
ϭ 
 

Renal deneƌǀaƚiŽn imƉƌŽǀeƐ ƌenal ƌemŽdelling and fƵncƚiŽn in a 
mŽdel fŽƌ hǇƉeƌƚenƐiŽn and meƚabŽlic ƐǇndƌŽmeͲͲͲƌŽle Žf 

RAGEͬƐRAGE balance 

 

SiminaͲRamona Selejan ϭΎ͕ Dominik Linz ϭΎ͕ Matthias Hohl ϭ͕ AnnaͲMaria Tatu ϭ͕ Philipp 
Markwirth ϭ͕ Timotheus Speer Ϯ͕ Joachim Jankowski ϯ͕ϰ͕ Andrey Kazakov ϭ͕                 

Christian Werner ϭ͕ Felix Mahfoud ϭ͕ Michael Böhm ϭ 

ΎSelejan S and Linz D contributed equally to this study 

 
ϭ Department of Internal Medicine III͕ Cardiology͕ Angiology and Intensive Care Medicine͕ 

 Saarland University͕ HomburgͬSaar͕ Germany 

Ϯ Department of Internal Medicine IV ;Nephrology and HypertensionͿ͕  

Saarland University͕ HomburgͬSaar͕ Germany 

ϯ Institute for Molecular Cardiovascular Research͕ RWTH Aachen University Hospital͕ Aachen͕ Germany͘ 

ϰ School for Cardiovascular Diseases͕ Maastricht University͕ Maastricht͕ The Netherlands 

 

Correspondence to͗ 

SiminaͲRamona Selejan͕ MD 

Department of Internal Medicine III  

Kirrbergerstr͘ ϭϬϬ͕ Geb͘ ϰϭ͘ϭ ;IMEDͿ 

University and University Hospital of Saarland 

DͲϲϲϰϮϭ HomburgͬSaar͖ Germany 

Phone ͗ нϰϵͲϲϴϰϭͲϭϲͲϭϱϬϯϭ 

Fax ͗ нϰϵͲϲϴϰϭͲϭϲͲϭϱϬϯϮ 

eͲmail͗ simina͘selejanΛuks͘eu 

 

 

 

 



Ϯ 
 

AbƐƚƌacƚ  

Renal denervation ;RDNͿ reduces renal sympathetic activity and blood pressure͕ but potential 
renal protective effects are not well studied͘ The multiͲligand receptor ͞Receptor for 
Advanced Glycation EndͲproducts͟ ;RAGEͿ activates mechanisms involved in inflammationͲ
associated tissue remodelling͘ Circulating soluble RAGE ;sRAGEͿ͕ comprising only the RAGE 
extracellular ligand binding domain͕ serves as antiͲinflammatory decoy receptor͘ We 
investigated RAGEͬsRAGE and RAGEͲligand expression ;Carboxymethyllysine ;CMLͿ and HighͲ
mobilityͲgroupͲboxͲϭ protein ;HMGBϭͿͿ in kidney remodelling and function by modulation of 
sympathetic nervous system with renal denervation ;RDNͿ in a rat model of hypertension with 
metabolic syndrome and coexistent renal dysfunction ;Spontaneously Hypertensive Obese 
Rat ;SHRobͿͿ compared with arterial hypertension alone in Spontaneously Hypertensive Rats 
;SHRͿ and with nonͲhypertensive͕ nonͲobese  ;controlͿ rats͘ RDN in SHRob ;SHRobRDNͿ 
reduced mean systolic blood pressure by Ͳϰϱ mmHg compared to SHRob ;pсϬ͘ϬϬϴͿ͘ This was 
accompanied by a reduction in kidney fibrosis ;Ͳϰϯй͕ pсϬ͘ϬϯͿ and improved glomerular score 
;ͲϮϭй͕ pфϬ͘ϬϬϭͿ resulting in improved kidney function ;нϭϯϬй GFR͕ pфϬ͘ϬϬϭ͖ Ͳϯϱй creatinine͕ 
pсϬ͘Ϭϰ͖ Ͳϱϰй albuminuria͕ pфϬ͘ϬϬϭͿ in SHRobRDN compared with SHRob͘ In SHRob͕ renal 
RAGE was increased ;нϮϱϬϬй͕ pсϬ͘ϬϬϮͿ and sRAGE was decreased ;Ͳϱϵй͕ pсϬ͘ϬϰͿ compared 
with controls͘ RDN reduced RAGE protein expression ;Ͳϱϵй versus SHRob͕ pсϬ͘ϬϯͿ and 
significantly increased sRAGE levels ;нϭϯϭй versus SHRob͕ pсϬ͘ϬϰͿ͘ Furthermore͕ RDN 
induced a significant decrease in kidney RAGEͲligand levels in SHRob ;Ͳϳϯй CML͕ pсϬ͘ϬϬϯ͕ and 
Ͳϴϴй HMGBϭ͕ pсϬ͘Ϭϭ͕ compared with SHRobͿ͘  

Our findings support the concept that suppression of renal sympathetic nerve activity by RDN 
may prevent kidney damage in metabolic syndrome by modulating RAGEͬsRAGE balance͘  

 

TƌanƐlaƚiŽnal Ɛƚaƚemenƚ 

Renal denervation reduces renal norepinephrine spill over and has been shown to reduce 
blood pressure in clinical trials͘ Renal RAGEͬsRAGE dysbalance leads to kidney injury in several 
pathophysiologic conditions͘ Our study shows that renal denervation improves RAGEͬsRAGE 
balance͕ renal interstitial remodelling and renal function in rats with metabolic syndrome͕ 
hypertension and chronic kidney disease͘ The results presented herein provide the 
physiological basis for clinical studies in these conditions͘ Randomized shamͲcontrolled trials 
are needed to assess potential nephroͲprotective effects of RDN in metabolic syndrome with 
arterial hypertension and chronic kidney disease͘ 
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InƚƌŽdƵcƚiŽn 

Renal denervation ;RDNͿ reduces renal norepinephrine spill over but also systemic 
sympathetic activation and is currently under investigation for uncontrolled arterial 
hypertension ;ϭͲϰͿ͘ In previous studies͕ we provided evidence that RDN prevented left 
ventricular interstitial remodelling in a rat model with metabolic syndrome͕ hypertension and 
coexistent renal dysfunction ;Spontaneously Hypertensive Obese rats ;SHRobͿ ;ϱͲϲͿ consistent 
with ventricular ;ϳͲϴͿ and atrial ;ϵͿ deͲremodelling after RDN in hypertensive patients͘ 
Mechanistically͕ we showed an influence of the sympathetic autonomic nervous system on 
the ͞RAGEͬsRAGE system͟ ;ϱͿ͘ RAGE ;Receptor for Advanced Glycation EndͲproductsͿ is a proͲ
inflammatory and proͲfibrotic͕ multiͲligand membraneͲbound receptor ;ϭϬͿ͕ which is shedded 
to its soluble form͕ called sRAGE͕ by metalloproteaseͲmediated cleavage ;ϭϭͲϭϮͿ͘ sRAGE 
exerts antiͲinflammatory effects by competing with RAGE for ligand binding and also blocking 
RAGE itself ;ϭϬ͕ ϭϯͿ͘ The representative advanced glycation endͲproduct carboxymethyllysine 
;CMLͿ and HighͲmobilityͲgroupͲboxͲϭ protein ;HMGBϭͿ are two important proͲfibrotic and 
proͲinflammatory RAGEͲligands involved in RAGEͲmediated organ remodelling ;ϱ͕ ϭϬͿ͘ 
Whether improvement in renal RAGEͬsRAGE balance͕ kidney function and remodelling 
processes occur upon RDN͕ is unknown͘ This study aimed to characterize the influence of the 
sympathoͲadrenergic system and its modulation by RDN on renal interstitial remodelling͕ 
function and regulation of the RAGEͬsRAGEͲsystem and its ligands CML and HMGBϭ in 
metabolic syndrome with renal dysfunction͘ 

