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Abstract

The aim of the present doctoral thesis is to investigate the molecular mechanism by
which proinflammatory cytokines are involved in the pathegenesis of diastolic heart
failure (DHF). We try to find the mechanism by which inflammatory cytokines
influence cardiac diastolic function. We realized that the sarcoplasmic reticulum Ca2+
ATPase (SERCA) is essential to the regulation of intracellular calcium levels in cardiac
and is crutial for the development of DHF. Our pilot study reveal that Angiotensin Il
does not appear to exert an effect on SERCAZ levels in cardiomyocytes, but
pro-inflammatory cytokines such as tissue necrosis factor-alpha (TNF- ) or 1L-6 have
even greater effect over SERCAZ2 expression in cardiomyocyte models. Regarding
TNF- « or IL-6 and SERCAZ signal transduction, we investigated whether TNF- a or
IL-6 modulates SERCAZ2 calcium current through transcriptional regulation, using a
HL-1 cells model. We cloned a 1754 bp promoter fragment of rat SERCA2 gene and
amplified by polymerase chain reaction (PCR). We determined that TNF- « or IL-6
decreased SERCA2 mRNA, protein levels and SERCA2 promoter activities, which
resulted in an attenuation calcium transient. Accordingly, in the following study, we
explored the pathway of TNF- a on the transcriptional regulation of SERCA2
cardiomyocytes. We first found that TNF- ¢ decreased SERCA2 gene expression and
induced left ventricular (LV) diastolic dysfunction through Nuclear Factor-KappaB
(NF- £ B) Element - Binding Protein - Dependent Pathway. We also used an in vivo rat
model of hyper-TNF- a to verify the results obtained in the cellular study. The upstream
NF- x B dependent pathway was critical for TNF- ¢ - induced decreased transcription
of SERCAZ2 gene. The NF- x B blocker (PDTC) and pre-incubation of simvastatin

inhibited TNF- o - induced NF- x B dependent pathway and augmented expression of
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SERCAZ2 gene which in turns lead to improvement of LV diastolic function in a in-vivo
rat model of LPS injection.

Regarding clinical studies, to evaluate the association between cytokines (TNF- ¢ or
IL-6) and left ventricular dysfunction indices, first, we sought to assess plasma levels of
IL-6 and TNF- « in patients with DHF, including critically ill patients. We included
several goups of patients. The first group consisted of pure DHF patients, and the
second group enrolled 30 consecutive patients with left ventricular diastolic dysfuction
that were admitted to the intensive care units (ICUs). Significant correlations (p < .01
for each) were found for TNF- «, IL-6 and cardiac diastolic dysfunction indices.
Cytokine levels were also correlated with diastolic function in critical ill patients, and
diastolic function improved significantly in association with decrease of cytokines. We
later included 56 critically burned patients and we found that there was a significant
correlation between LV diastolic dysfunction and in-hospital mortality in critically
burned patients (HR = 3.99, p = 0.038) after risk factors adjusted. Regarding the
patients in the general population with higher inflammatory status, we further included
2 other goups of patients to prove the above hypothesis. First we we included 102 obese
adults. In this study, we found a significant association between LV diastolic
dysfunction and fat content as measured by CT. With the analysis, we verified that fat
deposition acts mainly through inflammation to affect LV diastolic dysfunction and less
by its own effect (e.g. fat infiltration of LV). We also tried to establish the association
between inflammation and LV diastolic dysfunction in peritoneal dialysis (PD) and
non-PD patients. We established that an interaction between PD and inflammation,
especially TNF- «, was also shown to further aggravate LV diastolic dysfunction.
Finally, we investigated an emerging marker for tissue fibrosis, connective tissue
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growth factor (CTGF) and its association with cardiac diastolic function using cellular
and animal models and clinical human data. Significant correlation was found between
plasma CTGF and E/e’ in DHF patients. Severity of cardiac fibrosis evaluated by
CMRI also correlated with CTGF. In the cell model, stretch increased secretion of
CTGF from cardiomyocytes. In the canine model, myocardial tissue CTGF expression
and fibrosis significantly increased after 2 weeks of aortic banding.

In conclusions, the present doctoral thesis combined animal, cell models and
molecular studies to demonstrate how cytokines (including TNF- «, IL-6 and CTGF)
are involved in the pathogeneses of cardiac fibrosis, SERCAZ2 regulation, which are
important substrates of DHF. Current study also discovered that simvastatin could block
TNF- a signal transduction which could be beneficial for the treatment of DHF. By
testing the association of TNF- ¢ and LV diastolic dysfunction parameters in patients
with different severities of DHF, we could conclude that both visceral fat, PD could
interact with inflammation, which in turns, lead to the development of LV diastolic
dysfunction. Finally, we provided evidence that CTGF could be a marker for LV

diastolic dysfunction and also targets of treatment.
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Abbreviations and Acronyms (ffﬁ}?,)

HFpEF= heart failure with preserved systolic function
DHF = diastolic heart failure

LVEF = left ventricular ejection fraction

LVEDV = left ventricular end-diastolic volume

E/E’ : E=early mitral valve flow velocity; E* = tissue Doppler early diastolic length
NT-proBNP = N-terminal-probrain natriuretic peptide
LAVI = left atrium volume index

LVMI= left ventricular mass index

ACE-= angiotensin converting enzyme

ARB-= angiotensin receptor blocker

SHF = systolic heart failure

LCC = L-type calcium channel

RYR2 = the cardiac isoform of ryanodine receptor
SERCAZ2 = sarcoplasmic reticulum calcium channel pump 2
NCX = sodium-calcium channel

PLN = phospholamban

TNF- o =tissue necrosis factor-alpha

IL-6 = interleukin-6

VLDL = very low-density lipoprotein)

LDL= low-density lipoprotein

TG= triglyceride

HDL =high-density lipoprotein

CTGF = connective tissue growth factor
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PDTC = ammonium pyrrolidinedithiocarbamate
ELISA = high-sensitivity enzyme-linked immunosorbent assays

PD= peritoneal dialysis
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TG ou s BYE 0 L3 = % 3~ (left atrium volume index, LAVI <29 ml/m2) >

R
/;P

& g %7 % (left ventricular mass index, LVMI: female <96 g/m2; male <116

e

g/m2) s F= % tissue Doppler shortening velocity > 6.5 cm/s ® E/E*>8 > 3 ~ + HFpEF

A

YL T LR (Bl 12) 0 A 2 0 FE R B IRERE > S F e

N

L L SR SR N N Y I R

X

s

SR K A e AT LT RP A 2R T S

A & 473k M. % #B(Takahashi, Murakami et al. 2000; Dickstein, Cohen-Solal et al.

1.2.2 HFPEF ipf crsgS 2 p 0 FH o R chiph P 3
3 20 & § 7o feiEihee R RAIEISF] G R Bl e g 0 £ Eang B oo
e AR R B R TR Y PR DES o rE R AL SR G P
eiEHh o & F & 9 CHARM-Alternative study- 14 2 .17 171 1-PRESERVE #= 7 (Massie,
Carson et al. 2008) %3 3 & HFpEF 2 43 2 & + |- = i¢ * angiotensin receptor

blocker (ARB) I % ¢ 82583 {5 *i%%iﬁﬂ‘é-g%fr»]iﬁ"ﬁ']i:u%;%”ﬁ xx i B> R T

H

el

iv ot e d % (remodeling) 2 2 2 4, @R A iﬁ A e e TR R B
(SHF):ps &t weeind 338 % ik < [l (eccentric) » Fe & i< LV 7 £ % v
(mass/volume) » e HFpEF B &_IF « [f] 3¢ (concentric) s 3R 3 » @ 5 F e LV A
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T FM o mowivimiz & SHE ¢ 4 3 < 9ujie f (microfilaments) » @ % HFpEF » %r
Hriwseir 4 AR BT KB LEEL R Y A3 A koo F B(systolic heart
failure, SHF VS HFpEF or DHF) % %] -

fn BT ﬁ% §& i f¥ % 74 &| (angiotensin converting enzyme inhibitor, ACE
inhibitor) & * »% < 74T g 18 o & c0#7 3+ PREAMI trial # 3 03 9 81 LVEF>40% >
NYHAclass I-Il s & > S5 % % 3R > g5 & & * 8 mg <0 perindopril {8+ raj >
eccentric LV el 3 o & Eigtheng % 4rilF 742 B - 4 HFpEF f5 B Fla
H . aeg concentric e # (van Heerebeek, Borbely et al. 2006) - ¥ ¢t & Aronow #1
e 7 gk I 0 enalapril &t 2t AMI (2 s LVEF>50%&$1:)]§; B AR iRt
hydralazine+isosorbide dinitrate =% & ¥ 11 3 seezd &= 5 o (e o fhen o B
* e v AR §_ eccentric LV £ ¥ 5 4 2% 3 (a cardiothoracic ratio >0.55 or an
echocardiographic LV end-diastolic dimension index >2.7 cm/m2) - PEP-CHF study >
Pl E_% - 4% DHF =7 ACE inhibitor % # ¥+ p&#* 3 (Dickstein, Cohen-Solal et al.
2008) o #7 g it R B2 E e 5 70 s b LVER>40% 0 o 547 S A T R LA B
% > LV 57+ & mitral flow Doppler velocity £ # e % B & 0 5% 3 R A
< F 2 ARG P EOLR o kR OPTIMISE-HF registry(s 4% 76% % & &
12 62% 4 s &) 0 # 3 IR E DHF %3 di ki & * ACE inhibitors #5075 & &
60-90 % chi AfeF iy PHEOLE o &4 B TRAODHF A 7 K- fr o 9
TA-tRo AL s 5 L R JUARH 0 20 @ AR A 4 b oramipril - 3. 1
P 4e b oirbesartan » BRI Eihlifaf 2 Edoa R 4 gLl 2 R
e 8 M4 * ACE inhibitor or ARB e % > 5 1t i i< 17 NT-proBNP e ie > - pF
"G HEAT L3 BEETET 7+ IR > mitral annular velocity 7 S (systolic) 2 E’ (early
diastolic)#% + = - & 15 & ALLHAT trial § ¢ (Davis, Kostis et al. 2008) - % 3%
chlorthalidone #p #3+ lisinopril # r2 g - #7352 DHF chg$ ¢ - iv Z 443 SHF it

FAF A EA kAL S BB § ok R AT TR Y



(presymptomatic) » w3~ % @ d 7 e ok B2 7 o g (DHF or SHF) sh % i
MR F e RBIK o fr P om AP A 55 DHF cndF 2 A FIF R A @ & e

EARBeF T {5 5 RIE o - CHRERFAT LV FEF NI LRF
Eh e B A fn B 5 ¥ % g7 3+ (mitral flow velocity Doppler evidence of
diastolic LV dysfunction) » Losartan #p fie >t % j&f #| & hydrochlorothiazide GRS &
Ehenmt Lt 1 E A4 FEEE o £ o valsartan #3YF & B E SBRAZ F R
T o BEARR 4 it £ % (TDI evidence of diastolic LV dysfunction) e & 342 3 £r 3 3 >
valsartan 4p g >t H @ ' n BREF» > $ 2 yE2:cd TDI T (7 E’ (early diastolic
mitral annular lengthening velocity) & o % - B ~ R $icé 4 DHF *%23# & * ARB 3f
fe 2w R BEIE 8T 7 F 48 CHARM-preserved trial » 3 %7 3023 i DHF
i B & Wi * candesartan ' % % A S S EARAFIHRE T ARB gvEHE T RS
B B d RS B E T AT Ry R 56% 1 A i
o B AL NG 23%Ad B BS54z DHE - ¥ F H iR <304 o ol B
o DHF 93 ik end B oo o BRAZ § k h % k4 47> & CHARM-preserved #7
m%m},% 2 LV mass/LV volume et 5 5 14 fet ¥ %1343 72 % 0 7 &
fe DHF @ &7 1.7 B 4r5 i~ £ & o 3 ¢ Irbesartan P % I-PERSERVE trail 1+ 2
Hong Kong diastolic heart failure study % % fo% & # ¥ e et 2 o 2 % 3 50
irbesartan i # it #c X DHF e Fx % o|-PERSERVE %7 § %+ % & % |4 % 1 (60%) »
B oo RIS H(88%) 0 AR AT T L B w9 (30%) 0 fr- HkinAvin
DHF $iz 5 #::i7 o

40 ¥4% ACE inhibitor 2 ARB> { ** &3 4 45 2 45 ¢ 4] re %73 (B-blocker) % DHF
R r o — 35 d Dobre ¥ i¥ “rinchregistry 77 3 1+ o TR 0
" ’#‘a‘ﬁ’ﬂiffﬁﬁ A 4 m}?ﬁ BB A% g7 R0 43% g = F o v B e o
Btk % E oo vega remodeling 04 eccentric 5 A v DHF #7334 concentric %
i F 4R oo 4442 ) HFpEF 5 & 9 F &% 4 HLe087 § 40 SWEDIC trial 2242 5 i
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ernwall motion score % “,éf ¥ oie Fl G oo v & 3¢ = endyskinetic 1t 0 RS M E
# % &= mitral or pulmonary venous flow velocity Doppler - 7 -2 4] HFpEF
g BopeiE dy ks > & =2 carvedilol i~ B P arEE o R B0 0 B
T AR R 0 & A2 LT dhdiastolic indices FRi G e -

H # eh% 4 4o aldosterone antagonist » = 3+ F 11 2 4T 45 PE_@*%%IJJF'M‘;@ * AT
$ HFpEF e/ »c % » | 440k * spironolactone $+> DHF s & e 3 & » &
T * 25mg nE > TV i d 2w g SRR 0 2w 5 0% ff fe strain o
strain rate 3 47-5E 7 i dp fic 0 e L EPT IR P Eho R i XL BEF el o SR
SRER R 0 BT Y o Mg digoxin frf o e REBBRAF LR Y 0 £
%_SHF & #_DHF > dlgoxm IRE L Afad oo e Ak gL M= Koyt
4T 4+ 12 ] (verapamil) - PIAR AR B B ie B ovup ganp L 0 T e 2o
FERHRE LR LRIR P G o iS04 T 3 BT statin enin R #3° DHF i 18
#_3 flen(Fukuta, Sane et al. 2005) - Statin =i * 3 43t 20 g 39 B e d o 0w

m@ﬁﬂ’EMW%%J%?v?HW%ﬁ%¢?4$’ﬁgkﬁﬁéﬁgﬁj,

&3 Z_ACE inhibitor » ARB » ¢ ZA|[E&74] » & £ AT [ SRR pHd se L
85 = Z o Statin 3% SHF T B 5% 5 CORONATtrial ® 21 #7275 PP &gk e

e §4p F ¥t sk DHF & §_HFpEF P B grind 5 F R et F oo ipfkd
FETH T g4 k2 DHF - SHF & 3% £ e & Jﬂ" i b oensg e g
7 — v DHF 2 & F e veiw Bows sugd i 4o P et B fEE 1L 2 free fatty acid

NMBN S L S i Ry AF 2 i SR F 0 IR d >t HFPEF 4p 4t

B R BIERTEICEESFE R ?fﬁiﬁiﬂmf%’d”%”f%%%
TfRRIITE kA g 23 F e R Py 1T # goguideline 4 - RER]

B3 KRBT RS O (E R G 3~4 B) 0 @ 2 i Tk R s 4 HFpEF cha
Hx PP EBRITRMpIOTE 0 4 FlRr LG 0 REFP W HREFLILT
BB e LY HFpEFFE_i’ﬁ Wpm ¥ - TR ES o 42012 & 2R
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s RE ¢ crguideline 44 % HFpEF sk b o class | shad@ B 7 @ 35 8 ey )
R B AR 25 & fluid overload =gk - @ & 2 75 a6 B3 (% B
B fp)E > LB AR L PREDE ) ARE LD RREEEY o AR
M3 LS S B R RRE&RE R HFpEF chp B P B TG -

B3 2B ol - B FB- o T ,"Xﬁfy;ﬁﬁ'{%:}rﬁ,& RIS 0 F G iR -

-h_‘\

Tﬂ;#%f%ﬁ’::ﬁ;:ﬁﬁ o B g H ] Rk 2R G P T § A

i

F AT 0 TR TG BRI AR ETIT R R B EET T o A T TS
% ko 0 ik Z2 £ ACE inhibitor/ARB #f ch# 4= - 12 & statin 47 ch & 1 530 i B

P R B R 6 LG et en

FZ8 ERIUFHLOREEASR S Lehd ¢
131 A 384 > T4 3 g 1 2 SHRF A

B o BTG PR iR o 4T3 4 L-type calcium channel (LCC) ik » « #im
e ¥ o I ¢ A imre o sarcoplasm kil edm g o fRATAT S cha
i ;g #-9 H_ryanodine receptor (RyR2, the cardiac isoform of RyR) - 47 3+ ## 2z
% g0t mie MR T ERY 0102 uM % F 3 20-1004M * § Guraps
fes ] & (sarcomere) ¥ s F-v (actin) = troponin complex s & > actin F & & A4k
tropomyosin #r#] % § F (active site) if & & 41 k> ¥ 124 ADP & & »actin i & >
B¢ veim #e fodg(Lipskaia, Chemaly et al. 2010) = o F i 4841+ r2 5 3 LCC 3 3
115 RYR2 64 4+ i i o vuinfe S5 AL € 5 P REOAR B o A o v im e foi
L LT RERGEEG 0 LEMRT FERPR AL EDTRR > - B e
% Frs Hd RYR2 44T G bl P B 45> 4045 foactin & 42 > 1 & £ v Jc 3
sarcoplasm gt - > 384 4TS 5 d 420 F O B 4% 38 sodium-calcium channel
(NCX channel)#t ! fm e ¢k (%) & #775 4E 30+ % Fh 25%) + 4z 2 sarcoplasm i 42
% B 4T 47 F1F (sarcoplasmic reticulum calcium channel pump 2, SERCA2) » =« #%

8



i1 75% 4T g+ . d iz B JF w Jx 2 sarcoplasm p o F]pt SERCA2 #f7t fm % 4T
I T L3 S A4 & a0 (1) w4k sarcoplasmic poedT g B 0 BT S
FOCE TR Y o (2) WA o SR e e U ERER o Bt F R e
SERCA2 — B 4w it 7 2% > 7 it B vulm e cndPsh 5 iy 0 4ok F 18— )
wo 35 3% )T‘u’ﬁ TR i s s iuim e e g o+ A 4 0 gl (Bers 2008; Del Monte
and Hajjar 2008; Kawase and Hajjar 2008) - #.{s » 4f g+ s ki» % 3| B -adrenergic
248k sLenA (B AR)  #iE-EEL i phospholamban 3¢ > ¥ 12 ERECL
413+ SERCA2 eifird] » ¥ 4c i 4T3 T chw o (N 3F e B Bfé;wtz\ A s & B
P BAR g = 3l {lj > 3142 Prehadenylate cyclase i 1 0 f 4e g LCC & A
RYR2 $ 4T 4+ W i chF oo 4o % AR BB P T2 T A @ A2 oo
poEGEAE SRR g FH o AR T A iﬁé&ﬁi‘li‘]i}’rﬁﬂéﬁi%“fjﬁgT EIRL
Az ] - F et 530 ’A#gali\'uﬂm wmPE IFh gy A2 A L o A b it el
F1% ¢ 0 fos BRDERR F iy BAp B 1l £ SERCA2 chér g+ il i - SERCA 3 = &
% Fenisoform > d = fa 7 A Flri s> RS TuEARY Sd 3 a2 0
A5 % A mRNA > 2 ¢ SERCA2 A F1 4 8 T A R F] o & ot
oo umRens G i B > Bul L0 g TR Y o
13.2 'Q'}fle'?')éﬁ —SERCA2 3 S Hger3k# i 3

SERCA2 &hag+ilif i5d A FIPIE & F F & Reh¥ BUR SR BCALER 7 177 > &
transgenic mice sfic ] § ¢ s dtimrz ¥ SERCA2 thk L& § - % Rlenlb5~2 &>
R RS H R PR B TRES F BRI 4 St de - ek S ke
B RS L B A R e BT B & e SERCA2 x4 ¢ 3142 B 4 g (He,
Giordano et al. 1997; Baker, Hashimoto et al. 1998; Vetter, Rehfeld et al. 2002) - 4p & 7>
Yo% F_A F R AR BT R § 5143 & s % > homozygous(-/-) ek #1571 *%rt *
Bl A s 3 v cnps iz %h ¢ 7 = (Periasamy, Reed et al. 1999)- 4= % &_hetrozygous (+/-)
€ Bl ¢ 5 35%:1SERCA2 F-v et > » & € A B2 824 SREFH > M2

9



.uﬂm‘gmf?é}]\ﬁgﬁ‘_;ﬁﬁzﬁﬂﬁ,@c ;f‘éf p@%%%m%/my—r . grﬂ;—“—ﬁ

4 g it s om ERE I e R E A 4 (Schultz Jel, Glascock et al. 2004) » & h

¥ B LA & § AR LA S PR ehak g - SERCA #1207 55 fhss 28
PR FLAEEA N VRS YORFERT o 0 F - AR RAE L R

st % i) (Basu, Oudit et al. 2009)> Basu et al 41 * Akita ("2WTC% g 75 A ) g7 1

% AR R E SRS T B ] o SR en Bleno g PR X

~

iR F A4 B S g e i (interstitial fibrosis) o Az L BAIG S HF R X R
SLE g R o it B A T DA T F R 1B B PN E_SERCA2 F-v 13
£ > 5 d AKUPKB e g 82 85| wveimiz ¥ SERCA2 ez £ » i@ 5l A< R4
LA Lo LR ALY FR o ok LY HSERCA2 3 4 120 443 eh
SERCA2 #7B~ % » & & _F-d hg £ v Ko #-¢ BT B8 < BRengn 5k 74 g (Ver
Heyen, Heymans et al. 2001) - iz pg i 2 #riacr#” 7 &1 > SERCA2 FERE T &2 & &
Hech$ (- 407 G5 Ae S &SR H 0L e > BB P BT 0 LB R PR o
SERCAZ2 chfic g p* > » Tig iy 4 5 %ﬁﬁ’l:ffﬁ%‘ PR EPET RN 1 S A T S
Flpt SERCA2 F-v d 7 > 7 5 B2 ol oE-E 7 L ik T 2
1.3.3 wrvim?e ;8 SERCA2 ch i BH12 A~Hhm T 8 %

SERCA2 3-v ¥ iy % PI3F 5 4T JI i AP B 39 933 45 - 17 # & ryanodine
receptor A 4y 1 ¥ it fr SERCA2 5 & 2 B &+ B4 d A H T chwfc > ¥ o

