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Abstract 

 

The PeWabROic V\QdURPe (MeWS) iV aVVRciaWed ZiWh iQcUeaVed V\PSaWheWic acWiYiW\ aQd d\VbaOaQce Rf 

³ReceSWRU-fRU-AdYaQced-GO\caWiRQ-EQd-SURdXcWV´ (RAGE) aQd iWV VROXbOe UeceSWRU decR\ VRAGE, Zhich 

Pa\ be iQYROYed iQ OiYeU WiVVXe UePRdeOiQg. The effecWV Rf V\PSaWheWic PRdXOaWiRQ b\ UeQaO deQeUYaWiRQ (RDN) 

RQ heSaWic UePRdeOiQg aQd OiYeU RAGE/VRAGE baOaQce aUe XQNQRZQ. IQ a UaW PRdeO fRU MeWS, RDN UedXced 

heSaWic RAGE e[SUeVViRQ aQd iQcUeaVed VRAGE OeYeOV, Zhich ZaV accRPSaQied b\ UedXced heSaWic VWeaWRViV 

aQd OiYeU fibURViV. IQ SaWieQWV XQdeUgRiQg RDN ZiWh dRcXPeQWed bORRd SUeVVXUe UedXcWiRQV, VRAGE SOaVPa 

OeYeOV ZeUe iQcUeaVed aQd aOaQiQe aPiQRWUaQVfeUaVe YaOXeV ZeUe UedXced 6 PRQWhV afWeU Whe SURcedXUe. IQ YiWUR 

OiSid accXPXOaWiRQ aQd RAGE e[SUeVViRQ ZeUe iQdXced iQ HeSG2 ceOOV b\ �-adUeQeUgic UeceSWRU VWiPXOaWiRQ 

aQd cRXOd be UedXced b\ SUeWUeaWPeQW ZiWh VRAGE. IQ cRQcOXViRQ, RDN UedXceV heSaWic VWeaWRViV aQd iQjXU\ 

b\ iPSURYiQg OiYeU RAGE/VRAGE baOaQce. TheVe fiQdiQgV Pa\ RSeQ QeZ aYeQXeV fRU iQWeUYeQWiRQaO VWUaWegieV 

WR WUeaW PeWabROic OiYeU diVeaVe be\RQd h\SeUWeQViRQ. 

 
 
 
 
 
 

Significance statement 

FaWW\ OiYeU iV a UiVN facWRU fRU ciUUhRViV aQd heSaWRceOOXOaU caUciQRPa aQd a gURZiQg SURbOeP ZRUOdZide. 

HeUe Ze VhRZ iQ URdeQW aQd hXPaQ PRdeOV Rf PeWabROic V\QdURPe, WhaW V\PSaWhRadUeQeUgic acWiYiW\ 

cRQWUibXWeV WR Whe deYeORSPeQW Rf faWW\ OiYeU aQd WhaW iQhibiWiRQ Rf Whe V\PSaWheWic WRQe b\ UeQaO deQeUYaWiRQ 

(RDN) iV SURWecWiYe. OQ Whe ceOOXOaU OeYeO Ze RbVeUYed WhaW ReceSWRU fRU AdYaQced GO\caWiRQ EQd SURdXcWV 

(RAGE) iV UegXOaWed Yia adUeQeUgic VWiPXOaWiRQ aQd OeadV WR ceOOXOaU faW accXPXOaWiRQ. RDN aOUead\ beiQg 

aSSOied aV WheUaS\ RSWiRQ fRU aUWeUiaO h\SeUWeQViRQ, SURVSecWiYe cOiQicaO WUiaOV aUe ZaUUaQWed WR addUeVV Whe 

effecWiYiW\ Rf RDN iQ Whe WUeaWPeQW aQd SUeYeQWiRQ Rf faWW\ OiYeU diVeaVe. 
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Introduction 

 

NRQaOcRhROic faWW\ OiYeU diVeaVe (NAFLD) iV iQcUeaViQgO\ cRPPRQ iQ SaWieQWV ZiWh PeWabROic V\QdURPe 

(MeWS) (1-2) aQd iQcOXdeV SaWhRORgicaO cRQdiWiRQV UaQgiQg fURP heSaWic VWeaWRViV, VWeaWRheSaWiWiV aQd fibURViV 

WR ciUUhRViV aQd heSaWRceOOXOaU caUciQRPa (3-4). NAFLD iV deWeUPiQed b\ a cRPSOe[ QeWZRUN Rf PeWabROic 

SURceVVeV UeVXOWiQg iQ heSaWic OiSid accXPXOaWiRQ, iPSaiUed iQVXOiQ VigQaOiQg (5) aQd heSaWic iQfOaPPaWiRQ 

(QRQaOcRhROic VWeaWRheSaWiWiV, NASH) (6). MeWS iWVeOf iV aVVRciaWed ZiWh bRWh, iQcUeaVed V\PSaWheWic acWiYiW\ 

(7-8) aQd high OeYeOV Rf adYaQced gO\caWiRQ eQd SURdXcWV (AGEV) (9), a heWeURgeQRXV cOaVV Rf QRQ-eQ]\PaWic 

SURWeiQ gO\caWiRQ addXcWV biQdiQg WR WheiU ceOO-VXUface UeceSWRU fRU adYaQced gO\caWiRQ eQd SURdXcWV (RAGE) 

aQd iQdXciQg UeacWiYe R[\geQ VSecieV geQeUaWiRQ iQYROYed iQ SUR-iQfOaPPaWRU\ aQd SUR-fibURWic UeVSRQVeV (10-

12). RAGE caQ be cOeaYed b\ PeWaOORSURWeiQaVeV WR VROXbOe RAGE (VRAGE), Zhich VeUYeV aV a SURWecWiYe 

decR\ UeceSWRU QeXWUaOi]iQg RAGE-OigaQdV aQd aOVR bORcNiQg RAGE iWVeOf (13-15). DecUeaVed VRAGE SOaVPa 

cRQceQWUaWiRQV haYe beeQ deVcUibed iQ SaWieQWV ZiWh MeWS (16) aQd faWW\ OiYeU diVeaVe (7, 17), bXW Whe 

UeVSRQVibOe PechaQiVPV aUe VWiOO XQcOeaU. 

ReQaO V\PSaWheWic deQeUYaWiRQ (RDN) caQ UedXce UeQaO aQd ceQWUaO V\PSaWheWic acWiYiW\ (18-19). RDN haV 

beeQ VhRZQ WR ORZeU bORRd SUeVVXUe aQd SURYide beQeficiaO caUdiRYaVcXOaU effecWV iQ UaWV ZiWh PeWabROic 

V\QdURPe (20-22) aQd iQ SaWieQWV ZiWh UeViVWaQW h\SeUWeQViRQ aQd aVVRciaWed PeWabROic diVRUdeUV (7, 23). IWV 

effecWV RQ heSaWic diVeaVe iQ MeWS aUe XQNQRZQ. IQ WhiV VWXd\, Ze e[SORUed Whe effecWV Rf V\PSaWheWic 

PRdXOaWiRQ b\ RDN RQ heSaWic faW accXPXOaWiRQ, OiYeU iQjXU\ aQd fibURViV, aQd Whe OiQN WR Whe RAGE-VRAGE 

V\VWeP iQ a UaW PRdeO Rf h\SeUWeQViRQ, MeWS aQd OiYeU VWeaWRViV iQdXced b\ a OeSWiQ UeceSWRU PXWaWiRQ. IQ a 

WUaQVOaWiRQaO aSSURach, Ze iQYeVWigaWed WheVe RDN-iQdXced aOWeUaWiRQV iQ h\SeUWeQViRQ SaWieQWV XQdeUgRiQg 

RDN. 
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Results  

 

Rat e[periments 

Metabolic parameters: Ph\ViRORgicaO aQd PeWabROic SaUaPeWeUV aUe VXPPaUi]ed iQ Table 1. IQ SHRRb UaWV, 

gORPeUXOaU fiOWUaWiRQ UaWe (GFR) ZaV UedXced cRPSaUed ZiWh cRQWUROV (-68%, S<0.00001), bXW ZaV VigQificaQWO\ 

iQcUeaVed afWeU RDN (+105% YeUVXV SHRRb, S=0.0012). CUeaWiQiQe OeYeOV aOVR VhRZed a decUeaVe afWeU RDN 

(-40% YeUVXV SHRRb). FaVWiQg iQVXOiQ OeYeOV ZeUe VigQificaQWO\ iQcUeaVed iQ SHRRb cRPSaUed ZiWh cRQWUROV 

(+1358%, S=0.0002) aQd VhRZed a QXPeUicaO decUeaVe afWeU RDN ZiWhRXW VWaWiVWicaO VigQificaQce (Table 1). 