 

ReƐƵlƚƐ 

 

MeƚabŽlic and hemŽdǇnamic ƉaƌameƚeƌƐ 

Metabolic and hemodynamic characterizations of both SHRob and SHR models have recently 
been published ;ϲ͕ ϭϰͿ͘ The main metabolic and renal parameters are summarized in Table ϭ͘ 
In brief͕ SHR and SHRob both showed increased systolic blood pressure as determined by 
telemetry in awake rats ;RR systolic ϭϵϵцϱ͘ϲ mmHg in SHR͕ ϮϮϰцϱ mmHg in SHRob͕ versus 
ϭϭϲцϮ͘ϵ mmHg in controls͕ pфϬ͘ϬϬϭͿ͘ Blood pressure was reduced by RDN ;ϭϳϵцϭϮ mmHg in 
SHRobRDN͕ pсϬ͘ϬϬϴ versus SHRobͿ͘ SHRob displayed a reduction in kidney function with 
decreased glomerular filtration rate ;GFR Ϭ͘ϭϴ lͬkgͬh in SHRob versus Ϭ͘ϰϭ lͬkgͬh in SHR and 
Ϭ͘ϲϭ lͬkgͬh in controls͕ pфϬ͘ϬϬϭͿ and increased creatinine concentrations ;ϮϵцϬ͘ϲ umolͬl in 
SHRob͕ ϮϱцϮ͘ϯ umolͬl in SHR and ϭϲ͘ϯцϮ͘ϭ umolͬl in Controls͕ pсϬ͘Ϭϭ SHRob versus controlsͿ͘ 
Fasting insulin levels were increased in SHRob͕ however fasting glucose and HbAϭC values 
remained within the normal range ;Table ϭͿ͘ Cholesterol and triglyceride concentrations were 
significantly increased in SHRob as compared with normotensive͕ nonͲobese controls and SHR 
;Table ϭͿ͘ RDN improved parameters of renal function such as GFR͕ and albuminuria ;Table ϭͿ͘ 
However͕ RDN induced a numerical͕ albeit insignificant decrease in hyperinsulinemia and had 
no effect on hyperlipidemia or body weight ;Table ϭͿ͘ Renal norepinephrine levels were 
significantly decreased after RDN͕ indicating effective neural denervation ;ϭϬϯцϱ͘ϱ pgͬml in 
SHRob versus ϴ͘ϮцϮ͘Ϯ pgͬml in SHRobRDN͕ pфϬ͘ϬϬϭͿ͘ 
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Renal ƐƚƌƵcƚƵƌal and inƚeƌƐƚiƚial ƌemŽdelling  

Histological analysis of the kidney ;PicroͲSirius Red stainingͿ ;Table ϭ͕ FigƵƌe ϭAͲBͿ 
demonstrated an increase in tubulointerstitial collagen deposition in SHRob ;ϳ͘Ϯцϭ͘ϮйͿ as 
compared with SHR ;Ϯ͘ϵцϬ͘ϯйͿ and normotensive controls ;Ϯ͘ϰцϬ͘ϯй͕ pфϬ͘Ϭϭ for each 
comparisonͿ͕ which was significantly reduced by RDN ;ϰ͘ϭцϬ͘ϰй in SHRobRDN vs͘ ϳ͘Ϯцϭ͘Ϯй in 
SHRob͕ pсϬ͘ϬϯͿ͘ In SHRob rats͕ a shift in the ratio of collagen type I ;redͲyellow fibersͿ to 
collagen type III ;green fibersͿ as assessed by polarization microscopy ;FigƵƌe ϭCͲDͿ was 
observed͘ Semiquantitative scoring of glomerular sclerosis ;hematoxylinͬeosin ;H͘E͘Ϳ staining͖ 
Table ϭ͕ FigƵƌe ϭEͲFͿ revealed increased glomerular injury in SHRob ;Ϯ͘ϯцϬ͘ϬϳͿ as compared 
with SHR ;Ϭ͘ϵцϬ͘ϬϱͿ and controls ;Ϭ͘ϳцϬ͘Ϭϴ͕ pфϬ͘ϬϬϭ for each comparisonͿ with tubular protein 
casts as a sign of increased glomerular damage and permeability͘ Treatment with RDN 
attenuated glomerular injury as shown by a reduction in glomerular score ;ϭ͘ϴцϬ͘Ϭϵ in 
SHRobRDN͕ pфϬ͘ϬϬϭ versus SHRobͿ͘  

 

Renal RAGEͬƐRAGE 

Renal RAGE protein as assessed by fluorescence microscopy ;FigƵƌe ϮAͿ and by Western blot 
analysis ;Table ϭ͕ FigƵƌe ϮBͲCͿ was markedly increased in SHRob as compared with SHR as well 
as with normotensive controls ;ϭϬ͘ϲцϮ͘Ϯ AUͬGAPDH in SHRob versus Ϯ͘ϵцϬ͘ϴ AUͬGAPDH in 
SHR and Ϭ͘ϰцϬ͘ϭ AUͬGAPDH in controls͖ pфϬ͘ϬϬϯ for each comparisonͿ͘ Kidney sRAGE levels 
;Table ϭ͕ FigƵƌe ϮDͿ were significantly decreased in SHRob compared with lean͕ nonͲ
hypertensive controls ;ϯ͘ϲцϬ͘ϭ AUͬGAPDH in SHRob versus ϭϭ͘ϵцϯ͘ϯ in controls͕ pсϬ͘ϬϰͿ but 
were significantly restored after RDN ;ϭϭ͘ϯцϭ͘ϵ AUͬGAPDH in SHRobRDN͕ pсϬ͘Ϭϰ versus 
SHRobͿ͘ Renal RAGE expression showed a positive correlation with kidney norepinephrine 
concentration ;FigƵƌe Ϯ EͲF͖ rсϬ͘ϳϱ͕ pсϬ͘ϬϬϳ͕ nсϭϬ SHRobнSHRobRDNͿ͕ while renal sRAGE 
correlated negatively ;rс ͲϬ͘ϴ͖ pсϬ͘ϬϮ͕ nсϭϬͿ͘ 

