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Absƚracƚ 

 

BackgroƵnd͗ Atrial fibrillation ;AFͿ is highlǇ prevalent in hǇpertensive patients with 
metabolic sǇndrome and is related to inflammation and activation of the 
sǇmpathoadrenergic sǇstem͘ The multiͲligand ReceptorͲforͲAdvancedͲGlǇcationͲEndͲ 
products ;RAGEͿ activates inflammation associated tissue remodelling and is regulated bǇ 
the sǇmpathetic nervous sǇstem͘ Its counterpart͕ soluble RAGE ;sRAGEͿ͕ serves as antiͲ
inflammatorǇ decoǇ receptor with protective properties͘ 

Meƚhods and resƵlƚs͗ We investigated the effect of sǇmpathetic modulation bǇ renal 
denervation ;RDNͿ on atrial remodelling͕ RAGEͬsRAGE and RAGEͲligands in metabolic 
sǇndrome͘ RDN was performed in spontaneouslǇ hǇpertensive obese rats ;SHRobͿ with 
metabolic sǇndrome compared with lean spontaneouslǇ hǇpertensive rats ;SHRͿ and with 
normotensive nonͲobese control rats͘ Blood pressure and heart rate were measured bǇ 
telemetrǇ͘ The animals were sacrificed ϭϮ weeks after RDN͘ Left atrial ;LAͿ remodelling was 
assessed bǇ histological analǇsis͕ collagen tǇpes͕ RAGEͬsRAGE and RAGEͲligands eǆpressions 
were analǇsed bǇ western blot and immunofluorescence staining͘ RAGE was increased 
;нϳϭϴйͿ and sRAGE decreased ;ͲϲϮйͿ in SHRob as compared with controls͘ RDN reduced 
RAGE eǆpression ;Ͳϲϭй versus SHRobͿ͕ significantlǇ increased sRAGE levels ;нϭϲϮйͿ and 
induced a significant decrease in RAGEͲligand levels in SHRob ;Ͳϱϳй CML and Ͳϱϭй HMGBϭͿ 
with reduced proͲinflammatorǇ NFkB activation ;ͲϵϲйͿ͘ This led to a reduction in atrial 
fibrosis ;ͲϯϯйͿ͕ collagen tǇpe I content ;ͲϳϮйͿ͕ accompanied bǇ reduced LA mǇocǇte 
hǇpertrophǇ ;ͲϮϭйͿ͘ 

ConclƵsion͗ Suppression of renal sǇmpathetic nerve activitǇ bǇ RDN prevents atrial 
remodelling in metabolic sǇndrome bǇ modulating RAGEͬsRAGE balance and reducing proͲ
inflammatorǇ and proͲfibrotic RAGE ligands͕ which provides a potential therapeutic 
mechanism to reduce the development of AF͘ 
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InƚrodƵcƚion 

The prevalence of atrial fibrillation ;AFͿ in patients with metabolic sǇndrome is elevated 
compared to nonͲaffected individuals ΀ϯϭ΁͘ Insights into the mechanisms are sparse ΀ϯϳ΁͘ 
However͕ it is known that metabolic sǇndrome is associated with increased sǇmpathetic 
activitǇ͕ which in turn is associated with a higher risk for AF ΀ϲ΁͘ Renal Denervation ;RDNͿ can 
modulate sǇmpathetic activation and is currentlǇ under investigation as a deviceͲbased 
hǇpertension treatment ΀ϰϳ΁͘ 

ReceptorͲforͲAdvancedͲGlǇcationͲEndͲproducts ;RAGEͿ is a multiͲligand receptor responsible 
for proͲinflammatorǇ and proͲfibrotic responses in several cardiovascular pathologies͕ 
diabetes and metabolic sǇndrome ΀ϭϬ͕ ϭϮ΁͘ Proteases ΀ϯϯ͕ ϱϭ΁ cleave it to the soluble RAGE 
;sRAGEͿ͕ which antagoniǌes RAGE effects bǇ neutraliǌing RAGE ligands and also via blocking 
RAGE itself ΀ϯϱ΁͘ Increased plasma levels of sRAGE are associated with a reduction in AF 
recurrence after pulmonarǇ vein isolation in diabetic patients ΀ϮϬ͕ ϱϬ΁ and inhibitors of AGE 
formation have been shown to prevent atrial structural remodelling in diabetic rat models 
΀ϭϵ͕ ϱϯ΁͘ In previous studies͕ RDN prevented left ventricular interstitial remodelling in a rat 
model with metabolic sǇndrome͕ hǇpertension and with coeǆistent renal insufficiencǇ 
;SpontaneouslǇ HǇpertensive Obese rats͕ SHRobͿ ΀Ϯϰ͕ ϯϴ΁͘ The SHRob carries a mutation of 
the leptin receptor͕ leading to receptor dǇsfunction and leptin resistance ΀ϰϮ΁ with 
increasing obesitǇ͕ hǇperinsulinemia and hǇperlipidemia beside hǇpertension͘ RDN reͲ
established the left ventricular and serum RAGEͬsRAGE balance in these rats͘ In addition͕ 
electrophǇsiological and structural remodelling of the atria makes such rats with metabolic 
sǇndrome prone to AF development ΀ϭϰ΁͘ 

Whether changes in atrial RAGEͬsRAGE balances can be attained bǇ RDN and whether this 
influences atrial structural remodelling processes is unknown͘ Hence͕ the present studǇ 
aimed to characteriǌe the influence of the sǇmpathoadrenergic sǇstem and its modulation 
bǇ RDN on atrial interstitial remodelling and on regulation of the RAGEͬsRAGEͲsǇstem and its 
ligands in metabolic sǇndrome͘ 
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Maƚerial and Meƚhods 
 

Reagenƚs 

Mϭϵϵ medium and FCS ;fetal calf serumͿ were purchased from GibcoͬInvitrogen ;Karlsruhe͕ 
GermanǇͿ͕ PenicillinͬstreptomǇcin and ßͲadrenergic receptor selective antagonists 
CGPϮϬϳϭϮA ;CϮϯϭͿ͕ ICIϭϭϴ͘ϱϱϭ ;IϭϮϳͿ and isoproterenol ;IϲϱϬϰͿ from SigmaͲAldrich 
;Deisenhofen͕ GermanǇͿ͘ PrimarǇ antibodies against the eǆtracellular domain of human 
RAGE ;abϯϳϲϰϳͿ͕ HMGBϭ ;abϭϴϮϱϲͿ͕ CML ;abϮϳϲϴϰͿ and NFkB ;abϮϴϴϱϲ and abϭϯϭϰϴϱͿ 
were from Abcam ;Cambridge͕ UKͿ͕ against collagen tǇpe I from Southern Biotech ;ϭϯϭϬͲϬϭ͕ 
Southern Biotech͕ Birmingham͕ USͿ͘ HRPͲconjugated secondarǇ antibodies and all other 
substances used were from SigmaͲAldrich ;Deisenhofen͕ GermanǇͿ͕ unless specified 
otherwise͘ 

