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Abstract

Atrial fibrillation (AF) is the mast common cardiac arrhythmia.  Structural abnormality
is usually accompanied with extracellular matrix (ECM) remodeling process of AF.  During
structural remodeling of AF, abnormal.ECM metabolism in the atrial tissues yields extensive
interstitial matrix accumulation, a process termed fibrosis. Matrix metalloproteinases
(MMPs) and their natural inhibitor of tissue inhibitor of metalloproteinases (TIMPs) are
expressed in the cardiac fibroblasts have been shown to play important role in the regulation
of collagen degradation in cardiac fibrosis. However, it is still unclear that mechanisms of
MMPs and TIMPsin ECM metabolism during sustained AF. Therefore, the aims of this
study was to explore atered collagen type |, MMP-2, MMP-9, TIMP-1 and TIMP-2
expression in the atrial tissues with sustained AF and in the cardiac fibroblasts treated with

angiotensin Il (Ang 1) and angiotensin-(1-7) (Ang-(1-7)).

Yorkshire-Landrace pigs with pacing-induced sustained AF and sinus rhythm (SR; i.e.,
sham control) and a cardiac fibroblast HOc2 cell line of rat were used in thisstudy. Atrial

tissues were obtained from 14 pigs with sustained AF and 12 pigswith SR. The ECM was

iv



investigated by Masson’s trichrome stain.  Western blot was used to analyze the protein
expression of collagen type | and gelatin zymography was used to assay the enzyme activity
of MMP-2 and MMP-9. The gene expression of collagen typel, MMP-2, MMP-9, TIMP-1,

and TIMP-2 were assayed by quantitative RT-PCR.

The myocardial fibrosis markedly accumulated in the interstitial cardiomyocytes of atrial
tissueswith AF (AF, 21.6 + 3.3%; SR, 5.2+ 1.7%, p< 0.01). The content of collagen

type I inthe AF subjects (1.79 + 0.14) was a so increased as compared with that in the SR

subjects (1.17 + 0.26) (p < 0.01). MMP-9 activity and expressed MMP-9 mRNA inthe AF
was higher than that in the SR by 7.1 folds (p < 0.01) and 4.3 folds (p < 0.01), respectively.
However, MMP-2 activity and expressed MMP-2, TIMP-1 aswell as TIMP-2 mRNA in the
AF and SR subjects were insignificantly different.  In the cardiac fibroblast H9c2 cells, the
MM P-2 activity was decreasing for hoth Angiirand Ang-(1-7) (10°, 107 and 10° M)
treatments (p < 0.05). The mRNA"levels of collagen type | and MMP-9 in the cells treated

with 107 M Ang-(1-7) could be significantly induced (p-< 0.05).

In this study, we demonstrated the up-regulation of MMP-9 and collagen type | in the AF
atriawith fibrosis, but no significantly different on the mRNA levels of MMP-2, TIMP-1 and
TIMP-2.  We supposed that arole of structure remodeling in the AF is associated with
MMP-9 regulated in cardiac fibroblasts. Moreover, imbalance of MMPs and TIMPs

influences the ECM metabolism that may contribute in the process of sustained AF.
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|. Research Background and Significance

1-1. Therelationship between atrial fibrillation with fibrosis

Atrial fibrillation (AF), one of the most common arrhythmiasin clinical practice, is
related to increase disability and mortality. Recent research is focusing increasingly on the
atrial structural remodeling, which underlies the development of AF in different pathological
conditions [Dilaveriset al., 2005]. Typically, AF is characterized as a storm of electrica
energy that travels in spinning wavel ets across both atria, causing these upper chambersto
quiver or to fibrillate at 300 to 600 times per minute waves can occur; the detailed mechanism
behind this arrhythmia was still unclear [ Goette and Lendeckel, 2004]. During the
development of AF in dilated cardiomyopathy and congestive heart failure (CHF), obvious
structural changesin atrial myocytes may. oceur, ineluding increase in cell size, perinuclear
accumulation of glycogen, myolysis; alterations:in connexin expression, changesin
mitochondrial shape, and homogeneous distribution of nuclear chromatin, which may

facilitate AF recurrence and maintenance [ Xu et al., 2004].

Cardiac remodeling is manifested clinically as changes in the size, shape, and function of
the heart [Cohn et al., 2000]. Histopathologically, it is characterized by a structural
rearrangement of components of the normal chamber wall that involved cardiomyocyte
hypertrophy, cardiac fibroblast proliferation, fibrosis, and cell death [ Swynghedauw, 1999].
Fibrosis, which is a disproportionate accumulation of fibrillar collagen, is an integral feature
of the remodeling characteristic of the failing heart [Kostin et a., 2000]. Accumulation of
type | collagen, the main fibrillar collagen found in cardiac fibrosis, stiffens the ventricles and
impedes both contraction and relaxation [ Sun and Weber, 2005; Zannad and Radauceanu,
2005]. Fibrosis can aso impair the electrical coupling of cardiomyocytes by separating
myocytes with extracellular matrix (ECM) proteins [ Swynghedauw, 1999].  Furthermore,

fibrosis results in reduced capillary density and an increased oxygen diffusion distance that

-1-



can lead to hypoxia of myocytes [Sabbah et al., 1995]. Thus, fibrosis profoundly affectes
myocyte metabolism and performance and ultimately ventricular function [Manabe et al.,

2002; Schnee and Hsueh, 2000].

Symptom of AF has three remodeling: (1) electrical remodeling; (2) contractile
remodeling; (3) structural remodeling [Veenhuyzen et al., 2004] (Annex-1). The frequent
coexistence of AF and heart failure has expanded the focus to the atrial myocardium, where
profibrillatory include conduction slowing associated with scarring and fibrosis [Sanders et al.,
2003]. Inacow heart failure model, despite recovery of atrial electrical and contractile
remodelling, AF remained inducible and appeared to be related to persistent atria fibrosis
[Chaet a., 2004]. Inanimalswith long-standing AF, atiral fibrosis can be prevented by
inhibition of the rennin-angiotensin system (RAS), which appears to significant reduce the

duration of AF [Kumagai et al., 2003].

1-2. Relationship of cardiac remodelingand ECM

Cardiac fibroblasts play a centra role inthe maintenance of ECM in the normal heart
and as mediators of inflammatory and fibrotic myocardial remodeling in the injured and
failing heart [Brown et a., 2005]. In the myocardium, ECM proteins are mainly produced
by fibroblasts that also produce matrix metalloproteinases (MMPs), growth factors, and
cytokines, all of which are involved in the maintenance of myocardial structure, and in

diseased hearts play pivotal rolesin remodeling [Libby and Lee, 2000] (Annex-2).

The ECM is adynamic structure, with continuous changes in the amount and proportions
of its structural proteinsthat include different types of collagen, elastin, proteoglycans, and

glycoproteins [Dollery et a., 1995].

Different enzymessuch as the MM Ps family help with the degradation of extracellular
components [Li et al., 2000]. The myocardial ECM is made up of afibrillar collagens
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network, a basement membrane, proteoglycans, and glycosamioglycans and contains a diverse
array of bioactive signaling molecules[Ito et a., 2005; Janicki and Brower, 2002]. The
fibrillar collagen network ensures the structural integrity of the adjoining myocytes, provides
the means by which myocyte shortening is tranglated into ventricular pump function, and is
essential for maintaining alignment of the myofibrils within the myocytes through with a

collagen-integrin-cytoskeletal myofibril relation [Janicki and Brower, 2002].

Myocardial fibrosis due to maladaptive ECM remodeling contributes to dysfunction of
thefailing heart [Li et a., 2000]. Fibrosis has been classified into two groups : reparative
and reactivefibrosis. Reparative (replacement) fibrosis or scarring accompanies myocyte
death. Reactive fibrosis appears as “interstitial” or “perivascular” fibrosis and does not
directly associate with myocyte death. Ininterstitial fibrosis, fibrillar collagen appearsin
intermuscular spaces[Kai et al., 2005]:  Perivascular firosis refers to the accumulation of
collagen within the adventitia of intramyocardial-Coronary arteries and arterioles.  Although
there are anumber of apparent differences betweenreparative and reactive fibrosis (eg, cells
involved and the time course of fibrotic change), many factors likely work in common to

control fibroblasts function [Kai et a., 2005].

1-3. Relationship of cardiac remodeling and MMPs

MMPs and their inhibitors, mainly tissue inhibitor of metalloproteinase-1 (TIMP-1),
have been related to cardiovascular disease.  Indeed, the MMP/TIMP system seemsto be
crucia to the ECM degradation seen in cardiovascular disease.  For example, an increasein
MMP activity has been noted in the shouldersof atherosclerotic plagues prone to rupture
[Galiset al., 1994; Johnson et al., 1998] or during remodeling after acute myocardial
infarction [Thomas et al., 1998]. Descreased serum concentration of MMP-1 (the most

important enzymein the extracellular degradation of collagen) with raised levelsof TIMP-1in



patients with essential hypertension. Recently, plasma TIMP-1, the molecule that inhibits
collagen degradation, has been proposed as a noninvasive marker of interstitial fibrosis

[Lindsay et al., 2002].

Structural abnormalities have been described in the atria from patients with AF
[Mary-Rabine et a., 1983], which are most severein patients with chronic permanent AF.
Recently, increased expression of ADAMs (A Disintegrin and M etalloproteinases), a new
family of proteases that regul ates cell-matrix interaction, has been reported in AF, suggesting

that their increased activity could contribute to atrial remodeling [Arndt et al., 2002].

The expressions of ECMs and MM Ps change dynamically during the developmental
process of heart failure [Moshal et al., 2005]. In the present study, patients with AF have
evidence of impaired matrix degradation, but this finding was not independently associated
with the presence of AF on multivariate analysSis[Goette et al., 2004]. In addition, after
adjustment for confounding variables, there were also statistical correlations between the
MMP/TIMPS system and echocardiographic indexes of left ventricular hypertrophy (left
ventricular massindex) and left ventricular remodeling (end-diastolic ventricular diameter)
but no relationship to left atrial size or systolicfunction parameters [Ke et al., 2005; Lombard

et al., 2005].