 

RDN decƌeaƐeƐ RAGEͲligandƐ CaƌbŽǆǇmeƚhǇllǇƐine ;CMLͿ and HighͲmŽbiliƚǇͲgƌŽƵƉͲbŽǆͲϭ 
ƉƌŽƚein ;HMGBϭͿ in kidneǇ ƚiƐƐƵe 

Renal levels of the AGE CML ;Table ϭ͕ FigƵƌe ϯAͿ proved to be increased in SHR ;ϲ͘ϴцϭ͘ϱ 
AUͬGAPDHͿ and SHRob ;ϴ͘ϯцϬ͘ϵ AUͬGAPDHͿ compared with controls ;ϭ͘ϵϴцϬ͘ϱ AUͬGAPDH͕ 
pсϬ͘ϬϬϯͲϬ͘ϬϮ for each comparisonͿ͘ RDN resulted in a significant reduction of kidney CML 
content ;FigƵƌe ϯA͖ Ϯ͘ϮцϬ͘ϰ AUͬGAPDH in SHRobRDN versus ϴ͘ϯцϬ͘ϵ AUͬGAPDH in SHRob͕ 
pсϬ͘ϬϬϯͿ reaching levels of normotensive controls ;ϭ͘ϵϴцϬ͘ϱ AUͬGAPDH in controlsͿ͘ Kidney 
HMGBϭ levels were significantly higher in SHRob when compared with SHR and normotensive 
controls ;Table ϭ͖ FigƵƌe ϯB͖ ϭϱ͘ϵцϲ͘Ϯ AUͬGAPDH in SHRob versus ϭ͘ϳϴцϬ͘ϱ AUͬGAPDH in SHR 
and ϭ͘ϭцϬ͘Ϯ AUͬGAPDH in controls͖ pфϬ͘Ϭϭ for each comparisonͿ͘ RDN significantly reduced 
renal HMGBϭ ;FigƵƌe ϯB͖ ϭ͘ϵϴцϬ͘ϳ AUͬGAPDH in SHRobRDN versus ϭϱ͘ϵцϲ͘Ϯ AUͬGAPDH in 
SHRob͕ pсϬ͘ϬϭͿ͘ 
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ƘͲadƌeneƌgic ƐƚimƵlaƚiŽn Žf ƌenal fibƌŽblaƐƚƐ and hƵman embƌǇŽnic kidneǇ ;HEKͿ cellƐ 
incƌeaƐeƐ RAGE eǆƉƌeƐƐiŽn and decƌeaƐeƐ ƐRAGE ƐecƌeƚiŽn 

 

Renal fibroblasts and HEK cells were repeatedly stimulated ;every Ϯϰ hours for ϳϮ hoursͿ with 
the ßϭнßϮͲadrenoreceptor agonist isoproterenol ;Ϭ͘ϭ ђmolͬlͿ͕ which led to a significant 
increase in RAGE content in the cell membrane ;нϰϯϬй increase in HEK ;FigƵƌe ϰAͿ͕ нϯϱй in 
renal fibroblasts ;FigƵƌe ϱAͿͿ͘ Simultaneously͕ sRAGE shedding into the supernatant was 
reduced by isoproterenol treatment ;after ϳϮh Ͳϰϲй reduction in HEK ;FigƵƌe ϰBͿ͕ and Ͳϲϱй 
reduction in renal fibroblasts ;FigƵƌe ϱBͿͿ͘ To identify the ßͲadrenergic receptor subtype 
involved͕ we coͲstimulated with ßͲadrenergic receptor antagonists with ßϭͲ or ßϮ subtype 
selectivity ;CGP ϮϬϭϳϭϮA ;ßϭͲselectiveͿ or ICI ϭϭϴ͘ϱϱϭ ;ßϮͲselectiveͿͿ simultaneously to 
isoproterenol͘ The isoproterenolͲinduced RAGE expression ;Figures ϰAͲϱAͿ was reversed by 
the ßϭͲadrenergic receptor blockade with CGP͕ while sRAGE shedding recovered with ßϮͲ
adrenergic receptor blockade by ICI ;FigƵƌeƐ ϰBͲϱBͿ͘ We observed differently pronounced but 
similar effects in both cell types͘ 

 

 

DiƐcƵƐƐiŽn 

 

The model of SHRob comprises three concomitant risk factors͗ arterial hypertension ;ϭͿ͕ 
obesity and hyperinsulinemia ;ϭϱͲϭϵͿ͕ all of which are well known to cause renal damage͘ 
These conditions are associated with a RAGEͬsRAGE imbalance ;ϮϬͲϮϭͿ and accumulation of 
AGEs contributing to maladaptive remodelling processes in the kidney ;ϭϱͲϭϵͿ͘ RDN has been 
shown to reduce blood pressure in several randomized͕ shamͲcontrolled trials and stabilized 
renal function ;ϮϮͲϮϯͿ͘ 

 

Increased glomerular sclerosis and interstitial fibrosis developed in the kidneys of SHRob͕ 
though significant reduction in fibrosis was documented in the RDN group͘ RAGE is known to 
increase collagen type I transcription ;ϮϰͿ͘ Considering the polarized microscopy analysis͕ the 
main part of the observed renal fibrosis appears to be caused by an increase in type I collagen 
with augmented collagen type Iͬcollagen type III ratio͘ Therefore͕ this fibrosis pattern is in 
agreement with a RAGEͲmediated mechanism͘ This collagenͲshift has been well studied in the 
heart in the context of ventricular stiffness ;ϮϱͿ͘  

 

In the kidney͕ RAGEͬsRAGE balance shifted in the direction of RAGE in SHRob͕ matching the 
proͲfibrotic changes and functional deterioration observed͘ Renal RAGEͬsRAGE was shifted to 
a more favourable ratio after RDN and correlated with renal norepinephrine concentrations 
as a measure of completeness of renal nerve ablation͘ These effects are partly independent 
of blood pressure but can be induced by direct ßͲadrenergic activation in adult rat renal 



ϲ 
 

fibroblasts and human embryonic kidney cells͘ The observations match with our previous 
results ;ϱͿ͕ where we demonstrated ßͲadrenergicͲinduced inͲvitro RAGEͬsRAGE regulation in 
cardiac fibroblasts and peripheral blood mononuclear cells͘ We reproduced those results 
herein͘   

 

AGEs can cause renal tubular injury and promote tubularͲinterstitial fibrosis in chronic kidney 
disease ;ϭϳͲϭϵͿ͘ Interestingly͕ CMLͲlevels were increased in SHRob as well as in lean SHR in 
our study͘ As both groups have hypertension͕ there might be a link between elevated blood 
pressure and CML formation͕ as suggested by several other groups ;ϮϲͲϮϳͿ͘ CML could act as 
indicator of longͲterm oxidative stress of the respective tissue ;ϮϴͲϮϵͿ and has been shown to 
be associated with renal inflammation and diabetic nephropathy ;ϭϱͿ͘ It has been shown that 
CML accumulates in the proximal tubules of the kidneys during the development of 
hypertension ;ϯϬͿ͕ independent of the degree of nephropathy͘ In addition͕ deposits of AGEs 
not only promote fibrosis formation by e͘g͘ RAGEͲmediated inflammation and collagen 
production͕ but also inhibit collagenase mediated collagen degradation by crossͲlinking the 
collagen fibrils͕ making fibrosis more persistent ;ϯϭͿ͘ 