HbA1c daWa ZeUe ViPiOaU iQ aOO gURXSV (Table 1). ChROeVWeURO aQd WUigO\ceUide cRQceQWUaWiRQV ZeUe iQcUeaVed 

iQ SHRRb ZiWhRXW VigQificaQW chaQge afWeU RDN (Table 1). AOaQiQe aPiQRWUaQVfeUaVe (ALT) acWiYiW\ ZaV 

VigQificaQWO\ iQcUeaVed iQ SHRRb (+77% YeUVXV cRQWUROV, S<0.0001) aQd ZaV UedXced b\ RDN (-36% YeUVXV 

SHRRb, S=0.0003). NR VigQificaQW diffeUeQceV iQ aVSaUWaWe aPiQRWUaQVfeUaVe (AST) ZeUe RbVeUYed. 

 

Renal denervation and liver norepinephrine concentrations: A UedXcWiRQ iQ UeQaO QRUeSiQeShUiQe WiVVXe 

cRQWeQW ZaV RbVeUYed iQ RDN-WUeaWed SHRRb UaWV (SHRRbRDN) WhUee PRQWhV afWeU Whe SURcedXUe cRPSaUed 

WR VhaP-RSeUaWed SHRRb iQdicaWiQg VXcceVVfXO V\PSaWheWic deQeUYaWiRQ (Table 1; 96.9�7.5 iQ SHRRb YV. 

6.73�1.9 Sg/PO iQ SHRRbRDN, S=0.0009). SiPiOaUO\, OiYeU QRUeSiQeShUiQe cRQWeQW ZaV UedXced iQ 

SHRRbRDN YeUVXV SHRRb (S=0.007; Table 2, Fig. 1A) aQd W\URViQe h\dUR[\OaVe acWiYiW\, Whe eQ]\Pe 

caWaO\]iQg Whe UaWe OiPiWiQg VWeS iQ Whe V\QWheViV Rf caWechROaPiQeV, ZaV decUeaVed afWeU RDN, aV deSicWed b\ 

Whe ShRVShR-W\URViQe/WRWaO W\URViQe h\dUR[\OaVe UaWiR (-43% YeUVXV SHRRb, S=0.031; Table 2, Fig. 1B). BRWh 

SaUaPeWeUV cRUUeOaWed ZiWh UeQaO QRUeSiQeShUiQe cRQWeQW (Fig. 1C-D; U=0.75, S=0.02 fRU OiYeU W\URViQe 

h\dUR[\OaVe acWiYiW\ aQd U=0.89, S=0.002 fRU OiYeU QRUeSiQeShUiQe YeUVXV UeQaO QRUeSiQeShUiQe cRQWeQW) aQd 

ZiWh each RWheU (Fig. 1E; U=0.82, S=0.005 fRU OiYeU W\URViQe h\dUR[\OaVe acWiYiW\ YeUVXV OiYeU QRUeSiQeShUiQe). 

OQ Whe RWheU haQd, UeQaO deQeUYaWiRQ did QRW VigQificaQWO\ aOWeU OiYeU e[SUeVViRQ Rf beWa-adUeQeUgic UeceSWRUV 

(Fig. 1F). 
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Renal denervation and liver injur\: The degUee Rf heSaWic VWeaWRViV (Table 2, Fig. 2A+2B) iV VigQificaQWO\ 

iQcUeaVed iQ SHRRb (Table 2, Fig. 2B: +341% YeUVXV cRQWUROV, S=0.0004), aQd WhiV iQcUeaVe ZaV aWWeQXaWed 

b\ RDN (-59% YeUVXV SHRRb; S=0.0024). MeaVXUePeQW Rf adiSRVe diffeUeQWiaWiRQ UeOaWed SURWeiQ (ADRP) aV 

PaUNeU Rf OiSid dURSOeW accXPXOaWiRQ cRQfiUPed Whe iQcUeaVe iQ OiSid accXPXOaWiRQ iQ SHRRb (Table 2, Fig. 

2C: +285% iQ SHRRb YeUVXV CRQWURO, S=0.008) aQd a UedXcWiRQ Rf ADRP cRQWeQWV afWeU RDN (-58% YeUVXV 

SHRRb, S=0.033). LiYeU SUR-aSRSWRWic BcO-2-aVVRciaWed X SURWeiQ (BAX) e[SUeVViRQ, aV aVVeVVed b\ 

iPPXQRbORW aQaO\ViV (Fig. 2D, XSSeU SaQeO), ZaV VigQificaQWO\ iQcUeaVed iQ SHRRb aV cRPSaUed WR 

QRUPRWeQViYe OeaQ cRQWUROV (Table 2, Fig. 2D, ORZeU SaQeO: 27fROd iQcUeaVe iQ SHRRb YeUVXV cRQWUROV 

(S<0.0001). BAX e[SUeVViRQ decUeaVed afWeU RDN (-39% iQ SHRRbRDN YeUVXV SHRRb, S=0.013). LiYeU B-

ceOO O\PShRPa-2 SURWeiQ (BcO-2) OeYeOV (Table 2, Fig. 2E) ZeUe VigQificaQWO\ decUeaVed iQ SHRRb (-90% 

YeUVXV cRQWUROV: S=0.002) aQd ZeUe QRW aOWeUed afWeU RDN. 

IQWeUVWiWiaO aQd SeUiYaVcXOaU cROOageQ deSRViWiRQ, aV deWeUPiQed b\ PicUR-SiUiXV Red SWaiQiQg (Fig. 2F), ZeUe 

VigQificaQWO\ iQcUeaVed iQ SHRRb (Table 2, Fig. 2G; +66% iQ SHRRb YeUVXV cRQWUROV, S<0.0001) aQd 

aWWeQXaWed afWeU RDN (Table 2). WeVWeUQ bORW aQaO\ViV fRU cROOageQ W\Se I cRQWeQW cRQfiUPed a cRUUeVSRQdiQg 

iQcUeaVe iQ cROOageQ W\Se I iQ SHRRb (+248%, S=0.0006 YeUVXV cRQWUROV), Zhich ZaV UedXced afWeU RDN 

(Table 2, Fig. 2H). CROOageQ W\Se III ZaV decUeaVed iQ SHRRb cRPSaUed WR cRQWUROV aQd VhRZed QR fXUWheU 

UegXOaWiRQ afWeU RDN (Fig. 2I).  