Calreticulin 39 - » %2 p fp pF{r SERCA2 % 3 1% » = S100A % & #2575
SERCAZ2 &7 i (Kiewitz, Acklin et al. 2003; lhara, Kageyama et al. 2005) » # (s >
phospholamban (PLN) 3~ % sarcolipin » 4% IR ¢ v SERCA2 . 'm?s F 11 2 7 530
AT BT & @ o ] SERCA2 F1 i «hi% * (Asahi, Nakayama et al. 2003;
Bhupathy, Babu et al. 2007) At i it $< & & 573 £ 35 PLN # 472 SERCA2 s 41
40T A 1970s # & 425 B SR (sarcoplasm) swips i 7 123 f2 SERCA2 s it o
fo R MALEEEL It e 48 F_PLN & 2 SERCA2 > PLN ¥ it % ] cCAMP-dependent
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protein kinase A or protein kinase C s fs i* (Kranias 1985) » PLN i *¢ &= SERCA2
XEF o - X IR rjﬁg F & f— 4275 = pentamer © /i & PLN #*t SERCA2
S i drdlani®r o F EREL 1 2 1 T ar S msixszkg # 4« (MacLennan, Kimura
etal. 1998) - & 9 } 3 5 PLN Bifik 1 4p B e 41+ &2 SERCA2 13 45 %7 chbf
%> 33 PLN A FlenR & > 78 & '3 ¢ #2538 3] SERCA2 thzé 5y 11 % s 3vim #2 1T
¥4 oA PLN 1 & o0 Bkfs it 3= - Protein Phosphatase 1(PP1)(Carr, Schmidt et al.
2002) > 4% A A FlHEsE K& 3 4espa 4 9 PPl fhg 5142 PLN 03 gipa it > $#30
SERCA2 sdir ] it # i*giﬂg%c ip- A en B WA AH TS VR R
TP e s BRI TR 4 B g o] o BT R ﬁ;g RS gl R U S
{7 » heat-shock protein 20(HSP-20) » » #E P € 4 #7 PLN-PPL & e d - 35 5 5
33 PP1 endrdic 4 > % BB % I HSP -20 5 sbfﬁmuﬂmm"em»](ﬁ SR
SERCA2 izt sy » &g2-m 2 o & {83 3] S1I00A1 F-v (Remppis, Greten et al. 1996;
Kiewitz, Acklin et al. 2003) > i& i 39 Hif % PLN » SERCA2 chE & F-v > 4 ¢ %
(e AT HE S R R A BB EAR B2 T 4 EHP o 4ok X 4 3 74 S100AL 33
;;-;,ihg I F TSI R Lo b enF S v 2 W AR ERBTEY o
i 5 & Flisf eh— B A #(Yamada, Ikeda et al. 2006; EI-Armouche, Wittkopper et al.
2008) > FpFy 51O RRERERF A RE L - B8 o d 1 iE ¥ v SERCA2 ¥
WL PIE S R TR F R BRI Y R T B R
Az Bl e o g iuip Pz b oo 4o~ angiotensin Il > 4 ZE P ¥ 2 4] SERCA2
eE I 0 T A _fa Blena vt 27 4ot cnp? B (Ju, Scammel-La Fleur et al. 1996) »
- i F & g L F B BRdr I 4o tissue necrosis factor-alpha (TNF-o) >+ fi% % 4 e
P T B eimre ¢ SERCA2 74 3R (Kubota, Bounoutas et al. 2000) » #
Z2_fs e 3 2 I TNF-a # 1 ¥ 2% :E DNA 93 4F K 2 58 SERCA2 chsb 3¢ 11 %
% 1+ (Kao, Chen et al. 2010) - #p = =ivinterleukin-6 (IL-6) 3% % 2 X F B8 ¢ v
BT B4 0w AU IRV 1 B T RSB 5 (promoter) s 5F > ¢ 17 SERCA2 s
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e > (Villegas, Villarreal et al. 2000) » & 7 f#ud jf @ chie fijgc g 7 14 8 & 8¢ i
dmre P ch SERCA2 X T+ eng 58 Vi 0 HL-1 wvvim?e 5 i3S 5 387 7 A= b
P fideT o F AAPR Y HL-Lwreme e (78 6 3 &8 (7 BRI S
Limbe Bk od E R R AR L T LN BB HL-L v L mietkiTd p o E
| Ble 5 gk (Tsai-Claycomb et al., 1998) > # i @l ig 75 3p? 2 i * LipofectAMINE
2000 (Invitrogen):& {7 i & 4% 4 7 ko 1395 GFP ¥ X &7 4% 4 = 5 5 5 60~80% o
e LGS 24 PO FEF R DB T S B RA T E R ko R L aoluciferase
# Loy g luciferase 37 2 F 48 4 47 G LURIE > T2 r p B s kiR P - SERCA2
sg-d FOERAI* & > &84 7 0 SERCA2 mRNA 7k & 2 4 * real-time PCR

ROPIROER o F LA P B A AT A F Al Bl- £ 1754bp % & SERCA2 4T i

Wi hev A TR PR ARF RIS E 58 315 5 ko3t 1.8kb ek L fFid

HF oA 4 i€ Bglll ¢ Hindlll > 8= & 7 ~ pGL3Basic 448 » £ # &4 hf a i
A~ HL-L wovimPe » 5 2 % P anE fdpg Rflj e e Haof &y v
(Wu-JRAAS) - 7 3. Angiotensin Il ¥ % ¢ 35| w3vimre ¢ SERCA2 gz d + 4
Box 3 EREBD 0 Feng 8 —g . MRNA 04 I o ep¥e 4o% L8 X
F g § 0 vt 4o TNF-o 0 IL-6 B $pcds 5 chsd ic § P B engir ] (5% o d b if eh
iR R F LF B B Fhe TNF-a % 1L-6 $13 HL-1 < #tmet @
SERCA2 ehE ¥ it 7 P BEcifrd|chi®® » & ¥ i B 5k i8] BED vl
TR N FRNER I BLEEFFTRNEERL 0 PEI R I AR
it @ i A SERCA2 chib sl 174 i £ Dldrd] » 4THT W BB > S HNERES
4 RIBE BEESF R EWEHRR L BE  AF Uy e RhAERS N o

¥r & i %EY fo HFpEF & 2 < 3 473k # it 4p B ¢ biomarkers

141 B XF RBF TRz EHRFA L2 MBI
W2 SRR T o 0 FRERILET LF BECREBDSRKT AP
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Moo Ty L B LR P T AR Rt o BT S g
R I L

EH G ERDIL-612 2 TNF-a B R FIERTE R Fh 3 Mo 8 LF B 7
¢ 42 TNF-a and IL-6 48 e vz chrt 0321 4 B o+ § A7 5 B 5 X F b
Tk R ® Mfreiesd ju i@ 2R R ofpehas R T A7 g i@ 3 49 ach
A kR NE Mt TR AL LAPH c TR FEF DRRF MT g
d B esvininigd o e BT enda gy B B2 T e vl B R # i (Hirota,
Yoshida et al. 1995; Krown, Page et al. 1996; Deswal, Petersen et al. 2001) - 17 #& % —
AT X S P BT o Aok R A AR SRR > B A S
IR B 9T K e PR AT R s Mt R R B AR
H#oau? 2w oo gk (IL-6)E R & eht B> | & & Randu Bk

(Haugen, Chen et al. 2007) - 4cfp % i » 4 X F Jode B 7 i B 183F 5 o418 8o %
$RERF LA LA R Fortmie it o WS v e 2 (L &P
SERCA2) » #r gt A& v v delm e ey = JRELF ay ] o G f 4ot > TRk S804
DHF 11 2 & 7 2 U F iR B R B M e 3 4rd g "eho BHlRE > - 38 /)
HpcehiEsk 7 3 4 F(Kosmala, Derzhko et al. 2008) » 4o 5 & 248 T 31w X7 hps
& (stable angina) - #* %t 7 Ir B € A2 & chm ik § 5% o & o i ¢ G TNF-a 2 IL-6

kR G fOR RN R AES LG M BEH A R bk b Sk i

m

R RESEBAL I RE ABTRDOFEFF 04 G 2R E rsrk
i R Ap R B o VOt - BRR AT Y LA AR BSR L

(Chrysohoou, Pitsavos et al. 2009) > #5 £ & ez« F&r5k 2 s ap B 2T 7
BEFRAF AL E O R RRFL > H o T OERS itk frliEE L

F ot Benk 3 BEpM o B S 7 S48 afares 4 -

é*\l

B RpoeT g o % B2tk o RERA EFZ P 0 L %‘35'%«‘&-‘{5"3’% KF JE®
EHT R RE R FrEE AP T UL L gt kAR ER
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ﬁﬁ”“%ﬂ%m@w* TR o LG F A LT e LR g el A 2
VAEE M g 3R (free fatty acid) @ FIMF %6 8 R Fedul A 4 aopFig o PR
3

b

AR 4 €W ARM B AR Fy 39 (VLDL, very low-density lipoprotein) ~

A 5 hPFR R ARG o B § APFRRLM AR (e € B A TRl R b D

A& "5 39 (LDL, low-density lipoprotein) % = g4 i fia (TG, triglyceride)
Gk R o L AN 3 %A% kv (DL, high-density lipoprotein):k B 4r & %
Mo o F|pt i § RPEALIE Py AL € B 4o B PR R AT 1 (atherosclerosis) 97 =
Yok PEA Py AL g#»rﬂr}: U e ;FEI EX RN s IPIe SFEEAS = enFs gy 0 T
B UMD GBS e MR AR AR R ”%"’%Tjﬁg HAohk g & il o
m &4 %% 5% % n g (hyperinsulinaemia)(Eckel, Grundy et al. 2005) - % %
R g g BRI GaEit ~ p L E-1(endothelin-1)sA 4 R 5 4pdp oo
£ 4z (Kim, Montagnani et al. 2006) - *Triiifal sk ¥ ¥ § L ¥ F & B
A 4 o ¥ b s BN [B 0 PRI T R i BE 0 Ty € R 2 Hken
fmre e o §A_TNF-a ~ IL-6 12 2 PAI-1 (plasminogen activator inhibitor-1)
# % (Kim, Montagnani et al. 2006) o iz P gk 2 7 § 3 *v & M P PR4EIL
el SRR 22 gh 3 SR 2 SO R 3 SRRl A S A B i E_ iE
B re gk g FI2ATRA 2 L R 39 R (fibrinogen) > R R F i A4 5
fx= 8 (prothrombic state) ~ & ¢ % { (vascular inflammation)™ % & ¢ p A
# & % (endothelial dysfunction)efk i » 2@ o 2?3 FRow § A
sl R RA BRI I § LR GV L T I I SLE BRI ]

71&-‘1-'/?)]\5‘»7_11'# F};’%:u_u_?]"}lj:,m)ﬁﬁl » T iE 'E;,ur'}lf_%ﬁ\?g%lr';ﬁ

=
i

SR TCURIESERNE £ R S s S G U R E R R s Tec Sl N
dipeE g o £ EMEHTER L FHAERECRBBLL G R e

Fh 475k # i‘ii}ﬁ’%ﬁ’l#ﬂ&'ﬁ_ﬁﬂi‘ s T ART R GIAe T 0 FERM N T LOTREEF
WAOMER K TRATRR FEHLY o B UF B LR L5400 e 5
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A Rehgd > S EREEFEHRA R P2 RF OTATE o
1.4.2 4 DHF 4p B 378 ¢h4 435 (biomarkers)

B 1 FUEHLEDHE > £ 2 3 s ehihan s 3T E ki Y hd e fRtes S
B F TR AR o 2 P iRgers T AL AT T RS RS T U
RAS i Sujfed » 112 SN ai g @B ¢ g X F b b 0 B - B ATE
IpRT IE L R g foiRche B ) K3 Galectin-3 > ALd G I hE Ff dmie i
VUBEF LA i on ke B4 4 (Yang, Rabinovich et al. 2008) -
W2 pdpd o B A RS A RRGF R LY o0 Galectin-3 3p #o®
Favig b e w DHF g 3 b oo 17 & ke 34 T 0 Galectin-3 frs B gk
7 i 3p 49 B (van Kimmenade, Januzzi et al. 2006) - & T %= 3 » 4p ) - Galectin-3
fe DHF &%t & enif is 4 5 P B anid 7k (de Boer, Lok et al. 2011) - F]u* » i&4F i
3L REFTTAHE HAFFES O ¥ b i1 E K R %A e DHF 4p B
eh4 f= %2z i £_connective tissue growth factor(CTGF) > CTGF #£ 3 5 & - &4 ik h
oo DY T e SR RN E Ak o TR TR i e ok e
‘m ¥z (fibroblasts)# i* (Shi-Wen, Leask et al. 2008) -, ¥uft i o o i # 51 CTGF A&
A2 A o el ST g 20 R A T ehps B o i ¢ 0 CTGF fr
Faittafg R PG B B4 R BT > CTGF fr £ :3BeheE & 4T
pro-BNP 5 — 1 gk’ en-T 7B % > T pF pro-BNP ¢ {v CTGF § Apdfrenis® > §
T o CTGF chA i d 158 04 7 §5lde fhsengait g4 » 7 £4 <
Fo e e PF 0 v Aok (TE0 4 A R Bk B A kR T 0 2 fluid
overload % # P> CTGF if ¢ /&1 fljprw SEen B2 e 28T Mengh e it fi % »
Tlpos BReng i > 2m FRoyue koo A5k M g fﬁpfa % (Koitabashi, Arai et al.

2007) » @ Tk 0FT § 4 I GR3E N R B k0 gk S CTGF 4 ¢ ehm

ﬁ‘ﬂ

WO PR e %k ehg eh3F § (Koitabashi, Arai et al. 2007) - o &4 s g v 5 3 CTGF
G EENGRA T S 6 P20 BB g & 0 4 FT LI - Bis e o B84
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FHA Y 4 I * micro-RNA %k #rd] CTGF: (g v 14 ¢ (8. 3w B efg B ec L »
s FOUEF AT PFen SR i g 4 (Duisters, Tijsen et al. 2009) o F] b ‘f EiE - O
PoEgEE T oAy T O A B 8 SERCA2 F g a3 > Uik e BN E] S BRenER R it

‘b DHF cha 4 § & E5i83F 5 3 o ahfdd] » 27 - 58 & & chdp iR 07 Ao
Bl agR o AR SCHESMBRT 2 G 0 B SV o B8 end F e i{ £ CTGF >
e £ ¢ CTGFfeh it fe & ep M fd » 8 F g X D] (784 PP fou i
ERSRF N ARR AP ME 0 S E R ARRALRI F ARIF T 0 R s Ap B 2 0 ]
B 2R E T Uk ¢ h CTGF k45 2] 5 8 9 DHF T BB e A R D
o

143 B2 P33 R Y¢

B et 5 it > DHF e 4 v RAS il 7] 5 Al G2 cn %REP & 5
AL EREE G P RGP o itime cp3E2 b FIREOT R DHF B 4
¥ & 4TS i if 39 -SERCA2Z spromoter 7 & 2 85 P 8 e 2 £ INF-a -
IL-6 &3 XL F e Pk » Tkt w i ? 0 TNF-a ~ IL-6 £ % fo = < 3 chérsk o
R AR B 0 3 B0 T ¥ o 2 o T BB DHF B4 ¥ b - BikE R
mrﬂ%f]‘uiv Foehg it o Ful 8 CTGF & 2 ke 58 -

FHDHF BAS F 2w FHFRA LT VgL 5 BB P A TR0 2 A0
Bl g 2 (80 BB anR AL o (1) ATk s »RASAF 5 4|1 L AP
SRTF dp T A fr DHE engf 2 5 Ap Mo sg it A 5] 5 AN AT fon o manifis 5 Mo
H 3 EF #7KRAS A FIA e &0 $150 RAS fsadrd | Hlenrs g 7 A © R b
% ko (2) TNF-a~ IL-6 %3 3 F e 58 H A e 413 8w seime SERCA2
kIR HE € FlU TR RNERR P R o I BH it RFrflie iRy U

FRegek > A3 - 7 UIRETE s 0 H 3 ind SHRERR L o (3) TRA L

<

TNF-a~ IL-6 &4k chi L F ik foérsk # it dp ik cdp B M4 e ? s S LA
Aot LR R > HARRT IR > LT 4 € FlL SRR T B L 7
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U547 (4) CTGF #hin i Ae ket infy i i@ s CTGF A7 7 4
GBS R > B R R R T LR ARE S L R IT R o T MR

B FE 4 g4 RS CTGF chsg b2

$I% FL PR BR- A L5 2T T AMA LT
B3 - .TNF-a % IL-6 ¥ 5t & & transcription level sriyr4] » £ 3 SERCA2
kw7 IR TNF-a % IL-6 %3 £ F ot 007 43¢ SERCA2 shitie
FRERGE > FY RGP YRR RIRR 0 G R R BOE LF BT
#c% 412° SERCA2 ehitie+ > mRNA » 3-d Fend o A2 @ 84k 6 - b
BIRAT YT hT RSB R (% 15 h 8 > FE R_SERCA2 ehs it £.3 § “Tec % o
2 O RSy o BRK B L ok 30 i 1% 48 transcription level E 72 5
SERCA2 fe2 & ehi 3 o
B3 =, &3 TNF-a 7 i %% SERCA2 i #& (pathway) » .7 2 £ Fw
WARF N U E B F T UARRFF - 2 b5 R RS
Ao T 3 I TNF- $30 0 P e S P i » 27 7 PP R
TNF-a ¥ i @ ase 3 g > X35 515 & &+ it * = § (binding site) - 7
fRimeni v et AR o B koo @A 8] £ 2 SERCA2:h e B
- HFF EH R T UL SHEER  c B L BERETNF-a 7 i

NF-k B & ﬁ &1 MAP kinase & ¥ st e 3 82 5] SERCA2 iig+ chi > H18

et

'8 1 TNF- o level & [LE7F i chpathway #25  au & = w3 im % ih
SERCA2 7z & » # 3 ¥ 1 L wERenEFIR 5 5y
L= FHWADHFEBR » /S EREF LF Bip k> & XF BFF
B GRARIR B L enB TR 0U R IR (S R
g AAFNE R 0 A Y 0P hE IR FTRA ch DHF EEE L
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F RS &0 RIS G andp iR 2 i B (0 AR S LT 9T S AR SR AL
) BRI ZFLFNF YL > 2HRELEES N e 4 F Lo L einsk
PR CLF Ehitap koo @ ik 5 (ICU)dup Bs R 0 1 BRERIR 2 iy fit
LR YRR RS A ELE Sl R AL £k i T S S S D R
F o dELABRCFDEAFEA L HEE AFF LS BpL L EREY
AL S AR EOM B o B PRELE ISR 1 S RERRS S § Tl T b
LTRSS R S T S D R

Fiw. - &%#EY subclinical inflammation £ 7 ¢ B =« 3405k # i 0
A2 VB Eiriv?

Y LIRS C A Sl L L R e

dat

B H AR P AR R R S Ul LR fh SR SN E R 3 2T
—HFAR AR ERF I FNERANAL R EPBER L EFR
# Rdplefrz v ZARR P G 2 B onjp B BRRACTT L R Rang B F A Bl 5 g 0
SlACE Ldp et 2 o B AT/ & R P15 RS AT R B Tl sldes 2 B e
2 3 %% (interaction) » i 7 = F AR DI E Flta A o

FrI. FMozs3RAHOCTCGFfr DHF chip M 2012 7 5t B P B #E

AF RS W E DR AR AR YT o R RR S R R
BTG CTGF ez 3475 i 3 Achime 2 b N L 2P 2 > 7 7

I e Y BT RO s TR B BT ] AP S T R A

=,

i

g FE R A G e T b K Y BfRR ArEE Y B Y 4 CTGF
EF TR LR P 20 BEES G L B AAL o A BRL CTGF

AT Ay mos P A T T PEeng it A 4 0 FIM R G ¢ AR5 P

W

Pl d A Sk B AP el e BRE S o IRR RS TR
S Pl Y HCTGF fo 2o  Brokst i ch i 157 AN > 8 1 g n o

ABRs Bl A e CTGE k4 R -



=% #3322 4 (Materials and Methods)
¥ - & TNF-@ 2 IL-6 ¥ i 15 i transcription level ihr4] » §5 %8 SERCA2 4
R
HL-1 % 35 % 21 @R B %

d A RT4 BT i E en i 4 (5 10%) 0 A i i@+ HL-1 woatime i (T H 5 F

BREFHEAMEL DI Vme T od ERER AR S T LN BB B HL-1
mig R fiTd po* E | Ble 5 e s (Claycomb, Lanson et al. 1998) » 7 i i@ f s p? 12
i¢ * LipofectAMINE 2000 (Invitrogen) £ (7B B M E L F % E3 3F 7 %> 5%

Pt R o % B0 2 B B R AT S AR
2 7 i (Tang, Tianetal. 2012) » s A2 7 1t fmbe (4 0 B im o2 2 475R 34 it fo
R o 1395 GFP & kAT 0 R 34 5 5 60~80% o wmre A ts 24 ) PF o B F
i& {7 Luciferase & & F4E 4% » 26 = S 2447 % 7 % o * 0.5ug luciferase 4 £ F 11
81 0.5 ug pRL-TK 44832 7 £ 4 - pRL-TK §448 5 5 180 30404 o 4 15 24
)RR R T — R B o & Y eo luciferase & 2 B luciferase 3R £ iﬂz BRE A
1T AIBE > T2 gL R o

224 SERCAZ fx#- =+ -Luciferase f& & 7 #

i+ B A PE @A F AT Bl - £ 1754bp £ B SERCA2 4 Flgads+ B £ i8 % 1345 ¢
7 F ek Bloveim iz ATPase, Ca++ transporting £ %] % 71 (GenBank accession
number NW_047375)z% 3+ m ke B 513 22{5 % 313 @ (5-
AGAGAGGTCATGACCTTC-3"[-1720 to -1703] ¢
5’-GAGGAGACGGGAGGTGGCGTC -3’ [+14 to +34])

$o #-17 1.8kb chE & feip 4 F g A 47 4 Bglll & Hindlll *» gt.=x #& 75 » pGL3Basic
148 (Tsai, Wang et al. 2007) » HL-1 s swim¥e i 55 » SERCAZ fx# & -Luciferase g
£ S ¥ @ pGLl3Basic {* M T 5 R - Y - 2 HL-1 o % &4 2

PRL-TK §* %8 (Promega Corporation) % & p ¥+ P& 2 o fr T & 34 2 {8 > i{ 4 » 7
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Ik & 0 TNF- o (50pg/mL, 500pg/mL, 5ng/mL, 50ng/mL)# % 1L-6(100pg/mL,
1ng/mL, 10ng/mL, 100ng/mL) {1k km?e i£ 24 -] pF > 124 k& ik ip] %_Luciferase 14

o

(

FI* Fluo-3 % ¢ &2 145 £ 3 sdF &5 ka1t im e P 4TAR Jod

F1* Fluo3-AM 3 Sk 4k kP & fmbe p 4E 3+ kR [Ca2+]i - w2 ez F 10 uM
Fluo 3-AM ~ * 12 dimethyl sulfoxide (# {¢ &k & 0.1%) £ pluronic F-127 (& )k &
<0.025%);% f27 DMEM @ 2% 15 A4k o #R1s » Fg » * L wmre oh 3 p 2B s