 

HMGBϭ͕ a RAGEͲligand and Danger associated molecular pattern ;DAMPͿ molecule͕ is 
released by activated immune cells as well as necrotic cells ;ϯϮͿ͘ It has been shown to induce 
tubulointerstitial inflammation in the kidney ;ϯϯͿ͘ Only a significant increase in SHRob was 
observed͕ suggesting a stronger inflammatory state in SHRob as compared with lean SHR͘ 
Again͕ HMGBϭ levels were decreased after RDN͘ Recent data suggest that HMGBϭ acts as an 
adipokine in metabolic syndrome ;ϯϰͲϯϱͿ and plays a central role in the pathogenesis of insulin 
resistance ;ϯϲͿ͕ while RDN has been shown to improve glucose metabolism and insulin 
sensitivity in addition to reducing blood pressure in patients ;ϯϳͿ͘ 

 

RDN is currently under investigation as a deviceͲbased therapy for uncontrolled hypertension 
;ϯϴͲϰϬͿ͘ Recently published shamͲcontrolled͕ clinical trials ;ϮͲϯ͖ ϰϭͲϰϮͿ provided proof of 
principle for the blood pressureͲlowering efficacy of RDN͘ Given the fact that various 
cardiovascular comorbidities are characterized by increased sympathetic activity͕ RDN may 
also represent a potential treatment in chronic kidney disease͕ and metabolic syndrome ;ϰϯͲ
ϰϱͿ͘ The results presented herein provide the physiological basis for clinical studies in these 
conditions ;ϮϮͲϮϯͿ͘ 

 

Limitations 

The results are hypothesisͲgenerating and need to be scrutinized in patients with metabolic 
syndrome and hypertension͘ However͕ there already are clinical studies reporting RDNͲ
mediated beneficial effects on glucose metabolism and renal function ;ϮϮ͖ ϯϳ͖ ϰϲͿ͘  

The animal model for metabolic syndrome includes several individual risk factors and 
pathologies͘ As each one of them͕ including impaired glucose tolerance͕ hyperlipidemia or 
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hypertension could impact some of the observations made͕ we cannot assess the weight of 
the individual risk factors for renal damage͘ In order to assess the impact of hypertension only 
on the overall picture of the metabolic syndrome regarding RAGEͬsRAGE regulation and organ 
remodelling͕ we included the SHR group in this study too͘ Further investigations on obesity 
and diabetes only and renal failure models with normal blood pressure are necessary to 
characterize the intricate network of pathologies and the influence of the sympathetic 
nervous system in each context͘ 

 

CŽnclƵƐiŽn 

Sympathoadrenergic activation in metabolic syndrome worsens RAGEͬsRAGE balance leading 
to kidney endͲorgan damage͘ Disruption of renal sympathetic nerve fibres by RDN improves 
kidney function and interstitial remodelling with restored RAGEͬsRAGE balance͕ reduction of 
RAGE ligands and antiͲinflammatory and antiͲfibrotic effects͘ These data may help to facilitate 
new therapeutic targets and strategies to prevent progressive loss in renal function in 
metabolic syndrome and provide potential mechanisms of RDN to protect the kidney͘  

 

 

Maƚeƌial and MeƚhŽdƐ 

 

AnimalƐ 

For this study͕ male ϭϬͲweekͲold rats of the species SHRsͲob ;n с ϭϮͿ͕ SHR ;nсϲͿ and 
normotensive SpragueͲDawley rats ;controls ;CtrsͿ͖ n с ϲͿ were acquired from Charles River 
;Sulzfeld͕ GermanyͿ͘ At the age of ϯϰ weeks͕ RDN was performed in ϲ SHRob͕ as described 
before ;ϲͿ͘ At this age͕ the animals had fully established a MetS with hypertension͕ 
nephropathy and hyperinsulinemia͘ SHRsͲob н RDN ;nсϲͿ were compared with ϲ shamͲ
operated SHRsͲob ;SHRͲobͿ and shamͲoperated normotensive Ctrs and SHR͕ on which sham 
surgery with kidney exposure but without RDN was performed͘ Simultaneously to RDN͕ 
telemetric sensors were implanted for systolic and diastolic pressure and heart rate 
acquisition as described before ;ϲͿ͘ The animals were kept in standard cages for the duration 
of the study and were fed a standard Chow diet ;standard diet No͘ ϭϯϮϬ͖ Altromin͕ Lage͕ 
GermanyͿ and tap water ad libitum͘ Rats were kept until the age of ϰϴ weeks for the final 
experiments͕ after which the animals were sacrificed͘ The experiments were performed in 
accordance with the National Health Guideline for the Care and Use of Laboratory Animals as 
well as with the Animal Welfare Guidelines and the German Animal Welfare Act͘ The approval 
of the responsible regional committee was obtained͘ 
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ReagenƚƐ 

DMEM ;Dulbecco´s Modified Eagle´s MediumͿ and Mϭϵϵ medium and FCS ;fetal calf serumͿ 
were provided by GibcoͬInvitrogen ;Karlsruhe͕ GermanyͿ͘ Penicillinͬstreptomycin was 
purchased from SigmaͲAldrich ;Deisenhofen͕ GermanyͿ͕ so were ßͲadrenergic receptor 
selective antagonists CGPϮϬϳϭϮA ;CϮϯϭͿ͕ ICIϭϭϴ͘ϱϱϭ ;IϭϮϳͿ and isoproterenol ;IϲϱϬϰͿ͘ Rabbit 
polyclonal primary antibodies against the extracellular domain of human RAGE ;abϯϳϲϰϳͿ͕ 
against HMGBϭ ;abϭϴϮϱϲͿ and against CML ;abϮϳϲϴϰͿ were from Abcam ;Cambridge͕ UKͿ͘ 
HRPͲconjugated secondary antibodies were from SigmaͲAldrich ;Deisenhofen͕ GermanyͿ͘ 
Unless specified otherwise͕ all other substances used were from SigmaͲAldrich͘ 

 

BlŽŽd͕ Ƶƌine and ƚiƐƐƵe ƐamƉling  

The rats were put in metabolic cages ;Tecniplast͕ Buguggiate͕ ItalyͿ for Ϯϰ hours and urine was 
collected for the determination of urine creatinine͕ albumin͕ and electrolyte concentrations͘ 
Measurements were performed by Hitachi ϵϭϮ analyzer͕ Roche Diagnostics͕ Mannheim͕ 
GermanyͿ͘ Glomerular filtration rate was calculated as recently described ;ϲͿ͘ An oral glucose 
testing was performed ;baseline measurement and after glucose loading with Ϯ gͬkg body 
weightͿ͘ Blood was obtained from the retroͲorbital plexus ;anesthesia with ϯ͘ϱй isofluraneͿ͘ 
Blood glucose͕ glycated hemoglobin ;HbAϭcͿ͕ cholesterol͕ triglyceride and creatinine were 
measured using standard kits ;Cobas Integra͕ Roche Diagnostics͕ Mannheim͕ GermanyͿ͘  