1-4. MMPs: structures and functions

The MMPs are afamily of at |east eighteen secreted and membrane-bound
zincendopeptidases [Lombard et al., 2005; Ravanti and Kahari, 2000]. Collectively, these
enzymes can degrade all the components of the ECM, including fibrillar and non-fibrillar
collagens, fibronectin, laminin and basement membrane glycoproteins [ Fedarko et al., 2004,
Tschesche et al., 2000]. In general, asigna peptide, a propeptide, and a catalytic domain

containing the highly conserved zinc-binding site characterizes the structure of the MM Ps



[Nagase, 1994]. In addition, fibronectin-like repeats, a hinge region, and a C-terminal
hemopexin-like domain allow categorization of MM Ps into the collagenase, gelatinase,
stomelysin and membrane-type MMP subfamilies [Nagase, 1994]. All MMPs are
synthesized as proenzymes, and most of them are secreted from the cells as proenzymes.
Thus, the activation of these proenzymesisacritical step that leads to extracellular matrix
breakdown [Carmeli et al., 2004]. MMPs are considered to play an important role in wound
healing, apoptosis, bone elongation, embryo development, uterine involution, angiogenesis
and tissue remodeling, and in diseases such as multiple sclerosis, Alzheimer's, malignant
gliomas, lupus, arthritis, periodontis, glumerulonephritis, atherosclerosis, tissue ulceration,
and in cancer cell invasion and metastasis [Jones et a ., 2003; Roeb and Matern, 2001].

Classification and nomenclature of all the types of MMPswere listed in Table 1.

MMP rolesin normal and pathophysiological processes have been demonstrated.
MMPs are involved in several cardiovascular disease processes, including coronary artery
remodeling, particularly asit relates to plague and aneurysm formation and rupture [Pyo et al.,
2000; Silence et al., 2002]; Left ventricular remodeling follows pressure and/or volume
overload or genetic ateration [Cox et al., 2002; Stroud et al., 2002]; and during all stages of
CHF progression [Lindsey and Lee, 2000; Spinale, 2002]. All cell typesfound in the
myocardium, either under basal conditions (myocytes, fibroblasts, endothelial cells) or
response to an inflammatory stimulus (neutrophils and macrophages), express one or more
types of MMP species. For example, cardiac fibroblasts can synthesize severa groups of
MM Ps, including collagenases, gelatinases, stromelysins, and membrane type MMPs, as well
as TIMPs 1-3 [Birkedal-Hansen et a., 1976; Leicht et a., 2001; Wang et a., 2002]. MMP-9
increases during vessel remodeling in arteria, and MMP-9 null mice display decrease intimal
hyperplasia and significant collagen accumulation in a carotid artery flow cessation model,

indicating arole for MMP-9 in vessel matrix remodeling [Galiset al., 2002]. Inapig rapid



pacing model, MMP-1 levelsincreased and correlated with functional changes. An MMP
inhibitor preserved LV size and function [Clair et al., 1998; Spinale et al., 1999]. When
MMP-1 was overexpressed in mice (adult mice do not express MMP-1 protein), they
developed cardiac dysfunction at 12 months of age [Kim et a., 2000]. Together, these data

implicate MMPsin vessel and myocardia matrix remodeling.

MMPs are alarge family of enzymesthat degrade the ECM. Of those enzymes,
MMP-2 and MMP-9 are the most commonly proteolytic enzymes, also called type IV
collagenases or gelatinases, are related enzymes that break down type IV collagen

[Morgunovaet a., 1999].

1-4-1. Gelatinase A (MMP-2, Typell collagenase) :

In 1978, Sellers et a. were the first to separate a gelatinase activity from collagenase and
stromelysin in culture medium from rabbit bone{Sellers et al., 1978]. A similar enzyme,
acting on basement membrane type IV collagen-was reported by Liotta et a. the following
year [Liottaet a., 1979]. Gelatinase was purified from human skin, mouse tumor cells,
rabbit bone, and human gingival. The completed sequence of the human enzyme except for
the signal peptide was reported by Collier et al [Collier et al., 2001]. Gelainase A had a
triple repeat of fibronectin type | domains inserted in the catal ytic domain; these participate in

binding to the gelatin substrates of the enzyme [Lee et al., 1997; Libson et al., 1995].

1-4-2. Gelatinase B (MMP-9, TypeV collagenase) :

Harrwas and Krane in 1972 detected a gelatinase activity in rheumatoid synovial fluid.
Sopata et al. described a gelatinase from human polymorphonuclear leukocytes [ Sopata and
Wize, 1979]. Rabbit macrophages produce a very similar enzyme which was able to digest

typeV collagen [Horwitz et al., 1977]. The neutrophil collagenase and gel atinase were



resolved in 1980 [Murphy et al., 1980]. Purification was achieved in 1983 and sequencing
of the cDNA in 1989. An interesting phenomenon, still not fully understood, is the binding
of TIMP-1 to proMMP-9 to form acomplex [Sakyo et al., 1983; Stetler-Stevenson et al.,
1989]. Human neutrophil MM P-9 commonly occurs as a complex with lipocalin [Fernandez
et a., 2005]. A seriesof papers concerned a 95 kDa protein in plasmathat binds to gelatin

culminated in the identification of this protein as MMP-9 [Makowski and Ramsby, 1998].

1-5. TIMPs: structures and functions

The family of TIMPs presently numbers four distinct gene products that are specific
inhibitors of the MMPs [Cook et a., 1994; Greene et a., 1996; Okada et al., 1994; Silbiger et
al., 1994]. These secreted proteins are thought to regulate MM Ps activity during tisssue
remodeling [Baker et al., 2002]. Allfour mammalian T1MPs have many basic similarities,
but they exhibit distinctively structural features, biochemical properties and expression
patterns (Table 2). This suggests that each TIMP has specific rolesinvivo. Thelocal
balance between MMPs and TIMPs is believed to play amajor role in ECM remodeling
during process of diseases such as cancer and arthritis [Anand-Apteet a., 1996]. The
TIMPs have molecular weights of ~21 kDaand are variably glycosylated (Table 2) [Baker et
al., 2002]. They have six disulphide bonds and comprise a three-loop N-terminal domain
and an interacting three-loop C-subdomain. Most of the biological functions of these
proteins discovere thus far are attributable sequences within the N-terminal domain, athough
the C-subdomain mediated interaction with the catalytic domains of some MMPs[Li et al.,
1999] and with the hemopexin domains of MMP-2 and MMP-9 [Brew et al., 2000]. The
TIMPs are secreted proteins, but may be found at the cell surface in association with
membrane-bound proteins; for example, TIMP-2, TIMP-3 and TIMP-4 can bind MMP-14, a

membrane-type (MT) MMP.  All four TIMPs inhibit active forms of all MM Ps studies to



date, their binding constants being in the low picomolar range, although TIMP-1 is a poor

inhibitor of MMP-19 and a number of the MT-MMPs (Table 2) [Baker et al., 2002].

1-5-1. TIMP-1:

TIMP-1 is one representative of the natural MMP inhibitor family, encompassing four
members. Itinhibitsall MMPs, excepts several MT-MMPs.  Unexpectedly, its
upregulation was associated to poor clinical outcome for several cancer varieties [Hornebeck
eta., 2005]. TIMP-1isa28 kDa glycoprotein that appearsto play amajor rolein
modul ating the activity of interstitial collagenase as well as a number of connective tissue
metalloendoproteases [Okada et al., 1994]. TIMP-1 functions through the formation of a
tight 1:1 complex with active collagenase. TIMP-1 is a secretory product of platelets and
alveolar macrophages. Previous studies indicate that regulation of MMP action by TIMP-1
isacritical event during the reproductive cycle [INothni ck; 2000; Nothnick, 2001a; Nothnick,

20010].

1-5-2. TIMP-2:

This geneis amember of the TIMP gene family. The proteins encode by this gene
family are natural inhibitors of the MMPs, a group of peptidases involve in degradation of the
EMC [Yuetal., 1996]. In additionto aninhibitory role against MM Ps, the encoded protein
has a unique role among TIMPs family in its ability to directly suppress the proliferation of
endothelial cells [Stetler-Stevenson and Seo, 2005].  Asaresult, the encoded protein may be
critical to the maintenance of tissue homeostasis by suppressing the proliferation of quiescent
tissues in response to angiogenic factors, and by inhibiting protease activity in tissues
undergoing remodeling of the ECM. However, recent findings demonstrate that an

MM P-independent effect of TIMP-2 inhibits the mitogenic response of human microvascular



endothelial cellsto growth factors [ Stetler-Stevenson and Seo, 2005].

1-6. Activation of the renin-angiotensin-aldosterone system in heart failure

Severd studies have demonstrated that a prolonged over-activation of neurohormonal
mechanisms contributes to drive structural and functional abnormalities of the cardiovascular
system and leads to poor prognosisin patients with CHF [Davilaet a., 2005]. In particular,
activation of the renin-angiotensin-aldosterone system (RAAYS) leads to increased levels of
angiotensin 11 and plasma a dosterone, and promote devel opment of arterial vasoconstriction
and remodeling, sodium retention, oxidative process, and cardiac fibrosis[Volpe et al., 2005].
In the past few years the combination of classical physiopharmacological techniques with
modern genomics and protein chemistry methods has led to the identification of many novel
components of the RAAS : the Ang V |-binding site insulin-regulated aminopeptidase
[Albiston et a., 2001], angiotensin-converting enzyme 2 (ACE2) [Donoghue et a., 2000;
Tipniset al., 2000], the renin receptor [ Nguyen-et-al, 1996], and the Ang-(1-7) receptor Mas
[Santos et al., 2003]. ACE inhibitors or Ang.ll.receptor blockers and beta-blockers may
modulate this excessive over-activity and improve survival in those patients [ Cruden and
Newby, 2004; Zeller and Battegay, 2005]. However, high circulating and tissue levels of
Ang Il and aldosterone may persist and contribute to further progression of CHF [Mahmud
and Feely, 2004]. Many aspects of the pathophysiological role of the RAAS in CHF are till
debated, and a more thorough comprehension of this fundamental system is needed

(Annex-3).