 

Animals 

Male ϭϬͲweekͲold obese spontaneouslǇ hǇpertensive ;SHRsͲob͖ n с ϭϮͿ͕ lean spontaneouslǇ 
hǇpertensive rats ;SHR͖ nсϲͿ and normotensive SpragueͲDawleǇ rats ;controls ;CtrsͿ͖ n с ϲͿ 
were purchased from Charles River ;Sulǌfeld͕ GermanǇͿ͘ At the age of ϯϰ weeks͕ surgical and 
chemical renal denervation ;RDNͿ was performed in ϲ SHRob as described below͘ At this age͕ 
SHRob had fullǇ established a metabolic sǇndrome with arterial hǇpertension͕ 
hǇperinsulinemia͕ hǇperlipidemia and renal insufficiencǇ͘ SHRob н RDN ;nсϲͿ were 
compared with ϲ sham operated SHRob ;SHRobͿ͕ normotensive controls ;CtrͿ and lean SHR͘ 
The animals were kept in standard cages for the duration of the studǇ and received a 
standard Chow diet ;standard diet No͘ ϭϯϮϬ͖ Altromin͕ Lage͕ GermanǇͿ and tap water ad 
libitum͘ The animals were sacrificed ϭϮ weeks after RDN͘ All eǆperiments were performed in 
accordance with the National Health Guideline for the Care and Use of LaboratorǇ Animals 
as well as with the Animal Welfare Guidelines and the German law for the protection of 
animals͘ The approval of the responsible regional animal ethics committee was obtained͘ 

 

Renal denerǀaƚion 

At the age of ϯϰ weeks͕ surgical and chemical RDN was performed in ϲ SHRob as previouslǇ 
described ΀Ϯϰ΁͘ ShortlǇ͕ the rats were anesthetiǌed with Ϯ͘ϱй isoflurane and medial 
laparotomies with peritoneal incisions were performed to approach both kidneǇs͘ All visible 
nerves were cut in the areas of the renal hili͕ followed bǇ additional stripping of the 
adventitia from the renal arterǇ to remove remaining nerve fibers͘ FinallǇ͕ the renal arteries 
were moistened with a ϮϬй phenolͬethanol solution for ϭϬͲϭϱ minutes͘ Sham operations 
included onlǇ kidneǇ eǆposition without intervention ;performed on Ctrs͕ SHR and SHRob 
without RDNͿ͘ SimultaneouslǇ to RDN and the sham operations͕ telemetric sensors were 
implanted for sǇstolic͕ diastolic pressure and heart rate acquisition as described before ΀Ϯϰ΁͘ 
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Blood and ƚissƵe sampling 

The rats were sacrificed at the age of ϰϲ weeks under deep general anaesthesia with 
isoflurane͕ ǆǇlaǌine ;RompunΠͿ and ketamine ;KetavetΠͿ͘ Blood was eǆtracted from the aorta 
and urine from the urinarǇ bladder and stored at ͲϴϬΣC for further analǇsis͘ Hearts were 
quicklǇ eǆcised and atrial tissue was either transferred to ϰй paraformaldehǇde for 
histological analǇsis or was snapͲfroǌen in liquid nitrogen and stored at ͲϴϬΣC for further 
analǇsis͘ Norepinephrine was measured in kidneǇ tissue bǇ highͲpressureͲliquidͲ
chromatographǇ ;HPLCͿ as described before ΀Ϯϰ΁͘ 

 

Hisƚological analǇsis  

Left atrial ;LAͿ tissue was soaked in buffered ϰй paraformaldehǇde for Ϯϰ hours and 
subsequentlǇ embedded in paraffin for further histological analǇsis͘ LA sections of ϯum 
thickness were prepared͕ deparaffined͕ rehǇdrated and stained with hematoǆǇlin and eosin 
;HEͿ or PicroͲSirius red for further analǇsis͘ The PicroͲSiriusͲRed staining was used for 
visualiǌation of interstitial and perivascular fibrosis͘ The percentage of interstitial collagen 
was given bǇ the image analǇsis software ;Nicon Instruments Software ;NISͿͲElements ;BR 
ϯ͘ϮͿ as the ratio of the area positivelǇ stained with PicroͲSirius red to the total LA area͘ 
AdditionallǇ͕ PicroͲSirius red stained sections were additionallǇ analǇǌed bǇ polariǌed 
microscopǇ for distribution of collagen tǇpe I ;redͲǇellow birefringenceͿ and collagen tǇpe III 
;green birefringenceͿ͘ Furthermore͕ LA sections were additionallǇ stained with hematoǆǇlin 
and eosin͘ One hundred cells were measured to determine the cardiomǇocǇte cellular area 
in LA sections͘  

 