At the age of ϰϱ weeks and after completion of invasive functional measurements͕ blood was 
extracted from the aorta and urine from the urinary bladder and stored at ͲϴϬΣC until further 
analysis͘ Kidneys were quickly excised͕ and tissue aliquots were snapͲfrozen in liquid nitrogen 
and stored at ͲϴϬΣC until further analysis͘ Norepinephrine measurement in kidney tissue was 
performed by highͲpressureͲliquidͲchromatography ;HPLCͿ ;ϲͿ͘ 

 

HiƐƚŽlŽgical analǇƐiƐ  

Parts of the left kidney were soaked in buffered ϰй paraformaldehyde for Ϯϰ hours and 
subsequently embedded in paraffin for further histological analysis͘ Kidney sections of ϯ μm 
thickness were prepared͕ deparaffined͕ rehydrated and stained with hematoxylin and eosin 
;HEͿ or PicroͲSirius red for further analysis͘ The PicroͲSiriusͲRed staining was used for 
visualization of interstitial and perivascular fibrosis͘ The percentage of interstitial collagen was 
given by the image analysis software ;Nicon Instruments Software ;NISͿͲElements ;BR ϯ͘ϮͿ as 
the ratio of the area positively stained with PicroͲSirius red to kidney total area͕ respectively͘ 
Furthermore͕ kidney sections were additionally stained with hematoxylin and eosin͘ After 
staining with hematoxylin and eosin͕ incidence and extent of glomerulosclerosis was assessed 
on a semiͲquantitative basis by assessing glomerular damage͗ normal appearance ;zero 
pointsͿ͖ focalͲsegmental mesangial thickening in a few isolated glomeruli ;one pointͿ͖ 
mesangial thickening in several glomeruli ;Ϯ pointsͿ͕ diffuseͬnodular mesangial thickening and 
synechia with BowmanΖs capsule in many but less than ϱϬй of the glomeruli or diffuse 
glomerular sclerosis ;ϯ pointsͿ͕ if present in more than ϱϬй of the glomeruli ;ϰ pointsͿ or 
diffuse glomerulosclerosis and synechia with BowmanΖs capsule ;ϱ pointsͿ͘  



ϵ 
 

 

ImmƵnŽflƵŽƌeƐcence analǇƐiƐ fŽƌ ƌenal RAGE 

RAGE immunostainings were performed on ϯ μm paraffin sections of kidney tissue using heatͲ
mediated antigen retrieval with Ϭ͘Ϭϱй citraconic anhydride solution followed by overnight 
incubation at ϰ ΣC and additional incubation for Ϯhours at ϯϳΣC with the ϭ͗ϯϬϬ diluted primary 
antibody ;Abcam͖ abϯϳϲϰϳ͕ rabbit polyclonal to RAGEͿ and incubation with the appropriate 
secondary antibody ;TRITCͲconjugated donkey antiͲrabbit IgG ;Jackson ImmunoResearchͿͿ at 
ϯϳ ΣC for ϵϬ min ;dilution ϭ͗ϱϬͿ͘ ϭxPBS buffer with Ϭ͘ϭй Tween ϮϬ was used for washing steps͘ 
Stained sections were counterstained with DAPI ;Calbiochem͕ GermanyͿ͕ mounted with 
fluorescent mounting medium ;Vectashield͕ Vector Laboratories͕ USAͿ and subjected to 
fluorescence microscopic analysis using a Nikon Eclipse epifluorescence microscope ;Nikon͕ 
GermanyͿ with appropriate filters͘  

 

ImmƵnŽblŽƚƚing 

Renal samples were homogenized with extraction buffer ;ϭϬ mmolͬl cacodylic acid ;pH ϱ͘ϬͿ͕ 
Ϭ͘ϭϱ molͬl NaCl͕ ϭ μmolͬl ZnClϮ͕ ϮϬ mmolͬl CaClϮ͕ ϭ͘ϱ mmolͬl NaNϯ͕ and Ϭ͘Ϭϭй ;vͬvͿ Triton XͲ
ϭϬϬͿ and mixed Ϯ͗ϭ vͬv with SDSͲPAGE loading buffer͘ After denaturation ;ϵϱΣC͕ ϱ minͿ͕ the 
samples were separated on ϭϬͲϭϱй SDS polyacrylamide electrophoresis gels ;Ϯϱ μg 
tissueͬlaneͿ and transferred to nitrocellulose membranes ;ProtranΠ͕ Schleicher Θ Schuell 
GmbH͕ Dassel͕ GermanyͿ by semiͲdry electrophoretic blotting ;Ϭ͘ϴ mAͬcmϮͿ͘ After blocking 
with Ϭ͘ϭй Western Blocking Reagent ;Roche͕ Mannheim͕ GermanyͿ membranes were 
incubated with primary antibodies for RAGEͬsRAGE ;abϯϳϲϰϳ͕ rabbit polyclonal to RAGE͕ 
ϭ͗ϭϬϬϬ dilution͕ Abcam͕ Cambridge͕ UKͿ͕ HMGBϭ ;abϭϴϮϱϲ͕ rabbit polyclonal to HMGBϭ͕ 
ϭ͗ϭϬϬϬ͕ AbcamͿ and CML ;ab Ϯϳϲϴϰ͕ rabbit polyclonal to CML͕ ϭ͗ϮϬϬϬ͕ AbcamͿ at ϰΣC for ϭϮͲ
ϭϲh͘ The goat antiͲrabbit͕ goatͲantiͲmouse and rabbit antiͲgoat secondary antibodies were 
used at a dilution of ϭ͗ϭϬϬϬϬ and incubated for ϲϬ min at RT͘ Proteins were visualized by 
enhanced chemiluminescence ;Amersham Pharmacia Biotech͕ Freiburg͕ GermanyͿ͘ 
Membranes were stripped afterwards for GAPDH analysis as loading control͗ twice stripped 
for ϭϱ minutes at ϱϲΣC with stripping buffer ;ϲϮ͘ϱ nM TrisͲHCl ;pH ϲ͘ϴͿ͕ ϮйSDS͕ Ϭ͘ϭ M                               
ϮͲmercaptoethanolͿ͕ then repeatedly washed with PBS ;in mmolͬL͗ NaCl ϭϳϬ͕ KCl ϯϯ͕ 
NaϮHPOϰ ϰϬ and KHϮPOϰ ϭϴ͕ pH ϳ͘ϮͿ for at least one hour and blocked again in PBS containing 
ϱй nonfat dry milk for ϭϮϬ min at room temperature͘ Autoradiographs were quantified by 
imaging densitometry and analysed by the ͞LabWorks ϰ͘ϲ͞Software ;LabWorks Image 
Acquisition and Analysis Software͕ UVP BioImaging Systems͕ Cambridge͕ UKͿ͘ Data are 
presented as arbitrary units ;AUͿ normalized to GAPDH and a control sample͘ 