1-6-1. Angiotensin Il (Angll):
Angiotensin Il (Ang Il) is an important modulator of vascular homeostasis and an

important link in the pathophysiology of cardiovascular disease [Brunner, 2001; Ruiz-Ortega



eta., 2001]. Elevated Ang Il and/or increased sensitivity to Ang II have been etiologically
associated with major vascular diseases [Brunner, 2001; Ruiz-Ortegaet al., 2001]. Angll
was primary effector molecule of the rennin-angiotensin system (RAS). It was formed by
the action of ACE on the precursor molecule Ang | and was primarily recognized for itsrole
in the regulation of arteria pressure and blood volume [Ruiz-Ortegaet a., 2001]. This
vasopressor action of Ang 1, which could be lifersave, may also lead to hypertension if the

RAS was activated inappropriately [Ruiz-Ortega et al., 2001].

1-6-2. Angiotensin-(1-7) (Ang-(1-7)) :

The RASisamajor regulator of renal and cardiovascular function, play a pivotal rolein
the homeostasis of arterial pressure and of the hydro-electrolyte balance [Burnier and Brunner,
2000; Kim and lwao, 2000]. Emerging evidence suggestsAng |11 [Ang-(2-8)], Ang IV
[Ang-(3-8)], and Ang-(1-7) may also mediate theactions of the RAS [Ardaillou, 1997].
Ang-(1-7) has become an angiotensin of lintefest-in.the past few years, because its
cardiovascular and baroreflex actions counteract.those of Ang Il [Ferrario et a., 1998; Santos
et a., 2000]. Recent reports have indicated heart and blood vessels as the main targets for
the action of Ang-(1-7). These actions include biochemical and functional aterations leaded
to vasodilation and improved cardiac function [Brosnihan et a., 1996; Ferreiraet al., 2001,
Loot et al., 2002]. Several studies suggest that the heptapeptide Ang-(1-7) has beneficial
cardiovascular effects either directly or indirectly through bradykinin (BK) potentiation or by
counter-regulation of the actions of Ang-(1-7). The presence and local generation of
Ang-(1-7) in the myocardium was first reported by Santos et al [Santos et al., 1990] in the
canine heart. Immunoreactive Ang-(1-7) was demonstrated in the aortic root, coronary sinus,
and right atrium under basal conditions [Ferreiraand Santos, 2005]. Ang-(1-7) was

markedly reduced following treatment with the ACE inhibitor CGS-14,831 [Santos et al .,
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1990]. Inisolated rat hearts, Ang | was extensively metabolized during a single pass through
the coronary bed, leading to the generation of Ang Il, Ang I11, Ang IV and Ang-(1-7)
[Mahmood et a., 2002; Neveset a., 1995]. Ang-(1-7) formation in this model was not
significantly changed by ACE inhibitors [Neveset al., 1995]. Ang-(1-7) was aso formed in
the intact human myocardial circulation but, in contrast to the rat heart, ACE inhibitors

markedly decreased Ang-(1-7) generation [Zisman et al., 2003].
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1. Materials and Methods

2-1. Reagents

Dulbecco’s Modified Eagle’s Medium (DMEM), and Trizol reagent were obtained from
GIBCO-Invitrogen (Carlsbad, CA). Oligo-dT, dNTPs (dTTP, dATP, dGTP and dCTP), Pro
Tag polymerase were purchased from Protech (Taipei, Taiwan). Ang II and Ang-(1-7) and
all other chemicals and biochemicalswere obtained from Sigma (St. Louis, MO) and Merk

(Darmstadt, Germany).

2-2. Experimental model

26 female pigs (average weight of 65 kg) wereused. Of these, 12 were sham controls
that were kept in sinus rhythm (SR);-while the remaining-14 pigs were subjected to
experimentally induced AF as described in our'previousreport.  In brief, Yorkshire-Landrace
pigs were treated with intravenous anesthesia by thiamylal (2-3 mg/kg) (Kyorin
Pharmaceutical, Tokyo, Japan) and then transvenously implanted with a high-speed
pacemaker (Itrel-111, model 7425; Medtronic, Minneapolis, MN). A screw-in atrial lead
(Model 4568; Medtronic) was positioned at the right atrial appendage viathe left internal
jugular vein under fluoroscopy. The pacemaker was set to pace the atria at a rate of 400-600
beats per minute in the AF group. Consistency of the atrial pacing was checked daily in the
first week and weekly thereafter with a portable ECG monitor by a programmer turning the
atrial pacing on and off.  After 4 to 6 weeks of continuous pacing, the pigs exhibited
sustained AF (i.e., AF was maintained after discontinuance of atrial pacing). TheAF and SR
group pigs were euthanized by high-dose intravenous barbiturate, the atrial pacemaker was
removed and the animals were sacrificed for atrial tissue sampling. The experimental

protocol conformed to the Guide for the Care and Use of Laboratory Animals (NIH
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Publication No. 85-23, revised 1996) and was approved by the animal welfare committees of
the National Chiao Tung University and the National Taiwan University.  All pigs were
provided by the Animal Technology Institute Taiwan (ATIT) and housed at the animal facility

at ATIT [Lin et a, 2003].

2-3. Tissue sampling and treatmentsin AF

The left atrial appendages were excised from the isolated hearts and trimmed for
pathological examination and frozen storage. For RT-PCR and Western blotting, the excised
specimens were immediately frozen in liquid nitrogen and stored at —80°C until use for RNA
or protein extraction. For pathological examination, the tissues were cut into small blocks
about 10 x 5 mm and immersed in 4% phosphate-buffered formalin for 24 h.  After
dehydration, each section was cut into 5 pm-thick slices.~ Deparaffinized sections were

stained with Masson’s trichrome.

2-4. Céll culture of cardiac myofibroblasts

The H9c2 (2-1) cells (cardiac myofibroblasts) were purchased from BCRC (BCRC
number: 60096). The cellswere cultured in Dulbecco’s modified Eagle’s medium (DMEM,
Sigma) supplemented with 10% heat-inactived fetal calf serum (FCS).  Subconfluent cells
(70 - 80%) were subcultured 1:4. The cells were trypsinized, plated (2 x 10° cells/well-2 x 10°
cellg/dish) in 12-well plate for gene expression analysis and MMPs activity or 100-mm dishes
for protein analysis. Subconfluent serum starved cells were incubated with Ang Il or
Ang-(1-7) (10°, 107 and 10° M) for gene expression in 12h or protein assay and MMPs

activity in 24 h,
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2-5. | solated multiple tissues from normal rat

Male Sprague-Dawl ey rats weighting 250 ~ 300 g were used in these experiments and all
animals were maintained on food and water throughout the course of the study. The
experimental protocol conformed to the Guide for the Care and Use of Laboratory Animals
(NIH Publication No. 85-23, revised 1996) and was approved by the animal welfare
committees of the National Chiao Tung University and the National Taiwan University.
Animals were anesthetized intraperitoneally with Avertin 0.4-0.6 mg/ body. . We collected the
different sources of heart, liver, spleen, lung, kidney, brain, muscle, vessel, intestine and testis.
The organs were rained in PBS and incubated in protein extract buffer or Trizol reagent for

RT-PCR or protein analysis.

2-6. Protein extraction and el ectrophoresis

Frozen atrial tissues of pig and different tissues of rat (about 0.2 g) were homogenized in
1 ml of ice-cold lysis buffer containing20.mM Tris-HCI, 1 mM dithiothreitol, 200 mM
sucrose, 1 mM EDTA, 0.1 mM sodium orthovanadate, 10 mM sodium fluoride, 0.5 mM
PMSF, and 1% (v/v) Triton X-100. The homogenate was then centrifuged at 12,000 x g at
4°C for 10 min, and the supernatant was collected for sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE). Protein concentration was determined by the Bio-Rad
protein assay kit (Bio-Rad, Hercules, CA) with bovine serum abumin as a standard.

Aliquots containing 30 ug protein were resolved on 10% SDS-PAGE gels.

2-7. MMPs activity by gelatin zymography

For the determination of MMP-2 and MM P-9 activity, H9c2 cells were plated in 12-well

culture plates at adensity of 2 x 10° cells'well and grown for 18 h before Ang 11 and Ang-(1-7)
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treatment.  After 24h treatment, the conditioned medium were collected at the indicated time
points and centrifuged (6000 rpm, 30 min) then was rapidly frozen, and stored at -20C .

Atrial tissue was trypsinized, washed with ice-cold phosphate-buffered saline and lysed by
sonication.  Tissue extract were centrifuged (12,000 rpm, 10 min).  Supernatant and
condition medium were used for Zymography analysis. The MMPs activity analysis was
done using total protein (20 ug/lane) or culture medium (20 pl/lane) electrophoresed on a 10%
SDS-polyacrylamide gel under nonreducing condition.  After electrophoresis, MMPs were
refolded in 2.5% (v/v) Triton X-100 to remove the SDS, washed with distilled water then
incubated 50 mM TrispH 7.6, 200 mM NaCl, 5 mM CaCl, for 18to 20 hat 37°C. Thege
was stained in Comaisse blue for 30 minutes prior to destain with destain buffer (50%
methanol, 10% acetic acid, 40% ddH,0). The presence of enzyme activity was evident by a
clear or unstained region, indicating the action of the enzyme on the gelatin substrate

[Stawowy et al., 2004]

2-8 RNA isolation

Total cellular RNA of the left atrial appendages, rat tissues and H9c2 cells were extracted
as recommended by the manufacturer of TRIzol™ (GIBCO BRL, Rockville, MD). Briefly,
the TRIzol method consists of the addition of 1 ml of the TRIzol reagent to each homogenized
tissue (about 100 mg) or each well.  The mixture was vigorously agitated for 30 sec and
incubated at room temperature for 5 min.  After this procedure, 200 pl chloroform was
added to the tube, and the solution was centrifuged at 12,000 x g for 15 min. The agqueous
phase was transferred to a clean tube, precipitated with 500 ul isopropy! alcohol, and
centrifuged at 12,000 x g for 15 min. The resulting RNA pellet was then washed with 1 ml

of 75% cold ethanol and centrifuged at 7,500 x g at 4°C for 5 min. The pellet was dried at
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room temperature, resuspended in 20 ul of diethylpyrocarbonate-treated water, and stored at
—80°C. RNA was quantified by measuring absorbance at 260 nm and 280 nm and

electrophoresed on adenaturing 1% agarose gel.  The integrity and rel ative amounts of RNA

were evaluated using ultraviolet visualization of ethidium bromide-stained RNA.

