

CatK expression and activity by Ang Il inhibition could researchers®>®® suggest that the inhibition of mat
represent a novel mechanism for the protection of structural metalloproteinases also contributes to collagen metabolis
remodeling-related AF, at least in an animal model. In in atrial fibrosis. To attain a deeper understanding of t
addition, the data from our study and the findings of other importance of CatK participation in this context, additior
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Figure 4. A, Duration of AF in NP, VTP, and olmesartan (Olm)-treated rabbits. B, Representative images and quantitative data show intersti:
fibrosis in the right atrial tissues of 3 experimental groups. Analyzed animal numbers indicated on related bars. Scale bars indicate 100 p
Values are expressed as mean®SEM. ¥*P<0.01 vs control; "P<0.01 vs VTP. AF indicates atrial fibrillation; NP, nonpaced control; VTP, ventricu
tachypacing.
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Figure 5. Regulation of CatK expression in cultured rat neonatal atrial myocytes. A, Quantitative real-time PCR assays showing the expressic
of CatKk mRNA levels in cultured cells treated with and without olmesartan (Olm, 1 pmol/L) in the presence of Ang Il {1 umol/L) or Hy(
(100 pmol/L) for 24 hours. B, Immunofluorescence shows the collagenolytic activity induced by Ang li in cells left untreated or treated with Cat
I1 (10 umol/L) and E64 (10 pmol/L). C, Representative Western blots showing the levels of Cati, gp9 1phox, p-p38, and t-p38 induced by Ang II
cultured neonatal atrial myocytes untreated or treated with Olm (p-p38MAPK and t-p38MAPK levels for 30 minutes; CatK and gp9 1phox levels f
24 hours). D, Quantitative PCR shows Ang ll-mediated CatK mRNA expression in cells left untreated or treated with Olm {1 pmol/L), apocyn
{Apo, 100 pmol/L), SB202190 (SB, 10 umol/L), or Apo+SB for 24 hours. Analyzed numbers indicated on related bars. Scale bars indica
50 um. Values are expressed as meanSEM. *P<0.05 vs control; P<0.01, P<0.001 vs corresponding control. Ang indicates angiotensin
CatK, cathepsin K; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; rMMP1, recombinant matrix metalloproteinase 1.

experiments using animals with conditional gene knockout
may be necessary. :

Cross-talk Between NADPH Oxidase
and Ang II/AT1R Signaling Pathway

NADPH oxidase has been implicated in the'pathogenesis of
cardiovascular disease.’””*® Our data show that the abun-
dance and activity of the NADPH oxidase and its subunit
gp9 1phox markedly increased in the atria from rabbits with
AF. In vitro, we observed that both Ang Il and H,0,
enhanced CatK expression and activity in cultured neonatal
atrial myocytes. Furthermore, NADPH oxidase inhibition with
apocynin showed an inhibitory effect on CatK expression in
response to Ang Il. Because Ang Il inhibition attenuated CatS

expression and activation via the reduction of NADP
oxidase activity in cultured macrophages,® we propose th.
superoxide generation by NADPH oxidase, through “cros
talk” with the Ang Il signaling pathway, can regulate tt
proteolytic activity of CatK as well as contribute to tt
pathophysiology of AF. This notion is supported by currel
and previous findings that AT1R antagonism attenuate
atrial and ventricular remodeling and fibrosis associated wi
NADPH oxidase—derived superoxide production and Cal
expression and activation.'?? It is noteworthy that apocyn
enhanced SB202190-mediated inhibitory effects on Cal
expression in neonatal atrial myocytes. This effect raises tf
possibility that NADPH-oxidase—derived 0O,~ signalir
directly affects CatK expression independent of the AT1F
p38MAPK signaling pathway.
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