ImmƵnobloƚƚing 

Left atrial samples were homogeniǌed with buffer ;in mmolͬl͗ Tris ϱ͕ EDTA ϭ͕ MgClϮ ϱ͕ pH 
ϴ͘Ϭ͕ PMSF ϭ͕ Leupeptin ϭ͖ Aprotinin ϱ ugͬmlͿ and miǆed Ϯ͗ϭ vͬv with SDSͲPAGE loading 
buffer͘ After denaturation ;ϵϱΣC͕ ϱ min͖ eǆcept for collagen tǇpe I western blots͕ where 
samples were not denaturatedͿ͕ the samples were separated on ϭϬͲϭϮй SDS polǇacrǇlamide 
electrophoresis gels ;Ϯϱ ug tissueͬlaneͿ and transferred to nitrocellulose membranes 
;ProtranΠ͕ Schleicher Θ Schuell GmbH͕ Dassel͕ GermanǇͿ bǇ semiͲdrǇ electrophoretic 
blotting ;Ϭ͘ϴ mAͬcmϮͿ͘ After blocking with Ϭ͘ϭй Western Blocking Reagent ;Roche͕ 
Mannheim͕ GermanǇͿ membranes were incubated with primarǇ antibodies for RAGEͬsRAGE 
;abϯϳϲϰϳ͕ rabbit polǇclonal to RAGE͕ ϭ͗ϭϬϬϬ dilution͕ Abcam͕ Cambridge͕ UKͿ͕ HMGBϭ 
;abϭϴϮϱϲ͕ rabbit polǇclonal to HMGBϭ͕ ϭ͗ϭϬϬϬ͕ AbcamͿ͕ CML ;ab Ϯϳϲϴϰ͕ rabbit polǇclonal to 
CML͕ ϭ͗ϮϬϬϬ͕ AbcamͿ͕ collagen tǇpe I ;ϭϯϭϬͲϬϭ͕ goat anti collagen tǇpe I͕ ϭ͗ϭϬϬϬ͕ Southern 
BiotechͿ͕ NFkBpϲϱ phospho ;abϮϴϴϱϲ͕ rabbit polǇclonal to NFkBpϲϱ ;phospho SϱϯϲͿ ϭ͗ϭϬϬϬ͕ 
AbcamͿ and total NFkBpϲϱ ;abϭϯϭϰϴϱ͕ rabbit polǇclonal to NFkB pϲϱ͕ ϭ͗ϭϬϬϬ͕ AbcamͿ  at ϰΣC 
for ϭϮͲϭϲh͘ The respective secondarǇ antibodies were incubated for ϲϬ min at RT and used 
at a dilution of ϭ͗ϭϬϬϬϬ͘ Proteins were visualiǌed bǇ enhanced chemiluminescence 
;Amersham Pharmacia Biotech͕ Freiburg͕ GermanǇͿ͘ Membranes were stripped afterwards 
for GAPDH analǇsis as loading control͗ twice stripped for ϭϱ minutes at ϱϲΣC with stripping 



ϲ 
 

buffer ;ϲϮ͘ϱ nM TrisͲHCl ;pH ϲ͘ϴͿ͕ ϮйSDS͕ Ϭ͘ϭ M ϮͲmercaptoethanolͿ͕ followed bǇ repeated 
wash steps with PBS ;in mmolͬL͗ NaCl ϭϳϬ͕ KCl ϯϯ͕ NaϮHPOϰ ϰϬ and KHϮPOϰ ϭϴ͕ pH ϳ͘ϮͿ͕ 
then blocked again in PBS with ϱй nonfat drǇ milk for ϭϮϬ min at room temperature͘ 
Membranes incubated for phosphoͲNFkB were stripped for total NFkB͘ Autoradiographs 
were quantified bǇ imaging densitometrǇ and analǇsed bǇ the ͞LabWorks ϰ͘ϲ͞Software 
;LabWorks Image Acquisition and AnalǇsis Software͕ UVP BioImaging SǇstems͕ Cambridge͕ 
UKͿ͘ Data are presented as arbitrarǇ units ;AUͿ normaliǌed to GAPDH and a control sample͘ 

 

 

CƵlƚƵre condiƚions of raƚ cardiomǇofibroblasƚs ;HϵCϮ cell lineͿ 

HϵCϮͲcardiomǇoblasts ;rattus norvegicusͿ were purchased from ATCC ;ATCC CRL ϭϰϰϲ͕ 
Wesel͕ GermanǇ͖ lot number ϯϰϮϲϴϴϵͿ and cultured on uncoated ϲwellͲdishes in Ϯml DMEM 
medium нϭϬйFBS in humidified air ;ϱй COϮ͕ ϯϳΣCͿ͘ After reaching ϴϬй confluencǇ͕ low FBS 
medium was added to the cells and stimulation eǆperiments with isoproterenol нͬͲ ßͲ
adrenergic receptor antagonists were performed͘ 

EverǇ Ϯϰ hours the cells were stimulated with isoproterenol ;Ϭ͘ϭ umolͬlͿ in the presence or 
absence of ßͲadrenergic receptor antagonists with differing selectivitǇ ;ßϭͲselective CGP 
ϮϬϭϳϭϮA͕ ßϮͲselective ICI ϭϭϴ͘ϱϱϭͿ for a total stimulation period of ϳϮ hours͘ The ßͲblocker 
was added ϯϬ min prior to isoproterenol͘ The cell culture supernatant of the stimulated 
HϵCϮ cells was asserved everǇ Ϯϰ hours and analǇǌed for sRAGE release͘ The cells were 
harvested after ϳϮ hours of stimulation and processed for cell fractionation͗ The cell pellets 
were resuspended in hǇpotonic buffer ;in mmolͬl͗ Tris ϱ͕ EDTA ϭ͕ MgClϮ ϱ͕ pH ϴ͘Ϭ͕ PMSF ϭ͕ 
Leupeptin ϭ͖ Aprotinin ϱ ugͬmlͿ͕ incubated for ϭϱ minutes at ϰΣC͕ then subjected to ϭϬϬϬϬϬ g 
ultracentrifugation ;ϭh͕ ϰ ΣCͿ to obtain a ΗcǇtosolicΗ and ΗmembranousΗ fraction ;pelletͿ͘ The 
membrane fraction was resuspended in hǇpotonic buffer͘ Membrane fraction and cell 
culture medium were analǇǌed for RAGEͬsRAGE content bǇ Western blot analǇsis͘ The 
uniform total protein loading on the gel ;ϱϬ ђgͬlaneͿ was controlled bǇ Ponceau Red staining 
;Dianova͕ GermanǇͿ͘ The data are presented as arbitrarǇ units ;AUͿ in percent of a control͕ 
unless otherwise stated͘ 

 

Sƚaƚisƚical analǇsis 

Results are presented as meanнSEM͘ Significance was estimated with TwoͲwaǇͲANOVA with 
TukeǇǲs post hoc test for multiple comparisons͘ Normal distribution of data was tested bǇ 
KolmogorovͲSmirnov and Liliefors test͘ A pфϬ͘Ϭϱ was considered significant͘ GraphPadPrism 
;version ϲ͘Ϭ͖ GraphPad Software͕ San Diego California͕ USAͿ was used for statistical analǇsis͘ 
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ResƵlƚs 

 
Meƚabolic and hemodǇnamic parameƚers 

Metabolic and ventricular hemodǇnamic characteriǌations of the SHRob and SHR models 
have been recentlǇ published ΀ϮϮ͕ Ϯϰ΁͘  SHRob showed significantlǇ increased bodǇ weight 
compared with SHR and controls͘ TelemetrǇ analǇsis revealed similarlǇ increased sǇstolic 
blood pressure in SHR and SHRob versus controls͕ while heart rate was lower in SHRob and 
SHR͘ Fasting serum insulin levels were elevated in SHRob with still normal glǇcated 
haemoglobin͘ TriglǇcerides and cholesterol were also elevated in SHRob ;Table ϭͿ͘  