 

Renal denervation and liver RAGE/sRAGE regulation: HeSaWic RAGE e[SUeVViRQ aVVeVVed b\ WeVWeUQ 

bORW aQaO\ViV (Fig. 3A) ZaV PaUNedO\ iQcUeaVed iQ SHRRb aV cRPSaUed WR QRUPRWeQViYe cRQWUROV (Table 2, 

Fig. 3B: +426% iQ SHRRb YeUVXV cRQWUROV, S<0.0001). RDN ORZeUed OiYeU RAGE e[SUeVViRQ (-35% YeUVXV 

SHRRb, S=0.018). VRAGE OiYeU cRQWeQW RQ Whe RWheU haQd ZaV VigQificaQWO\ decUeaVed iQ SHRRb aV cRPSaUed 

WR cRQWUROV (Table 2, Fig. 3C; -89% iQ SHRRb YeUVXV cRQWUROV, S<0.0001) ZhiOe iQ SHRRbRDN VRAGE OeYeOV 

VigQificaQWO\ iQcUeaVed (+302% YeUVXV SHRRb, S=0.009). LeYeOV Rf Whe RAGE VSOice YaUiaQW eVRAGE 

(eQdRgeQRXV VecUeWRU\ RAGE) ZeUe XQaOWeUed beWZeeQ Whe gURXSV (Table 2, Fig. 3D). IPPXQRfOXRUeVceQW 

VWaiQiQg fRU RAGE iQ OiYeU cURVV-VecWiRQV UeYeaOed a URbXVW RAGE VigQaO PaiQO\ iQ heSaWRc\WeV (Fig. 3E). 

LiYeU VRAGE e[SUeVViRQ VhRZed a QegaWiYe cRUUeOaWiRQ ZiWh cROOageQ I SURWeiQ cRQWeQW (Fig. 3F, UighW SaQeO; 
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U= -0.782, S=0.011, Q=10 SHRRb aQd SHRRbRDN) ZhiOe RAGE-e[SUeVViRQ cRUUeOaWed SRViWiYeO\ (Fig. 3F, 

OefW SaQeO; U= 0.964, S<0.0001, Q=10 SHRRb aQd SHRRbRDN).  AOVR, OiYeU BAX e[SUeVViRQ VhRZed a VWURQg 

SRViWiYe cRUUeOaWiRQ ZiWh RAGE e[SUeVViRQ (Fig. 3G, OefW SaQeO; U= 0.85, S=0.002, Q=10 SHRRb aQd 

SHRRbRDN) aQd a QegaWiYe cRUUeOaWiRQ ZiWh OiYeU VRAGE (Fig.3G, UighW SaQeO; U= -0.78, S=0.02, Q=10 

SHRRb aQd SHRRbRDN).  

 

Renal denervation and RAGE-ligands CML and HMGB1: WeVWeUQ bORW aQaO\ViV dePRQVWUaWed 

VigQificaQWO\ iQcUeaVed cRQWeQWV Rf Whe AGE caUbR[\PeWh\OO\ViQe (CML) iQ SHRRb OiYeU WiVVXe (Table 2, Fig. 

3H). RDN UeVXOWed iQ a VigQificaQW UedXcWiRQ Rf heSaWic CML cRQWeQW (Fig. 3H; -39% YeUVXV SHRRb, S=0.034). 

The RAGE OigaQd HMGB1, aV aVVeVVed b\ WeVWeUQ bORW aQaO\ViV (Fig. 3I, XSSeU SaQeO), ZaV iQcUeaVed iQ OiYeU 

WiVVXe fURP SHRRb (Table 2, Fig. 3I). RDN aOVR UeVXOWed iQ a VigQificaQW UedXcWiRQ Rf HMGB1 SURWeiQ 

e[SUeVViRQ (Fig. 3I, ORZeU SaQeO; -71% YeUVXV SHRRb, S=0.013) UeachiQg ViPiOaU HMGB1 OeYeOV aV iQ 

QRUPRWeQViYe cRQWUROV.  

 

Renal denervation and RAGE cleaving proteases ADAM-10 (A-Disintegrin-And-Metalloproteinase-10) 

and MMP-9 (Matri[-Metalloproteinase-9) and their inhibitor TIMP-1 (Tissue-Inhibitor-of-Matri[-

Metalloproteinases-1): LiYeU TIMP-1 SURWeiQ e[SUeVViRQ (Fig. 3J) ZaV VigQificaQWO\ iQcUeaVed iQ SHRRb 

cRPSaUed WR QRUPRWeQViYe cRQWUROV (Table 2, Fig. 3J; +85% iQ SHRRb YeUVXV cRQWUROV, S=0.002). TIMP-1 

OeYeOV decUeaVed afWeU RDN (Fig. 3J: -52% YeUVXV SHRRb, S=0.0007) aQd cRUUeOaWed SRViWiYeO\ ZiWh RAGE-

e[SUeVViRQ (Fig. 3K, OefW SaQeO; U= 0.83, S=0.005, Q=10 SHRRb aQd SHRRbRDN) aQd iQYeUVeO\ ZiWh VRAGE 

(Fig. 3K, UighW SaQeO; U= -0.83, S=0.0047, Q=10 SHRRb aQd SHRRbRDN). AccRUdiQgO\, ADAM-10 acWiYiW\ 

ZaV VigQificaQWO\ decUeaVed iQ SHRRb (Table 2, Fig. 3L: -73% iQ SHRRb YeUVXV cRQWUROV, S=0.0016). 

PURWeRO\Wic acWiYiW\ Rf ADAM-10 UecRYeUed afWeU RDN (+171% iQcUeaVe YeUVXV SHRRb, S=0.032). LaWeQW 

MMP-9 SURWeiQ (Table 2, Fig. 3M) ZaV QRW iQfOXeQced b\ RDN aQd WheUe ZaV aOPRVW QR acWiYe MMP-9 

deWecWabOe WhURXghRXW Whe gURXSV (Fig. 3M, XSSeU SaQeO). 
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Cell culture e[periments  

�-adrenergic stimulation of HepG2 cells: HeSG2 ceOOV ZeUe UeSeaWedO\ VWiPXOaWed ZiWh Whe �1+�2-

adUeQRUeceSWRU agRQiVW iVRSURWeUeQRO (0.1 �PRO/O eYeU\ 24 hRXUV), Zhich VigQificaQWO\ iQcUeaVed Whe RAGE 

cRQWeQW iQ Whe ceOO PePbUaQe (Fig. 4A; +70% iQcUeaVe). The VRAGE VheddiQg iQWR Whe ceOO cXOWXUe PediXP 

ZaV ViPXOWaQeRXVO\ UedXced b\ iVRSURWeUeQRO WUeaWPeQW ZiWh a VigQificaQW UedXcWiRQ afWeU 72h hRXUV (-56% 

UedXcWiRQ; Fig. 4B).  TR ideQWif\ Whe �-adUeQeUgic UeceSWRU VXbW\Se UeVSRQVibOe fRU Whe RbVeUYed effecWV, Ze 

aOVR iQYeVWigaWed RAGE/VRAGE e[SUeVViRQ iQ Whe SUeVeQce Rf �-adUeQeUgic UeceSWRU aQWagRQiVWV ZiWh diffeUeQW 

VeOecWiYiWieV (CGP 201712A (�1-VeOecWiYe) RU ICI 118.551 (�2-VeOecWiYe)) aQd ViPXOWaQeRXV iVRSURWeUeQRO 

VWiPXOaWiRQ. IVRSURWeUeQRO WUeaWPeQW iQcUeaVed OiSid accXPXOaWiRQ aV deSicWed b\ ADRP e[SUeVViRQ iQ HeSG2 

ceOOV (Fig. 4C). BRWh Whe iVRSURWeUeQRO-iQdXced RAGE e[SUeVViRQ (Fig. 4A) aQd OiSid accXPXOaWiRQ (Fig. 4C), 

ZaV UeYeUVed b\ Whe �1-adUeQeUgic UeceSWRU bORcNade ZiWh CGP. EVSeciaOO\ RQe hRXU SUe-WUeaWPeQW Rf HeSG2 

ceOOV ZiWh VRAGE aOPRVW cRPSOeWeO\ SUeYeQWed Whe iVRSURWeUeQRO-iQdXced iQWUaceOOXOaU OiSid accXPXOaWiRQ 

(Fig. 4D, E aQd F). 