2-9. RT-PCR

For cDNA synthesis, 3 ug RNA was supplemented in atotal reaction volume of 20 pl
with 1x reverse trascriptase (RT) buffer, 0.5 mM dNTPs, 2.5 uM oligo-dT (Invitrogen,
Carlsbad, CA), 40 U/ul RNase inhibitor (Invitrogen), and 20 U/ul Superscript II™ reverse
trascriptase (Invitrogen).  After incubation for 60 min at 50°C, the mixture was incubated for
15 min at 70°C to denature the products: = The mixture was then chilled onice. PCR
primers for RT-PCR analysis are shown in Table 4. ‘PCR reactions contained 2 ul cDNA, 1
ul each primer (10 uM), 5 ul 10 x PCR buffer, 2.ul-10 mM dNTPR, 1 ul of 5 U/ul Tag
polymerase (Violet Bioscience, Hsinchu, Taiwan)and 38 pl distilled water in atotal volume
of 50 ul. Thermal cycler (MiniCycler; MJ Research, Waltham, MA) conditions were as
follows: 1 cycle of 5min at 94°C, 21~36 cycles of denaturation at 94°C for 30~60 sec,
annealing at 55°C for 30~60 sec, and elongation at 72°C for 45~120 sec, and 1 cycle of 5~10
minat 72°C. Theresulting PCR products were visualized on 2% agarose gels stained with
ethidium bromide. The stained image was recorded by an image analyzer (Kodak DC290
Digital camera System " ; Eastman Kodak, Rochester, NY), and the band intensity was
guantified using densitometric analysis by Scion image™. The relative mRNA expression of
the MMP-2, MMP-9, TIMP-1, TIMP-2 and collagen type | were calculated as ratios to
glyceraldehyde-3-phophate dehydrogenase (GAPDH) or 18S ribosomal RNA (18S rRNA)

expression.
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2-10. Western blot assay

Protein extracts of the left atrial appendages and rat tissues separated by SDS-PAGE were
electrophoretically transferred to PV DF membranes (Immobilon-P™; Millipore, Bedford, MA)
by semi-dry electroblotting (Hoefer™ 77, Amersham Biosciences) (90 mA, 1 hr). Briefly,
nonspecific binding sites were blocked by incubating membranesin 3% non-fat milk of
Tris-buffered saline (0.1% Tween-20) and the membranes were incubated overnight with
antibody against collagen type | (1:1000 dilution of anti-collagen type | mouse mADb, cat. no.
Ab6308, Abcam), MMP-2 (1:1000 dilution of anti-MMP-2 (Ab-3) mouse mAD, cat. no.
IM33L, Cabiochem), MMP-9 (1:1000 dilution of anti-MMP-9 (626-644) (Ab-3) mouse mAD,
cat. no. IM37L, Calbiochem) and anti-B-actin (1:10,000 dilution of -actin mouse mAb, cat.
no. AC-15, Abcam). The probed blots werewashed several times with 3% nonfat powdered
milk in Tris-buffered saline containing 0:1% Tween-20.*. Antibody binding of incubated
horseradish peroxidase-conjugated goat antimouse 1gG (2:5,000 - 1:20,000 dilution) was
visualized by Enhanced Luminol Chemiluminescence (ECL) Reagent (NEN, Boston, USA)
and by exposing the membranes to X-Ray film (Super Rx Medical X-Ray Film; Fujifilm,
Kanagawa, Japan). The bands were detected at the expected size. The band intensity was
quantified using densitometric analysis by imaging software (Scion image™; Scion, Frederick,
MD). Theamounts of collagen type |, MMP-2 and MMP-9 are expressed relative to the

amount of B-actin in respective samples [Weng et al., 20053].

2-11. Satistical analysis

Statistical comparisons were performed using SPSS software (SPSS Inc.). Correlation
between MMPs and TIMPs expression in RT-PCR analysis was performed using the paired

samplettest. Densitometric analyses of the zymograms, Western blots and RT-PCR were
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analyzed by on-way ANOVA with a LSD post-hoc test. Data are means + standard deviation

(SD), and statistical significance was considered if p < 0.05.
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1. Results:

3-1. Induction MMP-9 in the atrial with AF

Sustained AF model in pigs has been established successfully in our laboratory [Lin et al.,
2003; Hsu, 2003]. The electrophysiological and pathological findingsin the porcine atria
with AF showed the characteristics resembling those in human. Therefore, we have
recognized a suitable animal model of sustained AF in adult pigs for studying human AF.

AF is characterized by structural remodeling on cytoskeleton and ECM proteins|[Lai et d.,
2004; Lin et al., 2005]; however, the underlying molecular mechanisms involved ECM
remodeling are largely unknown. To get a better insight into the ECM remodeling at
molecular level, we analyzed the mRNA -and-activity, changes in ECM metabolic enzymes,
MMPs and TIMPs, in thefibrillating atria. - Moreover, we attempt to test hypothesis whether

the abnormal expressed MM Ps are associ ated'with the disease.

3-1-1. Histological findingsin the atria with AF

Histological studieswere conducted to identify the potential pathological substrate
underlying the abnormalities in sustained AF.  Atrial tissues from the AF subjects revealed
that disordered or denatured cardiomyocytes were associated with extensive myocytolysis,
thinning bundles and fragmentation of myofibrils, and large space within myofibrils [Hsu,
2003]. Masson’strichrome staining showed that myocardia fibrosis markedly accumulated
ininterstitial cardiomyocytesin the AF atria (Figure 1A and 1B). The extent of fibrosis
(%F) was measured and the result showed that %F of the atrial appendage in the AF group
(21.6 £ 3.3%) was significantly greaten than that in the SR group (5.2 £ 1.7%, p < 0.01)

(Figure 1C).
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3-1-2. Collagen type | protein in the atria with AF

According the pathological results of Masson’s trichrome staining, ECM was
significantly accumulated interstitial space in the atriawith AF.  Therefore, we were
interesting to measure the collagen level in the tissue, because collagen was a magjor
component of ECM. The collagen type | inthe AF (n = 14) and SR (n = 12) subjects was
determined to Western blotting assay used the 3-actin asinternal control (Figure 2A). The
content of collagen type I (collagen/p-actin) in the AF group (1.79 £ 0.14, ranging from 1.51
to 2.03) was significantly increased as compared with that in the SR group (1.17 + 0.26,

ranging from 0.66 to 1.51) ( p < 0.01) (Figure 2B).

3-1-3. Enzyme activities of MMP-2 and MMP-9-in thefibrillating atria

The atriatissue isolated from hearts with AF (n=14) and SR (n = 12) were used to
detect the enzyme activity of two gelatinases, MMP-2 (gelatinase A; 72 kDa) and MMP-9
(gelatinase B; 92 kDa) by zymographic analysis (Figure 3A). Asshown in Figure 3A, clear
proteol ytic bands on the gelatin zymographicy gels shows increased MMP-9 in the AF
subjects as compared withinthe SR.  The relative MMP-9 activity in the AF group was
1806 * 753, ranging from 786 to 2809; the relative MMP-9 activity in the SR group was 254
+ 150, ranging from 100 to 627 (Figure 3B). Theresult showed that MM P-9 activity in the
AF was higher than that in the SR by 7.1 folds (p < 0.01). Inthe MMP-2, relative activity of
this enzyme in the AF group was 923 + 356, ranging from 496 to 1586); the relative MMP-2
activity in the SR group was 932 + 402, ranging from 258 to 1498 (Figure 3C). The
enzyme activity of MMP-2 in the subjects with of with or without AF was insiginificantly

different.
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3-1-4. MMP-2 and MMP-9 mRNA levelsin AF

According the results of Zymography, the markedly MMP-9 activity was observed in the
fibrillating atria.  Further, we were interesting to measure the MMP-2 and MM P-9 mRNA
levelsin the atria, because MMP family was a major protease in the ECM metabolism. The
transcript (i.e., MRNA) of MMP-2 and MMP-9 in the atrial tissues with AF and SR were
determined by the method of semiquantitative RT-PCR (Figure4A). Inthisanalyss, the
expression of GAPDH mRNA was used as internal control and the relative MM P mRNA was
represented as MMP/GAPDH mRNA detected. Therelative mRNA level of MMP-9 in the
AF group was 0.43 + 0.18 (ranging from 0.16 to 0.49) and in the SR group was 0.0.10 £+ 0.03
(ranging from 0.05 to 0.13) (Figure 4B). The results showed that the relative mRNA level
of MMP-2 was 0.90 + 0.22 (ranging from 0.53to 1.13) in the AF group and 0.82 + 0.23
(ranging from 0.50 to 1.11) in the SRgroup (Figure 4C). The statistical result shows that
MMP-9 mRNA level in the AF washigher than that in the SR by 4.3 folds ( p < 0.01); but

MRNA level of MMP-2 in the SR was not significantly different.

3-1-5. TIMP-1 and TIMP-2 mRNA levelsin AF

Severa studies have demonstrated the pathological effects of both MMPs and TIMPs
in cardiovascul ar diseases involved vascular remodeling and cardiac remodeling in congestive
heart failure or myocardial infarction [Hijova, 2005]. Therefore, the relative abundances of
TIMP-1 and TIMP-2 in the atrial tissues were also determined by semiquantitative RT-PCR
analysis (Figure5A). Inthisanaysis, the expression of GAPDH mRNA was used as
internal control and the relative TIMP mRNA was represented as TIMP/GAPDH mRNA
detected. Therelative mRNA level of TIMP-1in the AF group was 0.75 £ 0.33 (ranging

from 0.35 to 1.22) and in the SR group was 0.88 + 0.41 (ranging from 0.35 to 1.70) (Figure
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5B). Theresults showed that the relative mRNA level of TIMP-2 was 1.07 £ 0.45 (ranging
from 0.52 to 1.63) in the AF group and 0.84 + 0.26 (ranging from 0.52 to 1.28) in the SR
group (Figure5C). There wereinsignificantly different between the two groups on TIMP-1

and TIMP-2.