FHALEE I F R e R R st (LSM 510, Carl Zeiss, Jena, Germany)

st
-\

Fp| 8 Fluo-3 4 5k o T304 skjpesf » Pl * 488-nm L F eng § & # * long-pass
WiRE B R F ks e & 15 EHEPRFH B ik U £ 5 B OpF A g0
AR RITR o2 o 48+ £ % F/IFO X & 77 > FO & # 1+ i & 4758 3 eh Fluo-3
¥k ATE S ER A1 o 5% C=KdxR/(Kd/CO+1-R) (Chenetal., 1993) &+ & > R %
7 FIFO ~ Kd # % (=1.1 umol/L)im® b Fluo-3 #1§2 4t % # ~ CO (=150 nmol/L) #
TR L AT HE S § o F Bk 1 30805 °C i {7 o R 4r » | 4r » TNF-a (5ng/mL)
F IL-6(10ng/mL) tljpcim e 2 {2 ip] AT A+ L 3F cnZ TRE -
RNASPARPEREF BREREFEHF &
& HL-1 k% 4 » TNF-a (5ng/mL) = & IL-6(10ng/mL) ] icim®e 0,2,6,12 & & 24 /|
pF2_ 15 P T SERCA2 e mRNA #£ g - 1% TRIZOL = j# 3 B~'wm¥s 3% RNA > £
¥ * RQ1 RNase-free Dnase /4 2 M-MuLV transciptase with oligo-dT primers % i& {7
F 4o §1% SYBR % ¢ Z4L#6-H % cDNA ## (ABI-Prism 7900, Applied
Biosystems, Foster City, CA, USA) - I p#ip| 2wz o Glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) mRNA % Tp #4]% - ¥4% &l SERCA2 @ 7 > w B 51
% 5 -CCATCTGCTTGTCCATGTCACT-3’» {4 5 513 &
5’-CAAATGGTTTAGGAAGCGGTTACT-3’ - 3+ GAPDH & 7 » m % 51 % &
5’-TGCACCACCAACTGCTTAG-3> s % 51+ 5 5-GATGCAGGGATGATGTTC-3” >
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TR R SR 0 F P PR ERRR T = o BT ISE o

F o R Al 3 L

i * 1x10%35 cm® % ] s E w kip A HL-1 % > 24 [ FF 7 4o » s jdan & 0 2
FAPR Y P pra g B F i i 0 2 TNF-a(5 ng/mL) - IL-6(10 ng/mL) * %
K flgcimre > A% PER BRI R 39 (0,2,6,12,24 [ FE) 0 F b % 1 4 chik i
¥OEHRE S e d o % R T 0 BB ATR R H R R AT 2 ey
it 3g {7 (Tsai, Wang et al. 2007) - &= § % #7i¢ * ¢ SERCA2 - sl §.L X jo
SERCA2 % k148 (sc-8094, Santa Cruz) » HRP # & el X fad8 § 17 - 448 (Santa
Cruz) » » # * % #* GADPH % $x$<t¥ (Lab Frontier, Seoul, Korea) % i ;7] GADPH
2B HEFR* HRP # £ e0d #= 1gG F=4 7 2 = & 44g (Santa Cruz) -

S35

g T E AR L AN R E R TP @ % Student ttest kA 47 B B etk & o

3005 chP EAL S B3 F A&

¥ - & i TNF-a ¥ i 8% SERCA? ¢ i (pathway) » £ % 3 B8 B sisr

EHAMNEREIVUBESRTE E-n% 2 R B

SRRt R

Simvastatin & % R2 ) L 2 (MSD, Rahway, NJ, USA) % X 3 #& & o TNF-o B

Sigma-Aldrich Co.(St. Louis, MO, USA) - SERCA2 =48 &_polyclonal = 348 - i
IKKo/B 3¢ Z_polyclonal & #w > #w IxB-a +#142 2_monoclonal & +wptp Santa Cruz
biotechnology (USA) - ¥ ¢t} it f=48 = fkx * horseradish peroxidase & & e

Fuo P p Santa Cruz biotechnology (USA) - ¥+ & % ey GADPH 3-v £ * polyclonal
# v > pp Lab Frontier, Seoul, Korea o % B~4% 3-v & * monoclonal s & #w % $+4<
nucleolin > p£p Enzo lift science(10 Executive Blvd Farmingdale, NY 11735, USA) ¢,
B en > 38 % ECL reagents(Millipore Chemiluminescent HRP substrate; Pierce
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Chemical Co., Rockford, IL, USA) > i ipl+2 p -3 NF- £ B p65 #-v 48 ptp Abcam >
(1 Kendall Square, Suite B2304 Cambridge, MA 02139-1517 USA) - g luciferase » 7
% 2 -~ pGL3Basic ¥ pRL-TK {*#8pfp Promega Corp. (Madison, WI, USA) -
Lipofect AMINE 2000 :##|ptp Invitrogen Corp. (Carlsbad, CA, USA) - Fluorescent
dyes 2',7'-dichlorofluorescein diacetate (DCF-DA) ~ Fluo-3 AM ~ 2 % $7&| pluronic
F-127 p£p Molecular Probes (Eugene, OR, USA) - &t ¥ ¥ &% * » NF-xB p65 =
H ~ g8 endutl 5 * polyclonal 4 #(Abcam, 1 Kendall Square, Suite B2304 Cambridge,
MA 02139-1517 USA)- i jp|p] & * %% & FITC X F(West Grove, PA, USA 19390):
2 ¢ * 1 DAPI(Sigma) * k % 1% > Texas-Red-phalloidin ( Invitrogen Corporation ,
Staley Rd. Grand Island, NY ,USA)p| * kL wrorgiad iz kR F o om0 2 B
A fmie o

HL-1 jm%2 32 £ 2GR g %

HL-1 «w 3vim? 4o e L 3§ it (Claycomb, Lanson et al. 1998) o HL-1 « 3 vim ¥ e73: &
# 4 % luciferase B &8 & 45 % $tv 4ot G @ ST AL 24 FR-mir iR 7T
- # F Bk o &% v e |uciferase & 1412 g luciferase 3F 2 iﬁ TR 47k Splg > 2 2
RS ST - P

22 4 SERCAZ fx#- =+ -Luciferase f& & 7 #

% B & prd4F F Af - £ 1754bp % & SERCA2 # Flecd 3 5 B 4ok 0 6 -
B R S orit e 34 o Je 1T 1.8Kb R £ prid 4 F & A 4~ < Bglll &2 Hindlll +» 2
= 78 ~ pGL3Basic §* 4 (Wu, Lee etal. 2011) - HL-1 & 3 -im e ik 58 » SERCA2
fabe + -Luciferase f & f7 48 & - £ H ¥ pGL3Basic {* 4 ¥ 5 #fR 2 - {17 b % 2k
o M2 BRISHEATRAY 2B F B3 Wk (5
TTCAGATCTGAAGCCAAAGCCAAGCTACC-3’ [+34t0 -480], ™ %2 5’-
TTCAGATCTGCAAGCCAAGGACACCAGTC-3’ [+34t0—846]) » = ﬁ E2F xR
8% 3513 :5-GAGGAGACGGGAGGTGGCGTC-3’ [+14 to +34] » Fi T g 78 = 74 2_
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5 4 xR kR TNF-a (0.01, 0.1, 1 M)t gcim ez & 24 /] o > 1004 & &P
%_Luciferase eh# BE -
RNASPAREIEF HERLFEEF B
RNA 520 R R > 12 F e R & prid 4 F R L SERCAZ Ik & s Fpdeh o5
it & HL-1 ¥ 4c » TNF- (100 ng/mL) # g simvastatin(1, 5 « M) & ammonium
pyrrolidinedithiocarbamate (PDTC, 20  M))s* & & # -k » fljia®z 0,0.5, 2,16 & ¢
24 o) pF2 15 R L SERCAZ 5himRNA 2 3 E » > #7F e B > 7 [p chps fF Bh3Ra {7
2% BT aE .
o FEP~F 3R
i % 1x10%3.5 cm® * ]z A w k3p A HL-1 % » 24 [ FF 2 4o » i iF3s 4 0 2
¥ # 1 TNF-« (0,1,5,50,100 ng/mL) i %€ simvastatin(l, 5 x M) % & B -k » {1 jfcim e
0,05,2 16 & ¢ 24 - pr2 i8R TLw?e ¢ IKK > p-IKK > IkB 12 2 SERCA2 3-v
hi e > b s Rl i) NFxB 39 ch& g - §8# * GAPDH § et/
olmie FRd v 3 R EA 70T ,55;%5%1; [T )gJev'L'ririi;aﬁ(Tsai, Wang et al.
2007) -
NF-kB ¥ e1P65 ¥ sk % ¢ £ 47

HL-1 w#wim e 4 » TNF- 100ng/ml 2 % 0.1% DMSO - 4233 & 72 /| pF o i¢ *
4% paraformaldehyde 12 2 1% Triton X-100 7 = %z 2_{s > ¥ NF-kB p65 =t H ~ %8
2 ¢ o # incubation iEA2Y o 4~ DAPI 12 = d fmP2 §% > Texas-Red-phalloidin
conjugate » Kk 4 fmrE g ¥ o ZR{s @ * Bz 4p 48 4 (Olympus epifluorescence
microscope)45 fiz 60 & 3+ e gLk & oo gD AFrER S 24 ¥ kd Adobe
Photoshop = % -
LA RPFEF R R SRS NG LR
24 & 200~300 5.~ -] enWistar « Bl & = 2 % > H ¢ 12 & #gex;3 54 L PS (10mg/kg)
BHEZ X RFBEAPA SRS 2 FL AR ET A EF 2 P UF B
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& F ARFR 4 R 4 2 05N (Terashita, Kawamura et al. 1992; Xu, Wang et al. 1992) - i *
e11 LPS &_Escherichia coli, 0127:B8, phenol extraction (Sigma-Aldrich, St. Louis, MO
63178 UNITED STATES) - H # e112 & i7 2 4P e (L 6+ 8 B K)o L s B A2 {5 >
AT oenE BURAAE 12 ) PR RUHHGS 0 R R B AN 21-24 R - X Rl i
7 TNF-a * high-sensitivity enzyme-linked immunosorbent assays (ELISA) 7= 3% p]

# (McKinley Place NE, Minneapolis, USA , R&D systems) - % T ARG %

4’1»

BT

simvastatin (5 mg/kg per day for 7 days) - 5= % 2 {5 » F* Rk 5 A &R &
I%

PRiE s K S ent A w Eypa s LPS & 0 L E B Lok &
FHE & * Langendorff eh= sV ST AR sk 0 B BRI
SHAEFRRE R e

X Rene gy L R

= B e BRAE § A 35 112 pentobarbital (40 mg/kg; i.p.)FrpE + Bl 70 2 * Sonos
7500 <« %842 5 4 (Hewlett-Packard, Andover, MA, USA)#E fiz 12-MHz sfF g & 7 o

RIEPH R o e BT 2 L7 a RIEFRAD DT IR wFE o wE

LN

B2 iR T IR R EREZRR o4 F R B 2 Y
Jelg A ehs KPR r p T ¢ FE R E Rl B o frat i EFRE D > A
B G RRIERAUREPER o ¥ bR mAR Bt SRl B el kit 4
o R enégr 3k 7 a¢ (Lang, Bierig et al. 2005; Salemi, Bilate et al. 2005) -
A BREERMEHN D L2 ELBELS T

fe R i e Bl B2 * Nonide P40 (NP-40) 5 A # ez & k 57 B 50 v iR ende
BERY S ELE R (2 4o i) kb % kB e # > IKK 5 p-IKK » SERCA2 » 12

% GAPDH ek & -

FHTRm DHE Bt » 4 ip S BEH L5 Bep b 8 X5 BF To

5=
BREFIRF A P (AU R IR 1S el .‘g‘
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A Y AR ER Y 7 R L :]\» CIREN E ol R Y e S ks
B o A5 A dp iR enM B > e B S DT SRR LR B TR
oAk e AR B > 1R YRR D LA e T B BB A RRE
FUNRY GRS RLT PRS- BAR TG o
R o L 1 % g B
TR HZ B Fﬁ%ﬂ%ﬁ'ﬁﬂ.&—*ﬁ CHEW- el o %51‘%'6’?%% 2007 = 2009
Erfiic EERATHREME - NP EERATRHE L o PR A 2T G LR
EFoHRFLE FLeERbhA TR &2 BHu > 2o HE > LT
P B AFFRAR RTET > ARRFARESLEEPN LT R Y L F
F 4 R e grA ¢ A|rerd] (beta-blocker) o 47 & pe g7 (calcium channel
blocker) . % = &% ¥ Pk T T KA F - I F AT o AT T AR M-mode =
W RALR Y A BRI R 0 R I P el B G R Sk otAc 0 ¥ b S
2RSS N PHE ST ERIR SR R i AR o PR R BRI
* g s AL E ¢ 2007 # BoiT s k(Paulus, Tschope et al. 2007)(®] 2-2) » # &
NYHA < % B spe -1t g ok i i gt gk 5 A R 4 #F1 2
E/E*>15 & % 4r% E/E* 2 8~15 2 W pF» F & 4c b B dg 3 b en B iR » = 4 9%
I ﬁfgfé N2 (:@ 2 50 g 11+ 5 E/A v <0.5 > deceleration time > 280 ms) » ¥ ?P,ng—fl'\
Tedfgrt fe L ¥ >4 A R ENF Z80% 2T 22 FlikL § TP
TG AL G RFRRD T e FRB AR E L G o Ltk
45 TNF-q 2 IL6e BB E 1 el ft £F PHFRE AR (RS
"% ¥ % ~ 3% 50% - coronary artery stenosis >50%) ¢ & 11 b endEsR oS I k=
@ R B TR TR T B QRS (>120ms) o it 5 R ¥R
(chronic atrial fibrillation) - # Bkt VS H{R e if it @ R eEH 1 *‘!rt (ESEIN-]
T Bk 0 AL AT LG SRR L AR 0 RS B8 (L
BET A U)o fof B 12 SR o FMS ¥ cHER 30 itk % (ICU)h
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BE > g rdekm s o RIE Do FgRsks a o A2 iRl £ 4 fhde L i
e P B R 313:“‘ R LE T o R E G P R OEENR R o L YU R
W E IR o R R TR B e TR B QRS A (>120ms) R ftes SRR
DR EAlE R RUEY FUE AR S PR o B S RS SR T
AR R lji‘ P LR By iR PR EATRIE 2o R ERR I N 0 BLE
WRRERRR T A T ALK o FHMZ D ERY XS BERRATELFH L 56
e AR~ 10%(TBSA>10%) & » S i seilhops % FF o IR 2w 3 ehdisk s i >
AR AR A tRde bt o FRFE P ORI A o SRR 0 @ TR
o B R B RS o THE T QRS (>120ms) > Bt v R o & f 2
G EFIFE N D ST g o HREER G EE > B R
e ARH AT LT CREERF L LR 0 PR E8(LEET A
) e R RER o B ER R DEAI R ¢ HBTRETR O RT G o BB
Bk DPepr R IR TR o Rk RpRE RS R 0 S LR
= Jf: P R B TR PREEATRIE o R 0ERF N  BLBCEER
PR TR ARR R FATAEICETEERAS N LT AR M- > HY
s B AL B AT eh € (Paulus, Tschope et al. 2007) -
iR T 5}& ¢ e TNF-0 2 IL-6

oo W R PRERER  FLF R T R a0 5E 12hr hE S 2
odgd WARE R LG AR A A B 2 (2RI Rk B HTNF-a 2 IL-6
i * B ATR B apEF £ & Sz (high-sensitivity enzyme-linked immunosorbent
assay * ELISA) » IL-6 :% * catalog no. HST600B; R & D Systems, Minneapolis, MN,
USA i 7_> TNF-0 iZ * catalog no. HSTAOOD; R & D Systems ig| &_° 11 IL-6 % & »
B R ehde [f] 2_0.016 t0 0.110 pg/mL - TNF-a B £_0.038 to 0.191 pg/mL - % %8 5
BRI R FRRRE > 1 E R IL-6 & 5] H_6.5-9.6%% 6.9-7.8% » TNF-o P
¥_7.4-10.6% % 3.1-8.5% o
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S BRAT R

“TF s 4 F0H M-mode = ML RREE A H T 3R BpIE 0 B d e g <ol (Left
atrium diameter) » = & F 475k & Hp < {ﬁﬁ i% (Left ventricular end diastolic diameter,
LVEDD) » = F feiF =< # & i (Left ventricular end systolic diameter, LVESD) »
2P IEfrzw 2 BEE R (Interventricular septum, 1VS and Left ventricular posterior
wall diameter,PWD) o * 38 * $+dg 5 Rl & = & #od nfein @ R R (mitral
inflow E/A ratio and deceleration time) o ¥ ¢t 4r e %Az 3 & & (tissue Doppler
examination) » | ?;I[ia B w5k d Ip2 i yn b ¥ (Tissue Doppler) ki fp =« %
EFEF N AR EIEE e A Ozt B0 E - KWES ke E A E o
$ovh e ARG 2 53 2 % £ 458k (Left ventricular mass index) o ¥ ¢k 5 S i
R AR s R (R L s ol = PR

St L i

/47 By cni 88 £ SPSS 15.0 (SPSS Inc., Chicago, IL, USA) » if 3§ %38 * T35+
L AT o R RIAA Y LR B R AR e I 2 o B4 ttest fr
the Chi-square %3+ & § s e feft B e F @M fosf W M che L R 14 - ¢ ¥
Kolmogorov-Smirnov #5 k3 5 ficdp .7 5 T80 F o 4ok £ L3200 F )IL g 4
t-test 4% % {m;pi%ﬁ Mann-Whitney U test k35 2 B £ B |4 o 5 foérik b
RS R :}‘F] #&ch4p B |24 * Pearson’s correlation coefficient & —‘ﬁ Spearman’s
correlation test % iR & o 3 KT G LR Seihn S p RAZF AL E R e E T
Bl * paired-ttest kit s I s m s w L R o BT Ok E 2 R EEH N
AFHPRLGHEOTRE  RFeFOTE > SR E L 2B edrm L
B EPER > 2 = F oo T k¥ F 2 B g Kaplan-Meier F A @ A 0 122
* Log-rank test kit e 2 B ey A R 2 F LR o 1 Cox
proportional hazard model % & ¥+ & % § 475&# it 2 2 (LVDD)frit = kb % e
e v (Hazard ratio) » #-7 it ehF 4B F]F 4o % » A B EH g5 B G5 # 0 2 >
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WA B B e AT o g AT Y 0 & P E<0.05 & St R F ey

¥z & — L%F Y subclinical inflammation £ 7 § Pz 2R A N A S >

& et 2

REL - BOEFEY LT ERA G PE D L R O U ik R S g
bR S TS B RNATIE R AL > A PE R T SR R At
HED TG R R e R T M R R

EoBE RN LSRR 0 BEL ’]\“ v L F By FAE foda s R
AT R I MEH 0 R T B e e
(DR Secimk 3o § # % g >
FHRFRHF2BFF FHEHROL Y > FW- (W% P F) e h o = ¥R AR
& T life study & 2006 & 42 qc & - 45 30 2+ el P 95 B I B oAy 18R
BB AT £ Bu B3 o HE AT RLR AT FRIR NE
BE o FiREBRKFDOTLEAN - WA F KT o TF A 3 M-mode - &
CSORAZ R A R BRI > R EHIR P Aol WG R A 0 8 b S
AR Bt S P B L AR 2 SR i dp iR o SFRILC R R eh
&K T M CEFLE € 2007 £ S iTe0k 3 (Paulus, Tschope et al. 2007) > 4o #7if o
¥ “f]*'w«‘rlb’“r”ﬁ X P FHRXCLIVETE A 0 TR R AR SR o A
TED SAFRGLEFPOTLE AL G EFRLE 0 e r R R
azfalqﬂm%k@ﬁﬂs%TNFaauﬁ BRGER F iR p
J PR R e R A i (B B 7% % F + >t 50% » coronary artery stenosis >50%) - ¥
B dd b enmERp o o S B0 s @ AR MR T RSB ST RIET R
QRS A (>120ms) P+ % E¥¢ (chronic atrial fibrillation)» {8 43 & * fi&m%—‘ﬁ °
RHREVSHREEE [ HREERILT #%"$ i s Rk AR AT R
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PSSR AT VENRH o ¥ (RS TRA) YV hER 101 B2 RS
WRTES B L ap R E 120 BF A L ¥ 0 £ e Euipig iR o
#u% iE ok S oG FA - o T R R TR RS R R 2 e R ag
EFH N AR RDRER R AR FFERANG LD ek EH- o
Yoebo BPREES LT R ];r{ VR k;;{_};ﬁ.%‘rc

Rl i ¥ I TNF-a 2 IL-6

M- XFE o YRR PR F LF BT R R 0 E 12hr

B

G2t d mAFERG 5 d RERR L P 2 (5P T :Ff; ? 1 TNF-a
3 IL-64cf m oo eF o 8 ¥ ELISA 0 ;Y pl kit e 2 R Hdck it o
Bl i 5]&“ ehi g itk

FHFEW- DL FRANME MR RIERR > Z Y Wy M EF LIp#kC
¥ & %v (CRP) » pAEZ B # & 37 i& K s 47 (Toshiba TBA 120FR; Toshiba Medical
Systems, Tokyo, Japan) » } &7 0% 5 & g B AXSYM autoanalyzer (Abbott
Laboratories, Abbott Park, IL) % & 47 o ¥ ¢t % § & et chfic ;N ) * % 78 o E(mmol)
X 7 ek § & dp #( 1 U/ml))/22.5 % i+ % (Matthews, Hosker et al. 1985) -

S BRAT R

“F A Bk M-mode - BRSO E gt BRI R 0 Be L % 4] (Left
atrium diameter) - == F 5% x ¥ JcigE /& (Left ventricular end diastolic diameter,
LVEDD) » =« % Jcig A ## 2 /& (Left ventricular end systolic diameter, LVESD) » «
2P Efrzw 22 BEE R (Interventricular septum, 1VS and Left ventricular posterior
wall diameter,PWD) - * % * $24z 5 Pl £ = & %o Gnfoin @ L R (mitral
inflow E/A ratio and deceleration time) - ¥ ¢ 4c xpkgff‘w 425 A 1& & (tissue Doppler
examination) » R s & = X PRk FR 2 s sgR  $4(Tissue Doppler) k3= f = v 3
EFEH AR IFEE e A 2B E - XWER ke E Rt E o
$ovh e R GE 2 N3 2 3 £ 458k (Left ventricular mass index) o ¥ ¢k 5 g
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AR s R (&R L s ol = PR S

St dcdg A 7

/45 By cnic 88 £ SPSS 15.0 (SPSS Inc., Chicago, IL, USA) » if 3 %38 * T iaia+
T AT R REA LY A feert ik AR BT A u[* B4 ttest fo
the Chi-square %35 F sk e fo¥t R e F R B ol u| B he M L B4 o @ *
Kolmogorov-Smirnov &5 k3 8 #icdp £.F 5 T34 F o 4ok £ T3040 % e g4
t-test 4% % %;Lm;pﬁ%ﬁ Mann-Whitney U test k35 2 B £ B |4 o i foérik
%o 247§k dp thih4p M 1211 * Pearson’s correlation coefficient Jﬁ" Spearman’s
correlation test & ip| = - A - > @# * ?ﬁfﬁ/ﬂ% 7 VR B e R AR R
IR Rl A Sl gl R Tk R L i R LR ji'g(
#oind gtk B LR dplioo £k oM B2 ¢ o pery T Y o
¥ H P E<0.05 5 ¥zt B F AR e ¥ obd B B SHGU R AT F AR
P2 F Y AR DT A DR B BI(R 2-3) o BB HCC BT 4T 0 R eh
e F T A EEE LF BERES B DI FEERMN T LA D o FP g a
B4 d ) 2 % LR edp ok T & latent variable o @ fg ik A T G BB ST R
Fhit Lo aE cidyp P 3L BMD &8 L F R andicdy ¢ 35 CRP >
MR CEEIR L G AP E I A v R o B Rl B R
FlF e e o MU BRI E FFIE TS50 0 o % chf i £ AMOS 17.0.0 (AMOS
Development, Crawfordville, IL) > 4c% #4885 = & #03% hdp 15 (goodness of fit) « »+
0.9 » non-normed fit index >0.90 - F ¥ root mean square error of approximation <0.05