The effectiveness of renal denervation was indicated bǇ significantlǇ decreased levels of 
kidneǇ norepinephrine levels͘ RDN significantlǇ decreased sǇstolic arterial blood pressure 
and improved kidneǇ function͕ evoked a numerical͕ albeit not statisticallǇ significant 
decrease in serum insulin levels and had no effect on lipid levels or bodǇ weight ;Table ϭͿ͘ 

 

LA sƚrƵcƚƵral and inƚersƚiƚial remodelling 

SHRob showed increased cardiomǇocǇte cell area ;Table ϭ͖ Fig͘ ϭaͲb͖ ϭϯϭцϱ͘ϰ umϮ mǇocǇte 
cell area in SHRob͕ pсϬ͘ϬϬϭϯ versus Ctr and pсϬ͘ϬϬϮ versus SHRͿ͘ RDN had antiͲhǇpertrophic 
effects bǇ almost normaliǌing atrial mǇocǇte siǌe ;ϭϬϭцϯ͘ϰ umϮ in SHRobRDN͕ pсϬ͘ϬϬϱ versus 
SHRobͿ͘ Interstitial collagen deposition ;Table ϭ͖ Fig͘ ϭcͲdͿ was onlǇ numericallǇ augmented 
in SHR͕ but stronglǇ increased in SHRob ;ϮϮ͘Ϯцϭ͘ϴй in SHRob versus ϱ͘ϱцϬ͘ϯй in Ctr͕ 
pфϬ͘ϬϬϭͿ and significantlǇ decreased after RDN ;ϭϰ͘ϴцϭ͘ϴй in SHRobRDN versus ϮϮ͘Ϯцϭ͘ϴй 
in SHRob͕ pсϬ͘ϬϮͿ͘ AdditionallǇ͕ SHRob rats demonstrated a shift to collagen tǇpe I ;redͲ
Ǉellow fibersͿ as assessed bǇ polariǌation microscopǇ ;Table ϭ͖ Fig͘ ϭeͲfͿ͕ the collagen tǇpe 
Iͬcollagen tǇpe III ratio being normaliǌed after RDN͘ Western blot analǇsis for collagen tǇpe I 
protein eǆpression ;Table ϭ͖ Fig͘ ϭgͿ confirmed significantlǇ increased collagen tǇpe I protein 
content in SHRob ;ϰцϭ AUͬGAPDH in SHRob versus Ϭ͘ϵцϬ͘Ϯ AUͬGAPDH in Ctr͕ pсϬ͘ϬϬϰ͖ 
ϭ͘ϱцϬ͘ϯ AUͬGAPDH in SHR͕ pсϬ͘ϬϮ versus SHRobͿ͕ which was reduced after RDN ;ϭ͘ϭцϬ͘ϭ 
AUͬGAPDH in SHRobRDN versus ϰцϭ AUͬGAPDH in SHRob͕ pсϬ͘ϬϬϳͿ͘ 

 

LA RAGEͬsRAGE regƵlaƚion 

Assessment of LA RAGE protein eǆpression showed a significant upͲregulation in SHRob 
;Table ϭ͖ Fig͘ ϮaͲb͖ ϯ͘ϲцϬ͘ϳ AUͬGAPDH in SHRob versus Ϭ͘ϰцϬ͘Ϭϱ in Ctr͕ pсϬ͘ϬϬϭͿ͘ RDN 
induced a significant reduction in LA content of fullͲlength RAGE in the SHRobRDN group 
;ϭ͘ϰцϬ͘ϯ AUͬGAPDH͕ pсϬ͘Ϭϭϲ versus SHRobͿ͘ LA sRAGE content was significantlǇ decreased 
in SHRob as compared to Ctr ;Fig͘ Ϯc͕ Ϯ͘ϱцϬ͘ϴ AUͬGAPDH in SHRob versus ϲ͘ϰцϬ͘ϯ AUͬGAPDH 
in Ctr͕ pсϬ͘ϬϰͿ while in SHRobRDN sRAGE levels were significantlǇ augmented ;ϲ͘ϱцϬ͘ϵ 
AUͬGAPDH͕ pсϬ͘ϬϮ versus SHRobͿ͘  
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RDN decreases leǀels of RAGEͲligands CML and HMGBϭ in aƚrial ƚissƵe͘  

Left atrial CML levels ;Table ϭ͖ Fig͘ ϯaͿ were increased in SHR ;ϯ͘ϲцϬ͘ϳ AUͬGAPDHͿ and 
SHRob ;ϰ͘ϲцϭ͘ϭ AUͬGAPDHͿ versus controls ;Ϭ͘ϵцϬ͘ϭ AUͬGAPDH in Ctr͕ pсϬ͘ϬϬϱ versus 
SHRob and pсϬ͘Ϭϰ versus SHRͿ and attenuated after RDN ;Ϯ͘ϬцϬ͘ϯ AUͬGAPDH͕ pсϬ͘Ϭϯ versus 
SHRobͿ͘  

SHRob further demonstrated significantlǇ increased left atrial HMGBϭ levels as compared 
with SHR and controls ;Table ϭ͖ Fig͘ ϯb͖ ϰ͘ϱцϬ͘ϲ AUͬGAPDH in SHRob versus ϭ͘ϴцϬ͘ϭ in SHR 
and ϭ͘ϱцϬ͘ϰ in Ctr͕ pсϬ͘ϬϬϬϯͲϬ͘ϬϬϬϲ for each comparisonͿ͘ Again͕ RDN treatment resulted in 
a significant reduction of LA HMGBϭ protein levels ;Fig͘ ϯb͖ Ϯ͘ϮцϬ͘Ϯ AUͬGAPDH in 
SHRobRDN͕ pсϬ͘ϬϬϮ versus SHRobͿ͕ achieving similarlǇ low levels as in SHR ;ϭ͘ϴцϬ͘ϭ 
AUͬGAPDHͿ and controls alone ;ϭ͘ϱцϬ͘ϰ AUͬGAPDHͿ͘  

The phosphoͲNFkBͬtotal NFkBͲratio͕ representative of a partiallǇ RAGEͲinduced proͲ
inflammatorǇ status͕ was increased in SHRob ;Table ϭ͖ Fig͘ ϯc͗ ϯ͘ϰцϬ͘ϵ in SHRob versus 
Ϭ͘ϭϲцϬ͘Ϭϰ in Ctr͕ pсϬ͘ϬϬϭͿ and was normaliǌed after RDN ;Ϭ͘ϭϰцϬ͘Ϭϱ in SHRobRDN versus 
ϯ͘ϰцϬ͘ϵ in SHRob͕ pсϬ͘ϬϬϭ͕ and pхϬ͘Ϭϱ versus Ϭ͘ϭϲцϬ͘Ϭϰ in CtrͿ͘ 