3-2. MMP-2 expression in cardiac fibroblasts treated with Ang 11
and Ang-(1-7)

Alterationsin the normally circulating Ang 1l and/or Ang-(1-7) concentrations and the
ratio of Ang Il and Ang-(1-7) might reflected cardiac remodeling in response to physiologic
stresses [Schupp et al., 2005]. We were interesting to understand the effects on the MMPs
and TIMPs expression in cardiovascul ar, system under abnormal conditions of Ang Il and
Ang-(1-7). Inthe following experiments,-a cardiac fibroblast cell line H9¢c2 was used to
treat with serious concentrations (10, 107 and'10° M) of Ang 11 and Ang-(1-7), respectively.
The mRNA levels of collagen type |, MMP-2, MMP-9; TIMP-1 and TIMP-2, and enzyme
activity of MMP-2 as well as MMP-9 in the angiotensin peptides treated cells were detected

and compared.

3-2-1. Collagen type I mRNA in the H9c2 treated with Ang || and Ang-(1-7)

The relative collagen type | expression in control, 10°, 107 and 10° M of Ang |1 treated
H9c2 cellswas 0.54 £+ 0.16, 0.52 £ 0.12, 0.56 + 0.08, and 0.73 + 0.10, respectively. Inthe
same condition, the cells were treated with control, 10°, 107 and 10° M of Ang(1-7) which
was 0.54 + 0.16, 0.59 £ 0.22, 0.93 £ 0.10 and 0.63 + 0.14, respectively(Figure 7A). Inthis
analysis, the expression of GAPDH mRNA was used asinternal control and the relative

collagen type | mMRNA was represented as collagen type I/GAPDH mRNA detected. The
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significant data showed 0.92 + 0.10in 10’ M of Ang-(1-7); but, the other concentrations were

insignificantly different, whether Ang 1l or Ang-(1-7) treatments (Figure 7B).

3-2-2. MMP-2 activity in H9c2 cells treated with Ang IT and Ang-(1-7)

The condition medium isolated from Ang Il and Ang-(1-7)-treated in H9c2 cells were
used to detect the enzyme activity of gelatinase, MMP-2 (gelatinase A; 72 kDa) by
zymographic analysis (Figure 8A, C). The relative MMP-2 activity in control, 10°, 107 and
10° M of Ang Il were 3257 + 184, 1943 £ 512, 1603 £ 334, and 1737 + 357, respectively.

In the same condition, the cells were treated with control, 10°, 107 and 10° M of Ang-(1-7)
which was 3257 + 184, 1219 + 261, 1477 + 73 and 2140 + 247, respectively. The enzyme
activities were significantly decreased in all.concentrations of Ang Il (Figure 8B) and

Ang-(1-7) (Figure 8D); in Ang-(1-7)-treated, the enzyme activities had dose-dependent, but

not in Ang |l-treated.

3-2-3. MMPs and TIMPs mRNA levelsin the H9c2 cells treated with Ang 11
and Ang-(1-7)

The relative MMP-2 expression in control, 10°, 107 and 10° M of Ang |1 treated H9c2
cellswas 0.72 £ 0.29, 0.71 £ 0.07, 0.67 = 0.34, and 0.69 + 0.36, respectively; in MMP-9
expression, the values were 0.40 £ 0.20, 0.34 £ 0.22, 0.25 + 0.14, and 0.32 £ 0.11,
respectively; in TIMP-1 expression, the values were 0.81 + 0.23, 0.88 + 0.15, 0.96 + 0.17, and
0.94 + 0.20, respectively; in TIMP2 expression, the values were 0.80 £ 0.35, 0.80 + 0.20, 0.92
+ 0.15, and 0.94 + 0.12, respectively. In the same condition, the MMP-2 activity in cells
treated with control, 10°, 107 and 10° M of Ang(1-7) which was 0.72 + 0.29, 0.80 + 0.16,

0.85+ 0.38, and 0.69 * 0.18, respectively; in MM P-9 expression, the values were 0.40 + 0.20,
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0.38 £ 0.49, 0.70 £ 0.40 and 0.39 £ 0.19, respectively; in TIMP-1 expression, the values were
0.81+£0.23,0.93+0.14, 0.80 £ 0.10 and 0.77 £ 0.03, respectively; in the TIMP-2 expression,
the values were, 0.80 = 0.35, 0.60 + 0.22, 0.93 + 0.10 and 0.63 + 0.14, respectively. Inthis
analysis, the expression of GAPDH mRNA was used as internal control and the relative
MMP-2, MMP-9, TIMP-1 and TIMP-2 mRNA were represented as MM P-2/GAPDH,
MMP-9/GAPDH (Figure 9), TIMP-LJGAPDH and TIMP-2/GAPDH (Figure 10) mRNA
detected. The relative MMP-9 expression was significant by 107 M of Ang-(1-7)-treated
(Figure9C). There were no significantly different between the three groups on MMP-2

(Figure9B), TIMP-1 (Figure 10B) and TIMP-2 (Figure 10C).

3-3. MMP-2 expression in the different tissues

The MMPs and TIMPs had until been distributed the quantity in any tissues of rat.
The balance of MMPs and TIM Ps was demonsirated relative of cardiac diseases. We were
interesting the study, we collected different source tissues in rat and analyzed the content of

MMP-2, MMP-9, TIMP-1 and TIMP-2 mRNA, enzyme activity of MMP-2 and MMP-9.

The activity of MMP-2 and MMP-9 in the different tissues, including heart, liver, spleen,
lung, kidney, brain, muscle, intestine and testis, were detected by gelatin zymography (Figure
13A). Theactual activity of MMP-2 was estimated via MMP-2 standard curve (Figure 12).
The activity MMP-2 in the heart, lung, muscle and testis was 10475 + 7454, 14444 + 8918,
13782 + 10288 and 6993 + 4483, respectively (Figure 13B). We noted the conspicuous
gelatinolytic activity in the heart, lung, muscle and testis as compared with others. However,

the activity of MMP-9 in the several tissues of rat was undetectable.

The mRNA of MMP-2 was measured in the different tissues of rat with heart, liver,

spleen, lung, kidney, brain, muscle, intestine and testis, were detected by the method of
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semiquantitative RT-PCR. Inthisanalysis, the expression of 18s RNA mRNA was used as
internal control and the relative MM P-2 mRNA was respresented as MM P-2/18s RNA mRNA
detected (Figure 14A). The values were that a markedly high expression in heart (5.15 +
1.06), lung (5.05 * 0.95) and muscle (8.02 £ 0.79) was detected as compared with those in the

others (Figure 14B).

3-4. Ratios of MMP2/TIMP-2 and MMP-9/TIMP-2

MMPs and TIMPs played a crucial rolein physiologica and pathological matrix
turnover [Moche et al., 2005]. Inhibition of MMPs or targeted deletion of MMP gene
attenuated cardiac remodeling.  Correlation between MMP-9 and TIMP-1 (MMP-9/TIMP-1)
and MMP-2 and TIMP-2 (MMP-2/TIMP=2) can be éstimated and applied as a physiological

marker for diagnosis of disease processing.

The ratio of MMP-9/TIMP-1 showed positive-correlation with mRNA levelsin the AF
group (0.32 + 0.23, ranging from 0.10 t0.0:75).cempared with the SR group (0.11 £ 0.05,
ranging from 0.05t0 0.19). Theresult showed that ratio of MMP-9/TIMP-1 in the AF was
higher than that in the SR by 2.9 folds (p < 0.05). In contrast, the ratio of MMP-2/TIMP-2

was insignificantly different (Figure 6).

Similarly, theratio of MMP-9/TIMP-1in 107 M Ang-(1-7)-treated showed positive
correlation with mRNA levels control (0.70 £ 0.40). The results showed that ratio of
MMP-9/TIMP-1 treated 10" M of Ang-(1-7) in H9c2 cells was higher than that in the
control by 1.8 folds (p < 0.05). In contrast, the ratio of other concentration with Ang Il or

Ang-(1-7)-treated was insignificantly different (Figure 11).
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V. Discussion

The mgjor finding of this study was that the process of fibrillation follow AF might
regulate MM P-9 mRNA through cardiac fibroblast activation. In constant, cardiac
fibroblasts were associated with, high levels of active MMPs.  Thisraises the possibility that
an in vivo interaction between the fibrillar collagen network and cardiac fibroblasts works as
a‘“motor” to generate active MM Ps, which may, in turn, be involved in myocardica ECM
turnover. A point of view about cardiac fibroblasts play an important role to regulate the
ECM remodeling has been afocus of increasing recent investigation.  Accurate
understanding the molecular mechanism of ECM remodeling would help make possible the

devel opment of successful therapeutics strategies during the AF.

In this article, we had successful established the sustained AF model by pacing-induced,
the myocardial fibrosis markedly accumulated ininterstitial cardiomyocytesin the AF by
Masson’s trichrome staining (Figure1). = Theseresults were corresponsed to Masson’s
trichrome staining.  First at all, Western blot demonstrated the increased protein levels of
collagen type I inthe AF (Figure 2). The values indicated that MM P-9 activity showed
different between SR and AF and the quantitative values demonstrated that the increase of
MM P-9 activity was more pronounced in the AF than SR.  In fact, the zymographic activity
of MMP-9 increased in the AF was reported here for thefirst time. These AF had benefitsto
imitate actual human pathological AF symptom compared with other animal models.

Severa lines of evidence point to the importance of MMP-2 and MMP-9 in cardiac
remodeling after myocardial infarction [Lu et al., 2000; Spinale, 2002; Spinale et al., 2000],
aswell asin vascular remodeling after injury and during atherogenesis [Johnson andGalis,
2004; Whatling et al., 2004]. Therefore, we presented a useful detection method that would

be applied to follow the process of fibrosisin the AF atria by MMP-9 activity.
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AF isacharacteristic feature of heart failure and there is evidence that an ECM
imbalance between levels of MMP-9 and TIMP-1 was associated with cardiac remodeling
[Hornebeck et al., 2005; Moshal et al., 2005]. Increased cardiac expression of TIMP-1 and
TIMP-2 were related to cardiac fibrosis and dysfunction in the chronic pressure-overloaded
human heart [Heymans et a., 2005].  In accordance with the documents, we further analyzed
the MMPs and TIMPs mRNA levelsinthe AF.  Asshownin Figure 3 and Figure 4, the
MMP-9 mRNA levels were corresponded with MMP-9 activity.  Although the mRNA levels
of TIMP-1 and TIMP-2 were down-regulated in the AF, however, the trends of reduction did
not reach statistical significance (p > 0.05) (Figure5). These results seem to correspond to
the induction of MMP-9 mRNA levels and zymographic activity. Besider, TIMP-1 would
down regulated MM P-9 expression in different tissues. To summarize these data, we
supposed that the imbalance between MMP-9 and TIMP-1 mRNA levelsin the AF were
reached statistical significancein the AF'as compare with-SR (p <0.01). Thisimbalance

ratio of MMP-1/TIMP-1 might reveal the tendency-toward fibrillation.