PIGR TR PR A 2 e S » RV RD ¥ TR RE o TSR

o

W5 %m AR G ol Ldp AP ity m £ & - ® % Fisher r-to-z

transformation (http:/faculty.vassar.edu/lowry/rdiff.html) - & 2% 1% % f o 7= 3¢

Ko7k FlFfri o $4FEHA N D L 4 2 Badp i o f58- L #F X
:}ﬁﬁz(TNF -0 or IL-6) > ”,’E’i #47(PD)EZE fr LVDD 4 2 5 B » ¥ ¢t £ Ho A
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# %3 e% FF (TNF-a X PD # 4 IL-6 X PD)ie » #54 = » @ ihfiest= » fos =

WA o eht 4 F) S (dew i) o

I % Fhz i REMFEH CTGF o DHF g M1 2 7 5 BRI R
1) #1 #%
g g 5[;5 = A i O |4 e & 7 (hospital-based case control study) » 4z & &
* F s B 2007 2 2011 £ PR Bl TR G os BB R aR b 5 1283 4 o
AR M R BT & G 2007 B s AL & (Ao i) o e R 0 S ERERSR RS
% B3 ke (Taiwan Diastolic Heart Failure Registry, TDHFR) » & 125 % & 4 © = & 4
rPETOREFEF R AL PSR A AT B BN PR
WL LF3FL B AFFHAR RHITET > LHEFARENTEPN LT
% f TR i R ILETA > ¢ ] %rH| (beta-blocker) 4T 3+ rE 7| (calcium
channel blocker) o ¥ *F3E B~ 30 % /R 2 {of S et B] - EEAPIT o 9T R A PR
M-mode = .o BRAZ F A H ﬂ’rs BRPIE RGP e FERTIE AR Y Y T
BREHFEMSNT ARG EE A 15 gk o0 BE & 8~15 2 F G g ikdr
XXl IR
(2) = % ¥ e CTGF r2 2 NT-proBNP ip| Z_
i ko F il PR A F LF R T RS M 0 6 12hr B s 21
S oW ERENRG L o Sd REARA SR 1 Rl :F]% ? t1CTGF 2
NT-proBNP - CTGF # * ELISA jr] % - & * USCN Life Science & Technology
Company, Missouri City, TX, USA kit o i jp| -4~ ] £_0.156 to 10 ng/mL > 48 -
WRIR R FRRE > 12 F5 0 39<12% o NT-proBNP R E_ 1% & B2 R 2 iE
* e18_Elecsys 1010 4 47 i% (Roche Diagnostics, Basel, Switzerland) -
MR EER TL k=G o a2

M AEE B~ 25 £ DHF m}?a Bz 10 tReREX MRl g @ #
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3.0-T CMRI scanner (Trio, Siemens, Erlangen, Germany) » % % #2#|(0.1mmole/kg of
Gd-DTPA)Z $¢-L & 4w » 122 L 24t * T1 e 2 (4o B 2-4) o TL e 45 3 5%
&_modified Look Locker Inversion Recovery (MOLLI) pulse sequence 14 457 3% »
4 B prirdp s ) 7 B8 §(TR/TE/FA=740ms/1.1ms/35°, inversion time
increment=80ms, matrix=256x192, slice thickness=6mm, spatial resolution=1.41mm,
and GRAPPA acceleration factor=2) » ¥ * * 7 piEdh*r o k@ F 2w E PR > ¥
R EBEMORERTE S NS EL 0 RSO R o & KRB AT ok R
## v+ (extracellular volume fraction, ECV) » #-5 i i £ e T 3218 & oo Ben4T5k 74

=
AL °

B4 43R 4L BRI B RS A MR 5 b

BAF BT EY AL B RS AR RS P AR S F AR
AR Y 128 12& A 9BRENARNRE ) S22 EL o

% “7it (26) > & * 0.15 mL/kg fentanyl-droperidol Jfrfs » 48 ¢ 2 {5 > M35 e cn#E
¥ &_sufentanyl (0.15 mg/kg-min) % 1% isoflurane » #X {s*» Bk %% » B » 4-Fr 0
pigtail ¢ 27 239 F > F RN EIFRRF > R T2 DR L(F 30 12)
F50mmMHY > FHFES BT B L EFRERDER S BRI F RS
FIMELABRRA > T AF R SIDEET CHARF AT o FRSEER
Masson trichrome % & > & f* <3~ [ 2 & eh g £ (extracellular matrix, ECM)27 -
ECM A& B %13 & 2 ECM% » 3+ 5 2 ;8 4 : total pixel number of ECM
areas/total pixel number of the whole field)x100% -

RN R G Rt

R % 1S BT AL AR 0 R 4% 4] % (Sonos 7500; Hewlett-Packard,
Andover, MA, USA) > & 7 M-mode = &< 5R4g 5 4 & * JF’FS S ERIE 0 BPIeIE P
FHNT 2L e RIEEFRAD S EY IR S R R TR
CEVIR SRR SRR BER L H ;.’FS A 20 £l ) %Lﬁﬂiﬁﬁ%ﬁﬂ 2 E B
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FERGE O p i e SR WE Ll O E R > frot PR E L AR 02 €T RIE
PR E PER o
# 5w 5K CTGF Rl 2

fmre g+ 50 mmol/L HEPES (pH 7.5), 150 mmol/L NaCl, 5 mmol/L EDTA 12
A Ji fEir RS 0 BoE ST 0 @ % 120009 g B A 4h 0 R TR R
Bradford reagent (Bio-Rad Laboratories, Hercules, CA, USA)» 3 ¥ 5 2~ % & v F
2t @ E LRGP R T E(on P %2 ES AR E )z
GADPH ez & 175 %P 28 -

A BN R A LEM . R BERA (R % A s CTGF R B %

2% HL-1 Mm% > 2 N4k % = 304 &3 > 28{8 @ * Flexercell FX-4000 Tension
Plus % 424t 32 % fmve cnfh RoW > 3o seim e Wid B 4 efF o 33 x 10° chim e f8 &
6 Btk F o IHZ g 3025624 | o BeFR T 2R ° 1 CTGF

z & > & * ELISA = ;%] 2 (USCN Life Science & Technology Company) °
R
/> 37 By cni 88 £_SPSS 15.0 (SPSS Inc., Chicago, IL, USA) » i 3§ %38 * T35+
WL Ao o s R RIEREY L RAedrd ant Bk AR o & ¥ 4w * Student t-test
4v the Chi-square %8 F sk e fcid R e F R {oifu| B he M L B o @ #
Kolmogorov-Smirnov #5 k3 5 ficdp .7 5 T30 F o 4ok £ L3200 )IL #
Student t-test 4% # F_c:E iﬁ’# Mann-Whitney U test %3+ & ‘e fF X B |4 o g% foir
Shibes % BAg g A dp iR ehdp B2 2 fo BRPUE & 4R ECV enBd P14 Pearson’s
correlation coefficient & —‘F}f Spearman’s correlation test % jp| % o Ir % i@ * Fisher r-to-z
transformation % ¢ 7 A2 & 43R il 3 H R 2 F L R o # F Wb w fF

kAt L TR Fl T fra e 3AES N A L(LEE L R)SE 4 2 B i
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¥ %

vﬁf

It

¥ Ay

¥ - & TNF-a % IL-6 ¥ i 51 transcription level s » B2 4 SERCA2 e
I
TNF-a 2 IL-6 % SERCA2 f i3 i i i &rh 17
d # TNF-a 2 |L-6 #r#] SERCA2 4T a4+ i if MRNA Z_od Harisdla & 2
(RS REr o S SRS DY el S A A R S N R T ERC IS )
P w20 o (B 3-1A) & F# 37 TNF-0 2 IL-6 2_F :x% SERCA2 A Flen & IE >
% 21 & HL-L fwe 4~ TNF-a (5ng/mL) # 3 1L-6 (10 ng/mL)24 |- p¥2_ 15> 3 %
F Bes P &g e -5 1 o (control, 1.000; TNF-a, 0.837 £ 0.095; p =.041 % control,
1.000; IL-6, 0.777 £ 0.366; p < .001) (Bl 3-1A) o ¥ ¢t & =3 & F 14 » R ek &
BRI AR M %o B R eng o TNF-a = 5ng/mL &% IL-6 = 10 ng/mL ik
B 3%F LR s 58 SERCAZ g+ v i o () 3-1B)
wRsmre ¢ TNF-a 2 1L-6 ¥ SERCAZ2 4f 8t 38 5§ 4 Rehie®
TNF-o 12 % IL-6 #r#] SERCA2 s mRNA £ R (% e 2 HOE R 2 5 ARk M4 e
» € " SERCA24F 3+ il i v & - SERCA2 MRNA & &1 * TNF-a (5
ng/mL)4e » B mPe {5 > & - pﬂf)j} TR B EEgGoR R E 24 0 F (1
for TNF-a at 0 h [Control] vs. 0.83 £ 0.15, 0.69 £ 0.08, 0.75 £ 0.12, and 0.69 £ 0.12 for
TNF-0 2 h, TNF-0.6 h, TNF-a 12 h, and TNF-a 24 h; p = .01 for control vs. TNF-a. 24 h)
(B 3-1C) - ¥ — * & > SERCA2 MRNA 1% £+ #4c » IL-6 (10 ng/mL) & -] p& B
WHEFRS > EAPRDOREFL AN F L BtRa24 ) pF2 {5 SERCA2 i3
mMRNA % & & % e > o (1 for IL-6 0 hours [Control] vs. 0.99 + 0.17, 0.94 + 0.23,
0.99+0.21,and 0.78 £0.11 for IL-6 2 h, IL-6 6 h, IL-6 12 h, and IL-6 24 h; p =.03 for
control VS IL-6 24 h) (B 3-1D) « #f iz ¢ st ek s # 4 hdeo HFenk s > & > %
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¥ i3 eh % fr MRNA S % & - & s 1 (] 3-1E) -

TNF-a 2 IL-6 flj4 < 5imo SERCA2 @i T im 84T 403 "% §5 cnie ®

oy Rz oI A e SERCA2 48+ 3 g 7 7 0 % @ * TNF-a (5 ng/mL; 24 h)

v % |L-6 (10 ng/mL; 24 h) & jgcimPe 2_ 18 > ¥ r2 8 AT HEF 38 i w om0 A i e b

A AR E R e T T > A S F G s Rk s 7 2 (Priebe and

Beuckelmann 1998) - (§iE 3+ & 2. & » % BT A3 i & 7 (decay phase) e » 2

Flpe2 (S P Bg e 8 > (e, Tau E% ~ ) > frf e et fide % (113.5+£6.2ms) > 7

HL-1 ‘w#2 4x » TNF-0 (141.4 £ 4.2 ms))2 % |L-6(137.4 £ 5.8 ms) z {$ > P & crrdecay

phase z£ £ - (p =.028 and .019 for TNF-a and IL-6 vs. control; N = 6 preparations for

each group)(® 3-2)

ERBREGFERF S wHm%? SERCA2 thi .

B ST AP Slh S R (e IR ) AP B RME R R

£ R H R (R A B E S ART) i e 2 HLAL e ¢ e R eh

L 24 ) PEZ (S W IBF IR b X £ B B i Fehiate > &% 2 SERCA2 mRNA
(R 3-3A) &% 39 ey 2(M 3-3B) A F i 7 Biom £ & ik

FT A F] A stk 10 SERCA2 drilinoik o @ I gend a2 o

m

$ =& i TNF-a 7 i %% SERCA2 this #& (pathway) » 8.3 & #¥ Fw ¥4
BRHNMELET UREFSE - 2 PR RS

TNF-a ¥ SERCA2 £ Flenig sk 78 NFxB > RHE ~ 2 NFkBF BRE ~ 8% &
v 7 M

i# * TFSEARCH version 1.3 %35 & clone ) % sn SERCA2 A FliRigF F & ¥ 5t 1
putative consensus sequences e transcriptional factor ‘¢ & 2_ & B 3-4A)- 13451 4
FL T LEF 0 TNF-o $3¢ clone &k ehit e 3 F s § fof®® prfE > iE% )RR B
A eage] 1T % (Wu, Lee et al. 2011) - § clone ! % shigsg+ ¢ 7 +100 to -870 B+ >
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TNF-0. 15 230 A8 5 F 3¢ bl enfrd] (5% (B 3-4C)» 7 B K145 ¢ 3 7 NF-«kB
SV i e & ¥ (-507~ -870) 0 4o % clone eniEEF LG ¢ Z e RHL 0 1EF T
27 @7 ¥ TNFa &5 NFxB» B¥ ~ » & NF-B F g & v > 700 it
SERCA2 A F1& 4 4 & 1% * (] 3-4B) -
TNF-a % SERCA2 # Flendk sk 3risd NF-xB & RHE ~ ¥ pL {82 £ 3]
Simvastatin & PDTC #r#|

AR 2 ke )k R 0 TNF-a 5% (1, 5,50, or 100ng/mL)30 4 48 - & ¥ 2,16, 24
DR E IR * BX kR h TNF-a (8% (100ng/ml) %3 4 4c IKK o/ B ehmipa v
BER O I kB-a kR G bt gk o Ra IKK R R G £ 51 ()
3-5A,B) » TNF-a cic % B % & 30 A 48 015 » @ ¥ 43 IKK o/ B chmipe it
chd 4 0 | g B-a ik B ik etk - B 3 24 ) pF2 A (B 3-5C,D) - B4 p
3% 3 I > TNF-a 32045 0 NF-xB esif 4 i3 5 22 (5% R & 50 6ok > 4o
» TNF-a.100ng/ml & » 2 0 NF-kB 08 + = & 5 (Bl 3-6A)c e fF» ¥4 0 NF-«B
ez AR P65 RS d o BB (e~ S RK)FR mre P W o & e
FHEIRF A o ApHS ek de » TNFra = 2 242 (60 PP # G NF-B
S H A8 p65 ¥ k% ¢ S (B 36B) 0 12+ etk v £ TNF-a &7 % NF-«B F &
H A8 R BT eniE i kdrd] SERCA2 & FlRIEF chd IR o 4o % f4e » TNF-a
ke e » T NF-xB & R 3¢ 44~ PDTC (1, 20 w M) & —‘ﬁ simvastatin (1, 5 u
M)#s > 115 3 TNF-a 55 d NF-xB £ e ¥ ~ % & 3-v $r4] SERCA2 £ F] et /= -
FREFET BT JRAR %0t bl enjk PDTC & ¥ simvastatin “r4r+|(f] 3-7A,B)(fl
3-8A-C) -
#3558 T TNF-a # SERCA2 & Flehig4x3 #2484 > ® £ | Simvastatin $r4]
B SRE A LRI E L Y hTNF-o (85 R 0 L84 LPST2 ) prig et &> i B9 e
TNF-0 6+ 2 10 & (8] 3-9A) e p¥ & 5§ ¥ s 3o im 7% 1E 70% SERCA2 3-v e > ()
3-9B) o Hsk + Bustvime INF-kB & B E ~ % & Fov BLEF TR PESTHEB E
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B % e IKK @/ B 3o BEf 1° P B R 4e o 112 | B-q 3ov %3P B it % o 8 7
Bf N ORI e e N R i % > TNF-o 247 ¥ NF-xB 7 o ¥ A & & &
B B[S s 1k rd] SERCA2 A FIMLET chA L o 43 + B R

simvastatin(2.5mg/kg/day) & #r#4] TNF-o = % {88 R LEa+ R 2R ¢? 1SERCA2

~i

ERP R ppesd IKKa/f i gipei iz & < 3ldrd] > 2 2 1k B-a ¥
v b X D drd](B] 3-9C-E)- I R &g o7 simvastatin ¥ 2 f s B 05N et TNF-a
if % NF-kB F o8 =% & $=v - #r4] SERCA2 £ ]t 3 i /= o

BN AR A AL P TNF- A4 » F Fl%3 Simvastatin x4

VLS BRAE R AT R RIT S b 2 R e ROIHEF G ol Rt B B &
AR DR 7 (R 3-10A,B) > & % 4 7= (LPS, LPS+Simvastatin, Control) sz 45
i § A (R 3-10C) » ¥ h R HRESR S G € Fl R A LPS B R AL 0 Edpdk
T > E/E 2 (B 3-10DE) - e £ F Z% b = % ahr PR simvastatin {5 ¥ g
T S BHENERSE F iy JE (@ P BT ehec X () 3-10D,E) o 1 b sk ACRE ¥ ] 0 B 3-11
%57 > TNF-a i #f ¥ NF-xB £ B 8 = % & F-v BT i i kdr4] SERCA2 2 Fix_
EF PR B 2O EEES LT L SRR S LT 14 PDTC & &

simvastatin % FE %7 L < BREEFFR 4 4y o

B2 8 FHTE DHF ik » %o $ L& L8 Repl » & LF Ab o
BAFIE 7 45 e 1R B T 1 R 3R

s S e

M- ded- ot MR EE IR o Mepuls E& 10 BEAAR
FHoRd B HFPLR o RRE R NBPLES bh 35 Mt A B2 B eh
fesfizt it - 2o s s SRR SO ERIACHEH LT LR -5
43R i enfp B> 6 DHF Sk § P ATIE 3% * $442 5 4 deceleration time -

B EJA Y B 7 E ik el R ’F’K CEEEM o R Bk P RERE F YEFE:S

~—i
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[TNF-o (DHF, 5.38+1.68 pg/mL,; control, 2.61+1.40 pg/mL; p< .001); IL-6(DHF, 4.99+
1.75 pg/mL; control, 2.54+1.74 pg/mL; p< .001) - #¥4f= © “cilofs 5 ff > T &
r s S P PR oy Ldpdic o ¢ 35 TNFa 0 2 IL-6(% = ) > 3+ B B
B £ & 1 Acute Physiology and Chronic Health Evaluation 1l 35 # = 18.9+ 5.3 » #77
s B ik R fiécgf;:;,% QDI I =S F Sl B R TRERCRCINE - ¥ 8 GPE
P Ndpdictk B0 B 12 T390 e 154461 days - #AE = 156 LW G op Rk
FRZCFEERANL AL Aok 2 0B 2 B A TR e] s Ed s R
TSRS R Au L2 FHEES N LAuE LT PR P
# % o fi (TBSA) » # o X 4p #c[¥ PR 2 11L-6: 319.2 (SD, 182.1) pg/ml 5 =%
¥:626.1(SD, 253.6) pg/ml, p<0.001; 2 % TNF-a: 39.2 (SD, 25.1) pg/ml versus 73.4
(SD, 24.8) pg/ml, p<0.001] -

5}&" SEOERE S LN £ T gl T A
-5 7 DHFE R R & B9 %8 UdpBicfr 2o 4052 007 LD E 0 4p Bodp ML
ho B 3-12A-F > A7 % Wdp ficfe & IF 43R ¢ L Hs A 3 4 40 E/A - E/Em >
DT 353 M Agcip b it - M- 7 7 L Klinf 2 % Lip#(TNF-a
122 IL-6) » 1 EE T ' T (p<0.001) > s BRENERSE P R D A IRt BTHEILR 2
6y PMEpeecd (L) HM=F ¢ > p AH IR TBSA o Xdpdks P B ip B
ﬁﬁ&’agﬁwﬁﬁﬁ$ﬁ%&éﬁﬂ’mwﬁ%#ﬁﬁéﬁﬁﬁﬁﬁwﬁﬁ
i B R H B R B L F (] 3-13A-H) o ke 2 R A LR o
S A T JE#;H&% PR BRI L L B R T (T ) -
BEGHE LY > 2o LR oIS P AL

AHEHMZEY 0 Lo RHEALT VpRT S Lr S o H ARG FES R

e
e
4

7R HEE G - AL hpE BTG EAERFERIEEY BB
= > 12 Kaplan-Meier Bl & 5 7 M8 R 0 = o PR LR “LmJ]% B7= Fpkgt
A(F3-14) 57T REF Lo FHES LT VLD LRPF L - Blb2 TS
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e Bt s o B 0 TBSA S &~ AR5 X F] R 3NRE 2 18 > IR 2w F R
A EF LE BaEME Y > Vb e bew B 2 % 9= F o (hazard ratio,

3.92; 95% confidence interval, 1.04-14.69; p = 0.034)(% =)

¥z & - %¥F P subclinical inflammation £ 2 ¢ Bz s 3% P L hE 2
T 5 i g o fe ?