 

Human data 

sRAGE regulation in RDN responders: Table 3 deSicWV SaWieQWV� baVeOiQe chaUacWeUiVWicV. IQ RUdeU WR 

YaOidaWe aQd WUaQVOaWe Whe RbVeUYed effecWV Rf RDN fURP RXU SHRRb aQiPaO PRdeO, ZheUe SOaVPa ALT 

acWiYiWieV cRUUeOaWed ZiWh OiYeU RAGE/VRAGE cRQWeQW (Fig. 5A and B), WR hXPaQ VXbjecWV, Ze iQYeVWigaWed 

SOaVPa VRAGE deYeORSPeQW iQ aVVRciaWiRQ ZiWh OiYeU WUaQVaPiQaVe eQ]\Pe acWiYiWieV RYeU a SeUiRd Rf 6 

PRQWhV iQ 20 SaWieQWV XQdeUgRiQg caWheWeU-baVed RDN. IQ RDN-UeVSRQdeUV, 24h-V\VWROic bORRd SUeVVXUe 

VigQificaQWO\ decUeaVed 6 PRQWhV afWeU RDN b\ 21/9 PPHg (Fig. 5C). VRAGE SOaVPa OeYeOV iQcUeaVed afWeU 

RDN aW 6-PRQWh fROORZ-XS (Fig. 5D: +21%, S=0.007). ALT YaOXeV ZeUe iQcUeaVed iQ RQO\ 6 SaWieQWV (30%) 

bXW decUeaVed VigQificaQWO\ dXUiQg fROORZ-XS (Fig. 5E). DeOWa ALT cRUUeOaWed QegaWiYeO\ ZiWh bRd\ PaVV iQde[ 

(BMI) (Fig. 5F) aQd deOWa VRAGE cRUUeOaWed QegaWiYeO\ ZiWh deOWa ALT (Fig. 5G).  
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Discussion  

 

NAFLD ZiWh UeVXOWiQg NASH UeSUeVeQW aQ iQcUeaViQg bXUdeQ fRU heaOWh caUe V\VWePV (24). ThiV VWXd\ SURYideV 

eYideQce fRU V\PSaWhRadUeQeUgic-deSeQdeQW UegXOaWiRQ Rf Whe OigaQd-RAGE/VRAGE a[iV iQ YiYR aQd iQ YiWUR 

ZiWh OiYeU UePRdeOiQg aQd Whe deYeORSPeQW Rf faWW\ OiYeU. IQ a UaW PRdeO fRU h\SeUWeQViRQ aQd PeWabROic 

V\QdURPe, effecWiYe V\PSaWheWic PRdXOaWiRQ b\ RDN UefOecWed b\ a UedXcWiRQ Rf UeQaO QRUeSiQeShUiQe WiVVXe 

cRQWeQW ZaV accRPSaQied b\ a decUeaVe iQ OiYeU QRUeSiQeShUiQe WiVVXe cRQWeQW aQd ORZeU OiYeU W\URViQe 

h\dUR[\OaVe acWiYiW\. ThiV e[WeQdV fiQdiQgV iQ Whe heaUW, ZheUe RDN Oed WR UedXced caUdiac V\PSaWheWic 

iQQeUYaWiRQ aQd acWiYiW\ (25) accRPSaQied b\ iPSURYePeQWV iQ OefW YeQWUicXOaU h\SeUWURSh\ (26). ThiV iPSOieV 

a V\VWePic effecW Rf RDN RQ RYeUaOO V\PSaWhRadUeQeUgic acWiYiW\ aQd QRUeSiQeShUiQe VSiOORYeU, WheUeb\ 

iPSacWiQg diVeaVe-VSecific SheQRW\SeV Rf RWheU RUgaQV XQdeU cRQdiWiRQV Rf iQcUeaVed V\PSaWheWic acWiYaWiRQ. 

 

IQ WhiV VWXd\, Ze fXUWheU dePRQVWUaWe aQ iQcUeaVe iQ heSaWic OiSid cRQWeQW iQ SHRRb aQd a VigQificaQW UedXcWiRQ 

Rf heSaWic VWeaWRViV afWeU RDN, XViQg hiVWRORgicaO aQaO\ViV aQd e[SUeVViRQ Rf ADRP (adiSRVe-diffeUeQWiaWiRQ-

UeOaWed-SURWeiQ), a PaUNeU Rf OiSid dURSOeW accXPXOaWiRQ (27). BRWh �1-, �2- aQd �3-AR VXbW\SeV aUe SUeVeQW iQ 

OiYeU WiVVXe Rf hXPaQV aQd URdeQWV aQd haYe beeQ VhRZQ WR be iQYROYed iQ Whe UegXOaWiRQ Rf age-deSeQdeQW 

heSaWic faW accXPXOaWiRQ (28-29). A UedXcWiRQ Rf �-AR VWiPXOaWiRQ b\ UedXced caWechROaPiQeV PighW aOVR be 

iQYROYed iQ Whe aQWi-VWeaWRWic effecWV afWeU RDN RbVeUYed heUeiQ, aOWhRXgh OiYeU �-AR e[SUeVViRQ SeU Ve ZaV 

QRW aOWeUed afWeU UeQaO deQeUYaWiRQ. AV SURRf Rf cRQceSW, Ze WUeaWed HeSG2 ceOOV ZiWh iVRSURWeUeQRO aQd VhRZed 

iQcUeaVed ceOOXOaU OiSid accXPXOaWiRQ aQd ceOOXOaU RAGE e[SUeVViRQ, Zhich cRXOd bRWh be SUeYeQWed b\ �1-

adUeQeUgic bORcNade. IQWeUeVWiQgO\, iVRSURWeUeQRO-iQdXced OiSid accXPXOaWiRQ iQ HeSG2 ceOOV cRXOd aOVR be 

SUeYeQWed b\ SUeWUeaWPeQW ZiWh a Sh\ViRORgicaO cRQceQWUaWiRQ Rf UecRPbiQaQW VRAGE. ThiV VXggeVWV aQ 

iQYROYePeQW Rf RAGE iQ �-adUeQRUeceSWRU aXgPeQWed OiSid dURSOeW fRUPaWiRQ aQd deYeORSPeQW Rf faWW\ OiYeU, 

Zhich, Rf QRWe, UeTXiUeV iQWacW OiSid baOaQce UeOaWed PechaQiVPV, aV iW did QRW ZRUN iQ ASRE-/LDLR-- dRXbOe-

NQRcNRXW Pice (30). 
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IQ SHRRb, fibURViV ZaV UedXced b\ RDN, aV UefOecWed b\ Whe UedXcWiRQ iQ heSaWic cROOageQ cRQWeQW. LiYeU BAX 

e[SUeVViRQ ZaV iQcUeaVed iQ SHRRb aV cRPSaUed WR cRQWUROV, iQdicaWiQg iQcUeaVed heSaWic iQjXU\ aQd OiYeU ceOO 

deaWh, Zhich iQ WXUQ haV beeQ iPSOicaWed iQ Whe deYeORSPeQW Rf heSaWic fibURViV (31-32). BAX e[SUeVViRQ 

SRViWiYeO\ cRUUeOaWed ZiWh RAGE e[SUeVViRQ aQd VhRZed a QegaWiYe cRUUeOaWiRQ ZiWh OiYeU VRAGE, ZhiOe 

RAGE/VRAGE cRUUeOaWed ZiWh cROOageQ I. TheVe fiQdiQgV dePRQVWUaWe Whe aVVRciaWiRQ Rf OiYeU ceOO deaWh aQd 

fibURViV aQd VXggeVW a OiQN WR RAGE/VRAGE (33-34). RDN PRdXOaWeV OiYeU RAGE/VRAGE iQ SHRRb WR a 

faYRXUabOe aQWi-iQfOaPPaWRU\ baOaQce b\ decUeaViQg RAGE, iQcUeaViQg VRAGE OeYeOV aQd decUeaViQg OiYeU 

ALT. POaVPa VRAGE OeYeOV haYe beeQ VhRZQ WR be aVVRciaWed ZiWh a QXPbeU Rf UiVN facWRUV fRU MeWS iQ QRQ-

diabeWic RWheUZiVe heaOWh\ iQdiYidXaOV (10) aQd WR SOa\ SURWecWiYe UROeV iQ SaWieQWV ZiWh NAFLD (6).  