In the application of genome research, wewould get the whole human genome sequence
easily and application to molecular biology. But, we had problems with got the whole pig
genome sequence. Therefore, we capitalize on human and rat genome sequence to design
MMP-9 and MMP-2 primersfor pig. Because, there were amost 70% conserved sequences
on MMP-9 and MMP-2 between human and rat. After RT-PCR analysis, the specific
product of MMP-9 and MM P-2 were cloned using the TA cloning kit and sequenced. After
automated sequencing, comparative analyses were performed with the human MMP-9 and
MMP-2 mRNA sequence and demonstrate that the conserve sequence of MMP-9 and MMP-2
from pig compare with human would reach to 70%. Cardiac fibroblasts were the most
abundant cell type in the heart and play a major role in synthesizing components of the

cardiac ECM [Eghbali, 1992]. Cardiac fibroblasts had aso been shown to play an important
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role in the regulation of collagen degradation by MMPs [Cleutjens et a., 1995]. We used the
culture systems to mechanically stimulate cardiac fibroblasts allows for the systematic
examination of mechanical regulation of cardiac fibroblast function in the absence of systemic
effects. In the present study, therat cardiac fibroblast HOc2 cells were selected as an in vitro
cell line model to investigate what was an important effects in the process of fibrosisin AF.

In fact, the primary cultured of cardiac fibroblasts from AF atria should be selected asan in
vitro cell line model; however, the whole pig genome was difficult to get.  For the reasons,
rat cardiac fibroblast H9c2 cells were selected and challenged with Ang Il and Ang-(1-7) for
12and 24 h. AsshowninFigure 7, the critical step of fibrosis was based on the induction
of collagen type | mRNA levels. Thevauesindicate that Ang Il and Ang-(1-7) induced the
collagen type | mRNA levels significant in a dose-dependent manner, especially in the dosage
of 107 M of Ang-(1-7) which had significantly differént than control (p < 0.05). It wasan
interesting finding that Ang-(1-7) would induce collagen type | mRNA levels. However, the
regul ate mechanism of Ang-(1-7) on collagen-type.l.induction was still unknown.  After the
H9c2 cells challenged with Ang 11 and Ang-(1-7), weanticipated that the MMP-2 and
MMP-9 mRNA levels would corresponded with collagen type | induction. However, it was
not anticipated that the signal ratios of MMP-2/GAPDH, TIMP-1/GAPDH and
TIMP-2/GAPDH were not increased in dose-dependent manner after Ang Il and Ang-(1-7)
treatment, respectively (Figure 9 and 10). In contrast, the MMP-9 mRNA levels were
induced in the dosage of 107" M of Ang-(1-7) which had significantly different than control (p
<0.05). But, the mRNA levelsof MMP-9 in H9c2 cells were too weak to be detected by
RT-PCR. Then we even tried to amplify the MM P-9 gene expression for 38 cycles by
RT-PCR. Here, the difference from MMP-9 mRNA levels and zymographic activity
between cardiac fibroblast H9c2 cells and AF model, we though about the species different

between rat and pig.
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The effects of MM Ps were determined in different tissues of rat. We further studied the
MMP-2 zymographic activity in different tissues of rat by gelatin zymography. In this study,
MMP-2 zymographic activity was significantly greater in heart, lung and muscle as compared
with other tissues. The induction of MMP-2 zymographic activity in heart, lung and muscle
than other tissues was anovel observation. A recent study showed that ECM protein
remodeling enhances MMP-2 enzyme stability as well asits activity [Itoh et al., 1998].

Taken together, we thought that certain tissues had high level of MM Ps zymographic activity
would trend to develop fibrosis after tissue injury or damaged. Several previous rat studies
had reported that the high level of MM P-2 was detected in common, but might be predict to
increase during cardiac remodeling.  Weber et a. [Weber et a., 1992] reported that the
severity of cardiac fibrosis might become significantly apparent with the development of
remodeling by increasing MMP activity.: That was, ence the heart was damaged, ECM that
connected cardiomyocytes would be degeneraied by increased MMP for the adaptation of
cardiomyocytes enlargement and fibroblasts invasion.  The similar results were observed in

lung and muscle, too [Cheng et a., 2005; Hsu &t al<; 2005].

The MMP-2 mRNA levels were only induced in heart, lung and muscle based on the
different mMRNA levels between MMP-2 in multiple tissues of rat (Figure 13). The result
suggested the devel opment of heart failure characterized by the unusual expression of MMP-2
inthefibrosis. We believe that pathologic cardiac dysfunction can be predicted to occur if
the experiment period was prolonged. In fact, cardiac expression of TIMP-1 and TIMP-2
was significantly increased in chronic pressure-overloaded human hearts compared with
controls and is related to the degree of interstitial fibrosis[Heymans et al., 2005]. We

supposed that the MM Ps zymographic activity was as manifest cardiac dysfunction marker.

End-stage of human dilated cardiomyopathy (DCM) was characterized by myocytes loss

and fibrosis, and associated with ventricular dilatation and reduced cardiac function. MMPs
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and TIMPs have been involved in the myocardial remodeling [Rouet-Benzineb et al., 1999].
In the AF model, the imblance of MMP-9/TIMP-1 was compared with the SR (p < 0.05).
The increased ratio of MMP-9/TIMP-1 associated with the process of fibrosis during
fibrillating atria (Figure 6). Recently studies showed that the imbal ance between
macrophage-derived MMP-9 and TIMP-1 in bleomycin-induced pulmonary fibrosisin mice
[Li etal., 2004]. Infact, the imbaance between MMP-9 and TIMP-1 in AF might be
reported here for thefirst time.  Furthermore, we would through the selected inhibitors of
MMP-9 RNAI and chemical agent treatment for the correlation between MMP-9 and TIMP-1
inthe AF was more clear. In the previous studies, Ang Il mediated fibroblast function and
collagen production over a 72-h period, while increasing MMP-2 expression and activity
[Mookerjee et al., 2005]. But, there were not significant induction of MMPs mRNA and
activity in H9c2 cells.  Although the ratio of MMP=9/TIMP-1 had significantly different (p <
0.05) on the concentration of 10" M-of Ang-(1-7).treated-cells (Figure 11).  But, it was
stranged in the induction of MM P-9-mRNAClevels by single dosage of Ang-(1-7) treatment.

We speculated that the H9c2 cells were not-sensitive to Ang Il and Ang-(1-7) treatment.

Our findings in the presentation studies include the induction of MMP-9 mRNA levels,
zymographic activity and imbalance of MMP-9/TIMP-1 ratio were predicted what an
important role of MMP-9 during the ECM remodelingin AF.  They might be, at least
partially, the possible molecular mechanisms behind how regulated the ECM remodeling
during the increased risk of AF reported in pig. Particularly, because cardiac fibrosiswas a
more typical end-stage condition, it is more beneficia to alleviate these problems before the
end-stageisreached. Therefore, it would seem appropriate to follow AF when considering
possible agents that might be helpful to control the development of fibrosis-related cardiac

diseases.
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Table 1. Classification and nomenclature of the MM Ps

MM Ps Alternative name Substrates

MMP-1  Collagenase (Typel, interstitial)  Collagens (1, I1, I11, VII, VIII, and X); gelatin; aggrecan;
L-selectin; IL-1beta; proteoglycans, entactin; ovostatin;
MMP-2; MMP-9

MMP-2  Gelatinase A 72 kDa Gelatinase

Type IV Collagenase

MMP-3  Stromelysin-1, Proteoglycanase  Collagens (111, IV, V, and 1X); gelatin; aggrecan; perlecan;
decorin; laminin; elastin; caesin; osteonectin; ovostatin;
entactin; plasminogen; MBP; IL-1beta; MMP-2/TIMP-2;
MMP-7; MMP-8; MMP-9; MMP-13

MMP-7  Matrilysin; PUMP fibronectin; laminin; entactin; elastin; casein; transferrin;
plasminogen; MBP; Betad-intergrin;, MMP-1; MMP-2;
MMP-9; MMP-9/TIMP-1

MMP-8  Neutrophil collagenase Collagens (1, 11, 111, V, VII, V11, and X); gelatin; aggrecan,
fibronectin

MMP-9  Gelatinase B Coallagens (1V, V, VII, X, and XIV); gelatin; entactin;
aggrecan; elastin; fibronectin; osteonectin; plasminogen;
MBP;1L-1beta

MMP-10  Stromelysin-2 Collagens “(111-V); gelatin; casein; aggrecan; elastin;
MMP-1;: MMP-8

MMP-11  Stromelysin-3 Unknown (casein)

MMP-12  Macrophage metalloelastase Collagen- 1V; gelatin; €lastin; casein; fibronectin;
vitronectin; laminin; entactin, MBP; fibrinogen; fibrin;
plasminogen

MMP-13  Collagenase-3 Collagens (1, I, I, 1V, IX, X, and XIV); geatin;
plasminogen;aggrecan; perlecan; fibronectin; osteonectin;
MMP-9

MMP-14 MT1-MMP Collagens (I-111); gelatin; casein; fibronectin; laminin;
vitronectin; entactin; proteoglycans, MMP-2; MMP-13

MMP-15 MT2-MMP Fibronectin; entactin; laminin; aggrecan; perlecan;
MMP-2

MMP-16 MT3-MMP Collagen 111; gelatin; casein; fibronectin, MMP-2

MMP-17  MT4-MMP Unknown

MMP-18 Xenopus Collagenase-4 Type | collagen
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MM Ps