PRAERTH

BH- 102 BHEE 0 F B2 L P LR R AL FlRnT0 1f (TR

Rl ool A FHRANEL - ek B P TEF RS 208 F AR

FAGHEEIR LB LA > ERIRE S RFDF 8 RILE F L Tyt F oo
g R L RE 0 4 P B RE 3 WA (CRP) o BAZ R
IS RREDZCTERAYFH O REDZCFE 4 FRE D
TRl B LS SRR A EA S BF Y A (P<O.05)(% ) o 11 4RE S

wwihipthk g o 2w TR R ¥ G B R SR 65 F (isovolumic
relaxation time) » #i £ 1= 2 P55 % pF R (mitral inflow deceleration time)(P <
0.05) » mitral inflow E/A »* j& > (P < 0.0001) » Fe P& 2 648 * 4 Egom E°F " (P<
0.0001). « 12 &7/ H 45 & 7 H %q 5 4 F chig & kg > £P3RF A LARE ] RE D
Wik £ > %R 95 (visceral fat) o fE 3¢5 ¥ (peritoneal fat) 4 & {5 vy Eg i
(retroperitoneal fat)e7z £ (all p<0.05) - ¥4 = : /€. 2007 & 3 2009 & jx %7 ¥k e
s 7 120 B ¥ T A oEFE > 02 101 BRI (PD) A 3t B R wan
B koo ST RS AT s B R R @ *ueh glucose-based lactate-buffered *f #ci% 47 77%
(UltraBag; Baxter Healthcare SA, Singapore) - = kiR Boeng Bacd N 9ar7) s PD ag
FREF 0 GO RE R Bt o RS R FRE 8 U B(TNF-o 12
% |L-6) -
Wraipl ¥ fofph Tk dip M 1L
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HH- 57 217855 MFR A B A dnd R dp e F ahdp
Bt o #% > £ BehF M HOMA > Z a4 i %5 > fo ) %5 % BEE a7 ME 48
¢ 14 (r =0.45, P <0.0001;r=0.25,P<0.01;r=0.37, P <0.0005; r =0.498, P<
0.0001)(# 4 )ep* *t BMIfrgf X g #cRfrf %% 7~ R1F % K& i B 7% B (r = 0.745,
P <0.0001; r=0.697, P < 0.0001) - HDL RB|{e %% =4 F Bl f 49 B e0BE (3% B(r
= — 0.41,P=0.0001) ° 425 A Ak F > 2w S fop F BT PR
P B 44 (r = 0.47,P<0.0001) » & E/Aw @R # 49 B 3 &(r= — 0.25, P=0.0166) -
TR EERIACFRF o MR RBLF PR

T FERF G LR E G PRGSO Ldpdio AP EEA i ﬁﬁﬁﬁﬁ?/»\ﬁ )
Al EE o ful > ME o BRRE F LR HOMA w3 v 2R FEF
28> AP CRP fri o 47567 i 4 24 A ¥ cip B 12 (OR: 1.42, 95% CI:
115-176,P=0.0019; % L) c & FF 7 Fqpeh # L Ffrz w T 4% LT LT
B — i ﬁﬁf{?/}ﬁi%é B N R R B R R chat- T (W Ik S
7 2 4 en%) 3 (adjusted OR: 1.29, 95% CI: 1.06 - 1.57, =0.0132 and adjusted OR:
1.45,95% Cl: 1.1 - 1.92, P = 0.0107) © & f& # L F flafra 5 e B4 3~ v
A 45 % 7 > CRP 1w 2R %5 & ¥ crjp B 12 (OR: 1.32, 95% CI: 1.01 - 1.72, P = 0.043 and
OR:1.30, 95% Cl: 1.01 - 1.69, P = 0.049) » # &\ % ¥g ¥ & L% A eh L i ”KTL%H
FEFOMA AN LR EES NG VPP i LS EF LF o & ¥ CRP
sAREHER S APUERES B O A REFRES T SRS o ghart
AfeB LR B BEF4p R (B=1133,p<0.001) > e pEg L F By BEE e T U5
422w g A%k 0 2 2 (B =0.373, p<0.001) - The goodness of fit index, non-normed
fit index, 4= root mean square error of approximation for the fitness model » %]
0.944,0.929 2 0.046 - & = A4 45 3 & 20 1 Bk ik 2 (W) 3-15 > 4 - -

(4) & Lipdcfoz v F A% 0 PR B
BAAATOHA R AT AR g iR Jf: POk AR M P R IR
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Tt ﬁm%&’m}é%%%“%ﬁ LT IR 4 G 2Ap I 1 B R (2

FRRS )PP A dpfta 5 0 LA PRSP R DHRES 2 MR APM L
FhoHM - FTNER BSRATRES FHRE > 2o TEHKRS R AR

FEF ORGP LB AP R Y 5 AW A TR E & 12 u) BMD B R
B R EWE YT o TNF-a &% IL-6 2 18 > FI AW EiroEE? gL F B
PR oL e R AR 2ehE 2 5 M (TNF-a: OR: 2.6, 95% ClI: 2.0-3.35, P <
0.001 ™ 2 IL-6: OR: 1.56, 95% Cl: 1.25-2.26, P =0.01)(% - = ) -

(5) WY - F L e 3 5% 2 FR L FHRH L B
BTAFAY AEM - F o R MR WAL B en 3 0Er £F € (8- Hen
Hik Lo

PD*TNF-0 > T it 7 7 -ﬁm LRSS szﬁﬁxl?"frfm FEERF N LN

B A N APE AT A BRI (£F hF 3 PDYILG 11 2

\v
1;»:\]-

% 2 3 M (TNF-a: OR: 1.62, 95% Cl: 1.27-2.06, P < 0.001 % 1L-6: OR: 1.30, 95% ClI:
1.01-1.54,P<0.03,% + =) » & - H =0 TNF-o £ %] % § 3 4c 1.62 & 2o 3 &5 5
A s g o A IL-6 P E 130 B o gt b AL A K dcent 2 for
B2 LI 0P 3 A RO T TR BB Db 20 FERF N T
23 4 4% ¢ (PD*TNF-o: OR: 1.45, 95% CI: 1.13-1.79, P=0.004 4 2 PD*IL-6: OR:
1.12,95% CI: 0.65-1.56, P =0.07,% + = ) o s 57 4 & & 2 FF 5 § #a b e ] 3 Ly

Bol AR A R Sl R 6 4 LAB R 2 SO R HES G Lonfh

g o

¥ 18 Arehzoe ERNFH CTCF 4o DHF eofp B0 2 7 0L 3 F 4848
Y

DHF s & = B 7 b A P E A2 R A & Faldr - = > o€ 2 42 ¢ & DHF chps
LOAATEY R AP IHFDLE 0 R PR U2 G

NT-proBNP erdcie > 125 i DHF Vg BE° >3 29 3 & 5E DHF cv8 %1 > #1148
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996 ¢ adE? R DHF #¥i o fd 7@ O NT-proBNP #cie > & - € DHF ¥
kg 3 e b 21 (565.3 £ 472.9 pg/mL VS 183.9 + 135.5 pg/mL, p =0.003) - ¥ *#F i R E
m)’% 2 i * ACE inhibitors 11 % Fi AR A e T4 PR AN S o O RAZ R Rl

AL del ALz 0 2o

ik

o] RHPERIRE TIEE e LA il 28] Bk
£ DHF Bozoo s P AR adE 0§ ek chmitral flow deceleration times 12 2 &
o BN B f gk h BN B o

= 5Fv' CTGF &7 b k€ R4FHRM S R BN &

Wl - REHEF P o ﬁ]g;_‘rﬁCTGF T 2dpdkc s 6.0 & 160 Bpernt DHF %3 i
¥ob e DHF ¥ 3 B F R 3 _'rﬁCTGFa‘g (B € DHF: 73.8 £ 31.1 pg/mL vs. &=
% DHF: 30.1 + 33.4 pg/mL; p<0.001; # - =)« 42 % A 45 CTGF 4 DHF % &2 [ 10
B 0% > ¢ R CTGF ehdy Hofr e i ~ #% Ele'#icie - 12 % mitral inflow DT JF.’K”‘F 22
s B (r=0.75, p <0.001 and r= 0.51, P=0.01; B&] 3-16A > B) - Ir ¥ CTGF fru J]%
¢ NT-proBNP + § %8 F crdp B (r=0.33,p<0.01) o 54 i & * P58 e 5 5
A AT Rk B9 n CTGF fo 2 fofi sk b & hindpih Ele'd P A cp b i 2.(B =
0.083,p<0.001;% L+ =) Ap¥ R dodk N PFE B CTGF &k § (T e g » 42
% @ CTGF 1 = cp ¥R ¢ 4 3 Ele’ £ 32 58 CTGF 4p e Fap: 75 (B=
5.482, SE = 0.574, p<0.001) °

PR S R B et A frk Y CTGF thfa Wik

W3 R R < PR £ 3R (CMRI) e T1 mapping #2588 ~ (1 & ¢ #7 )
AT - B ek iR R B e R (ECV)S 7 RN o R
it 4% & (Flett, Hayward et al. 2010; Lee, Liu et al. 2011) - [ 3-17A & % - i DHF
kG SRR fo- BHREE ECV W Z 7 koo B DHF s & h ECV B ¥
it Ao A NP B T S e R T B IR s DHF Vg BF HFy#RE OECV
ip (R 3-17B) - ¥ tha F IR A DHF %3¢ 5w “Ff; ¢ (7 CTGF v ECV 7 & ¥ «h4p
B 4%.(r =0.70, p < 0.001)(M@) 3-17C) - % CTGF &£ % ¥ 3 p] 2 & F chgh a1 42
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T FARANE G VAR TR U R ANk
IEFHMNBERALBMPFEIH 2 CHR TR ow (T84 P UZ
ARG AR B4R LT 0 LRI RS SHERF L S F a1 (R
3-18A) HE LT A & A Fehz w FAEH N L F § o R AL R P n
o E PR R 2 WO RS A (R3-18B 0 A LT )0 mEGR " $eh
3 AET E EEELI BN A A HRENIS RO EA LSS 2
S F AR N H R ehds d 505N (8] 3-18C) o
i&% P CTCGR frz v 3475 # it 7 enE R AR 4P M
Bs mand p s B RBIR L3 ERPCTOF 4ok 20 A 4 M hg R §
P o ey e BRP ch CTGF (g s BARS ¥ cht = 7 (B 3-19A) > ¥ #h s d
CTGF k& frdg § A ™ chws 51E-5R 7 i 7 dpBicEle’ s P & chdp B 73 1(r = 0.40,
p <0.001)(B 3-19B) > e p¥ i & 7% % F chjg cnd $ % B 4 cnt 2 5 K 4o CTGF 3
Pag s i 2 (r=0.80,p<0.001) c T BBz F LR NI LDTFF
2 (2w F FR.E) B HCTOF fru A i 7 2Bl 8§ P &
ifp (B =9.8,p=0.04; £+ >)¥ “t5 & * Masson’s trichrome stain & p| & #
f s wgen extracellular matrix ECM(] 3-19C) » f i # 5% J 45 ¢ <H ECM 4 £ P/
ke b 2 (ECM percentage 5.1+0.6% for the sham dogs vs 8.7+2.4% for the aortic
banding dogs, p <0.05) -
e g5k 4 fgts &% CTGF
FFH ks 2 SR AR I R R R AR RO il {o¥ R
(R T GRS T B S B Hlge2 18 vl A ik e CTGF P A e

s il 24 ) PR h3E 4 ez 15 CTGF ¢ 2 chi & 42%() 3-20>p<0.05) -
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%z & 3t#% (Discussion)
% - & TNF-a % IL-6 ¥ it i iF transcription level erdrd] » 85 38 SERCA?2 i
E1:R
i&FR

TNF-a % IL-6 > 7 SERCA2 4T 4t + i if ek Flig 4 > T ¥ 7 SERCAZ 4%

&

3 R s R o T IR B F UK e b > T O E R0
veimre ? SERCA2 ik » ¥ it B iF ¢ 03 L F d Fao TNF-a 2 IL-6 <5

CAES -2

g
o+

# k£ F ¥ ¥ » SERCA2 1 2 DHF

AL P FILTNF-a 2 IL-67 r2/5d A FlE &k 6 #5P SERCA2 hg £ >
SR UEEEE R R T TR g i B e koo hERE
Far o iRkt 4TI H N L L ERDHF B A ki & F)F o E 2 0
#3 3p &1 SERCA2 5 FF G TR L gl 40 BT Hi0% ) 75k x4 gy ‘}‘;’K a1 3R B 42 (He,
Giordano etal. 1997)  Fe p& p a0 ek 3 4 &) TNF-a 2 IL-6 38F i frow 3ert 3 3
Ly Mo ATHF A 2 & 3£ SERCA2 74 v 4 T % 4h 4T 3+ < $ 34 i (Nat+/Ca
2+exchanger )(NCX) = % phospholamban ik & $8ALEF 3 i oo vuchdi sk 7 it B g

Mo 220 TNF-o 2 IL-6+ 7 it LB H © T f PR g ¥ 0 reengioh

e h LA NG THE %:}*“fm ¥ TINF-a 2 IL-6 2 £ ¥ 11ifif 5 & il
FIRPET s veengrsk s i 3 Lo g L TNF-a 7 1 534 45 B adrenergic receptor

izt iy o @ BRI A Y P W E 0 A e R PR 4 et BT
R engrsk 74 ay (Gulick, Chung etal. 1989)  # = > TNF-ar 2 IL-6 7% 12 32 3]
suei- § it § (nitric oxide, NO) sk B » w3 vd NO ek B T % > 5L R veeniss it 3

B ehgRsk . 2 12 F(Finkel, Oddis et al. 1992) « ¥ ¢ 7 fd jic & R4k 4R 46
AP ied 7 RS el R et iy o s Ve B AR o018 % T ALR (7 RReh

AR H e 0 B3R T AL £ TR S5 (Prabhu 2004) « 77 5 B tim e sk 6 B - S8 A
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gk 7 2 L mpE R IE Y o i A T sk 6 kB F] SERCA2 v el

BRE > 5% g o 1L

HEE PRI E% e g™ 1Lee $ 4T 4
FUEDFERP T AFE Y OFREG T R A LT A et DHE B2 5 B -
9 %% ¢ SERCA2 - # 4 mRNA et 55 4 2 30-40% = + = 4 7
T H 7 0 SERCA2 3-v th # 8" ¢ ¥ @ BI e HnsrE s i o wifd g9
TPOBEIM o ok B A At SERCA2 eh7 £ D F e s b
30%(Hasenfuss, Reinecke et al. 1994) o & ¥ ¢F — BT 7 F P& F g $30 0 v ey
%Y FHER o SERCA2 e 2 = 1 en SRR TR L 1T% 0 LRk L

g4 7 2o engrik S at 4 2 (Huang, Walker et al. 2004) - @ i 4 37 § %=

W’

7 %7 > SERCA2 s g & % 17-40% = + i’rs;t.,-g B8] g en4h 3k 7 i (Abe, Ohga
et al. 2002; Seki, Nagai et al. 2003) » #7127 *F 5% 4 » > SERCA2 ™ " cihfe & ¥ 11 &

TIFRsk hd R R SR ARSR s R ERA 4 o ¥R Y . IR
I v R E I TEH FI s B oA ARFIEFE I H L 2
O RE B 2w F 4R35k 74 5 (Halow, Figueredo et al. 1999) » F]t &A=
TPFT O ATAE T e KRR KRBT e K G e HARSE R AL R o
TRk i &

TE KPR ATRAE L FRE A BG4 g Wl 2 R R
SORRENARIR S i 4 NEZ2 % 0 £ & end_A % &t 2% (Ikonomidis, Nikolaou et al.
2010) » 2w F 43RS F L FERA LIS - B F]F o AN PP W gu
0B FLF B T 058 RS 43 & 5142 SERCA2 thE T o e pEs
e Bt 3 UF op B i REURGE 0 - T g w9t SERCA2 T
RO TRt R AR RT NE RN REARORE RS Y R g LF B
Foowudgami g hTNF-a 2 IL6 387 i 3% wsvd HSERCA2 £
% > 4 T SERCA2 ¢ % § R 2w R 4FEM i 7 Linh E RATRT A F 0 B
e it ¢ HRE R L &ﬁvﬁaﬁﬂiﬁﬂrj&’%i EN Sl e A A
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SlAs 7 L edpis o 2 5 [Rdricthen pathway £.F 7 e d 2 3 iP5k # L K-
[EREI e pT g 7ot I

PR hiE

AT APEREY T HL-le S me s b a e g uitimie g Fli B ootk
SRR R R E R T R (T ES (e A L F % oA HL-1 wz ik
FAFHe SRR ERFYT > L ;rs;&p?ﬁ 7 HL-1 fmfe 1o 2w vtim e 25 chdp (o
(Claycomb, Lanson et al. 1998) - AT %Y TNF-a 2 IL-6 :x% SERCA2
mEF P BB E > PP R S DAREZ R A OB BT e
FEZFLE- BT > FEF > witpathway - &% = 304 P > F b
VoAt il AR BRARR L A et o ApRAe 1] & BK o A ﬁ_pgz AL ;‘;73
FISR ¢ TS § RS ] e WHF BRI Ow e A h
Tk s ”#ﬁ?“”%[’ia B > SERCA2 trzh i sc F H & A FFeng it » B ¥ ¢ K SR
GUTHT FEF L AP E Y R G R R hlwre ) (Fr 24 pF o At
oE R LR R E g it > i §_SERCA2 st it 4 e SRRk EHT ks

e SR GMTHES T R0 > R A et G e

¥ & 34 TNF-a ¥ i # % SERCA2 {8 (pathway) » £ % & B Fu s
BEHNMNEEEIFT URESE -0 2 5P RN
AEFER

AFTE A e 2 B %@ TNF-a =if NF-«B F B8 ~ % & 30

|

m

JTeiE v krd) SERCA2 AL FliRiEF ek o NF-kB F 8 = /% & Fov 320
TNF-a #4#7 SERCA2 ¥ % Z @ &£ & eh o A lw® ;% 4v » NF-xB sdr4] 3 PTDC
v ourEr NF-xB & RH ~ % & v BISF PF i (F SERCA2 (g w2 o Fp 4L A lmbe
¥ 5% e » simvastatin F ke 12 % (7 SERCA2 eng w2 5 5 TNF-a -NF-xB »
BE AL F0 BT 5> SERCA2 thfrd]o e ket 4 038 7 2L 45 5 simvastatin
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2 T Y hSERCA2 w2 o ¥ ¢ e s i B T E o
hoorvimie ¢ TNF-a %4 NF-xB £ 5 3 & @i ehgd i
TNF- &g 873 F i im s 30F £ R $ru]fevuime o iF 4§ 540 gL

4, @ E:& /= transcription factors # 3= integrins » Akt » NF-xB » Erk1/2 2 %

‘.'1""»
Iy
i\4
X

agene-expression of Bcl-2 family members(Boltzen, Eisenreich et al. 2012) -
AR Y o APEET TNF-a 7 1P B a5 seim e SERCA2 ch4 T
Friy|4r e+ v de o L FHA3t e sviniz TNF- 4oi@ e SERCA2 chig f3 4r g
S o B iTeh- ALK 0 TNF-a 7 M 4cimie ¥ cn? A5k R - H 4
SERCA? &+ 7 DNA 7 2 it (methylation) » F]@ ¥ r24r4] SERCA2 =1 7.(Kao,
Chenetal. 2010) - # @ } it S ' U4 &>t DNA t0? Rfs 2 (7 5 5% ohp &a
PRI P TR B ORE A E Fd 4 LT -;%’-*{éﬁ%%gv} v E TRk auE o
HLFIEE o 52 20 TNF-a - NF-xB eni®® 558 &7 b cnimbe 394 #5331 dow i
dmre 2 RN AL Pz X (Ock, Ahn et al. 2012; Shiraki, Oyama et al. 2012) o * %= 3
TEA TR I R EETRTINF-a 7115 d NF-xB %k # 58 SERCA2 ch# i s
PR URERIR S A 0 T b R SR B AR o B N 05k T ik eh
WA AT R B R F & BPRERLIRA DRSO T RGP sk
% o
TNF-a $FRHFEBRF LT 2 BRFH T 72 F# * simvastatin @ & &

B 5P FERINF-a fou ERA LT LG Mo 5 Teh L 2 Y
TNF-o 3p 5B 8 o B+ 7 5 8 2 < 5E45E s it 2 2 (Lee, Linetal. 2011; Wu, Lee
etal. 2011; Lin, Wu etal. 2012) o iz B A P IR AT 7 ¥ MEF 7w B PR o0 &

MERTRRBENRE S o AT Y & statin Rk~ FEP T ostatin g L E

s L TNF-a & fﬁ%iﬁ By PR Pk > I RETE T S UER
statin 43t BRen4RR # T N E D R AR gt d o iefdrk Ah 2 At n g ke
Fr4| 5% c(Mannheim, Herrmann et al. 2011) o &7 7 7 » Bo7 > #3045 0

47



T Bihuy & % ostatin > 0o ¥ e o & e0F 18 (Fukuta and Little 2008) o fe 24 i
SuT P G % statin ¥ L fR ¥ TNF-a - NF-kB B8 end L » 2 — 4 32 ez 8 £
statin ¥ 12 %% M TNF-a ek & » 2 = >simvastatin # £ ¥ 2 8 #& 1% % & NF-kB >
Flm g b iuim P gk f it (Zhang, Xu et al. 2010) o @ rosuvastatin » A dR EiE ¥ 12
Frd] Ang Il - NF-xB # /= > & > NF-«xB 74 3. (Kang and Mehta 2009) - 2% if* p &0 e
L s 3 - BATITH 2T FP statin ¥ R B R e P ATEE S G b
P MURATRRT ehw JCi A e S REeRATIE S Ay o
L=

AEGARCTRAT UL PEREFH XF B(TNF- 2 2) 7 115 d NF-«B
BREREI SERCA2 e 3> A58 2w R 4P5RF 5073 2> T ¥ ¥ LiE* statin &
PoREeg o 3F P ARA GVRETM T > 2o FERS L AFTR L S- B LTS
(Wu, Yang etal. 2012) » g % & & Teem o LA 2 2w T EERS LT LD
R E o T AL e Aldole T S BINA gk o B WL BT L ket g
T REERF NG L PR ABEEF A A 2w R AR T LD
- i1 & n%)2 (Qin, Siwik et al. 2012; Wu, Yang et al. 2012) - j5d A i 3 > 7
KL R e B OIS 0 gl @ T A - o BT R RS B
hod TS5 A R R s B 0 de @ P statin B R b e LR
T g AR P g o i a e S REDERR B BB/ R DR WIS -

*FET B

Ne

SERCA2 ;A Flent id 3F 5 Fl3 bz 2 - % TNF-afl k2 L MET -
Ptk &R RSB 4 4 7 F H Wiy SERCAZ chw s Ap B > » oo 38

SRR § s B R A M o Fl 1 TNF-a 82 SERCA2 4 s 4] 7

G

4 g m Rt o 5% TNF-o paracrine chi®* & & ¢ha 3 18 % 4Ry &
‘%‘mﬁﬁ RFEF o ¥ ohAPR* o HL-1 wyvimee > laf-}a IR L eF R K«fr/\ BE e
U VO T AR e R A RFT Y Y L S T b @ R REN APy
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s BT UGB PR chBoN eh e

P H FHTRA DHF B » « B RS EEF LF Reop b 3 LF RFFa
BREFIE 7 iy M TR RIS P R

Bl 2R A mﬁgmgﬂ au‘z[ﬂ*ﬁﬁ:h&&“ﬁm*xﬁplﬂ’“mﬁ@ i?;_;;

Q.