 

MRUShRPeWUic eYaOXaWiRQ Rf iPPXQRfOXRUeVceQW VWaiQiQg fRU RAGE iQ RXU UaW OiYeU VaPSOeV iQdicaWeV PaiQO\ 

heSaWRc\We RAGE e[SUeVViRQ. HeSaWic VWeOOaWe ceOOV (HSC), hRZeYeU, haYe aOVR beeQ VhRZQ WR e[SUeVV RAGE 

(34). IQ PRdeOV ZiWh PRUe SURfRXQd OiYeU fibURViV aQd iQfOaPPaWiRQ OiNe NASH, Whe\ SURbabO\ SOa\ aQ 

iPSRUWaQW UROe aV RAGE-PediaWed NADPH R[idaVe-deUiYed UeacWiYe R[\geQ VSecieV cRXOd cRQWUibXWe WR 

heSaWic fibURViV Yia acWiYaWiRQ Rf HSCV (34) aQd WR iQcUeaVe heSaWic VWeaWRViV (35-36). FXUWheUPRUe, iQ diffeUeQW 

SaWhRORgieV, RAGE/VRAGE baOaQce iV QRW RQO\ iQfOXeQced b\ aQ iQcUeaVe iQ RAGE SURdXcWiRQ, bXW aOVR b\ 

decUeaVed RAGE cOeaYage. ADAM-10 (A DiViQWegUiQ aQd MeWaOORSURWeiQaVe-10) aQd MMP-9 (MaWUi[ 

MeWaOORSURWeiQaVe-9) aUe Whe RQO\ SURWeaVeV NQRZQ WR cOeaYe RAGE, Whe SURceVV beiQg accRPSaQied b\ 

VRAGE accXPXOaWiRQ aV Whe cOeaYage SURdXcW beiQg Vhedded fURP Whe ceOO VXUface (14-15). TIMP-1 iV a SRWeQW 

SURWeaVe iQhibiWRU fRU bRWh ADAM-10 aQd MMP-9 aQd VhRZV diVWiQcW iQdXcWiRQ iQ SHRRb OiYeUV. HeUeiQ, 

TIMP-1 XSUegXOaWiRQ iV accRPSaQied b\ a decUeaVe iQ ADAM-10 acWiYiW\, Zhich SaUWiaOO\ UecRYeUV afWeU RDN. 

TIMP-1 iV aOVR UedXced b\ RDN iQ WhiV VWXd\. IQWeUeVWiQgO\, Ze cRXOd QRW RbVeUYe VXbVWaQWiaO MMP-9 

acWiYaWiRQ iQ aQ\ Rf Whe UaW gURXSV. ThiV Pa\ iQdicaWe WhaW MMP-9 acWiYiW\ iV QRW cUiWicaO fRU PediaWiQg RAGE 

cOeaYage iQ WhiV PRdeO. 

 

AOVR, RDN decUeaVeV Whe OeYeOV Rf Whe RAGE-acWiYaWiQg OigaQdV CML aQd HMGB1 iQ SHRRb, Zhich bRWh 

haYe beeQ dePRQVWUaWed WR be iQcUeaVed iQ faWW\ OiYeUV (37-38). The AGE/RAGE-a[iV iV NQRZQ WR iQdXce aQd 
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aXgPeQW heSaWic iQVXOiQ UeViVWaQce (39-40). RDN iPSURYed RAGE/VRAGE-baOaQce aQd decUeaVed OiYeU CML-

OeYeOV iQ RXU UaW PRdeO, Zhich ZaV aVVRciaWed ZiWh aWWeQXaWiRQ Rf h\SeUiQVXOiQePia. BeQeficiaO effecWV Rf RDN 

RQ gOXcRVe PeWabROiVP haYe aOVR beeQ deVcUibed iQ SaWieQWV SUeYiRXVO\ (23). OXU VWXd\ VhRZV iQcUeaVed 

HMGB1 OiYeU cRQWeQW iQ SHRRb. HMGB1 UeOeaVed fURP NAFLD OiYeU haV beeQ deVcUibed WR Ueach RWheU 

RUgaQV aQd WR biQd WR RAGE UeceSWRUV iQdXciQg R[idaWiYe VWUeVV aQd WUaQVcUiSWiRQ Rf iQfOaPPaWRU\ c\WRNiQeV 

(41). HMGB1 haV aOVR beeQ VXggeVWed aV a biRPaUNeU fRU acXWe OiYeU ceOO deaWh (31). DaPaged heSaWRc\WeV 

haYe beeQ UeSRUWed WR UeOeaVe HMGB1, Zhich WheQ iQWeUacWV ZiWh RAGE iQ Whe SaWhRgeQeViV Rf HSCV 

acWiYaWiRQ aQd OiYeU fibURViV (42-43). EQgagePeQW Rf RAGE ZiWh RAGE OigaQdV iQcUeaVeV e[SUeVViRQ Rf RAGE 

iWVeOf iQ a YaUieW\ Rf ceOOV (35, 44-45). TheVe SRViWiYe feedbacN ORRSV cRXOd SaUWO\ e[SOaiQ Zh\ RAGE OigaQdV 

iQWeUacWiRQ OeadV WR VXVWaiQed acWiYaWiRQ Rf Whe RAGE dRZQVWUeaP SaWhZa\, cRQWUibXWiQg WR Whe SURgUeVViRQ Rf 

chURQic OiYeU diVeaVe (34).  

 

We fXUWheU e[SORUed ZheWheU ViPiOaU RDN-PediaWed effecWV RccXU iQ h\SeUWeQViYe SaWieQWV ZiWh dRcXPeQWed 

bORRd SUeVVXUe faOOV fROORZiQg caWheWeU-baVed RDN aQd aVVeVVed VRAGE SOaVPa OeYeOV. We deWecWed a 

VigQificaQW iQcUeaVe iQ SOaVPa VRAGE aW 6 PRQWhV afWeU RDN cRQViVWeQW ZiWh Whe VRAGE UegXOaWiRQ VeeQ iQ 

OiYeUV fURP SHRRbRDN UaWV iQ WhiV VWXd\ aQd aOVR ZiWh VRAGE SOaVPa aQd caUdiac OeYeOV UeSRUWed iQ Whe VaPe 

UaW PRdeO iQ a SUeYiRXV VWXd\ fURP RXU OabRUaWRU\ (46). ALT YaOXeV iQ SHRRb UaWV cRUUeOaWed VWURQgO\ ZiWh 

OiYeU RAGE-e[SUeVViRQ. CRUUeVSRQdiQgO\, WheUe ZaV a decUeaVe iQ ALT SOaVPa cRQceQWUaWiRQV dXUiQg fROORZ-

XS iQ RXU SaWieQWV. ChaQgeV iQ ALT acWiYiW\ cRUUeOaWed ZiWh VRAGE-chaQgeV. NAFLD iV Whe PRVW cRPPRQ 

caXVe fRU aQ iVROaWed iQcUeaVe iQ ALT YaOXeV aPRQg adXOWV, Zhich haV beeQ diVcXVVed aV a PaUNeU Rf NAFLD 

(47). The cRUUeOaWiRQ beWZeeQ ALT chaQgeV aQd SOaVPa VRAGE chaQgeV iQ RXU SaWieQWV iV a hiQW, aOWhRXgh QRW 

SURRf, fRU RDN-iQdXced VRAGE PediaWed aQWi-VWeaWRWic effecWV RQ OiYeU.  