 

In ǀiƚro ƘͲadrenergic sƚimƵlaƚion of HϵCϮ cells increases RAGE eǆpression and decreases 
sRAGE secreƚion͘ 

HϵCϮ cells were repeatedlǇ stimulated with the ßϭнßϮͲadrenoreceptor agonist isoproterenol 
;Ϭ͘ϭ ђmolͬl everǇ Ϯϰ hoursͿ͕ which lead to a significant increase in RAGE content in the cell 
membrane ;нϭϮϵйͿ ;Fig͘ ϰaͿͿ͘ SimultaneouslǇ͕ sRAGE shedding into the cell culture medium 
was reduced bǇ isoproterenol treatment ;Ͳϯϲй ;Fig͘ ϰbͿͿ͘  To identifǇ the ßͲadrenergic 
receptor subtǇpe involved͕ we also used ßͲadrenergic receptor antagonists with different 
selectivitǇ ;CGP ϮϬϭϳϭϮA ;ßϭͲselectiveͿ or ICI ϭϭϴ͘ϱϱϭ ;ßϮͲselectiveͿͿ simultaneouslǇ to 
isoproterenol stimulation͘ The isoproterenolͲinduced RAGE eǆpression ;Fig͘ ϰaͿ was reversed 
bǇ the ßϭͲadrenergic receptor blockade with CGP͕ while sRAGE shedding recovered with ßϮͲ
adrenergic receptor blockade bǇ ICI ;Fig͘ ϰbͿ͘  

 

 

DiscƵssion 

 

This studǇ shows that RDN effectivelǇ inhibits atrial remodelling in metabolic sǇndrome͘ 
Interstitial fibrosis is a characteristic of atria͕ prone to develop AF ΀ϭϳ΁͘ Herein͕ we 
documented increased interstitial fibrosis in the LA of hǇpertensive rats with metabolic 
sǇndrome͘ RDN effectivelǇ inhibited atrial remodelling and reduced atrial fibrosis in these 
rats͘  Considering the polariǌed microscopǇ and western blot analǇses for collagen tǇpe I͕ the 
main part of the fibrosis appeared to be caused bǇ an increase in tǇpe I collagen with 
augmented collagen tǇpe Iͬcollagen tǇpe III ratio͘ This collagenͲshift has been studied in left 
ventricular stiffness ΀ϭϭ΁͕ but also in atrial remodelling͕ where an augmented collagen tǇpe 
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IͬtǇpe III ratio in patients undergoing heart surgerǇ was associated with an increased risk for 
postoperative atrial fibrillation ΀ϭϯ΁͘ 

Also͕ RAGE is known to increase collagen tǇpe I transcription ΀ϯϮ΁͘ We observed a shift in 
RAGEͬsRAGE balance with increased RAGE and decreased sRAGE in the left atria of shamͲ
operated SHRob͕ matching the proͲfibrotic changes͘  RAGEͬsRAGE was brought to a more 
favourable ratio following neuromodulation via RDN͘ As shown bǇ the inͲvitro eǆperiments͕ 
these effects are partlǇ independent of sǇstemic blood pressure͕ but can be induced bǇ sole 
ßͲadrenergic activation͘ The observations eǆtend previous results ΀ϯϴ΁͕ where a ßͲ
adrenergicͲinduced inͲvitro RAGEͬsRAGE regulation in cardiac fibroblasts and peripheral 
blood mononuclear cells was demonstrated͘ We could reproduce those results herein with 
rat cardiomǇoblastoma cells ;HϵCϮ cell lineͿ͘ 

AdditionallǇ͕ increased levels of RAGE ligands were observed in left atria of SHRob͘ It is 
known that RAGE activation bǇ RAGE ligands increases oǆidative stress and inflammation͕ 
which in turn leads to an increased formation of RAGE ligands and transcription of RAGE 
protein͕ in the sense of a vicious circle ΀ϭϱ΁͘ CML is a major advanced glǇcation end product 
and is not onlǇ increased in diabetes ΀ϯϲ΁͕ but also associated with an earlǇ development of 
hǇpertension ΀Ϯ΁͘ In this studǇ͕ atrial CML levels were increased both in SHRob and SHR͘ 
Similar CML regulations in serum and left ventricular mǇocardium in this rat model were 
reported previouslǇ ΀ϯϴ΁͘ In addition͕ deposits of AGEs not onlǇ promote fibrosis formation 
bǇ e͘g͘ RAGEͲmediated inflammation and collagen production͕ but also inhibit collagenase 
mediated collagen degradation bǇ crossͲlinking the fibrils͕ making fibrosis more persistent 
΀ϯ͕ ϱϰ΁͘ HMGBϭ͕ another RAGEͲligand and alarmin molecule͕ is released bǇ activated 
immune cells or necrotic cells ΀Ϯϳ΁͘  

Recent data suggest that HMGBϭ acts as an adipokine in metabolic sǇndrome ΀ϯϵ͕ ϱϮ΁ and 
plaǇs a central role in the pathogenesis of insulin resistance ΀ϰϱ΁͘ Corresponding to a 
sǇstemic effect͕ atrial HMGBϭ content was also increased solelǇ in obese animals͕ and in left 
ventricular mǇocardium and serum according to previous findings ΀ϯϴ΁͘ An increase in atrial 
HMGBϭ tissue concentration is of particular interest͕ as HMGBϭ is also associated with proͲ
thrombotic states ΀ϵ΁ and intraͲcardiac thrombus formation bǇ activating platelets ΀ϰϴ΁͘ 
Atrial HMGBϭ was normaliǌed after RDN in this studǇ͕ providing evidence for a sǇstemic 
sǇmpathoadrenergic mediated HMGBϭ regulation in metabolic sǇndrome͘ InflammatorǇ 
mechanisms are known to induce atrial arrhǇthmias and to promote the development of 
persistent atrial fibrillation ΀ϳ΁͘ Both CML and HMGBϭ were increased in left atrial tissue in 
metabolic sǇndrome͕ indicating activation of RAGE with consecutive activation of proͲ
inflammatorǇ signal transduction pathwaǇs͘ In line with this hǇpothesis͕ the NFkB signal 
transduction pathwaǇ was activated in atria of SHRob͕ which was significantlǇ decreased 
after RDN͘ 