B 5D BATORM R P iE B T E P DHF B & 0w P el

Ldpte s & 45 TNF- 2 (L6 3000 % 3Bh LAE » b BES & o i@ ook dicts

Frs BEAZ F A T TR oS BRETSR A iy 0 Iﬁiﬁ’fﬂql PR MF o ¥ b AdeE
s P AR o Y R LAp L - Bop Rl B F 0 peH L F BT

Flp & Ted A N A F i d o R SRR R 2 BB LR
B ow L BFG R gt el dpiks RO e g B e o
fwfP’£WJgﬁﬂﬁ&jﬁﬁgﬁxﬁﬁﬁﬁﬁ’i%{%%%%ﬁﬁ’
BAptReEFE Y o UK adpdic 2 TNF-a 2 IL-6 k& > o SR F AT
P S HRERR P G N Mg R ML S P A Rt L F TRk
@G orEeE o SHRNEERA R L AREZ M RGBT
BERNFI 2 - o
$3E s FBfrje s RN 2

AELEY 0 LR ARNEE  CHOEES R R T AR
Mofcipic 4 4r2 S E - A3 F2 B ond A AR 5 &7 - o ¥
:;,;a,a;z el £ > A#mAS A ‘]/f,fqﬁf’} —'F%!ﬁraﬁ Mos F et F 4 52 b2 (Cowie,
Mosterd et al. 1997) - 5 L 324 A #H LG > S Fvik § o g P 2 g i B R
i B B A AR RT3 2 gk = (Nesto and Kowalchuk 1987;
Miyamoto, Rose et al. 1999) o & ff@f 78 3 473 I 0 Tk 6 % ﬁ:’f;’,éléfgﬁvé,#;? ea
SRR 0 M IR VLR L A > B e R IR S AT gRR S R BE &
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A Behghleit o v B L AR o 3T E KA 4 BRA K BF LG T
BELG > ATUA KA G T P D e et e s iR ATRA AR
B T CrlEAS % B(SHF) < 384 1 A “Km)?‘:, EREREINNR L L MRS SL: e i 4
fdRengm o dpgta 3 o DHF am & S8 > b flS e i Koo Ba 3 o
oo apE R S ORI E DHF #rib 1 1o Borbe lyetal #ds i i3
TRR pstmie? s v SR E B ESH T o titindek - A0 iR R
Sl E AR 0 SRR PR Lt I SR - s b E R chin g o A o] E A
Leang B R 2 3 55 (Borbely, Falcao-Pires et al. 2009) - X @ titin e gipa it > ¢ %
3% titin 4 % = # i+ 7 N2B isoform » i& £ & DHF 5 B¢ rihaE g 4 ch L o titin
hisoform A% 5 o deengRiR F i g  Aveh3 20 B 2 & SHE RIS 5 Tl
I % (Neagoe, Kulke et al. 2002; Makarenko, Opitz et al. 2004) - £ > ‘=% (¥ 7 (matrix)
N BB AF‘,u‘ 7% - ¥ DHF g B F1#r+41] matrix metalloproteinases =7 3-v
5 0 i€ 17 matrix metalloproteinases = i A% 7E 14 > F@ 1@ 18 matrix s R o
BAFH A > wveeafl YRR N2 A o AR E o B S e % :B(dilated
cardiomyopathy) s & omatrix shit 3F @ &3 & F b = (Spinale, Coker et al.
2000) © r2 b cpT R AR veage g 0 b BT s A B0 DHF sl o 8 o
PR - AR OB R R G b0 P i FE AT A 8 A 4+ (advanced glycation end
Products) sk & ~ &f ¥ # {v DHF e 38 45 #%4p B (Berg, Snorgaard et al. 1999) -

R B A A A ARPAR S > DHF e E & > B 4 S

BEARR > B gy R EFFT AL NSPE o Bk
LI chaty- LB PN = 2Tk P S
ot RN X | ,,;},gg.) o BRAR SR 34 L e IR

FAPW L REFTS i [ R SRR = AR S i
EAFL L 0 5o ANMBATORHCFERLER IR RFS SRR S LT L
g 0 D SRR 7 LAY G A b B P o %
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Ey

Riipf Lo g &~ 4 f‘uﬁs?]ifé PR EF A Ar EAPSR A G A Rl 5

T’r\

F_*

%
B HET JUFEE > S RN L st RE P K o pbslde

RS ORI SR IR RIESS FRRES E EL R Tt S

SENEFT AR rﬂ“}jfuﬁ‘\lf’“t‘ TEHRTY FE o BSEFE L BORLL 0 R
#% L R RDSARENERR B o A P s S WA Y R g B e
FREEF A F R F IR 0 4§ FIRIELE A B AT S BAhE R
Bz L] e o BB S F FLF Bp RO L 3G B IRT UG sk
Vg 2. =13f 14 (O'Riordain, O'Riordain et al. 1996; Budagov and Ul'ianova 2004) » #] & %
KF et TAAF G AR ERRE (B4 EG o fi)n B EE %Dl % &
HHF P o B A7 o ET F 0 HIIE L ORFBHE o AP SR

PR R RER ) EG G AR T o 20 R bR s L f,;maf;::f,;ﬁ%’

TR RFE LR BAL > RO CHER R o a e R TR 0 14
A RS o T e R g R RBE A FRSAS A it p L

o

LN

i

BELF BT RBELI R SARAN N B
LA

3
&y
~my

“.1

ey P g R E oo F AT AT 8 a2 11 3R (Baxter and
Shires 1968; Adams, Baxter et al. 1982) - i3 %= 3 8% > TNF-a % 5 & § e
FCR Mg e o e (AR F e o A AR LF B de
TNF-« - IL-6 % - ¥ 2% i p38 mitogen-activated protein Kinase s} 55 i > = #
fo P10 BT i 4 (Horton 2004) » 47 Sk R BT 0 I T & T
117 it o 1-adrenergic pathway i& @ ¢ {7 RhoA/Rho-Kinase = | g v o {8 ehen
FR#- 80 & s rcmsiangt 5] » o B0 5 5E R 7 i« 3 (Ballard-Croft,

Maass et al. 2002) - f P2 thFmE L E B Y oA B BREeed NO e
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PR R yeert Ry 0 D R R et 7 0 e Rt 5 (Finkel, Oddis et al.
1992) - {8 Hortonetal » %473 # 45 d1 4 ik 5 F-v (heat shock proteins) - matrix
metalloproteinase 3%+ i <X FIMEE 5 1 > BFIFE P T win o sldgs o
B féig 3 ] F13 o 2 (Horton 2004) « b i il 4 18 4 40 LA gl 7 a0 F] 5%
AGRBFER B PR T PR AP kg o AT G AR oK

PR E R RS ES e R E A 0 R

-\1\14

e AR B T
‘%Tﬁi ’1 ﬁ"-"f m%ﬁ ;,rz-Fl p{%}rﬁémﬁ‘—p&g}'é l: ’Kf |—L7 l‘ ’i\.]ru lﬂ"“*
BRI A ET N A RER SN AR - B AT T 0 s

LR iR

o

PR TR Gm BORFEY LG P wed hSERCAZ X B > Bl i

~=ie
3
W
s

TRk cEE L 6 EP B o 1S o AfRRaEHEY o R4

g\%ﬂ/
o
¥
@
A

Fen s e aR s i M T > 2N EE T 0k g LR et 5t

H\
g
&
H
ﬁ»
E-\:n.

hirsk st ac H 3R 0 ERaR b e R Rl 4 BFRF I EP -

¥r & - B%¥E Y subclinical inflammation £.% § B F 2w 3 &FE# N hE 2 >
T i i i e ?
ARFR

BRI F P 0 A BERE L A B EFE P > 12 subclinical inflammation
FORFE LT A G o AP - BORFE L B0 F - SOWIRAPN gk Y
Boo B2 FEES N DN G APR L FEAT o F RPN e L § 4R
PRoPB B ¢ FIL R B gl A > B2 B A R A B0k
B0 Ldp¥ P FF Az T AR A2 B AP B M Aol AP DiERR o
TR ST UIRET 0 PR 20 R RS N RS A E G R

s 2 %md R g;;/)‘/)g?m % oo x/‘ z_¢k Ay E B fLFm;//\}E%fFE‘T" , T;??'};I‘
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Heo L TNF-@ 2 L6 % % % » o A3 L T 370 0 AR 5 L 0 & 9T 4 e

o

BT R TS ¥R S P& ¥ b gt fod Ldplior &2 5
f#’Fﬁpﬁ},*@»kﬁj@m):‘ﬁ&,écpwin**ﬁmﬁ C TR B RN S
EHAG U RA T UIRER A A F LR Rp b T 5L IOES T A
Bl #{ 8- HRFIL P eIy L F o B FRCHDERS R
A g
WP g Lo 37 R NI

B P i ARG Ah 2 2 g a2 0k F T Uk i > R
R iR R > B3 3F 5 R L R R R M e T A 353 B RS R
it erafg 75 4 (Redfield, Jacobsen et al. 2003; Wong, O'Moore-Sullivan et al. 2004;
Ammar, Redfield et al. 2008) > 2 & § B3P B a4 F 82 2w 3 B T 7 e 4k
Sl 112002 & AETY R Bl TEE AT EE AT 28 K L B ki

B3k Fd kT p gl o BE YR ARTR o3t

3

Lo (FE R A R Rt H L el A e g Al g TR A

S

% % % eiisovolumic relaxation time zt & 4p B# (Morricone, Malavazos et al. 2002) -
¥ b i3 rrJ/Eﬂ X BT ]E‘—iﬁ 51~ 7 27 (= hw Al m}}% B N W‘nﬂ 35 e b _Jfr'g_
FEPEELF B PR e RePFE LS PR AL ez T PER
BAE 7513 S ¥ AZ 5 LT ez % isovolumic relaxation time zf £ ?K XA D
AR o SFAEY AT L T IR 0 MR A ARG Vo e R KR R
oMo SRaipMERT w8 HREED OGRS 0 7 AEL T g
FRFEEUE AR PAOTR L FEES N KA SRR G L &
ARG ERT R R P i I L R EE 0 KT B R R AR R i 4] 0
FET B - AR E K F Y 0 AT IR LT - n ikl o AR
GuT R R E Y S BT Y R MR L3 ERA R T A F 2 DR T SR
NS SRR L S SR E KRR T SLEREE £ & T E)
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7 4p B Z |+ (van der Meer, Rijzewijk et al. 2008) ¢ i&— ¥ 77 7 48 3> F] & & Uk T
(uptake) » 5 it = FaH b Faenae 4 &7 b BRI ch L FE > 314 = FRH b Fp o e
FHFEAL T AR 4 FiEREELI PN G ZEY B RE s R
FAEERFM NG DFL B T T M EE R KPR epicardial fat en g £ 0 B IR
epicardial fat sz € fow B8P ch= fe 4 4 g =B P & oo4p M (Kankaanpaa, Lehto et al.
2006) » wERAZ R AT 3 2 FIL 0 B 4P| £ epicardial fat 7o i & 2w R R IE D
% % (Malavazos, Di Leo et al. 2010) o F]pt % #LEK > S FR PN 67T ik &4

B RS LR s engs B epicardial fat 24 3F { TR & BN BB 5 K
MmO L R asRR R o
FEFE Bh- Swiksdi R CEHEHALT L

NP FT Y B 0 PR AA B G L F RS RS G o 7
BT Y Bk HIR o N RBERE LR B TF el eaiiga 4o 4
¥ oL e b e R chdi £ (Prabhu 2004) - e % 12 trasgenic ¥ B ehf B kg o 4ok
WR AR ULF o - B HERR I R o sgacsgi 4 £ ¥ «(Bryant,
Becker et al. 1998) » ek c#7  + I hfcigic 4 B ¥ o L4RSRE 4 B R
BP0 EAERIE vep ehi dpdid P AR s 4o (Kapadia, Yakoob et al. 2000;
Nagueh, Stetson et al. 2001) = o etk chig % 7 ¥ R > 4ok o Ldp et = (X FI 7y
Ri e 2R F L) AT - HIRIEBSRO SRR L F B
iAol Pt Z R M g2 B F g 1o B f o SR e e i
PEgREL RS E L B o
B AL

SlAss LRt SR RS > RAETE Y B B el o #% g
Frdl o a R F A B LR BT F 2 - 0 kB4 9y (Lin, Kuo et
al. 2008) ¥ r4 g o A H FRF UEE Ldp et A F L T LA S OF Udpdeih- TR
WHOE & BRep il L J AL ERE Lgley T g A TS F A
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M3 F 8 T & 5 2 BPTFS o Hoekstra et al (7987 3 B3 30 % & & {- CRP

b XA P FEA P OpEds o T g 4250 P Xy 51~ (Hoekstra, Geleijnse et al.
2005) » & P ggis P ARG R dkengs B & BGK] 0 R & P AR BT
Al 477 ﬁé?])‘ L BRAEE T ok A PTR AT AP RBREL Y 0P
FER IV R B 2w % 5% 5 (0B F] S (Ommen, Nishimura et al. 2000;
Lester, Tajik etal. 2008) » A4 > 42¢ T =8 &4 > L R BiEL FRE§ 5 851424
CAp it 2 enFF (I § Frd "EFRRR ) a0 e ﬁsa]% Hiz¥ > Ft- A
- R RAF SIS R 0 2 RS R B Rk s o
TRBTHRE L 2w FHRA N B

B E R FH A 4T O IR 0 AR 50%3E 47 e LT 5 & B i F R
7 = (Foley, Parfrey et al. 1998) - ik BT Fdog L B ERRE O AR F R
Flgzoh o PR LERR A K F Bh iAo gARKOS T b0 RE
LT o BEARES LG R L BT R R R ARE TR B Y e
FoRFSEXF rbgant Ao Fa Rant X g o TR P iR kS
b T OUIERRGOE AFRM A G G Lant F AR aGrEE Y ¢ E_P ok 4 (London
2003; Schiffrin, Lipman et al. 2007; Bajraktari, Berbatovci-Ukimeraj et al. 2009; Wu,
Luo etal. 2010) » i 4 = 7 3% 5 3P 3 L& & &7 RO S R
HAvowfrb 3 L EF %M R 3By fo L F Baiged 7 4 B (Dinh, Futh et al.
2009; Melendez, McLarty et al. 2010) > & > & % %035 47 & #0504 3P g ent = o
Fro] A_UTNF-a 202 IL-6 & F 38% 12 @ fp 1.0 oB o 1) paracrine sni®® o ek
‘aA mre i 4 & s collagens m B Rk vuanad BB 4o 475 #4 50 VIR B (Sciarretta,
Paneni etal. 2009) = "z 2t 2 *F » TNF-o & § 30w seefuik = o 3 2 mi] o By
4 (Ing, Zang et al. 1999) » w itk = HERE A A3 o dofe S I B S
s BRI Rt L R IFERS LR L F ISR L
AT G B EFER T 5 g gl H o Rt veang LF RH e 0 4

55



FPHEWHE AL EF LR R R R A Fen I TR - HRE AR
FlFedufh oo m BREEH B AL F LR 0 FIY A RarERE 0 B EFRER
B EREALT RATRE W N N RE T A H RS R P LR e
PELERFRDA S o
Statin g EHF$3F3F L F },@gﬁgﬁ:ﬁ,,&" i et ¥
Statin(3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors) i & ez & &_
R Y R 0 4 e PR P B a3 L gk 0 ok BiT 90 Jupitar 2
2%m’P%ﬁ%&;@ﬁ%%;kﬁ&gq%%ﬁgﬁﬁgoﬁﬁ?u%@é
tiop b PEFIRR B4 S g statin T IR T RBA L AP THILF
f]J{r ¥ o e % (Stenvinkel, Rodriguez-Ayala et al. 2006; Kumar, Raftery et al. 2007;
Mantuano, Santi et al. 2007; Paraskevas 2008) - o iz & crpL 2L i—fg ¢ * statin g ¥ 12
S g Y AR R Red S RengRR A G o B T statin @ * AR T
¥ s & 7% 1 4e Die Deutsche Diabetes Dialyse Studie or 4D) # 7 (Wanner, Krane
etal. 2005) » F# >~ F A 225 £ %(RR0.93,95% CI 0.79-1.08; p=0.33) > e
i€ * atorvastatin ¥ 2 P &g enie v o F AR E 2 9 ' (RR 0.82, 95% CI 0.68-0.99;
p=0.03) - ¥ ¢t & AURORA study (A study to evaluate the Use of Rosuvastatin in
Subjects on Regular Hemodialysis: An Assessment of Survival and Cardiovascular
Events) » & % & 5~ = F S E R I SR M L 3 x5 (Fellstrom, Jardine et al.
2009) - v aﬁr%,ﬁ% LF et A enE A kg o statin $NIE (¢ 3B F A A
B FR)EAG PR e B ST ap ko i*u\eﬁmlﬁz»\iﬂﬁ% T

FIE OUPAE L FE R arEF A0 ¢ % statin KIS Ko E M 7 Fo e :\;fﬂ $o

- 6 T F e lie o AR i > 4 TR A G e SR o
PR R

F‘;L" g—n,izgn AR ‘u"'rél Fh o sp n;ﬁn Ly SRR L g\%%g—ﬁ.upﬁf%
B R RS BRI F R A (1)L K R Y B 2T £ 200
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RE L EE RSP OF R  BAF LY 0 A RIS A ERE
AE R EBR B FRF T H o RS S PRt > F G Ak
PEMRGEEAL G LRGN R (R EEE Y R L L dp Bk ALCRP
X3 PREZR TNF-a IL-6> » Fav i tit A2 2 thenl % o Q)N * o
T AR ETG o> AR g K AT o ffa&@ R AR
RAFXF BT FRCHEES G L BARE S RE G TR D
W] e B NRETR APAERS 4 R Y 1 R o (A)iFATE A A T
i * valsalva maneuver » = ¥ r24s — &t pseudonormal mitral inflow 5 & 5 1 koo T
Ion grakfbos Folip- Fie o (5)F MR R 0 B A - Rk
FEFH K ot oo K,lf TR RAFE G AT s 3 TR B TR EROK
BB Ve g R BE o M R LT F LR B RS o
P ORET URE S REESAFAR S FENRBY TG ERER

ko Frdle i e UF (doit ¥ ostain) c KB IELEPFR S T o

$I 8 ATehsoc 3R RN eh CTGF fr DHF dfp ML 2 7 it B 8 48
iRgER
ruin CTGF &% ) < WEFIES & 3 Lehd

AT AR 4R CTGF Hv 43k 7 i % 9 én- 41k 0 7 sk 5 CTGF
friagigiit e R P AP ML 0 s Y S CTGR { o nersR = it sc %
POATE e b AR Y A I A A AT B s B i CTGF 4o NT-proBNP
Gk R PN G b b B A B E AR S8R I R R BT e
AT it AR AP M B p N o B A AR R 4 1k CTGF
o BELFSEF L A P EEAPM 0 A P LRATR ek BT i (Fh 4 gt s R
7 s R s it § BSR4 A flged o CTGF « 74 gt

4R B T S 9 0 DHF e o B CTGF 45 Ji DHF & 9 % 1 ch- 51 1 & ¢h
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Ptk B2 RV UER > CTCF Alw i 1 25— B A » 5 d Frdl
CTGF ¥ 12 % # chec % DHF 5 B enifis o Se AV P o JJ{fr‘ I CTGF # 2 £
B Rt it o ARSR M URF AL A R efR R 0 AT PIE L f];t%v’ £ CTGF #-
TR A R e K S A o
£ 3¢ chCTGF ¥ 5 BRI4FRI R 27 S 4 A HE R

£R3E M S R RS gl e 0 R FA Z AR 0 3T E ka7 DHF 4r
BTt BB A P F ek A B2 - e L Kior o & @ h DHF
BR gt v LB Ri g 4 o FIPF AT T 2 B As AR R i
¢ By s A4 7 4 g sk (Benjamin 2012; Miyazaki, Ikeda et al. 2012;
Zhang, Edgley etal. 2012) - CTGF A&z s A wr G chje g » ¥ M flmie o P
A 0 4 T oA N A S RERR T R B & T A sk ch- 7 & J5(Blom,
Goldschmeding et al. 2002; Shi-Wen, Leask et al. 2008) - CTGF /5 it # 12 { ™ 2%
A oo H R T A FehA R e B3 ST 3 R > CTGE 7 i 0 e 38 3
v ocollagen 2 _H & d a2 wie oo 7 0B fd wvtimie o8 T ks (Kemp,
Aggeli et al. 2004, Koitabashi, Arai et al. 2007) o @ 2% {9 87 3 & ZL3vpt B > ¢
LA bt lmte 24 o) PERAT PR > P i duE € X T 1S B F e
CTGF » ¥ i3k {835 ch CTGF #-i¢ 19k ek R #{ 4 > 517 7 02 fk B9 461 3
ER A B o BENARSEH L 0 SRR AR R G P SRR o 4 F1 A 3 EE
d fibroblasts 4 i > & FB 4 chsg it 7 5 2o CTGF ek & > Fla & i fp fichs
Wy r o 1o fE 2 L DHF - @R e Rdp (e ¢ proBNP § 50k
W) o B3 T ET o Y SCTGF fogr 5k SAp i Ap i o v 4ebFAL 1 o B
% (Tong, Chen et al. 2009; EI Mesallamy, Ahmed et al. 2012) - Koitabashi et al 7 £ 5
d & P i B Jf: P e CTGF &% 7 1 % £ oo B4 2 1 anfz & (Koitabashi, Arali
etal. 2007) - ¥ ¥ (T ¢ ek 52 B T B &0 F R 'J\ & ¢ eh CTGF v NYHA
s F BALR 0 B4 Sk ¢ 0k Y SproBNP 1 2 Az A T enElR N AR M T B
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(Koitabashi, Arai et al. 2008) - {ri £ #7 3 7 I 8> A ek { ~ ez Lot

B AT Bt A R R SR RSB &0 BRSPS
A R R B B R R R i Je i CTGF ehpg £ b 7 eniligedn

v 122 $e collagen #0253 > Flam ¥ 0L AR DHF R P B H ApRE M o ¥ 4t A
ARty b g R e dE i DHF o & b CTGF 2 & o mitral inflow E/A v >
£ —“Ff E-wave deceleration time 4p B - F15 &% e DHF » 2 R F 5 7 & ¥ 4735R 8P
(abnormal relaxation phase) » « %Az § & 1 & o9& ¢ 5 mitral inflow E/A £ £ > &
JF'f E-wave deceleration time 3 v o 4p ¥ o {s 8P f Boodol AP e R £
DHF s &>l 4n * 35 Elese® 4 2w S P AR 3 & F oh e f B
¥+ e fed DHF s B3 I CTGF fr Efe' 1 & s M 1 #7022 42 5 ¢ CTGF
Bom BN K B E AT R O DHF 487 11 G ATenF i 1 e E 1

CTGF fwswv? 4 i)

CTGF fewwiwd cni®® ¥ &y 4_autocrine £ 4 &_paracrine 72 58 » ¥ g d i
Ao g R mre st o L - e g Eares e A B CTGF &4 i
HenPETR & o R e R {7 B £ (Koitabashi, Arai et al. 2007) < 2% @ 3% kn e
WD RAP > A1 F ARGk RT R ey v ¢ CTGF vk R AP §
B 0 DlaHp s BT "% 3 ¢ ¥ 8 (Chuva de Sousa Lopes, Feijen et al. 2004) -
o % {iigiﬂ;‘ﬂ,f CTGF eh &+ ¢ i 2 (52 5= @2 375 AR F25
% TP B e B4 B F (Ivkovic, Yoon etal. 2003) - Tt 7 4 #5508 CTGF A %
BT A A i B 0 BT auT 30 fos vegE 7 4 R CTGF htrasgenic %
A3 k5 > CTGF # 2 §1 i AKUGSK-38 and p70S6 kinase i » 2% & @ + 1/
A veE L4k § sl 42 enig 3 (Chuva de Sousa Lopes, Feijen et al. 2004) - ¥
* Gravning etal » 14 J¢ $k i transgenic £ Bl k7 7 o#F M EF £ e CTGF 7 121 |7 o
Fla WU R S G BER > H 37 0w F)pt s s BEanF i (Gravning, Orn et al.
2012) o fiptk cff T CTGF fh 3Reha 38 F @ 15 F e ieehi® s o Tt iz 4
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d A T 0 R CTCF 5 ) W v & e g & f 2 prorQ ffenged o
BREFIE GGG FORDETAFE L ApF ook LB R AR CTGE
AETFLERKA A R ECRERAN A Sl u g 1 v B A 4 SR
HOR B e B A8 AR enin  (target therapy) R e B & B0 32T Tl AR A o
AT A IR R ]\v‘ 1 CTGF k= 4 %ven CTGF % Befe &

TR WS S N S SR

)

LR iR

AFER R TS B F A & DHF k1 i ke CTGF k& 7 11 i

i
3
ol
[
Nq
F_k
ks
+*®
fjﬂb}
R

AR RS AREFAT R P FERAT B EG
PR A ER R A TR S A AR N 2 LB F S A
drsregk § 8 > £ F CTGF &7 I anficst ¢ s iAn e sfinend & & § FEP -

P M R CTGF frp BRI PM i F & £ chif g™ 3 R Ap bl 12
R e % R TR Fancollagen RBFA S REHE AL LT RFTA S

Hoa B A Fb g R ip b L
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I F $#%2 B (Conclusions and Perspectives)

AR Y AP b T BB v RS i ST AT 39 SERCA2 shilie
Fclone ik Ax -y F Y B A R AT FREAETERAS
fan B ,;I—ﬁ 2.¢ 5> 11 TNF-a % IL-6 3% SERCA2 A FliEiE+ i s » &L iF
angiotensin Il s 38 > F | £ TNF-a $#3thoe cnf 35 fm © 83 cho hidn
ey - g I TNF-a 2 IL-6 4 » itz {5 > & 3% A % SERCA2
a2+ > mRNA > F-v ek ﬂ’fizi 315 30~40% = + E adrd R 0 RS B IR
SERCA2 t1s# it (M 4T 33 w oz irint & 1% ) e $ e BE ¥4k TNF-a & IL-6 7
d o H I AL TR _’,LII,%%_ » x ’]f{rt‘ % 7z TNF-a % & IL-6 chifg/r t& 48 4c ~
AU o e R TE T VL8 1§ e P e SERCA2 £ LT " > Fl@ 4w ip] TNF-q &
IL-6 7 g d sk m kdrd] SERCA2 JL Flend > 8 lwfe K o prgfw e
TR G o AL B AP UF RACESES LA L FER &
¢ S ST R R RAR S G s RS R RAEL P TR
TR LG F - B BV LIRS 0 4 G F MG R E R T UP
B chic s B e REERIE T L o AFT§ Spea 45 0BT B3P SERCAR # i ehjjc
Fow o LF PR Pz TALE ot e iim e o fRdk s RNk 2 a0 i &
BRTREAY A I ATRF R RS T R LR LR B Tk
HRoeAp Bl o KA BN FE LF BL RS A A s BEH A T
WA s AR 0 R 2 b TNF-a & IL-6 %5 SERCA2 4 e il 4118

F O RAEE 0 T RS 0§ ST A A BT
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Fibroblast

* Secreted
**- TNF
(51 kDa)

Membrane
Bound TNF

(26 kDa)

(17 kDa)

FLI(CEJMA?H1

.