 

IƐŽlaƚiŽn Žf ƉƌimaƌǇ ƌaƚ ƌenal fibƌŽblaƐƚƐ and cƵlƚƵƌe cŽndiƚiŽnƐ 

Sprague Dawley rats were sacrificed instantly under deep general anaesthesia with isoflurane͕ 
xylazine ;RompunΠͿ and ketamine ;KetavetΠͿ͘ Both kidneys were removed and washed with 
phosphate buffered saline ;PBSͿ containing antibiotics ;ϭй penicillinͬstreptomycinͿ͕ then cut 
into small pieces͕ which were repeatedly added to a digestion solution ;Ϭ͘Ϭϳй trypsin͕ Ϭ͘Ϭϱй 
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Type II collagenaseͿ and kept under gentle shaking at ϯϳ CΣ until the tissue completely 
dispersed͘ The digestion reaction was terminated by adding an equal volume of ϭϬй FBS 
medium into the digestion supernatant͘ Cell suspension from digestion was centrifuged at 
ϭϬϬϬ rpm for ϱ min͕ the supernatant was removed͕ and the pellet was reͲsuspended in ϭͲϮ ml 
of medium with ϭϬй FBS and seeded onto ϭϬ cm plates͘ Renal fibroblasts attached to the 
plate͘ After ca͘ ϯh incubation time͕ the supernatant containing mostly tubular cells and 
endothelial cells was discarded and the medium was replaced by Mϭϵϵ medium with ϭϬй FBS 
and ϭй penicillinͬstreptomycin͘ The renal fibroblasts remained attached to the plate and were 
incubated in a humidified ϯϳΣC͕ ϱй COϮ incubator ;HEREUSͿ͘ The culture medium was 
exchanged every ϰϴ hours͘ The fibroblasts reached confluency after approximately ϳ days͘ 
They were transferred to ϲͲwell plates for further stimulation experiments͘ 

 

CƵlƚƵƌe cŽndiƚiŽnƐ fŽƌ HƵman EmbƌǇŽnic KidneǇ cellƐ ;HEKͿ 

HEKͲϮϵϯT cells were purchased from ATCC ;ATCC CRLͲϯϮϭϲͿ and were cultured on uncoated 
ϲͲwell dishes in Ϯml DMEM medium нϭϬйFBS in humidified air ;ϱй COϮͿ at ϯϳΣC͘ After 
reaching ϴϬй confluency͕ the cell culture medium was replaced by a low FBS hunger medium 
;Ϭ͘ϭй FBSͿ for Ϯϰ hours͘ Every Ϯϰ hours the cells were stimulated with isoproterenol ;Ϭ͘ϭ 
μmolͬlͿ in the presence or absence of ßͲadrenergic receptor antagonists with differing 
selectivity ;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 HEK cells was asserved every Ϯϰ hours and analyzed for sRAGE 
release͘ The cells were harvested after ϳϮ hours of stimulation and processed for cell 
fractionation͗ The cell pellets were resuspended in hypotonic 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 ΗcytosolicΗ ;supernatantͿ 
and ΗmembranousΗ fraction ;pelletͿ͘ The membrane fraction was resuspended in hypotonic 
buffer͘ Membrane fraction and cell culture supernatant were analyzed for RAGEͬsRAGE 
content by Western blot analysis͘ The uniform total protein loading on the gel ;ϱϬ ђgͬlaneͿ 
was controlled by Ponceau Red staining ;Dianova͕ GermanyͿ͘ The data are presented as 
arbitrary units ;AUͿ in percent of a control͕ unless otherwise stated͘ The same stimulation and 
harvest protocol was used for primary rat renal fibroblasts ;see aboveͿ͘ 

 

SƚaƚiƐƚical analǇƐiƐ 

Results are presented as meanнSEM͘ Significance was estimated with twoͲwayͲANOVA with 
Tukey´s postͲhoc test for multiple comparisons͘ Normal distribution of data was tested by 
KolmogorovͲSmirnov and Liliefors test and Spearman´s or Pearsons´s correlations are shown 
as applicable͘ A pͲvalue фϬ͘Ϭϱ was considered significant͘ GraphPadPrism ;version ϲ͘Ϭ͖ 
GraphPad Software͕ San Diego California͕ USAͿ was used for statistical analysis͘ 
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FIGURE ϭ 

AͿ Representative histological pictures ;picrosirius red stainingͿ and 

BͿ Quantification of renal fibrotic area ;interstitial fibrillar collagen fractional area ;йͿͿ in 
normotensive controls ;nсϱͿ͕ SHR ;nсϱͿ͕ SHRob ;nсϲͿ and SHRobRDN ;nсϱͿ͘ 

CͿ Representative images ;polarization microscopyͿ and 

DͿ Quantification of collagen type I ;redͲyellow birefringenceͿͬcollagen type III ;green 
birefringenceͿ ratio in renal tissue of normotensive controls ;nсϱͿ͕ SHR ;nсϱͿ͕ SHRob ;nсϱͿ 
and SHRobRDN ;nсϱͿ͘ 

EͿ Representative histological pictures ;hematoxyline eosin stainingͿ and 

FͿ SemiͲquantitative assessment of glomerular damage ;glomerular scoreͿ in renal tissue of 
normotensive controls ;nсϱͿ͕ SHR ;nсϱͿ͕ SHRob ;nсϱͿ and SHRobRDN ;nсϲͿ͘ 

ΎƉфϬ͘Ϭϱ ǀeƌƐƵƐ CŽŶƚƌŽl͖ Α ƉфϬ͘Ϭϱ ǀeƌƐƵƐ SHR͖ ηƉфϬ͘Ϭϱ ǀeƌƐƵƐ SHRŽb͘ 

 

FIGURE Ϯ 

AͿ Representative fluorescence microscopy for RAGE ;stained red by TRITCͿ͕ kidney tissue 
autofluorescence ;greenͿ and nuclei ;stained blue by DAPIͿ in kidneys of control rats ;left 
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panelͿ͕ SHR ;first middle panelͿ͕ SHRob ;second middle panelͿ and SHRobRDN rats ;right 
panelͿ ;nсϯ each groupͿ͘ Magnification ϮϬx ;upper panelsͿ and ϰϬx ;lower panelsͿ͘ Scale bars 
ϱϬ and ϭϬϬ ђm͘ 

BͿ Representative Western blot ;images from different parts of the same gelͿ and 

CͿ Quantification of renal RAGE and 

DͿ renal sRAGE in kidney homogenates from normotensive controls ;nсϱͿ͕ SHR ;nсϱͲϲͿ͕ 
SHRob ;nсϱͿ and SHRobRDN ;nсϱͲϲͿ͘ 