 

The rat model used herein comprises multiple concomitant risk factors͕ which might 
eǆacerbate atrial structural remodelling including arterial hǇpertension ΀Ϯϭ΁͕ obesitǇ with 
hǇperinsulinemia ΀Ϯϴ΁͕ and chronic kidneǇ disease ΀ϰϬ͕ ϰϲ΁͘ All these conditions are known to 
be associated with a RAGEͬsRAGE imbalance ΀ϭϵ͕ ϯϰ΁͕ contributing to atrial maladaptive 
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remodelling processes ΀Ϯϵ͕ ϱϯ΁͘ The association between increased sǇmpathetic nerve 
activitǇ and high prevalence of atrial fibrillation has been well demonstrated ΀Ϯϯ͕ ϮϱͲϮϲ΁͘ The 
activation of the sǇmpathetic nervous sǇstem plaǇs an important role in the initiation and 
perpetuation of atrial fibrillation under various pathophǇsiological conditions ΀ϯϳ΁ bǇ 
structural and electrophǇsiological changes ΀ϭϲ͕ ϰϰ͕ ϰϵ΁͘ In a previous report using the same 
rat model for metabolic sǇndrome͕ several aspects of atrial remodelling were demonstrated͕ 
such as impaired LAͲemptǇing function and increased propensitǇ of atrial fibrillation as a 
consequence of electrophǇsiological and structural remodelling ΀ϭϰ΁͘  

 

CatheterͲbased RDN is currentlǇ being utiliǌed for treatment of uncontrolled hǇpertension ΀ϰ 
Ͳϱ΁͘ RecentlǇ published randomiǌed͕ shamͲcontrolled clinical trials ΀ϭ͕ ϭϴ΁ have provided the 
proof of concept for the blood pressureͲlowering efficacǇ of this approach͘ A growing bodǇ 
of evidence suggests͕ that catheterͲbased RDN maǇ also be used in patients with cardiac 
arrhǇthmias ΀ϴ͕ ϰϭ͕ ϰϯ΁͘ In a randomiǌed controlled studǇ in ϯϬϮ patients with paroǆǇsmal 
atrial fibrillation and hǇpertension͕ renal denervation added to pulmonarǇ vein isolation͕ 
compared with catheter ablation alone͕ significantlǇ increased the likelihood of freedom 
from atrial fibrillation at ϭϮ months ΀ϰϭ΁͘ Our findings eǆtend these data bǇ showing that 
RDN could represent an alternative therapǇ in atrial fibrillation bǇ inhibiting atrial interstitial 
remodelling and atrial RAGEͬsRAGE dǇsbalance as well as inflammation in metabolic 
sǇndrome͘  

 

Limitations 

The animal model for metabolic sǇndrome includes several individual risk factors and 
pathologies͕ i͘e͘ hǇpertension͕ disturbed glucose tolerance or renal dǇsfunction͘ Each of 
those could have impacted some of the observations made͘ From clinical studies we know 
that aggressive risk factor management improves longͲterm success of AF ablation ΀ϯϬ΁͘ We 
aimed to investigate the impact of arterial hǇpertension alone on the overall picture of the 
metabolic sǇndrome regarding atrial RAGEͬsRAGE regulation and atrial remodelling bǇ 
including the SHR group in our studǇ͘ However͕ further detailed investigations on obesitǇ͕ 
diabetes and renal failure models alone are necessarǇ to characteriǌe the intricate network 
of pathologies and the influence of the sǇmpathetic nervous sǇstem on atrial structural 
remodelling in each conteǆt͘ 

 

ConclƵsion 

SǇmpathoadrenergic activation in metabolic sǇndrome worsens RAGEͬsRAGE balance 
leading to interstitial remodelling and damage in the left atrium͘ Renal denervation 
improves atrial interstitial remodelling with restored RAGEͬsRAGE balance͕ reduced RAGE 
ligands and eǆhibits antiͲinflammatorǇ͕ antiͲhǇpertrophic and antiͲfibrotic effects͘ Our 
results can help to establish new therapeutic targets and strategies to improve and prevent 
atrial fibrillation in metabolic sǇndrome͘  
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FigƵre Legends 
 

Fig͘ϭ 

aͿ Representative histological pictures ;hematoǆǇline eosin stainingͿ and 

bͿ Quantification of LA mǇocǇte cell surface in atrial tissue of normotensive controls ;nсϱͿ͕ 
SHR ;nсϲͿ͕ SHRob ;nсϱͿ and SHRobRDN ;nсϱͿ͘ 

cͿ Representative histological pictures ;picrosirius red stainingͿ and 

dͿ Quantification of left atrial fibrotic area ;interstitial fibrillar collagen fractional area ;йͿͿ in 
normotensive controls ;nсϱͿ͕ SHR ;nсϲͿ͕ SHRob ;nсϱͿ and SHRobRDN ;nсϱͿ͘ 

eͿ Representative images ;polariǌation microscopǇͿ and 

fͿ Assessment of collagen tǇpe I ;redͲǇellow birefringenceͿͬcollagen tǇpe III ;green 
birefringenceͿ ratio in left atrial tissue of normotensive controls ;nсϱͿ͕ SHR ;nсϲͿ͕ SHRob 
;nсϱͿ and SHRobRDN ;nсϱͿ 

gͿ Representative Western blot ;upper panelͿ and quantification of collagen tǇpe I ;lower 
panelͿ in left atrial homogenates from normotensive controls ;nсϱͿ͕ SHR ;nсϲͿ͕ SHRob ;nсϱͿ 
and SHRobRDN ;nсϱͿ͘ Collagen tǇpe I in arbitrarǇ units ;AUͿ normaliǌed to GAPDH͘ ΎƉфϬ͘Ϭϱ 
ǀeƌƐƵƐ Conƚƌol͖ Α ƉфϬ͘Ϭϱ ǀeƌƐƵƐ SHR͖ ηƉфϬ͘Ϭϱ ǀeƌƐƵƐ SHRob 

 

Fig͘ Ϯ 

aͿ Representative fluorescence microscopǇ for RAGE ;stained red bǇ TRITCͿ͕ atrial tissue 
autofluorescence ;greenͿ and nuclei ;stained blue bǇ DAPIͿ in left atria of control rats ;left 
panelͿ͕ SHR ;first middle panelͿ͕ SHRob ;second middle panelͿ and SHRobRDN rats ;right 
panelͿ ;nсϯ each groupͿ͘ Magnification ϮϬǆ͘ Scale bar ϱϬ ђm͘ 

bͿ Representative Western blot ;upper panelͿ and quantification of left atrial RAGE ;lower 
panelͿ and 

cͿ sRAGE in left atrial homogenates from normotensive controls ;nсϱͿ͕ SHR ;nсϲͿ͕ SHRob 
;nсϱͿ and SHRobRDN ;nсϱͿ͘ 