Alter native name

Substrates

MMP-19

MMP-20

MMP-21

MMP-22

MMP-23

MMP-24

MMP-25

MMP-26

MMP-27

MMP-28

RASI

Enamelysin

Xenopus MMP (X-MMP)
Chicken MMP (C-MMP)
Cysteine Array Matrix
Metalloproteinase (CA-MMP)
MT5-MMP

MT6-MMP; leukolysin

Matrilysin-2; Endometase

Epilysin

Type | collagen

Amelogenin; aggrecan, and cartilage oligomeric matrix

protein (COMP)

Unknown

Unknown

Unknown

Fibronectin, but not collagen type I nor laminin

Pro-gelatinase A

Collagen 1V, fibronectin,
(1)-proteinase inhibitor

Unknown

Unknown

fibrinogen, gelatin,

alpha

[Grang et al., 2001]
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TIMP-1 TIMP-2 TIMP-3 TIMP-4
Protein kDa 28 21 24/27 22
N-glycosylatlon 2 0 1 0
sites
Protein localization Soluble Soluble/cell surface ECM Sol ublefcell
surface
Pro-MMP pro-MMP-9 pro-MMP-2 pro-MMP-2-9  pro-MMP-2
association
MT1-MMP
MT2-MMP
mk':i"b?e%oc’”y MT3-MMP None None None
MT5-MMP
MMP-19
ADAM 12
ADAM 17
o ADAM 19
ADAM inhibition ADAM 10 None (ADAM 10) None
ADAMTS-4,
TS5
Erythroid
precursors Mammar
Erythroid Tumour cells Smooth muscle fumour céls
Cdl proliferation precursors Fibroblasts cells and cancer -
Wilm’s tumour
Tumour cells Smooth muscle cells*
cells
cells
Endothelia cells
Smooth muscle
cells
ADODLOSIS Burkitt’s ge(l): grectal cancer Tumour cells Cardiac
Pop lymphomacells Retinal fibroblasts
Melanoma .
pigmented
epithelia cells
Tumour Mammary Melanoma
. . . Melanoma
angiogenesis Liver Mammary
ANgIOgENesISin 3D\, ey Inhibits Inhibits Inhibits
collagen/fibrin gels
Tumourigenesis | it Inhibits Inhibits Inhibits
effects
Metastasis effects  Stimulates Stimulates

*Refersto the ability of TIMP-3 overexpression to instigate S-phase entry in vitro rather than a
direct effect on promotion of cell proliferation [Riveraet al., 2004] .
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Table 3. Review articles of MM Ps on different diseases

Symptom The association with MM Ps References
. Aortic stiffnessis related to MMP-9, not only in ISH (isolated systolic hypertension), but
also in healthy individuals, suggesting el astases may be involved in the process of arteria
stiffening and the devel opment of 1SH. Yasmin et al., 2005
Hypertension . MMP-9 seemsto play akey rolein the early stages of hypertensive vascular remodeling. Lehoux et al., 2004
. Matrix metalloproteinase-2 activity isincreased in pulmonary vessels during progression of Frisdal et al., 2001
pulmonary hypertension, probably as aresult of involvement in the matrix turnover
associated with vascular remodelling during pulmonary hypertension.
. Expression of MMPs such as MMP-2;MMP:3.and MMP-9, is also elevated in arthritis and
these enzyme degrade non-collagen matrix components of the joints.
. Serum MMP-2 levels were not of prognostic value, high synovial tissue levels of MMP-2 Burrace et al.. 2006
activity were significantly correlated with the presence of early erosions. This may reflect Gol dbaja%h-M an v et
Arthritis augmented activation of MMP-2 by the relatively high levels of MMP-14 and low levels of a 22)/00
TIMP—Zseenlntr_\eﬁetlssges. | _ . N | Hu et al.. 2001
. MMPs are found in synovial fluidSfrem patients with Lyme arthritis and are induced from
cartilage tissue by the presence of B. burgdorferi. Inhibition of MMP activity prevents B.
burgdorferi-induced cartilage degradation in vitro.
. The strong relationship between MMP-9 and hs-CRP (systemic inflammation) in ACS
(acute coronary syndromes) patients suggests MM P-9 might be an additional marker and/or
consequence of the inflammatory component in ACS.
. Oxidative stress may play an important role in the regulation of MMP activity. Augmented Zeng et a., 2005
Coronary artery MMP activity may be involved in the development of ventricular remodelling in patients Kamedaet d., 2003
disease with coronary artery disease. Lamblin et al., 2002

Increased proteolysisin the arterial wall may act as a susceptibility factor for the
development of CA in patients with coronary atherosclerosis.




Symptom

The association with MM Ps References

Lung disease/
bronchopulmonary
dysplasia

. MMP-9 and TIMP-1 leading to excessive MMP-9 activity contributes to lung inflammation

and edemain CLD/BPD (chronic lung disease/bronchopulmonary dysplasia). Tambunting et .,
. MMP-2 and MMP-9, are crucia for theinfiltration of inflammatory cells and the induction of 2005
airway hyperresponsiveness, which are pathophysiologic features of bronchial asthma, and Kumagai et a.,
further raise the possibility of the inhibition of MM Ps as a therapeutic strategy of bronchial 1999
asthma. Cataldo et al.,
. Asthmatics and COPD patients display an increased gelatinolytic activity linked to MMP-2 2000

and MMP-9 and higher levels of TIMP-1in their sputum.

. MMP-9 was upregulated to the inflammatory and degenerative changes that follow nerve

injury isindependent of mast cell activation.

. Inflammatory injury was more severein AS thanin AR and involvement of mesenchymal cell Zggneéa?ld' éOaIOS
Inflammatory response. 200%
. Methylprednisolone may reduce the pathological damages of EAM (experimented Zhang et d., 2003
autoimmune myositis), and this protective mechanism may be due to the inhibited expression
of MMP-2 and MMP-9 and promoted expression of TIMP-1.
. Plasma proMMP-2 and -9 activities show no petential value as prognostic markersin the
follow-up of colorectal cancer. Waas et al., 2005
Cancer . The expression of MMP-2 could be used as a potentia predictor for poor prognosisin patients ~ Liu et a., 2005
with LSCC (laryngea squamous cell carcinoma). Demeter et al.,
. High expression of MMP-9 and fibronectin indicate poor prognosis for ovarian cancer patients 2005
who have similar clinicopathological prognostic factors.
. Tubular MMP-2 activity isreduced in PKD, due to down-regulation of MMP-2, up-regulation
of TIMP-1 and TIMP-2, and luminal secretion of the enzyme. It is conceivable that these Schaefer et al.,
polycystic kidney aterations relate to the enhanced matrix accumulation observed in the evolution of PKD. 1996
disease . MMP-2 was abnormally localized to the interstitium and to foci between cysts, suggesting that Rankinet al.,

MMP-2 may regul ate collagen accumulation at those sites, thus allowing cyst enlargement and 1999
limiting the severity of interstitial fibrosis.
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Table 4. Sequence of the primersfor specific MMP-2, MMP-9, TIMP-1, TIMP-2, collagen type| and GAPDH amplification

Genes GenBank Oraanisms Forward primers (5' — 3') Condition (cycle no) Product
Accession no. 9 Reverse primers (5' — 3') Y ' size (bp)
GAPDH  AB017801 R norvegicus o CATGCTGGTGCTGAGTA 94°C 305—57°C,305—72°C,,60s (25) 413
TTCAGCTCTGGGATGACCTT
MMP.2 _ GTCCTGACCAAGGATATAGCC o o o
NM_031054 R. norvegicus AGACCCAGTACTCATTCCCTG 94°C ,60s—50C,60s—72C,120s (33) 465
MMP-9  GCTGCACCACCTTACCGGCCCTTTTATTTA . o o
u24441 R. norvegicus TGGTTATCCTTCCACTGAGGGATCATC TCG 94°C,155—627C ,455—72°C,60s (36) 458
TIMP-1  TTCGACGCTGTGGGAAATGC o o o
NM_053819 R. norvegicus AGGGATGGCTGAACAGGGAAAC 94°C ,60s— 557C,60s—72°C,120s (26) 264
TIMP-2 NM_021989 R. norvegicus ﬁﬁgggggggﬁﬁgfgggﬁfg 94°C 605—55C,605—721C,1205(25) 279
Collagen _ CATGTCTGGTTTGGAGAGAG o o o
type I 278279 R. norvegicus TCCATTCCGAATTCCTGGTC 94°C ,155—507C ,455s—72C,60s (21) 404
GAPDH ATGGTGAAGGTCGGAGTGAACGGA o : :
AFOL7079  S.sorofa e e ey s 94°C 455—65'C ,605—72C ,60s (35) 613
GCAACTCCGACCTTGTCATC o o o
TIMP-1 AF156029 S. scrofa AGCGTAGGTCTTGGTGAAGC 94°C ,60s—55C,60s—72C,120s (32) 326
GTAGTGATCAGGGCCAAAGC o : :
TIMP2  AFI56030  S.sofa  DonlBATMACEELLALlS 94°C 605—55°C,60s—72°C, 1205 (30) 416
18SrRNA  NM_11188  R. norvegicus S%LTA%%GC%CAGCCTTTA&AC%%E 94°C 305—60°C ,305—72C 455 (24) 524
MMP-2  AF295805 S scrofa é;%%%i’é?@é%;ﬁ%ﬁ? 94°C 455—57°C 455—72C ,60s (32) 695

R. norvegicus, Rattus norvegicus; S. scrofa, Sus scrofa; GAPDH, glycera dehyde-3-phosphate dehydrogenase; NF-xB, nuclear factor kappa B;