RAGE and sRAGE in arbitrary units ;AUͿ normalized to GAPDH͘ ΎƉфϬ͘Ϭϱ ǀeƌƐƵƐ CŽŶƚƌŽl͖ Α 
ƉфϬ͘Ϭϱ ǀeƌƐƵƐ SHR͖ ηƉфϬ͘Ϭϱ ǀeƌƐƵƐ SHRŽb͘ 

Correlation between EͿ renal RAGE and renal norepinephrine content͕ FͿ renal sRAGE and 
renal norepinephrine content in SHRob and SHRobRDN ;nсϭϬͿ͘ Spearman correlation ;pͲ
valueͿ͘ 

 

 

FIGURE ϯ  

AͿ Representative Western blot ;upper panelͿ of renal CMLͲmodified proteins ;images from 
different parts of the same gelͿ and quantification of CML ;lower panelͿ in normotensive 
controls ;nсϱͿ͕ SHR ;nсϱͿ͕ SHRob ;nсϱͿ and SHRobRDN ;nсϱͿ͘ CML in arbitrary units ;AUͿ 
normalized to GAPDH͘ 

The antibody recognizes carboxymethyllysine modified proteins species independently͘ The 
Western blot images show multiple bands belonging to different proteins͘ 

BͿ Representative Western blot ;upper panelͿ and quantification of renal HMGBϭ ;lower 
panelͿ in homogenates from normotensive controls ;nсϱͿ͕ SHR ;nсϱͿ͕ SHRob ;nсϱͿ and 
SHRobRDN ;nсϱͿ͘ HMGBϭ in arbitrary units ;AUͿ normalized to GAPDH͘ 

ΎƉфϬ͘Ϭϱ ǀeƌƐƵƐ CŽŶƚƌŽl͖ Α ƉфϬ͘Ϭϱ ǀeƌƐƵƐ SHR͖ ηƉфϬ͘Ϭϱ ǀeƌƐƵƐ SHRŽb͘ 

 

 

FIGURE ϰ 

AͿ Representative Western blot ;upper panelͿ and quantification of membrane RAGE 
expression in HEK ;lower panelͿ repeatedly stimulated with isoproterenol ;ISOͿ Ϭ͘ϭ umolͬl in 
the presence or absence of CGP ;ßϭͲselective antagonist͖ Ϭ͘ϯ umolͬlͿ or ICI ;ßϮͲselective 
antagonist͖ Ϭ͘ϭ umolͬlͿ for ϳϮh every Ϯϰh͘ RAGE expression in arbitrary units ;AUͿ with the 
control sample assigned a value of ϭ͘ nсϰͲϴ per group͘ 

BͿ Representative Western blot ;upper panel͖ images from different parts of the same gelͿ 
and quantification of sRAGE secretion in supernatant of HEK ;lower panelͿ repeatedly 
stimulated with isoproterenol ;ISOͿ Ϭ͘ϭ umolͬl in the presence or absence of CGP ;ßϭͲ
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selective antagonist͖ Ϭ͘ϯ umolͬlͿ or ICI ;ßϮͲselective antagonist͖ Ϭ͘ϭ umolͬlͿ for ϳϮ h every 
Ϯϰh͘ sRAGE expression in arbitrary units ;AUͿ with the control sample assigned a value of ϭ͘ 
nсϰ per group͘ 

ΎƉфϬ͘Ϭϱ ǀeƌƐƵƐ CŽŶƚƌŽl aŶd ISOнCGP͖ ηƉфϬ͘Ϭϱ ǀeƌƐƵƐ CŽŶƚƌŽl aŶd ISOнICI͘  

 

 

FIGURE ϱ 

AͿ Representative Western blot ;upper panelͿ and quantification of membrane RAGE 
expression in renal fibroblasts ;lower panelͿ repeatedly 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 every Ϯϰh͘ RAGE expression in arbitrary units 
;AUͿ with the control sample assigned a value of ϭ͘ 

BͿ Representative Western blot ;upper panel͖ images from different parts of the same gelͿ 
and quantification of sRAGE secretion in supernatant of renal fibroblasts ;lower panelͿ 
repeatedly 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 every Ϯϰh͘ sRAGE expression in arbitrary units ;AUͿ with the control sample assigned a 
value of ϭ͘ 

ΎƉфϬ͘Ϭϱ ǀeƌƐƵƐ CŽŶƚƌŽl͖ ηƉфϬ͘Ϭϱ ǀeƌƐƵƐ CŽŶƚƌŽl aŶd ISOнICI͘  
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FigƵƌe ϱ Renal fibƌoblaƐƚƐ
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Table ϭ: Metabolic and renal parameters, RAGE/sRAGE, RAGEͲligands 

GFR͗ glŽmeƌƵlaƌ filƚƌaƚiŽn ƌaƚe͖ RR ƐǇƐƚ͗͘ ƐǇƐƚŽlic blŽŽd ƉƌeƐƐƵƌe͖ BW͗ bŽdǇ ǁeighƚ͖ RAGE͗ ReceƉƚŽƌ 
fŽƌ Adǀanced GlǇcaƚiŽn End ƉƌŽdƵcƚƐ͖ ƐRAGE͗ ƐŽlƵble RAGE͖ CML͗ CaƌbŽǆǇmeƚhǇllǇƐine͖ HMGBϭ͗ 
HighͲMŽbiliƚǇͲGƌŽƵƉͲBŽǆͲϭ͖ AU͗ aƌbiƚƌaƌǇ ƵniƚƐ͖ GAPDH͗ GlǇceƌaldehǇde ϯͲƉhŽƐƉhaƚe dehǇdƌŽgenaƐe 

 

 

 

 

 Controls 
Nсϱ 

SHR 
NсϱͲϲ 

SHRob 
NсϱͲϲ 

SHRobRDN 
NсϱͲϲ 

Ctrs 
vs. 

SHR 
 

Ctrs 
vs. 

SHRob 

Ctrs 
vs. 

SHRobRDN 

SHR  
vs. 

SHRob 

SHR  
vs. 

SHRobRDN 

SHRob 
vs. 