RAGE and sRAGE in arbitrarǇ units ;AUͿ normaliǌed to GAPDH͘ ΎƉфϬ͘Ϭϱ ǀeƌƐƵƐ Conƚƌol͖ Α 
ƉфϬ͘Ϭϱ ǀeƌƐƵƐ SHR͖ ηƉфϬ͘Ϭϱ ǀeƌƐƵƐ SHRob 

 

Fig͘ ϯ 

aͿ Representative Western blot of left atrial CMLͲmodified proteins ;upper panelͿ and 
quantification of left atrial CML in normotensive controls ;nсϱͿ͕ SHR ;nсϲͿ͕ SHRob ;nсϱͿ and 
SHRobRDN ;nсϱͿ͘ CML in arbitrarǇ units ;AUͿ normaliǌed to GAPDH͘ 
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The antibodǇ reacts species independentlǇ and specificallǇ recogniǌes carboǆǇmethǇllǇsine 
modified proteins ;Western blot with multiple bands belonging to different proteinsͿ͘ 

bͿ Representative Western blot ;upper panelͿ and quantification of left atrial HMGBϭ ;lower 
panelͿ in homogenates from normotensive controls ;nсϱͿ͕ SHR ;nсϲͿ͕ SHRob ;nсϱͿ and 
SHRobRDN ;nсϱͿ͘ HMGBϭ in arbitrarǇ units ;AUͿ normaliǌed to GAPDH͘ 

cͿ Representative Western blots ;left panelͿ and assessment of phosphoͲNFkBͬNFkB ratio 
;right panelͿ in left atrial homogenates from normotensive controls ;nсϱͿ͕ SHR ;nсϲͿ͕ SHRob 
;nсϱͿ and SHRobRDN ;nсϱͿ͘  

ΎƉфϬ͘Ϭϱ ǀeƌƐƵƐ Conƚƌol͖ Α ƉфϬ͘Ϭϱ ǀeƌƐƵƐ SHR͖ ηƉфϬ͘Ϭϱ ǀeƌƐƵƐ SHRob 

 

Fig͘ ϰ 

aͿ Representative Western blot ;upper panelͿ and quantification of membrane RAGE 
eǆpression in cardiomǇoblasts HϵCϮ ;lower panelͿ repeatedlǇ stimulated with isoproterenol 
;ISOͿ Ϭ͘ϭ umolͬl ;nсϰͿ in the presence or absence of CGP ;ßϭͲselective antagonist͖ Ϭ͘ϯ 
umolͬlͿ or ICI ;ßϮͲselective antagonist͖ Ϭ͘ϭ umolͬlͿ for ϳϮh everǇ Ϯϰh͘ RAGE eǆpression in 
arbitrarǇ units ;AUͿ with the control sample assigned a value of ϭ͘ 

bͿ Representative Western blot ;upper panelͿ and quantification of sRAGE secretion in cell 
culture medium of cardiomǇoblasts HϵCϮ ;lower panelͿ repeatedlǇ stimulated with 
isoproterenol ;ISOͿ Ϭ͘ϭ umolͬl ;nсϰͿ in the presence or absence of CGP ;ßϭͲselective 
antagonist͖ Ϭ͘ϯ umolͬlͿ or ICI ;ßϮͲselective antagonist͖ Ϭ͘ϭ umolͬlͿ for ϳϮ h everǇ Ϯϰh͘ sRAGE 
eǆpression in arbitrarǇ units ;AUͿ with the control sample assigned a value of ϭ͘ 

ΎƉфϬ͘Ϭϱ ǀeƌƐƵƐ Conƚƌol and ISOнCGP͖ ηƉфϬ͘Ϭϱ ǀeƌƐƵƐ Conƚƌol and ISOнICI  
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Table ϭ: Metabolic parameters, left atrial interstitial remodelling, RAGEͬsRAGE, RAGEͲligands 

 

 Controls 
Nсϱ 

SHR 
Nсϱ 

SHRob 
NсϱͲϲ 

SHRobRDN 
NсϱͲϲ 

Ctrs 
vs. 

SHR 
 

Ctrs 
vs. 

SHRob 

Ctrs 
vs. 

SHRobRDN 

SHR  
vs. 

SHRob 

SHR  
vs. 

SHRobRDN 

SHRob 
vs. 

SHRobRDN 

     pͲǀalƵeƐ 

BodǇ ǁeighƚ ΀g΁ 
 

ϱϵϮцϭϳ ϰϵϵцϯϰ ϳϬϬцϳ ϲϴϬцϭϰ Ϭ͘ϬϮϲ Ϭ͘ϬϬϵϱ Ϭ͘Ϭϯϳ фϬ͘ϬϬϬ
ϭ 

фϬ͘ϬϬϬϭ n͘Ɛ͘ 

Mean ƐǇƐƚolic 
arƚerial blood 

preƐƐƵre 
΀mmHg΁ 

ϭϭϴцϭϬ ϭϵϬцϲ ϮϮϬцϲ ϭϴϱцϭϬ фϬ͘ϬϬϭ фϬ͘ϬϬϭ фϬ͘ϬϬϭ Ϭ͘Ϭϰ n͘Ɛ͘ Ϭ͘Ϭϭ 

Hearƚ raƚe 
΀bpm΁ 

 

ϯϱϬцϭϭ ϯϮϱцϭϮ Ϯϴϱцϯ Ϯϵϯцϲ n͘Ɛ͘ Ϭ͘ϬϬϭϮ Ϭ͘ϬϬϯϯ Ϭ͘Ϭϯϲ n͘Ɛ͘ n͘Ɛ͘ 

Creaƚinine 
΀Ƶmolͬl΁ 

ϭϲ͘Ϯцϭ͘ϳ Ϯϱцϭ͘ϴ ϯϬцϬ͘ϵ ϭϵ͘ϲцϮ͘ϵ Ϭ͘ϬϮ Ϭ͘ϬϬϬϳ n͘Ɛ͘ n͘Ɛ͘ n͘Ɛ͘ Ϭ͘ϬϬϴ 

HbAϭc ΀й΁ 
 

ϯ͘ϱцϬ͘ϭ ϯ͘ϱцϬ͘Ϭϲ ϯ͘ϳцϬ͘ϭϴ ϯ͘ϳцϬ͘Ϭϵ n͘Ɛ n͘Ɛ n͘Ɛ n͘Ɛ n͘Ɛ n͘Ɛ 

FaƐƚing InƐƵlin 
΀pgͬml΁ 

 