MMP-2, matrix metalloproteinase-2; MMP-9, matrix metalloproteinase-9; TIMP-1, tissue inhibitor of matrix metalloproteinase-1; TIMP-2, tissue
inhibitor of matrix metalloproteinase-2; s, second.
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Figure2. Collagen typel intheatrial tissueswith"AF and SR subjects. The celular
proteins were extracted from the tissues and applies onto-8% SDS-PAGE as 40 ug per lane.
The protein expression of collagen type | protein expression (95 kDa) and -actin (42 kDa) in
the atriawith SR and AF was detect by Western blot analysis (A). Quantitative result
showed that the relative collagen type 1/B-actin expression in the AF (n = 14) is1.79 £ 0.14,
ranging from 1.51 t0 2.01, and in the SR (n = 12) is1.17 + 0.26, ranging from 0.66 to 1.51 (B).
[-actin expression was used as an internal control.  The collagen/p-actin ratios showed are
mean+ SD. ** p<0.0lvs. SR.
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Figure3. Theinduction of MMP-9 activity in the atriawith AF.  Gelatinolytic activity
of MMP-2 and MMP-9 (92 kDa) in the SR (n = 12) and AF (n = 14) tissues were determined
by zymographic analysis (20 ug per each determination) (A). The 72 kDa pro-form and the
68 kDa active form of MMP-2 were indicated (inactive and active forms of MMP-2,
respectively). The activation ratios were measured by computer-assisted image anal yses of
thegels. Theerror bars represented the standard error of the mean of the activation ratio of
MMP-2 (B) and MMP-9 (C). The difference of MMP-9 activity between AF and SR group
reached statistical significance (**, p<0.01vs. SR). However, there were insignificantly

different between the two groups on the MM P-2 activity.
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Figure4. Theinduction of MMP-9 MRNA in the atrigwith AF. Total cellular RNA
were extracted from the SR and AFsubjects Was reverse MRNA used the MMLV-reverse
mRNAase, and the cDNA obtain is subjected to PER. PCR products were run on a 2%
agarose gel.  After ethidium bromide staining; the gel Was photographed under UV light (A).
The density of clear bands were used for quantification of MMP-2 (B) and MMP-9 (C)
MRNA levelsin the SR (n = 9) and AF (n = 7) subjects by densitomertic analysis. GAPDH
was used asinternal control. Theratio of MMP-2/GAPDH and MMP-9/GAPDH mRNA
showed mean+ SD. ** p<0.01vs. SR. Therewasinsignificantly different on the MMP-2

expression.
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GAPDH was used as internal control.
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The expression of TIM P-lr‘and TIMP-2 mRNA in the atria with AF and SR.
RNA, which was extracted from SRand AF tliésijes; was rg/erse mRNA using the
MMLYV-reverse mRNAase, and the€DNA that‘ is obtain Is subjected to PCR.  PCR products
were run on a2% agarose gel.  After ethidium b’f‘orhide staining, the gel is photographed
under UV light (A). The density of clearbands was used for guantification of TIMP-1 (B)
and TIMP-2 (C) mRNA levelsin SR (n=8) and AF (n = 7) groups by densitomertic analysis.

The TIMP-Y/GAPDH and TIMP-2/GAPDH ratios

shown aremean + SD. There were insignificantly different between the two groups on
TIMP-1 and TIMP-2 expression.
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Figure6. Theratioof MMP-2/TEMP-2and MMP-9/TIMP-1 mRNA in theatriawith
SR and AF. The densitomertic of:clear bands was used for quantification of MMP-2,
MMP-9, TIMP-1 and TIMP-2 mRNA |evelsin-multipl e tissues by densitomertic analysis.
Theratio of MMP-9/TIMP-1 and MMP-2/TIMP-2 mRNA levelsin AF tissue (n = 7) was

compared with SR (n=7).

The values showed aremean + SD.  ** p<0.01vs. SR.
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Figure7. Theeffectsof Angll and Ang-(1-7) on collagen typel mRNA in H9c2 cells.
H9c2 cells were treated with Ang 11 and Ang-(1-7) in concentrations of 10, 107 and 10° M
for 12h. Celular total RNA extracted from H9c2 cells was reverse transcribed using the
MMLYV-reverse mRNAase, and then the cDNA is subjected to PCR. PCR products were run
ona2% agarose gel. After ethidium bromide staining, the gel was photographed under UV
light (A). Thedensity of clear bands was used for quantification of collagen I mRNA
levelsin H9c2 cells by densitomertic analysis (B). GAPDH was used asinternal control.
The collagen I/GAPDH ratio showed are mean = SD of three independent experiments. * p

< 0.05 vs. control.
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Figure8. MMP-2 activation in theH9c2 cellsinduced by Ang |1 and Ang-(1-7).

Cells were subconfluence in 10%FBS/DMEM medi um when the cells grown about
70~80%. The cellswereincubated i:n different concentrations (10, 107 and 10° M) of Ang
Il and Ang-(1-7) with serum-free. After 24 hiof-culture, the media were collected by gelatin
zymograms analysis. The density of clear bands was used for quantification of MMP-2
zymographic activity in H9c2 cells by densitomertic anaysis (A and C). Theinvitro
gelatinolytic activity of MMP-2 was demonstrated in the serum-free conditioned media (20
ug each) from the control cells, Ang Il-treated (B) cells and Ang-(1-7)-treated cells (D),
respectively. The densitomertic data showed mean + SD of three independent experiments.
* p<0.05vs. control. There wereinsignificantly different between the two groups on the
MMP-2 activity.
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Figure9. Theeffectsof Angll and Ang-(1-7) on MMP-2 and MM P-9 mRNA in the
H9c2 cells. Cellswere sub-confluent in 10% FBS/DMEM medium when the cells grown
about 70~80%. The cells were incubated in different concentrations (10°, 10”7 and 10> M)
of Ang Il and Ang-(1-7) with serum-free.  After 12 h of culture, the mRNA was reverse
transcribed using the MMLV -reverse mRNAase by RT-PCR. PCR products were run on a
2% agarose gel.  After ethidium bromide staining, the gel was photographed under UV light
(A). Thedensity of clear bands was used for quantification of MMP-2 (B) and MMP-9 (C)
MRNA levelsin H9c2 cells by densitomertic analysis that GAPDH was as an internal control.
The MMP-2/GAPDH and MMP-9/GAPDH ratio show mean + SD of three independent
experiments. * p<0.05vs. control. There wasinsignificantly different on the MMP-2

expression.
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Figure10. Theeffectsof Angll and Ang=(1=7)on TIMP-1and TIMP-2 mRNA in the
HO9c2 cells. Theeffectsof Ang II and Ang-(1-7) on TIMP-1 and TIMP-2 mRNA levels.
Cells were sub-confluent in 10% FBS/'DMEM medium when the cells grown about 70~80%.
The cells were incubated in different concentrations (10°°, 10”7 and 10°M) of Ang TI and
Ang-(1-7) with serum-free. After 12 h of culture, the mRNA was reverse transcribed using
the MMLV-reverse mRNAase by RT-PCR. PCR products were run on a 2% agarose gel (A).
After ethidium bromide staining, the gel was photographed under UV light. The density of
clear bands was used for quantification of TIMP-1 (B) and TIMP-2 (C) mRNA levelsin H9c2
cells by densitomertic analysis that GAPDH as an internal control. The TIMP-1/GAPDH
and TIMP-2/GAPDH ratio showed are mean + SD of three independent experiments. There
was insignificantly different between the two groups on TIMP-1 and TIMP-2 expression.
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Figure1ll. Theratiosof MMP-2/TIMP-2and MMP-9/TIMP-1 mRNA in theAng 11
and Ang-(1-7) treated H9c2 cells. The density: of clear bands were used for quantification
of MMP-2, MMP-9, TIMP-1 and TIMP-2 mRNA levels in cells by densitomertic analysis.
Theratio of MMP-9/TIMP-1 (A) and MMP-2/TIMP-2 (B) mRNA levelsin Ang Il and
Ang-(1-7) treated cells was compared with control, respectively. The results show mean +

SD of three independent experiments,

*p'<0.05vs.control .
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Figure12. Sandard curve of MM®P-2 activity. Purified recombinant MMP-2 (0, 2, 4, 6,
8 and 10 ng) was subjected by gelatin zymography (A). Zymographic activity was linear

with increasing band pixels of MMP-2 (r? = 0.9961) (B). This standard curve was used to
quantify MMP-2 activity in micrograms per hours of different tissues.
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Figure13. MMP-2 activity in different tissuesof rat. Representative MMP-2 activities
of different tissues isolated from rats were applied to gelatin zymographic assay.
Gelatinolytic activity was observed between activity of MMP-2 (72 kDa), which was
consistent with several MMP species (A).  The densitomertic data showed are mean + SD
of three independent experiments. The high MMP-2 expression in the heart, lung, muscle
and testis were detected when those were compared with in the other tissues (B). The
MMP-9 activity in the tissue extracts was undetetable in the gelatin zymographic assay.
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Figure1l4. MMP-2 mRNA level in different tissuesof rat. The mRNA was reverse
transcribed using the MMLV -reverse mRNAase by RT-PCR, PCR products were run on a 2%
agarose gel.  After ethidium bromide staining, the gel was photographed under UV light.
The density of clear bands were used for quantification of MMP-2 mRNA level in different
tissues by densitomertic analysis (A). 18srRNA was as an internal control. The
densitomertic data showed are mean = SD of three independent experiments. In MMP-2
MRNA levels, the values showed highly expression in heart, lung and muscle than othes (B).
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Annex-1. Three hypothesis of AF mechanisms. A synthesis of recent advancesin our
knowledge of the substrates explained for AF.  Although the competing mechanisms
postulated in the early twentieth century remain at the centre of our understanding of AF
mechamisms, the determinants of their occurrence and the extent to which the various
mechanisms interact with one another. APD, action potential duration; LA, left atrium; RA,
right atrium. [Nattel S. 2002]
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Annex-2. Schematic relationship between profibrotic factors and anti-fibrotic factorsin

theregulation of ECM metabolism. . The figure summarizes schematically the relationship

between pro-fibrotic factors and anti-fibrotic factors in the regulation of collagen turenover.

It must be emphasized that the balance between collagen synthesis and collagen degradation

may determine the remodeling process [ Tsuruda et al., 2004]
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Annex-3. Relationship of angiotensin || ‘and fibrosis. Ang |1 isthe effector of the RAS,
which plays acritical rolein blood pressure regul ation and electrol yte balance and which has
been implicated in many importantmedical disorders, including hypertension and CHF, with
its associated cardiovasocular and renal damage, especially cardiac fibrosis. Beside, Ang Il
regul ates the mechanism of fibrosis that has been demonstrates thought MAPK pathway
[www.ttuhsc.edu/sop/ research/ThekkumkaraBio.aspx].
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