 

TheUe aUe SRWeQWiaO OiPiWaWiRQV WR RXU VWXd\ WhaW deVeUYe PeQWiRQiQg. OXU SHRRb PRdeO diVSOa\ed a URbXVW 

VWeaWRViV ZiWh begiQQiQg fibURViV, bXW QR NASH. RDN iQdXced aOWeUaWiRQV cRXOd haYe beeQ eYeQ PRUe SURfRXQd 

iQ a NASH-PRdeO ZiWh PaUNed fibURViV aQd iQfOaPPaWiRQ. AOVR, a ORQgeU RbVeUYaWiRQ WiPe WhaQ 3 PRQWhV afWeU 

RDN PighW haYe UeVXOWed iQ PRUe VWUiNiQg effecWV. The VecRQdaU\ eYaOXaWiRQ Rf VRAGE SOaVPa OeYeOV iQ 
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SaWieQWV iV OiPiWed becaXVe Whe SUiPaU\ iQdicaWiRQ fRU RDN ZaV aUWeUiaO h\SeUWeQViRQ aQd QRW heSaWRVWeaWRViV 

RU OiYeU diVeaVe. CRQVeTXeQWO\, Ze haYe QR aVVeVVPeQW Rf OiYeU hiVWRSaWhRORg\ iQ RXU SaWieQWV. The PeaQ BMI 

iQ aOO SaWieQWV ZaV high, Zhich XVXaOO\ gReV aORQg ZiWh heSaWRVWeaWRViV (47-48) aQd chaQgeV iQ ALT acWiYiW\. 

The cRUUeOaWiRQV SUeVeQWed VhRXOd WheUefRUe be cRQVideUed h\SRWheVeV geQeUaWiQg.  

 

IQ cRQcOXViRQ: 

ReQaO deQeUYaWiRQ UedXceV heSaWic VWeaWRViV aQd OiYeU iQjXU\ iQ SHRRb ZiWh MeWS aQd iV aVVRciaWed ZiWh aQ 

iPSURYed OiYeU RAGE/VRAGE baOaQce. TheVe fiQdiQgV VXggeVW WUeaWPeQW effecWV b\ RDN RQ NAFLD, WhaW iV 

UeQaO affeUeQW diVUXSWiRQ aOWeUV V\PSaWheWic iQQeUYaWiRQ WR Whe OiYeU aQd iQfOXeQceV cOiQicaOO\ UeOeYaQW 

SheQRW\SeV VXch aV heSaWic faW deSRViWiRQ aQd fibURViV. RDN iQ h\SeUWeQViYe SaWieQWV ZiWh decUeaVeV iQ V\VWROic 

bORRd SUeVVXUe, iQcUeaVeV SOaVPa VRAGE, Zhich iV aVVRciaWed ZiWh a UedXcWiRQ iQ SOaVPa ALT acWiYiW\ aV a 

PaUNeU Rf NAFLD. ThiV VeWV Whe VWage fRU fXUWheU e[SeUiPeQWaO aQd cOiQicaO VWXdieV WR UedXce Whe bXUdeQ Rf 

PeWabROic OiYeU diVeaVe b\ PRdXOaWiRQ Rf Whe V\PSaWheWic QeUYRXV V\VWeP. 

 

 

Materials and Methods 

 

ANIMAL MODEL 

Animals 

MaOe RbeVe VSRQWaQeRXVO\ h\SeUWeQViYe UaWV (SHRRb, Q=10), a VWUaiQ diVSOa\iQg a QaWXUaO OeSWiQ UeceSWRU 

NQRcNRXW (22), aQd QRUPRWeQViYe OeaQ cRQWURO UaWV (SSUagXe-DaZOe\, Q=5) ZeUe SXUchaVed aW aQ age Rf WeQ 

ZeeNV fURP ChaUOeV RiYeU (SXO]feOd, GeUPaQ\). The aQiPaOV ZeUe hRXVed iQdiYidXaOO\ iQ VWaQdaUd cageV, 

UeceiYiQg VWaQdaUd chRZ dieW (VWaQdaUd dieW #1320, AOWURPiQ, Lage, GeUPaQ\) aQd WaS ZaWeU ad OibiWXP. 

AQiPaOV ZeUe WUeaWed iQ accRUdaQce ZiWh Whe NaWiRQaO IQVWUXcWiRQV Rf HeaOWh (NIH) GXide fRU Whe CaUe aQd 

UVe Rf LabRUaWRU\ AQiPaOV aQd ZiWh Whe WeOfaUe gXideOiQeV aQd Whe GeUPaQ OaZ fRU Whe SURWecWiRQ Rf aQiPaOV. 

The VWXd\ ZaV aSSURYed b\ Whe UegiRQaO cRPPiVViRQ iQ chaUge. 
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Renal denervation procedure (RDN) 

RDN ZaV SeUfRUPed iQ SHRRb aW Whe age Rf 32 ZeeNV (SHRRbRDN) WR iQYeVWigaWe Whe UROe Rf UeQaO 

V\PSaWheWic iQQeUYaWiRQ RQ Whe deYeORSPeQW Rf heSaWic eQd-RUgaQ daPage. BRWh NidQe\V ZeUe aSSURached 

WhURXgh PediaO OaSaURWRP\ aQd UeWURSeUiWRQeaO iQciViRQV XQdeU geQeUaO aQeVWheVia ZiWh 2.5% iVRfOXUaQe. ReQaO 

deQeUYaWiRQ ZaV SeUfRUPed RQ bRWh NidQe\V b\ cXWWiQg Whe YiVibOe QeUYeV iQ Whe aUea Rf Whe UeQaO hiOXP aQd 

VWUiSSiQg fURP Whe adYeQWiWia Rf Whe UeQaO aUWeUieV, Zhich ZaV fROORZed b\ PRiVWeQiQg Whe aUea ZiWh a 20% 

SheQRO/eWhaQRO VROXWiRQ aV deVcUibed SUeYiRXVO\ (21). ShaP-RSeUaWiRQV ZeUe SeUfRUPed RQ SHRRb aQd 

cRQWUROV iQ cRPSaUiVRQ ZiWh SHRRbRDN. IPSOaQWaWiRQ Rf WeOePeWUic VeQVRUV (TL11M2-C50-PXT PMP, DaWa 

ScieQceV IQWeUQaWiRQaO, SW. PaXO, MN) acTXiUiQg V\VWROic aQd diaVWROic bORRd SUeVVXUe aQd heaUW UaWe fRU 100 

da\V, ZaV SeUfRUPed ViPXOWaQeRXVO\ ZiWh Whe RDN SURcedXUe (21). FRU aQaO\ViV aQd daWa SORWWiQg a FRXUieU-

WUaQVfRUPaWiRQ ZaV aSSOied WR Whe UaZ daWa XViQg Whe YeQdRU VRfWZaUe (DaWaTXeVW A.R.T., V4.0) aV deVcUibed 

befRUe (20-21).  

 

Measurement of blood parameters 

BORRd VaPSOeV ZeUe RbWaiQed fRU PeWabROic chaUacWeUi]aWiRQ fURP Whe UeWUR-RUbiWaO SOe[XV XQdeU OighW 

aQeVWheVia (3.5% iVRfOXUaQe) aW Whe age Rf 42 ZeeNV. BORRd gOXcRVe aQd gO\caWed hePRgORbiQ (HbA1c) ZeUe 

PeaVXUed XViQg VWaQdaUd NiWV (CRbaV IQWegUa, RRche DiagQRVWicV, MaQQheiP, GeUPaQ\). AOVR, RUaO gOXcRVe 

WROeUaQce WeVWiQg ZaV SeUfRUPed aW Whe WiPe. 