Ceramide "§#Za
¥ 3
phingosine MAPK ~ v
NF-xB
Apoptosis
Apoptosis

4 SERCA2 4 Teni — 4§ 2420 3Tiaf st ens o L7 Ukt — (07 4

L
(e

THh

FI AR =

-n\q.

o cf kg B Y A e F I TNF-a 7 g
IKK rﬁ@J}ﬁQiL g B-aeniidE s @ Fapbh S H AREIE M E N e 0 B E A
SERCA?2 ifie =+ e-522 7|-513 fip > 8228 TNF-a A & ffim®e ¥ ¥ 1255 - NF-kB &

BH AL v s F s RS S NFkB F el A8 8 3o

NS T L R

F_&

Ed pig e drd] SERCA2 £ Flénd > AP IS - BHFm > Fob o Apd i

F_

W2 P %RE e BREGFT A AP RECEBRE N 0 S ek A
Ao B LS R en L o BRengRSR AL 0 AP A itim e ¢ 4 B4 » 7 NF-kB &
e H A& Fou FrdlA 2 Z simvastatin kdrd] TNF-q ch2 30 fp pFs 23 47381
o ¥ Y & simvastatin s » %3 7 $rd] TNF- o -NF-xB % 8 g v 12 eg L o aelm

f2 ¢ SERCA2 tk B » j&m i 18 S RRengFIR 7 i scd o igHen® & ik b £

RePi o FARDHRG ERT LSRR L PERT R B

T

w
i

iy FI ATRRE LR B R A EEREC RBOBEL YT E

o2 2 kL FRAFT FHER - F R PP EEF R HE 0 R
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W mfﬁ%&‘gﬁ«i’\}'@ Wk TR B iR AR o Mf B2 ek AR g S BT
T A AR R Statin B kFHE LR T e R A R o

W ATRA SET Y L AT o Aok A R R A BE m koo P LR edr ] A
T A G orrared H LT > VR LA P ERTRENFRL L0 TR
RN EIRRROERS L BHEDESE LF BR A RRERS LT L
i) o @A EER S EE S KEF LS Rp ko AP B LATRE
L B R lRF o T AT PR R LF I E kR
Ok e W F i Aol § fenJupitar £ 3 ARt 0 RBLBRET s o R e
FERT > AT E- At F PR R OERYIRL L F o AP B BAY
f27 TNF-a i & 3258 SERCA2 iz /= 2 %5 d TNF-a receptor 12 /s > g o @
e TNF-q Frd B 2 2R F b Flet sk P &% <30 B p m g I iE
# M TNF- o receptor 1 #r4| 3 ¥ 14 5 el ¥77 25k Ji 0 { & — agrd)
TNF-a ch#t s »» EA PSP AR ki@ L_A—T-,Ey},\,fva,,]%g}m/g TE e o
gﬁ&ﬁp;%a’igum%éﬁﬁ%g;ﬁ%,pip eSS S
TF & BERILCIRF i i o RIS F T B m g LF b TP AT
oo e B CCRERS G P AR o R FE T TR L B KF BB
f{%%%m% PTG ER R R AEROEEY Y > wg NF BT
TNF-@ &% IL-6 fro 5 & 30 4736 74 30 chl GhBe Pl Bim 2 F RO IR A& 5 2 F &
K& ARss chp B P ARG ] o ¥ ML Ry R Y gied 2 IR SR
EF NG A ARG - BRI EFREATE > TR T L
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¥2 % ®%He w2 fiiE (Summary)
The aim of the present doctoral thesis is to investigate the detailed molecular
mechanism by which proinflammatory cytokines are involved in the pathegenesis of
diastolic heart failure (DHF). We realized that the sarcoplasmic reticulum Ca2+ ATPase
(SERCA) is essential to the regulation of intracellular calcium levels in cardiac, smooth
and skeletal muscles. In cardiomyocytes, free calcium increases during systole and
induces mechanical contraction by binding to the troponin complex. Subsequently
calcium is removed from the cytosol primarily by the action of SERCA during diastolic
relaxation. It has also been shown that increasing activity of SERCA2 improves
ventricular diastolic relaxation in animal and human models. However, our pilot study
reveal that Angiotensinll does not appear to exert an effect on SERCA2 levels in
cardiomyocytes, but pro-inflammatory cytokines such as TNF- a or IL-6 have even
greater effect over SERCA2 expression in cardiomyocyte models. Therefore, we
explored the effect of IL-6 and TNF-a on the transcriptional regulation and function of
SERCAZ2 in cardiomyocytes in the subsequent study.
Regarding TNF- o or IL-6 and SERCAZ2 signal transduction, we investigated whether
TNF- « or IL-6 modulates SERCAZ2 calcium current through transcriptional regulation,
using a HL-1 cells model. We cloned a 1754 bp promoter fragment of rat SERCAZ2 gene
and amplified by polymerase chain reaction (PCR). We determined that TNF- o or IL-6
decreased SERCA2 mRNA, protein levels and SERCA2 promoter activities, which
resulted in an attenuation calcium transient. TNF- ¢ or IL-6 also significantly decreased
promoter activity of SERCAZ2 gene in a concentration- and time-dependent manner. We
also treated HL-1 cardiomyocyte with sera from cirtically illness patients and also
demonstrated a significant decrease of SERCAZ2 expression comparing to the controls.In

summary, we explored the possible mechanism, and found that inflammatory cytokines
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had a direct effect on SERCAZ at the transcription level. Due to the strong correlation
between heart diastolic function and SERCAZ2 expression, we hypothesized that plasma
levels of TNF- a and IL-6 are associated with DHF through downregulation of
SERCAZ2. The above experiment found that TNF- ¢ decrease Sarcoplasmic reticulum
Ca2+-ATPase (SERCAZ2) gene expression, and attenuated diastolic calcium re-uptake in
cardiomyocyte.

Accordingly, in the following study, we explored the effect of TNF- « on the
transcriptional regulation of SERCA2 cardiomyocytes. We used a murine cell line
which continuously divides and maintains a differentiated cardiac phenotype to study
the detailed signaling mechanisms by which TNF- o regulates the expression of
SERCAZ2 protein. We first found that TNF- o decreased SERCA2 gene expression and
induced left ventricular (LV) diastolic dysfunction through Nuclear Factor-KappaB
(NF- £ B) Element - Binding Protein - Dependent Pathway. By inhibition of TNF-a or
NF- £ B to block the pathway, we also discovered an improvement of SERCAZ2 level
and LV diastolic function. We also used an in vivo rat model of hyper-TNF-  to verify
the results obtained in the cellular study. In summary, we first demonstrated that

TNF- a decreased the transcription of SERCA2 through a NF- £ B binding element in
the promoter region of SERCA2 gene both in vivo and in vitro. The upstream NF- x B
dependent pathway was critical for TNF- ¢ - induced decreased transcription of
SERCAZ2 gene. The NF- x B blocker (PDTC) and pre-incubation of simvastatin
inhibited TNF- a - induced NF- x B dependent pathway and augmented expression of
SERCAZ2 gene which in turns lead to improvement of LV diastolic function from an in
vivo rat model of LPS injection. LV diastolic function has recently been found to play
an important role for prognosis in different populations. Therefore, our results may
implicate the therapeutic effect of statins or NF- £ B inhibitors to prevent TNF- o -
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induced NF- « B generation in cardiomyocytes and further ameliorate diastolic function,
although the statin concentrations used in the present study may be high compared with
clinically relevant concentrations and are known to have other pleiotropic effects.
Though the cell and animal models in our current studies represented acute illness with
high inflammation, subclinical inflammatory status induced by adiposity or metabolic
syndrome are also known to be potentially associated with the development of LV
diastolic dysfunction. Previous study suggested that reduction in myocardial oxidative
stress and related protein modifications might be able to prevent the so-called
“metabolic heart disease.” Our current studies may conclude that use of statin might
be able to treat LV diastolic dysfunction which resulted from chronic inflammatory
status.
Regarding clinical studies, to evaluate the association between cytokines (TNF- ¢ or
IL-6) and left ventricular dysfunction indices, first, we sought to assess plasma levels of
IL-6 and TNF- « in patients with DHF, including critically ill patients. We included 2
goups of patients including the first group consisted of pure DHF patients admitted to
the cardiovascular ward of National Taiwan University Hospital and its affiliated
hospital for coronary angiography or a health examination and the second group
enrolled 30 consecutive patients with left ventricular diastolic dysfuction that were
admitted to the intensive care units (ICUs) of National Taiwan University Hospital. A
control population for study group 1 consisted of risk-factor matched controls with no
symptoms of HF failure and no objective evidence of diastolic dysfunction. The results
showed that patients with DHF had significantly higher plasma levels of TNF- a and
IL-6 than the controls. Significant correlations (p < .01 for each) were found for TNF- «
and E/Em (r = 0.87) and E/A (r =-0.69), and for IL-6 and E/Em (r = 0.80) and E/A (r =
-0.65). Cytokine levels were also correlated with diastolic function in critical ill patients,
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and diastolic function improved significantly in association with decrease of cytokines.
We first demonstrated that the levels of pro-inflammatory cytokines IL-6 and TNF- «
were higher in non-complicated DHF patients and improvement of cytokines levels
along with cardiac diastolic function after treatment of the disease for ICU patients. We
may conclude that while there is little information regarding the medical management of
DHF, a better understanding of the nature of inflammatory activation in patients with
DHF may lead to improvement of outcomes by applying novel therapies aimed at
limiting inflammatory reactions, particularly in the setting of patients in intensive care
units. We later included 56 critically burned patients who admitted the intensive care
unit and performed transthoracic echocardiography to evaluate LV diastolic function.
The total body surfaced area of burned patients was proportional to serum level of
interleukin-6 and TNF- a (p < 0.001 for each). Significant correlations were found for
tumor necrosis factor-alpha and decelerating time, E/A, and E/Em (r2 = 0.59, 0.45, and
0.52; p <0.001 for each), and for interleukin-6 and decelerating time, E/A, and E/Em (r2
=0.63, 0.60, and 0.62; p < 0.001 for each). Diastolic function improved significantly in
association with decrease of cytokines after burned patients transferred to general ward
(p < 0.001). Tumor necrosis factor-alpha, interleukin-6, and sera from critically burned
patients downregulated the expression of the SERCAZ2 gene in HL-1 cardiomyocytes.
There was a significant correlation between LV diastolic dysfunction and in-hospital
mortality in critically burned patients (HR = 3.99, p = 0.038) after risk factors adjusted.
With the above experiment, we showed that the levels of the proinflammatory cytokines
IL-6 and TNF- « correlated to LV diastolic dysfunction parameters in burn patients, and
found that the sera of these patients inhibited SERCA2 mRNA levels. Moreover,
improvement in LV diastolic dysfunction was correlated with a decrease in TNF- o and
IL-6 serum levels and also was associated with the clinical outcomes of burn patients.
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This study found a significant correlation between the hyper-activating
immunoinflammatory system after burn injuries and the development of LV diastolic
dysfunction which improved as inflammation declined. More importantly, the
development of LV diastolic dysfunction had a strong correlation with mortality in this
specific group of patients.

Regarding the patients in the general population with higher inflammatory status, we
further included 2 other goups of patients to prove the above hypothesis. First we we
included 102 otherwise-healthy adults. The participants were classified as having LV
diastolic dysfunction by echocardiographic findings. Serum C-reactive protein (CRP)
and lipid profile were also measured. The homeostasis model of insulin resistance
(HOMA) was calculated. Central obesity was assessed by computerized tomography at
the L4 level. In a multivariate regression analysis, the relationship between visceral
adipose tissue (VAT) and LV diastolic dysfunction became insignificant when CRP was
introduced into the model, although CRP itself was significantly associated with LV
diastolic dysfunction (OR: 1.32, 95% CI: 1.01~1.72, p=0.04). A significant correlation
was also found between VAT and CRP (r = 0.70; p<0.001). We then performed path
analysis as illustrated by the structural equation model. This proved our hypotheses that
VAT might affect LV diastolic dysfunction through the effect of CRP (total fat load with
inflammation (B = 1.133, p < 0.001) and that inflammation might affect LV diastolic
dysfunction (B = 0.373. p < 0.001). In this study, we found a significant association
between LV diastolic dysfunction and fat as measured by CT in a sample of the general
population. There were strong associations among visceral fat, inflammation, and LV
diastolic dysfunction in adjusted logistic regression models. In order to propose a
potential biological pathway, we constructed a structural equation model and performed
a path analysis. With this analysis, we verified that fat deposition acts mainly through
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inflammation to affect LV diastolic dysfunction and less by its own effect (e.g. fat
infiltration of LV). The strength of this study is in its precise definitions. We measured
central obesity by CT and defined LV diastolic dysfunction by a combination of variable
echocardiographic parameters. In conclusion, for the first time, we delineated the
complex relationship among central obesity, inflammation, and LV diastolic dysfunction
using SEM. We showed that greater amounts of visceral adipose tissue were associated
with low-grade inflammation, which may lead to subclinical LV diastolic dysfunction in
non-diabetic, otherwise-healthy subjects. We also tried to establish the association
between inflammation and left ventricular (LV) diastolic dysfunction in peritoneal
dialysis (PD) and non-PD patients. We also tested the above association and whether
inflammation interacts with PD to increase LV diastolic dysfunction risks. 120 subjects
with normal creatinine levels and 101 PD patients were recruited. Echocardiographic
parameters were assessed in all patients and LV diastolic dysfunction were indentified
by echocardiography. Blood was sampled at the baseline for measurement of
inflammation markers, including tissue necrosis factor alpha (TNF- ) and
interleukin-6 (IL-6). Subjects with LV diastolic dysfunction had higher proinflammation
cytokines levels in both groups. Inflamed markers correlated significantly with
echocardiography parameters for LV diastolic dysfunction in patients receiving PD. In a
multivariate regression analysis adjusting for all the factors associated with LV diastolic
dysfunction, inflammation is still significantly associated with left ventricular diastolic
dysfunction (TNF-alpha, OR: 2.6, 95% CI: 2.0~3.35, p<0.001; IL-6, OR: 1.26, 95% CI:
1.25~1.26, p=0.01). In addition, the interaction of PD and inflammation significantly
contributed to the development of LV diastolic dysfunction (PD*TNF- « : OR: 1.45,
95% ClI: 1.13 - 1.79, P=0.004). We find there is a significant correlation between
inflammatory cytokines and LV diastolic dysfunction in PD patients and the correlation
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was significantly stronger than in subjects with normal creatinine levels. Concurrently,
we also notice that there is an interaction between systemic inflammation and CAPD,
especially TNF- o and CAPD, which had a synergistic effect for the development of
LV diastolic dysfunction in CAPD subjects. From this study, we showed that there is a
significant correlation between LV diastolic dysfunction and serum inflammatory
cytokines (TNF-alfa, and IL-6) in patients receiving CAPD. An interaction between
CAPD and inflammation, especially TNF- ., was also shown to further aggravate LV
diastolic dysfunction. Hence it is reasonable that the association between LV diastolic
dysfunction and CAPD was at least in part due to the excess of plasma cytokines, which
suggests increase of systemic inflammation.

Finally, we investigated an emerging marker for tissue fibrosis, connective tissue
growth factor (CTGF) and its association with cardiac diastolic function using cellular
and animal models and clinical human data. We recruited a total of 125 patients with a
diagnosis of DHF from 1283 patient of the Taiwan Diastolic Heart Failure Registry. The
severity of DHF was determined by tissue doppler imaging (E/e’ ). Cardiac magnetic
resonance imaging (CMRI) was used to evaluate myocardial fibrosis. Stretch of
cardiomyocytes on flexible membrane base serves as a cellular phenotype of cardiac
diastolic dysfunction (DD). A canine model of DD was induced by aortic banding.
Significant correlation was found between plasma CTGF and E/e’  in DHF patients.
Severity of cardiac fibrosis evaluated by CMRI also correlated with CTGF. In the cell
model, stretch increased secretion of CTGF from cardiomyocytes. In the canine model,
myocardial tissue CTGF expression and fibrosis significantly increased after 2 weeks of
aortic banding. Notable, the expression of CTGF paralleled the severity of LV DD (r=
0.40, p<0.001 for E/e’ ) and hemodynamic changes (r= 0.80, p< 0.001). After adjusting
for confounding factors, CTGF levels still correlated with diastolic parameters in both
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human and canine models (human plasma CTGF, p<0.001; canine tissue CTGF, p =
0.04). We demonstrated that the level of plasma CTGF was not only an early, sensitive
marker for the diagnosis of DHF but also correlated with the severity of LV diastolic
dysfunction as well as the severity of cardiac fibrosis. We found that CTGF correlated
with echocardiographic parameters for diastolic dysfunction along with plasma
NT-proBNP at different stages of human DHF. Accordingly, in the animal model, we
also demonstrated that cardiac CTGF increased significantly as early as 2 weeks of
pressure overload. Moreover, the expression of CTGF paralleled the severity of LV
diastolic dysfunction and the subtle, incremental blood pressure changes. In the cellular
model, we also found that CTGF secretion increased after 24 h of stretch stimulation
(mimicking pressure overload stimulation). Our study implies that the CTGF level may
directly reflect the changes of LV diastolic function and serve as a platform to monitor
the effect of treatment.

In conclusions, the present doctoral thesis combined genetic association studies,
molecular studies and clinical studies to demonstrate how cytokines (including RAS
system, TNF- «, IL-6 and CTGF) are involved in the pathogeneses of cardiac fibrosis,
SERCAZ2 regulation, which are important substrates of DHF. We first showed the
association between RAS genetic variants and the prognosis of DHF. Second, we further
investigated the possible molecular mechanisms by which TNF- ¢ is involved in the
pathogeneses of SERCA2 regulation. Third, we found that inflammatory status
correlated with clinical diastolic indices closely from patients with severe inflammation
to subclinical inflammatory status and LV diasotic dysfunction it self is an independent
prognostic marker for severe illness patients. Finally, we proved CTGF to be a useful
tool to non-invasively evaluate the status and severity of LV diastolic function using
cellular and animal models and clinical human data.
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‘ Symptoms or signs of heart failure ‘
v

Normal or mildly reduced left ventricular systolic function
LVEF>50% and LVEDVI < 97ml/m?2

b

Evidence or abnormal LV relaxation, filling, diastolic distensibility and diastolic

stiffTass
Invasive Biomarker
NT-proBNP>220pgiml
hemodynamic ™ P Cr
nPCW>12 mmHg E/E’>15 15>E/E’>8 BNP>200 pgiml
or
LVEDP> 30 mmHg Ech -bT:: k:l !
or - cho-bloodflow Doppler
>48ms Biomarker E/A, 5, <0.5and DT, ,, >230ms ™D
or NT-proBNP>220pgiml or E/E >8
b>27 or
> ENP>200 . Ard-Ag:r-an ms
LAVI>40 mUm?
or
LVMI>122g/m? ¢ »148g/m? 3
Or
Atrial fibrillation
———

Abbreviation : LVEDVI, left ventricular end-diastolic volume index; mPCW, mean
pulmonary capillary wedge pressure; LVEDP, left ventricular end-diastolic
pressure; s, time constant of left ventricular relaxation; b, constant of left
ventricular chamber stiffness; TD, tissue Doppler; E, early mitral valve flow
velocity; E’, early TD lengthening velocity; NT-proBNP, N-terminal pro-brain
natriuretic peptide; BNP, brain natriuretic peptide; E/A, ratio of early (E) to late
(A) mitral valve flow velocity; DT, deceleration time; LVMI, left ventricular mass
index; LAVI, left atrial volume index, Ard, duration of reverse pulmonary vein

Diastolic heart failure

atrial systole flow; Ad, duration of mitral valve atrial wave flow

)

Paulus, W. J., C. Tschope, et al. (2007). Eur Heart J 28(20): 2539-2550.
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- HH- P AREAHREL TR A TR R RV S Y i d kA

DHF (n=110) Control (n = 50) p
Age (years) 72.44 + 9.86 72.16 £ 9.62 0.88
Sex (M/F) 52/58 26/29 1.00
BMI (kg/m2) 251+ 4.7 25.1+2.8 0.97
Diabetes mellitus (%) 32 (29) 18 (36) 0.72
Hypertension (%) 76 (69) 39 (78) 0.65
Creatinine (mg/dL) 1.35+0.71 1.37+0.76 0.91
Smoking (%) 31 (28) 20 (40) 0.29
WBC (/mm?®) 73120 7620 0.47
Cholesterol (mg/dL) 196.2 + 38.2 202.6 £ 38.6 0.38
Triglyceride (mg/dL) 137.8 £ 89.7 128.8 + 101.3 0.62
Low density cholesterol (mg/dL) 126.9 + 39.8 128.2 + 35.8 0.86
Anti-hypertension therapy
ACEI + ARB (%) 30 (27) 12 (22) 0.28
B-blocker (%) 24 (22) 16 (29) 0.44
Calcium channel blocker (%) 38 (35) 20 (36) 0.79
Echocardiographic data
LA diameter (mm) 37.3+6.0 36.6+4.8 0.51
LVEF (%) 67.6+8.0 68.6 £ 5.2 0.35
LVEDD (mm) 459+5.9 470+ 4.8 0.24
LVESD (mm) 28.6 £ 5.7 29.6+44 0.26
DT (cm/s) 304.9 £ 43.9 189.1 + 64.2 <0.001
E/A 0.53+0.17 1.17+0.44 <0.001
E/Em 11.15+ 3.65 6.88 £ 2.57 <0.001
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Cytokine levels
Interleukin 6 (pg/mL) 499+ 1.75 254 £ 1.74 <0.001

Tissue necrosis factor-a (pg/mL) 5.38 + 1.68 2.61+1.40 <0.001

Continues variables are presented as mean + SD while categorical variables are
presented as frequencies.