SHRobRDN 

     ƉͲǀalƵeƐ 

Cƌeaƚinine 
ƵmŽlͬl 

ϭϲ͘ϯцϮ͘ϭ  ϮϱцϮ͘ϯ ϮϵцϬ͘ϲ  ϭϴ͘ϴцϯ͘ϲ  n͘Ɛ Ϭ͘Ϭϭ n͘Ɛ n͘Ɛ n͘Ɛ Ϭ͘Ϭϰ 

GFR lͬkgͬh 
 

Ϭ͘ϲϭцϬ͘Ϭϯ  
 

Ϭ͘ϰϭцϬ͘Ϭϰ   
 

Ϭ͘ϭϴцϬ͘Ϭϯ 
 

Ϭ͘ϰϭцϬ͘ϬϮ 
 

Ϭ͘ϬϬϮ фϬ͘ϬϬϭ Ϭ͘ϬϬϮ фϬ͘ϬϬϭ n͘Ɛ͘ фϬ͘ϬϬϭ 

RR ƐǇƐƚ͘ mmHg 
 

ϭϭϲцϮ͘ϵ  
 

ϭϵϵцϱ͘ϲ 
 

ϮϮϰцϱ  
 

ϭϳϵцϭϮ͘Ϯ 
 

фϬ͘ϬϬϭ фϬ͘ϬϬϭ фϬ͘ϬϬϭ Ϭ͘Ϭϰ n͘Ɛ͘ Ϭ͘ϬϬϴ 

GlŽmeƌƵlaƌ 
ScŽƌing 

Ϭ͘ϳцϬ͘Ϭϴ 
 

Ϭ͘ϵцϬ͘Ϭϱ 
 

Ϯ͘ϯцϬ͘Ϭϳ 
 

ϭ͘ϲцϬ͘ϭ 
 

n͘Ɛ фϬ͘ϬϬϭ фϬ͘ϬϬϭ фϬ͘ϬϬϭ фϬ͘ϬϬϭ фϬ͘ϬϬϭ 

AlbƵminƵƌia 
;AlbƵmineͬ 

Cƌeaƚinine ƌaƚiŽͿ 

ϰ͘ϮцϬ͘ϲ ϴцϭ͘ϲ ϰϭ͘ϲцϬ͘ϳ ϭϵ͘ϯцϰ͘ϲ n͘Ɛ фϬ͘ϬϬϭ Ϭ͘ϬϬϱ фϬ͘ϬϬϭ Ϭ͘Ϭϯ фϬ͘ϬϬϭ 

GlŽmeƌƵlaƌ 
deƐmin й 

ϯ͘ϵцϬ͘ϴ Ϯϰ͘Ϯцϱ͘ϳ Ϯϴ͘ϯцϭ͘ϱ ϭϬ͘ϱцϮ Ϭ͘ϬϬϯ Ϭ͘ϬϬϭ n͘Ɛ n͘Ɛ Ϭ͘ϬϮ Ϭ͘ϬϬϴ 

BŽdǇ ǁeighƚ 
 

ϱϴϴцϮϮ ϰϳϲцϯϰ ϲϵϵцϭϬ ϲϳϴцϭϴ Ϭ͘ϬϮ Ϭ͘ϬϮ n͘Ɛ фϬ͘ϬϬϭ фϬ͘ϬϬϭ n͘Ɛ 

GlƵcŽƐe mmŽlͬl 
 

ϱцϬ͘Ϯ ϱ͘ϳцϬ͘Ϯ ϲ͘ϮцϬ͘ϯ ϱ͘ϰцϬ͘ϱ n͘Ɛ n͘Ɛ n͘Ɛ n͘Ɛ n͘Ɛ n͘Ɛ 

HbAϭcй 
 

ϯ͘ϱцϬ͘Ϭϳ ϯ͘ϱцϬ͘Ϭϱ ϯ͘ϴцϬ͘Ϯ ϯ͘ϳцϬ͘Ϭϳ n͘Ɛ n͘Ɛ n͘Ɛ n͘Ɛ n͘Ɛ n͘Ɛ 

InƐƵlin Ɖgͬml 
 

ϵϮϵцϭϭϭ ϭϯϯϲцϱϬϴ ϭϬϲϮϲцϮϬϮϴ ϴϱϵϮцϮϮϱ n͘Ɛ фϬ͘ϬϬϭ фϬ͘ϬϬϭ фϬ͘ϬϬϭ фϬ͘ϬϬϭ n͘Ɛ 

ChŽleƐƚeƌŽl 
mmŽlͬl 

ϯ͘ϴцϬ͘ϭ ϯ͘ϵцϬ͘Ϯ ϵ͘ϲцϬ͘ϭ ϵ͘ϰцϬ͘ϰ n͘Ɛ фϬ͘ϬϬϭ фϬ͘ϬϬϭ фϬ͘ϬϬϭ фϬ͘ϬϬϭ n͘Ɛ 

TƌiglǇceƌide 
mmŽlͬl 

ϭ͘ϳϯцϬ͘ϭ ϭ͘ϴцϬ͘Ϯ ϱ͘ϳцϬ͘Ϯ ϱ͘ϱцϬ͘ϯ n͘Ɛ фϬ͘ϬϬϭ фϬ͘ϬϬϭ фϬ͘ϬϬϭ фϬ͘ϬϬϭ n͘Ɛ 

Renal 
NŽƌeƉineƉhƌine 

Ɖgͬml 

ϴϱцϯ͘ϲ ϵϰцϰ͘ϭ ϭϬϯцϱ͘ϱ ϴ͘ϮцϮ͘Ϯ n͘Ɛ Ϭ͘Ϭϰ фϬ͘ϬϬϭ n͘Ɛ фϬ͘ϬϬϭ фϬ͘ϬϬϭ 

Renal RAGE 
AUͬGAPDH 

Ϭ͘ϰцϬ͘ϭ Ϯ͘ϵцϬ͘ϴ ϭϬ͘ϲцϮ͘Ϯ ϰ͘ϯцϭ͘ϯ n͘Ɛ Ϭ͘ϬϬϮ Ϭ͘Ϭϰ Ϭ͘ϬϬϰ n͘Ɛ Ϭ͘Ϭϯ 

Renal ƐRAGE 
AUͬGAPDH 

ϭϭ͘ϵцϯ͘ϯ ϴ͘ϮцϬ͘ϰ ϯ͘ϲцϬ͘ϭ ϭϭ͘ϯцϭ͘ϵ n͘Ɛ Ϭ͘Ϭϰ n͘Ɛ n͘Ɛ n͘Ɛ Ϭ͘Ϭϰ 

Renal CML 
AUͬGAPDH 

ϭ͘ϵϴцϬ͘ϱ ϲ͘ϴцϭ͘ϱ ϴ͘ϯцϬ͘ϵ Ϯ͘ϮцϬ͘ϰ Ϭ͘ϬϮ Ϭ͘ϬϬϯ n͘Ɛ n͘Ɛ Ϭ͘Ϭϭ Ϭ͘ϬϬϯ 

Renal HMGBϭ 
AUͬGAPDH 

ϭ͘ϭцϬ͘Ϯ ϭ͘ϳϴцϬ͘ϱ ϭϱ͘ϵцϲ͘Ϯ ϭ͘ϵϴцϬ͘ϳ n͘Ɛ Ϭ͘Ϭϭ n͘Ɛ Ϭ͘ϬϬϰ n͘Ɛ Ϭ͘Ϭϭ 

Renal InƚeƌƐƚiƚial 
FibƌŽƐiƐ й 

 

Ϯ͘ϰцϬ͘ϯ Ϯ͘ϵцϬ͘ϯ ϳ͘Ϯцϭ͘Ϯ ϰ͘ϭцϬ͘ϰ n͘Ɛ Ϭ͘ϬϬϴ Ϭ͘Ϭϰ Ϭ͘Ϭϭ n͘Ɛ͘ Ϭ͘Ϭϯ 