 

Cardiac invasive and functional measurements 

AW 45 ZeeNV Rf age, caUdiac LV-fXQcWiRQ ZaV aVVeVVed b\ caUdiac PagQeWic UeVRQaQce iPagiQg (MRI), 

fROORZed b\ iQYaViYe LV-SUeVVXUe PeaVXUePeQWV XQdeU aQeVWheVia (21). AfWeUZaUdV Whe aQiPaOV ZeUe 

VacUificed aV deVcUibed befRUe (20-21).  

 

Asservation of blood and tissue samples 

AfWeU cRPSOeWiRQ Rf iQYaViYe fXQcWiRQaO PeaVXUePeQWV, bORRd ZaV e[WUacWed fURP Whe aRUWa aQd VWRUed aW -80�C 

XQWiO fXUWheU aQaO\ViV. LiYeUV ZeUe UaSidO\ UePRYed aQd e[VaQgXiQaWed, aOiTXRWV Rf OiYeU WiVVXe ZeUe VQaS-
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fUR]eQ iQ OiTXid QiWURgeQ aQd VWRUed aW -80�C. FiQaOO\, Whe aQiPaOV ZeUe VacUificed b\ TXicN e[ciViRQ Rf Whe 

heaUWV XQdeU cRQWiQXed deeS aQeVWheVia. KidQe\ aQd OiYeU WiVVXeV ZeUe XVed fRU QRUeSiQeShUiQe PeaVXUePeQW 

b\ high-SUeVVXUe-OiTXid-chURPaWRgUaSh\ (HPLC) aV deVcUibed befRUe (21). 

 

Histopathological anal\sis of liver tissue 

A SaUW Rf Whe UighW OiYeU ORbe ZaV UeVecWed aQd fi[ed iQ bXffeUed 4% SaUafRUPaOdeh\de fRU 24 hRXUV aQd 

ePbedded iQ SaUaffiQ fRU hiVWRSaWhRORgicaO eYaOXaWiRQ. LiYeU cURVV VecWiRQV ZeUe cXW aW 3 �P, deSaUaffiQi]ed, 

Ueh\dUaWed, aQd VWaiQed ZiWh hePaWR[\OiQ aQd eRViQ (#2C-163, WaOdecN, M�QVWeU, GeUPaQ\) fRU 

PRUShRPeWUic eYaOXaWiRQ aQd ZiWh PicUR-SiUiXV Red (#13422.00500, MRUShiVWR, FUaQNfXUW aP MaiQ, 

GeUPaQ\) fRU fibUiOOaU cROOageQ. The fUacWiRQaO aUea Rf cROOageQ cRQWeQW iQ OiYeU WiVVXe ZaV PeaVXUed ZiWh Whe 

iPage aQaO\ViV VRfWZaUe LXcia G (NiNRQ, D�VVeOdRUf, GeUPaQ\). HeSaWic VWeaWRViV ZaV VcRUed iQ a bOiQded 

faVhiRQ b\ a SUeYiRXVO\ deVcUibed PeWhRd (49): LiYeU VaPSOeV ZiWh QR aSSUeciabOe faW dURSOeWV ZeUe VcRUed 

gUade 0, WiVVXeV ZiWh feZ VPaOO faW dURSOeWV QeaU Whe SRUWaO UegiRQ defiQed gUade 1, PaQ\ faW dURSOeWV Rf 

PRdeUaWe Vi]e QeaU Pid]RQaO aQd SRUWaO UegiRQV UeceiYed gUade 2, aQd PaQ\ OaUge faW dURSOeWV diVWUibXWed 

WhURXghRXW Whe WiVVXe VaPSOe ZeUe VcRUed gUade 3. 

 

ImmunoÀuorescence anal\sis for liver RAGE 

TR deWecW RAGE e[SUeVViRQ, RAGE iPPXQRVWaiQiQgV RQ 3 ȝP SaUaf¿Q VecWiRQV Rf OiYeU WiVVXe ZeUe SeUfRUPed 

XViQg heaW-PediaWed aQWigeQ UeWUieYaO ZiWh 0.05% ciWUacRQic aQh\dUide VROXWiRQ fROORZed b\ RYeUQighW 

iQcXbaWiRQ aW 4 �C ZiWh Whe 1:100 diOXWed SUiPaU\ aQWibRd\ (AbcaP; ab37647, UabbiW SRO\cORQaO WR RAGE) 

aQd iQcXbaWiRQ ZiWh Whe aSSURSUiaWe VecRQdaU\ aQWibRd\ (TRITC-cRQjXgaWed aQWi-UabbiW IgG (DiaQRYa, 

GeUPaQ\)) aW 37 �C fRU 1 h (diOXWiRQ 1:30). 1[PBS bXffeU ZiWh 0.1% TZeeQ 20 ZaV XVed fRU ZaVhiQg VWeSV. 

SecWiRQV ZeUe cRXQWeUVWaiQed ZiWh DAPI (CaObiRcheP, GeUPaQ\) aQd PRXQWed ZiWh fOXRUeVceQW PRXQWiQg 

PediXP (VecWaVhieOd, VecWRU LabRUaWRUieV, USA) fRU fOXRUeVceQce PicURVcRSic aQaO\ViV. AOO VecWiRQV ZeUe 

eYaOXaWed XViQg a NiNRQ EcOiSVe eSifOXRUeVceQce PicURVcRSe (NiNRQ, GeUPaQ\) ZiWh aSSURSUiaWe fiOWeUV aW 

100[ aQd 400[ PagQificaWiRQ.  
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Western blot 

HXPaQ SOaVPa VaPSOeV ZeUe diOXWed 1:50 aQd UaW OiYeU VaPSOeV ZeUe hRPRgeQi]ed ZiWh e[WUacWiRQ bXffeU (10 

PPRO/O cacRd\Oic acid (SH 5.0), 0.15 PRO/O NaCO, 1 ȝPRO/O ZQCO2, 20 PPRO/O CaCO2, 1.5 PPRO/O NaN3, aQd 

0.01% (Y/Y) TUiWRQ X-100) aQd Pi[ed 2:1 Y/Y ZiWh SDS-PAGE ORadiQg bXffeU. The VaPSOeV ZeUe deQaWXUed 

(95�C, 5 PiQ), VeSaUaWed RQ 10-12% SDS SRO\acU\OaPide eOecWURShRUeViV geOV (OiYeU WiVVXe 25 �g/OaQe, diOXWed 

SOaVPa VaPSOeV 10 �O/OaQe), aQd WUaQVfeUUed WR QiWURceOOXORVe PePbUaQeV (PURWUaQ�, SchOeicheU & SchXeOO 

GPbH, DaVVeO, GeUPaQ\) b\ VePi-dU\ eOecWURShRUeWic bORWWiQg aQd VXbjecWed WR WeVWeUQ bORW aQaO\ViV. 