ϵϯϬцϭϭϬ ϭϮϰϱцϰϭϮ ϵϲϰϵцϭϲϳϵ ϴϰϭϭцϰϰϯ n͘Ɛ͘ фϬ͘ϬϬϬ
ϭ 

фϬ͘ϬϬϬϭ фϬ͘ϬϬϬ
ϭ 

Ϭ͘ϬϬϬϭ n͘Ɛ͘ 

CholeƐƚerol 
΀mmolͬl΁ 

ϰцϬ͘Ϯ ϯ͘ϳцϬ͘Ϯϯ ϵ͘ϱцϬ͘Ϯ ϵ͘ϯцϬ͘ϯ n͘Ɛ͘ фϬ͘ϬϬϬ
ϭ 

фϬ͘ϬϬϬϭ фϬ͘ϬϬϬ
ϭ 

фϬ͘ϬϬϬϭ n͘Ɛ͘ 

TriglǇcerideƐ 
΀mmolͬl΁ 

ϭ͘ϳцϬ͘Ϭϵ ϭ͘ϳцϬ͘Ϯ ϱ͘ϴцϬ͘Ϯ ϱ͘ϱцϬ͘Ϯ n͘Ɛ͘ фϬ͘ϬϬϬ
ϭ 

фϬ͘ϬϬϬϭ фϬ͘ϬϬϬ
ϭ 

фϬ͘ϬϬϬϭ n͘Ɛ͘ 

Renal 
Norepinephrine 

΀pgͬml΁ 

ϴϱцϯ͘ϲ ϵϳцϭ͘ϱ ϵϴ͘ϰцϭϬ ϲ͘ϵϳцϮ͘ϲ n͘Ɛ͘ n͘Ɛ͘ фϬ͘ϬϬϬϭ n͘Ɛ͘ фϬ͘ϬϬϬϭ фϬ͘ϬϬϬϭ 

LA RAGE 
΀AUͬGAPDH΁ 

Ϭ͘ϰцϬ͘ϭ ϭ͘ϲцϬ͘ϰ ϯ͘ϲцϬ͘ϳ ϭ͘ϰцϬ͘ϯ n͘Ɛ͘ Ϭ͘ϬϬϭ n͘Ɛ͘ Ϭ͘ϬϮ n͘Ɛ͘ Ϭ͘Ϭϭϲ 

LA ƐRAGE 
΀AUͬGAPDH΁ 

ϲ͘ϰцϬ͘ϯ ϰ͘ϯцϭ͘ϭ Ϯ͘ϱцϬ͘ϴ ϲ͘ϱцϬ͘ϵ n͘Ɛ͘ Ϭ͘Ϭϰ n͘Ɛ͘ n͘Ɛ͘ n͘Ɛ͘ Ϭ͘Ϭϭϵ 

LA CML 
΀AUͬGAPDH΁ 

Ϭ͘ϵцϬ͘ϭ ϯ͘ϳцϬ͘ϳ ϰ͘ϲцϬ͘ϵ Ϯ͘ϬцϬ͘ϯ Ϭ͘Ϭϰ Ϭ͘ϬϬϱ n͘Ɛ͘ n͘Ɛ͘ n͘Ɛ͘ Ϭ͘ϬϮϱ 

LA HMGBϭ 
΀AUͬGAPDH΁ 

ϭ͘ϱцϬ͘ϰ ϭ͘ϴцϬ͘ϭ ϰ͘ϱцϬ͘ϲ Ϯ͘ϮцϬ͘Ϯ n͘Ɛ͘ Ϭ͘ϬϬϬϯ n͘Ɛ͘ Ϭ͘ϬϬϬϲ n͘Ɛ͘ Ϭ͘ϬϬϮ 

Collagen ƚǇpe I 
΀AUͬGAPDH΁ 

Ϭ͘ϵцϬ͘Ϯ ϭ͘ϱцϬ͘ϯ ϰ͘Ϭцϭ͘Ϭ ϭ͘ϭцϬ͘ϭ n͘Ɛ͘ Ϭ͘ϬϬϰ n͘Ɛ͘ Ϭ͘ϬϮ n͘Ɛ͘ Ϭ͘ϬϬϳ 

Collagen ƚǇpe 
Iͬcollagen ƚǇpe 

III raƚio 

ϭ͘ϭцϬ͘ϬϮ ϭ͘ϰцϬ͘Ϯ ϭ͘ϴцϬ͘ϯ ϭ͘ϬцϬ͘ϭ n͘Ɛ͘ Ϭ͘Ϭϰ n͘Ɛ͘ n͘Ɛ͘ n͘Ɛ͘ Ϭ͘Ϭϰϳ 

phoƐphoNFkBͬ 
ƚoƚal NFkB raƚio 

Ϭ͘ϭϲцϬ͘Ϭ
ϰ 

ϭ͘ϭцϬ͘ϯ ϯ͘ϰцϬ͘ϵ Ϭ͘ϭϰцϬ͘Ϭϱ n͘Ɛ͘ Ϭ͘ϬϬϭϯ n͘Ɛ͘ Ϭ͘ϬϮϮ n͘Ɛ͘ Ϭ͘ϬϬϭϮ 

LA InƚerƐƚiƚial 
FibroƐiƐ ΀й΁ 

 

ϱ͘ϱцϬ͘ϯ ϭϮ͘ϲцϭ͘ϴ ϮϮ͘Ϯцϭ͘ϴ ϭϰ͘ϴцϭ͘ϴ Ϭ͘Ϭϯ фϬ͘ϬϬϬ
ϭ 

Ϭ͘ϬϬϯϯ Ϭ͘ϬϬϮϰ n͘Ɛ͘ Ϭ͘Ϭϭϴ 

LA aƚrial 
mǇocǇƚe cell 
area ΀ƵmϮ΁ 

ϵϱ͘ϴцϭ͘ϲ ϵϳ͘Ϯцϴ͘Ϯ ϭϯϬ͘ϱцϱ͘ϰ ϭϬϬ͘ϴцϯ͘ϰ n͘Ɛ͘ Ϭ͘ϬϬϭϯ n͘Ɛ͘ Ϭ͘ϬϬϮ n͘Ɛ͘ Ϭ͘ϬϬϱ 