DHF, diastolic heart failure; BMI, body mass index; BP, blood pressure; ACEI,
angiotensin-converting enzyme blocker; ARB, angiotensin II type | receptor blocker;
LA, left atrium; LVEF, left ventricular ejection fraction; LVEDD, left ventricular end
diastolic dimension; LVESD, left ventricular end systolic dimension; DT, mitral flow
deceleration time; E/A, early mitral valve flow velocity (E) divided by late mitral flow
velocity (A); E/Em, E divided by early diastolic (Em) lengthening velocities in tissue

Doppler imaging.
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Lo B SERSRERLARATRAL R FAKR (n=230)

Age (years)

Sex (M/F)

BMI (kg/m2)

Diabetes mellitus (%)
Hypertension (%)
Creatinine (mg/dL)
Smoking (%)

WBC (/mm®)

Cholesterol (mg/dL)
Triglyceride (mg/dL)
Low density cholesterol (mg/dL)
Cause of critical illness
Pneumonia with respiratory failure (%)
Sepsis (%)

Myocardial infarction (%)
Echocardiographic Data
LA diameter (mm)

LVEF (%)

LVEDD (mm)

LVESD (mm)

Cytokine levels
Interleukin-6 (pg/mL)

Tissue necrosis factor-a (pg/mL)

65.6 + 12.3
17/13
24.1+55
16 (53)
18 (60)
25+1.8
10 (33)
196+ 7.7
187.2 +45.1
135.9 + 86.2

1347+ 35.1

10 (33)
16 (53)

4 (13)

36.9 £ 6.6
56.9+7.1
49.3 + 8.7

30.2+7.5

83.3+49.2

38.9+20.4

Continues variables are presented as means = SD while categorical variables are



presented as frequencies.
BMI, body mass index; BP, blood pressure; LA, left atrium; LVEF, left ventricular

ejection fraction; LVEDD, left ventricular end diastolic dimension; LVESD, left

ventricular end systolic dimension.
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2=, ¥F¥H= Jﬁr%}ﬁs.ﬁ, rﬁ%ﬂk?ﬁlu ) 3 # ¢ gk ok A (N=56)*

No LV diastolic LV diastolic
dysfunction dysfunction P
(23) (n=33)
Age (years) 51.6+11.2 53.1+12.38 0.21
Sex(M/F) 13/8 23/10 0.51
BMI (kg/m2) 252+ 4.5 239+ 3.2 0.70
Diabetes mellitus, N (%) 3(13) 4 (12) 0.76
Hypertension, N (%) 4 (17) 5 (15) 0.69
Creatinine, mg/dL 1.31+0.17 1.53+0.10 0.34
Smoking, N (%) 6 (26) 5 (15) 0.39
WBC, mg/dI 22467 + 4956 24423 + 5147 0.65
Cholesterol, mg/dl 197.3+31.1 209.0 £ 27.4 0.14
Triglyceride, mg/dl 138.7 £ 82.4 129.3+96.2 0.34
Low density cholesterol, mg/dl 129.2 + 385 134.1 + 36.9 0.64
Burn parameter
TBSA, % 41.3 + 19.2 67.2 + 22.8 <0.001
Inhalation injury, N (%) 11 (47) 14 (42) 0.64
Echocardiographic Data
LA diameter (mm) 341 £ 64 36.1 £79 0.43
LV ejection fraction (%) 721 £ 75 68.3 + 14.2 0.35
DT 297.6 + 39.2 329.7 £ 294 0.006
E/A 0.68 + 0.22 0.43 + 0.18 0.027
E/Em 18.6 £ 4.3 201 £ 5.1 0.041

Cytokine levels
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Interleukin 6 (pg/ml) 319.2 + 182.1 626.1 + 253.6  <0.001

Tissue necrosis factor — alpha (pg/ml) 39.2 £ 251 734 t 248 <0.001

*All values are mean (z standard error) unless otherwise indicated.
BMI, body mass index; WBC, white blood cell; TBSA, total burn surface area; LA, left
atrium; LV, left ventricular; E, mitral inflow E wave; A, mitral inflow A wave; Em, Peak

annular early diastolic velocity of the lateral mitral annulus in tissue Doppler imaging.
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. LEHC EEARHLE N AR S i Y Interleukin-,

tissue necrosis factor-alpha, ™ 2 %4z 3 A 8

In Intensive Care  After Transfer to

Unit General Ward p
Interleukin-6 (pg/mL) 83.3+49.2 17.6 £ 9.6 <.0001
Tissue necrosis factor-o (pg/mL) 38.9+204 209+ 12.6 .0002
DT 284.7 + 48.3 263.2+ 31.8 .019
E/A 0.48 £ 0.16 0.6 £ 0.27 .045
E/Em 17.0+ 4.4 13.1+6.5 .003

DT, mitral flow deceleration time; E/A, early mitral valve flow velocity (E) divided by
late mitral flow velocity (A); E/Em, E divided by early diastolic (Em) lengthening

velocities in tissue Doppler imaging.
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21, BN %G P p i - WS 4\33};:)?; £ TR # R 2T # ¥ Interleukin-6, tissue

necrosis factor-alpha, 142 <5423 R4F%E# LK

In the Burn After Transfer to
Intensive Care Unit the General Ward P
Interleukin-6 (pg/ml) 279.1 + 152.3 189 £ 8.3 <0.001
Tissue necrosis factor-alpha (pg/ml) 36.9 £ 221 117+ 7.8 <0.001
DT 3015 * 35.6 294.4 + 33.1 0.028
E/A 0.65 + 0.25 0.78 £ 0.31 0.039
E/Em 18.1 £ 5.6 156 £ 4.3 0.016

DT, mitral flow deceleration time; E/A, early mitral valve flow velocity (E) divided by
late mitral flow velocity (A); E/Em, E divided by early diastolic (Em) lengthening

velocities in tissue Doppler imaging.
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% = . 11 Cox regression i3 & 47 8% 4 B Bt FenTF)%

95% Confidence
Odds ratio P
interval
Age 1.43 0.82~2.24 0.63
DM 1.14 093~121 0.51
HTN 1.21 0.76 ~ 1.69 0.76
TBSA 6.21 3.48 ~11.83 0.002
Inhalation injury 1.94 1.36 ~2.78 0.23
LV diastolic dysfunction 3.99 1.05 ~15.28 0.038

DM, diasbete mellitus; HTN, hypertension; TBSA, total burn surface area.
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Control Subjects

Case Subjects

Baseline characteristics (n=70) (n=32) P
Age, y 50+10.6 61+8.1 <0.0001*
Women, n (%) 51 (71.4) 18 (56.2) 0.1511
Smoking, n (%) 6 (10.3) 5(16.1) 0.6513
HTN, n (%) 8 (13.8) 14 (45.2) 0.0026*
HR, /min 72+9.6 73+7.1 0.8246
Fasting plasma glucose, mg/dL 93.58+17.71 92.77+8.98 0.813
Total Cholesterol, mg/dL 192+33.67 204.61+38.98 0.1149
HDL, mg/dL 51+14.06 47.06+8.49 0.1039
LDL, mg/dL 115.79+£34.55 132.13+37.76 0.0427*
TG, mg/dL 111.79+72.68 139.94+89.66 0.1128
Body Length, cm 159+7.4 162+7.6 0.1457
Body Weight, kg 59+9.7 65+11.5 0.0078*
BMI, kg/m? 23+2.7 25+3.2 0.0105*
WC, cm 79+7.2 86+8.7 0.0003*
Creatinine, mg/dL 1.01+0.17 1.05+0.15 0.2521
hsCRP, mg/L 1.8+2.6 7.3£6.3 <0.0001*
HbAlc, % 5.72+0.64 5.65+0.35 0.4647
HOMA 1.29+1.12 1.27+£1.19 0.9596
Echocardiographic characteristics

Interventricular septum thickness 8.16+1.55 9.03+1.89 0.021*
LV posterior wall thickness 8.38+1.42 10.03+1.33 <0.0001*
LV end diastolic diameter 44.83+4.53 47.03+4.53 0.0314*
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LV end systolic diameter 28.02+3.3 28.9+3.57 0.2442
LA diameter 30.5+5.15 34.39%6.75 0.0031*
LV ejection fraction 67.34+5.83 89.26+115.21 0.2984
E 77.88+£13.94 73.26+18.77 0.1913
A 61.02+17.38 80.65+17 <0.0001*
E/A 1.37+0.46 0.95+0.37 <0.0001*
DT 196.09+43.46 222.61+54.3 0.0139*
Em 10.74+2.6 6+2.41 <0.0001*
E/Em. 7.65+2.25 13.3+£3.64 <0.0001*
IVRT 90.86+17.86 99.65+22.16 0.0454*
LV mass index 47.81+22.87 43.42+29.92 0.4415

Adipose tissue distribution

Total Fat, cm? 259.97+94.82  308.86+102.51 0.0268*

Subcutaneous Fat, cm? 176.97+69.41 175.71+66.22 0.9342

Visceral Fat, cm? 82.99+40.99 133.14+55.23  <0.0001*
Peritoneal Fat, cm? 45.79+26.19 79.26+38.38 0.0001*
Retroperitoneal Fat, cm? 37.20+17.77 53.88+22.30 0.0002*
Visceral/Subcutaneous Fat ratio 0.50+0.27 0.83+0.46 0.0007

Abbreviations: BMI, body mass index; WC, waist circumflex; DM, diabetes; HTN,
hypertension; HOMA, homeostasis model of insulin resistance; hsCRP, high sensitivity
C-reactive protein; LDL, low density lipoprotein; HDL, high density lipoprotein; TG,
triglyceride; LA, left atrial diameter; LV, left ventricular; E, mitral inflow E wave; A,
mitral inflow A wave; DT, mitral inflow decleration time; Em, Peak annular early
diastolic velocity of the lateral mitral annulus in tissue Doppler imaging; IVRT,
interventricular relaxation time. *p {#<0.05 fr¥ P& 21t i
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Groupl (n=120)

Group 2 (n=101)

Age (years)

Sex(M/F)

BMI (kg/m2)

Diabetes mellitus (%)
Hypertension (%)
Smoking (%)

WBC

Cholesterol

Triglyceride

Low density cholesterol
Anti-hypertension therapy
ACEI + ARB (%)
B-blocker (%)

Calcium channel blocker (%)
Echocardiographic Data
LA diameter (mm)

LVEF (%)

LVEDD (mm)

LVESD (mm)

Cytokine levels

Interleukin 6 (pg/ml)

Tissue necrosis factor — alpha (pg/ml)

72.3+9.6

46/75

248+ 3.8

24.8

71.1

32.2

7179 + 2030

1979+ 37.4

138.0 £ 94.8

126.7 + 37.3

28.1

34.7

38.0

354+6.1

66.3+ 8.4

46.1+6.1

28.7+5.8

3.40 + 2.88

478 £ 2.24

68.7 £ 8.9

42/59

235+3.1

19.8

79.2

24.8

7406 + 2039

200.6 £ 51.8

153.6 +£ 109.3

115.3+ 33.6

34.7

41.6

47.5

36.0+5.9

60.7 + 10.7

498+ 7.2

311+7.3

37.58 + 7.85

135+ 35

120



LV, left ventricle; BMI, body mass index; WBC, white blood count; ACEl,
angiotensin-converting enzyme blocker; ARB, angiotensin II type | receptor blocker;
LA, left atrium; LVEF, left ventricular ejection fraction; LVEDD, left ventricular end

diastolic dimension; LVESD, left ventricular end systolic dimension.
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Total Fat Visceral Fat V/S fat ratio
coefficient P coefficient P coefficient P

Age 0.268867  0.0108*  0.454318 <0.0001* 0.430137 <0.0001*

HTN 0.219374  0.0389* 0.251869 0.0173* 0.162006  0.1293

BMI 0.769374  <0.0001* 0.745376 <0.0001* 0.303755 0.0038*

HOMA 0.431448 <0.0001* 0.374128 0.0003* 0.0427 0.6911
Creatinine 0.034147 0.7507 0.30635  0.0035* 0.387397  0.0002*

HL 0.175653 0.0997 0.083238 0.438 0.052248  0.6268

Total Cholesterol ~ 0.135631 0.205 0.074809  0.486  0.042355 0.6935
HDL -0.17203 0.107 -0.41591 0.0001* -0.41279  0.0001*

LDL 0.154089 0.1494 0.140621  0.1887  0.120881  0.2591

TG 0.32966 0.0016* 0.498749 <0.0001* 0.342601  0.001*
hsCRP 0.435864 <0.0001*  0.69769 <0.0001* 0.563643 <0.0001*

LA 0.347517 0.0008 0.474247 <0.0001* 0.306712 0.0035*

LV ejection Fraction  0.1239 0.2475 0.1901 0.0743 0.1718 0.1074
E/A -0.17043 0.1103 -0.2534  0.0166* -0.27409  0.0093*

E/Em 0.187716 0.0781 0.314697 0.0027* 0.297839  0.0046*

LV mass index -0.0963 0.3693 -0.14159  0.1857  -0.14888  0.1638

Abbreviations: BMI, body mass index; DM, diabetes; HTN, hypertension; HOMA,

homeostasis model of insulin resistance; hsCRP, high sensitivity C-reactive protein;

LDL, low density lipoprotein; HDL, high density lipoprotein; TG, triglyceride; LA, left

atrial diameter; LV, left ventricular; E, mitral inflow E wave; A, mitral inflow A wave;

Em, Peak annular early diastolic velocity of the lateral mitral annulus in tissue Doppler

imaging. *p #<0.05 e $t R et fi
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95% Confidence
Odds ratio P
interval

Model 1

Age 1.08 1.01~1.15 0.0343*

Gender 0.4 0.08 ~2.13 0.2888

BMI 1.05 0.77~1.42 0.7747

DM 0 0~ Inf 0.9949

HTN 3.6 0.84 ~15.43 0.0882

HOMA 0.54 0.24~121 0.1363

hsCRP 1.42 1.15~1.76 0.0019*

LDL 1 0.98 ~1.02 0.9932

LV mass index 1 0.97 ~1.02 0.9151
Model 2

Visceral Fat 1.29 1.06 ~ 1.57 0.0132*
Model 3

Peritoneal Fat 1.45 11~1.92 0.0107*
Model 4

Retroperitoneal Fat 1.5 0.96 ~ 2.34 0.0785
Model 5

Visceral Fat 1.12 0.87 ~1.45 0.364

hsCRP 1.32 1.01~1.72 0.0434*
Model 6

Peritoneal Fat 1.23 0.85~1.78 0.268
hsCRP 1.3 1.01~1.69 0.049*
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Abbreviations: BMI, body mass index; DM, diabetes; HTN, hypertension; HOMA,
homeostasis model of insulin resistance; hsCRP, high sensitivity C-reactive protein;
LDL, low density lipoprotein; LV, left ventricular. ORs and 95% Cls were estimated by
logistic regression. Model 2-4 adjust for age, gender, BMI, DM, HTN, HOMA and LDL.

Model 5 and model 6 additionally adjust for hsCRP.
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Path Analysis B P-value
FAT -->  INFLAMMATION 1.133 <0.001

LV Diastolic
INFLAMMATION --> 0.373 <0.001

dysfunction

Factor Loading A P-value
FAT -->  Subcutaneous Fat 0.735
FAT -->  Retroperitoneal Fat 0.837 <0.001
FAT --> Peritoneal Fat 0.888 <0.001
INFLAMMATION --> hsCRP 0.667
INFLAMMATION --> HDL -0.544 <0.001
INFLAMMATION --> TG 0.692 <0.001
INFLAMMATION --> HOMA -0.023 0.839
INFLAMMATION --> FPG 0.096 0.328

Model Fitness

GFI 0.944
NFI 0.929
RMSEA 0.046

Yo fhn] 0 &

Abbreviations: HOMA, homeostasis model of insulin resistance; hsCRP, high
sensitivity C-reactive protein; LDL, low density lipoprotein; HDL, high density
lipoprotein; TG, triglyceride; FPG, fasting plasma glucose; LV, left ventricle; GFl,
goodness of fit index; NFI, non-normed fit index; RMSEA, root mean square error of

approximation.
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M 7+
95% Confidence
Odds ratio P
interval
Model 1
TNF-alpha 2.6 2.0~3.35 <0.001
Model 2
IL-6 1.26 1.25~1.26 0.01
Model 3
TNF-alpha 1.62 1.27 ~ 2.06 <0.001
TNF-alpha x CAPD 1.45 1.13~1.79 0.004
Model 4
IL-6 1.30 1.01~1.54 0.03
IL-6 x CAPD 1.12 0.65 ~ 1.56 0.07

Abbreviations: IL-6, interleukin 6; TNF-alpha, TNF-alpha. ORs and 95% Cls were
estimated by logistic regression. All models were adjusted for age, gender, BMI, DM,

hypertension and the main effect of peritoneal dialysis during case selection.
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Control Mild DHF Severe DHF

(n=30) (n=96) (n=29) p*
Age (years) 63.23 £ 9.04 67.67 £ 8.22 70.48 £ 9.30 0.12
Sex (M/F) 11/19 41/55 7122 0.08
BMI (kg/m?) 25.9 + 2.4 26.5+3.1 27.3+5.1 0.29
Diabetes mellitus (%) 0 20 (21) 11 (38) 0.16
Hyperlipidemia (%) 0 47 (49) 9 (31) 0.19
NYHA Fc - 2.09 £ 0.36 2.69 + 0.66 <0.001**
Antihypertensive therapy
ACEI + ARB (%) 0 39 (41) 19 (66) 0.02**
B-Blocker (%) 0 69 (72) 23 (79) 0.30
CCB (%) 0 69 (72) 23 (79) 0.48
Nitrates (%) 0 9(9) 6 (6) 0.11
Statin (%) 0 22 (23) 6 (21) 0.51
Diuretics (%) 0 56 (58) 24 (82) 0.01**
Aldactone 0 34 (35) 8 (28) 0.61
Echocardiographic data
LA diameter (mm) - 36.6 + 8.5 41.1+24 0.03**
LVEF (%) - 67.6+8.0 68.6 + 5.2 0.35
LVEDVI (ml/m?) 71.5+20.8 69.7 £ 14.9 0.66
LVEDD (mm) - 453+ 4.9 45.1+5.1 0.86
LVESD (mm) - 28.1+45 27.7+4.8 0.70
DT (cm/s) - 247.3 £ 49.9 273.6 £97.1 0.05**
E/A - 0.85+0.30 0.94 + 0.45 0.22
Ele’ - 10.55+ 1.70 18.66 +4.94  <0.001**
LVMI - 187.78 + 44.94 198.83 + 47.76 0.25
Cytokine levels
NT-proBNP (pg/mL) - 183.9+ 135.5 565.3 +472.9  0.003**
CTGF (pg/mL) 6.0+ 11.6 30.1+33.4 73.8+31.1 <0.001**

Continuous variables are presented as mean + SD, while categorical variables are
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presented as frequencies.

DHF, diastolic heart failure; NT-proBNP, N-terminal pro-brain natriuretic peptide; BMl,
body mass index; NYHA, New York Heart Association; ACEI, angiotensin-converting
enzyme inhibitor; ARB, angiotensin Il type | receptor blocker; LA, left atrium; LVEF,
left ventricular ejection fraction; LVEDVI, left ventricular end-diastolic volume index;
LVEDD, left ventricular end-diastolic dimension; LVESD, left ventricular end-systolic
dimension; DT, mitral flow deceleration time; E/A, early mitral valve flow velocity (E)
divided by late mitral flow velocity (A); E/e’, E divided by early diastolic (e’)
lengthening velocities in tissue Doppler imaging; LVMI, left ventricular mass index;

CTGF, connective tissue growth factor. p i& * % g & DHF frig fic DHF 2. [ cavt i o
*p <0.05 > ** p < 0.005.
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Variables B SE p
Age 0.034 0.037 0.04*
NYHA Fc 1.485 0.685 0.03*
Diabetes -0.369 0.756 0.626
Gender -1.414 0.603 0.02*
LV mass -0.005 0.007 0.44
Diuretics -0.034 0.64 0.96
ACEI/ARB 0.466 0.652 0.48
Ln(NTpro-BNP) 0.043 0.288 0.88
CTGF 0.083 0.011 <0.001*

NYHA Fc, New York Heart Association, heart failure function class; LV, left ventricular;
ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin Il receptor blocker;
Ln(NTpro-BNP), natural logarithm of N-terminal pro-brain natriuretic peptide; CTGF,
connective tissue growth factor. B and SE were estimated by multiple linear regression.
* p<0.05.
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Baseline characteristics Banding (n =9) Sham (n = 3) p

Age 2.0+0.83 1.83+0.29 0.62
BW 139+22 12.8+2.8 0.58
Hemodynamic parameters

Before aortic banding

Aortic pressure 112.0 £ 29.8 103+11.1 0.47
LV pressure 122.8 + 33.9 105.7+ 7.5 0.19
LV end-diastolic pressure 7.44 £ 3.9 7044 0.87
Femoral artery pressure 1246 £ 31.1 119.7+4.0 0.67

2 weeks after aortic banding

Aortic pressure 150.3 + 26.0 100.3+9.2 <0.01*
LV pressure 136.7 £ 43.9 104 + 10.6 0.06
LV end-diastolic pressure 172+ 7.4 53+31 0.03*
Femoral artery pressure 1254+ 37.5 104.3+£ 8.3 0.17
Echocardiographic parameters

Before aortic banding

AO/LA 0.88+0.1 1.09+04 <0.01*
LV ejection fraction 0.76 £ 0.13 0.79+0.09 0.74
LV septal wall thickness 7+13 6.6 £ 0.57 0.45
LV posterior wall thickness 74+12 76+0.8 0.73
LV end-diastolic diameter 322+38 315+29 0.76
LV end-systolic diameter 19.2+4.38 185+ 2.6 0.76
Ele’ 89+20 75+1.1 0.17
E/A 1.35+0.42 0.99 + 0.08 0.04*
DT 127.6 + 36.2 126.3+44.3 0.96
LV mass 100.7 + 34.8 93.5+ 23.6 0.71

2 weeks after aortic banding

LV ejection fraction 0.79+£0.16 0.84 £ 0.03 0.43
LV septal wall thickness 9.2+20 6.8+04 <0.01*
LV posterior wall thickness 101+ 26 7.3+0.3 0.01*
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LV end-diastolic diameter 28.5+6.3 28.8+ 2.3
LV end-systolic diameter 16.2+6.0 157+ 1.7
Ele’ 122142 79+12
LV mass 111.2+ 375 789+ 145
E/A 1.36+£0.19 181+0.35
DT 1075+ 275 1143+ 16.9

0.9
0.8
0.02*
0.05*
0.15
0.63

BW, body weight; LV, left ventricular; AO; aortic root diameter; LA, left atrium; DT,
mitral flow deceleration time; E/A, early mitral valve flow velocity (E) divided by late
mitral flow velocity (A); E/e’, E divided by early diastolic (e’) lengthening velocities in
tissue Doppler imaging. Initial hemodynamic and echocardiographic data denote the
parameters before aortic banding, whereas final hemodynamic and echocardiographic
data described the parameters at 2 weeks after aortic banding or sham operation. *, p <
0.05.
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Variables B SE p
LV mass 0.037 0.032 0.28
LV ejection fraction -5.89 9.3 0.54
Aortic pressure -0.014 0.038 0.72
CTGF 9.8 5.1 0.04*

LV, left ventricular; CTGF, connective tissue growth factor. B and SE were estimated by multiple linear

regression. *, p < 0.05
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