MePbUaQeV ZeUe bORcNed ZiWh 0.1% WeVWeUQ BORcNiQg ReageQW (RRche, MaQQheiP, GeUPaQ\) fROORZed b\ 

iQcXbaWiRQ ZiWh SUiPaU\ aQWibRdieV fRU RAGE/VRAGE (ab37647, UabbiW SRO\cORQaO WR RAGE, 1:1000 diOXWiRQ, 

AbcaP, CaPbUidge, UK), HMGB1 (ab18256, UabbiW SRO\cORQaO WR HMGB1, 1:1000, AbcaP), CML (ab 27684, 

UabbiW SRO\cORQaO WR CML, 1:2000, AbcaP), BAX (Vc-7480, PRXVe PRQRcORQaO WR BAX, 1:1000, SaQWa CUX]), 

BcO-2 (Vc-492, UabbiW SRO\cORQaO WR BcO-2, 1:1000, SaQWa CUX]), W\URViQe h\dUR[\OaVe (ab112, UabbiW-

PRQRcORQaO, 1:1000, AbcaP) aQd ShRVShR-S40-W\URViQe h\dUR[\OaVe (ab51206, UabbiW-SRO\cORQaO, 1:1000, 

AbcaP), ADAM-10 (ab1997, UabbiW SRO\cORQaO WR acWiYe aQd OaWeQW ADAM-10, 1:1000, AbcaP), MMP-9 (IM 

10L, UabbiW SRO\cORQaO WR acWiYe aQd OaWeQW MMP-9, 1:1000, CaObiRcheP), TIMP-1 (IM32L, PRXVe PRQRcORQaO 

WR TIMP-1, 1:1000, CaObiRcheP), CROOageQ I (1310-01, gRaW-aQWi-cROOageQ W\Se I, 1:1000, SRXWheUQ BiRWech), 

CROOageQ III (1330-01, gRaW-aQWi-cROOageQ W\Se III, 1:1000, SRXWheUQ BiRWech), ADRP (10R-A117A, PRXVe 

PRQRcORQaO WR ADRP 1:1000, FiW]geUaOd) aW 4�C fRU 12-16h. The gRaW aQWi-UabbiW, gRaW aQWi-PRXVe aQd UabbiW 

aQWi-gRaW VecRQdaU\ aQWibRdieV ZeUe diOXWed 1:10000 aQd iQcXbaWed fRU 60 PiQ aW RT. PURWeiQV ZeUe YiVXaOi]ed 

b\ eQhaQced chePiOXPiQeVceQce (APeUVhaP PhaUPacia BiRWech, FUeibXUg, GeUPaQ\). MePbUaQeV ZiWh OiYeU 

WiVVXe VaPSOeV ZeUe VWUiSSed afWeUZaUdV aQd aQaO\]ed fRU GAPDH aV ORadiQg cRQWURO: WZice VWUiSSed fRU 15 

PiQXWeV aW 56�C ZiWh VWUiSSiQg bXffeU (62.5 QM TUiV-HCO (SH 6.8), 2%SDS, 0.1 M 2-PeUcaSWReWhaQRO), WheQ 

WhRURXghO\ ZaVhed ZiWh 1[PBS (iQ PPRO/L: NaCO 170, KCO 33, Na2HPO4 40 aQd KH2PO4 18, SH 7.2) fRU 

aW OeaVW RQe hRXU aQd bORcNed agaiQ iQ ShRVShaWe bXffeUed VaOiQe (PBS) cRQWaiQiQg 5% QRQfaW dU\ PiON fRU 120 

PiQ aW URRP WePSeUaWXUe. AXWRUadiRgUaShV ZeUe TXaQWified b\ iPagiQg deQViWRPeWU\ aQd aQaO\Ved b\ Whe 

³LabWRUNV 4.6³- SRfWZaUe (LabWRUNV IPage AcTXiViWiRQ aQd AQaO\ViV SRfWZaUe, UVP BiRIPagiQg S\VWePV, 
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CaPbUidge, UK). DaWa aUe SUeVeQWed aV aUbiWUaU\ XQiWV (AU) QRUPaOi]ed WR GAPDH aQd a cRQWURO VaPSOe fRU 

OiYeU VaPSOeV RU WR SOaVPa aObXPiQ cRQceQWUaWiRQV fRU hXPaQ SOaVPa VaPSOeV. 

 

CELL CULTURE 

HepG2 culture conditions 

HXPaQ heSaWRPa HeSG2 ceOOV (SigPa-AOdUich, GeUPaQ\) ZeUe cXOWXUed RQ XQcRaWed 6-ZeOO diVheV iQ 2PO 

DMEM PediXP +10%FBS iQ hXPidified aiU (5% CO2) aW 37�C XQWiO 80% cRQfOXeQc\, WheQ Whe ceOO cXOWXUe 

PediXP ZaV UeSOaced b\ a ORZ FBS hXQgeU PediXP (0.1% FBS) fRU 24 hRXUV, fROORZed b\ a 72 hRXUV 

VWiPXOaWiRQ SeUiRd  ZiWh iVRSURWeUeQRO (0.1 XPRO/O) iQ Whe SUeVeQce RU abVeQce Rf �-adUeQeUgic UeceSWRU 

aQWagRQiVWV ZiWh diffeUiQg VeOecWiYiW\ (�1-VeOecWiYe CGP 201712A, �2-VeOecWiYe ICI 118.551; SigPa-AOdUich 

GeUPaQ\) RU UecRPbiQaQW VRAGE (5 Qg/PO; BiRVeQdRU, GeUPaQ\). 

 

Cell fractionation and Western blotting 

The ceOO cXOWXUe VXSeUQaWaQW Rf Whe VWiPXOaWed HeSG2 ceOOV ZaV aVVeUYed eYeU\ 24 hRXUV fRU 3 da\V aQd 

e[aPiQed fRU VRAGE UeOeaVe. The HeSG2 ceOOV ZeUe haUYeVWed afWeU 72 hRXUV Rf VWiPXOaWiRQ aQd fXUWheU 

SURceVVed fRU ceOO fUacWiRQaWiRQ aQd WeVWeUQ bORWWiQg. The ceOOV ZeUe ZaVhed ZiWh ice-cROd PBS, SH 7.4 aQd 

ceOO SeOOeWV UeVXVSeQded iQ h\SRWRQic bXffeU (iQ PPRO/O: TUiV 5, EDTA 1, MgCO2 5, SH 8.0, PMSF 1, LeXSeSWiQ 

1; ASURWiQiQ 5 Xg/PO). AfWeU iQcXbaWiRQ fRU 15 PiQXWeV aW 4�C, ceOO SeOOeWV ZeUe VXbjecWed WR 100000 g 

XOWUaceQWUifXgaWiRQ (1h, 4 �C) WR RbWaiQ a "c\WRVROic" (VXSeUQaWaQW) aQd "PePbUaQRXV" fUacWiRQ (SeOOeW). 

The PePbUaQe fUacWiRQ ZaV UeVXVSeQded iQ 100 �O h\SRWRQic bXffeU. MePbUaQe fUacWiRQ aQd ceOO cXOWXUe 

VXSeUQaWaQW ZeUe aQaO\]ed fRU RAGE/VRAGE cRQWeQW b\ WeVWeUQ bORW aQaO\ViV, ceOO hRPRgeQaWeV fRU ADRP 

SURWeiQ UegXOaWiRQ. The XQifRUP WRWaO SURWeiQ ORadiQg RQ Whe geO (50 �g/OaQe) ZaV cRQWUROOed b\ PRQceaX Red 

VWaiQiQg (DiaQRYa, GeUPaQ\) fRU PePbUaQe fUacWiRQ aQd GAPDH fRU hRPRgeQaWeV. The daWa aUe SUeVeQWed aV 

aUbiWUaU\ XQiWV (AU) iQ SeUceQW Rf a cRQWURO, XQOeVV RWheUZiVe VWaWed. 

 

Cell fi[ing and Oil Red staining 
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72 hRXUV afWeU UeSeaWed VWiPXOaWiRQV (eYeU\ 24 hRXUV), HeSG2 ceOOV ZeUe fi[ed iQ 10% (Y/Y) fRUPaOdeh\de fRU 

aW OeaVW 2h aW URRP WePSeUaWXUe. AfWeUZaUdV, fi[ed ceOOV ZeUe UiQVed iQ diVWiOOed ZaWeU, SeUPebeaOi]ed ZiWh 

0.1% PBS-TZeeQ aQd WheQ VWaiQed ZiWh OiO Red VROXWiRQ fRU OiSid VWaiQiQg fRU 2hRXUV, fROORZed b\ a ZaVh 

VWeS ZiWh aTXa deVW. PhRWRgUaShic iPageV ZeUe WaNeQ Rf WhUee UaQdRP fieOdV Rf each VWaiQed VSeciPeQ XViQg a 

NiNRQ E600 eSifOXRUeVceQce PicURVcRSe (NiNRQ, GeUPaQ\). 

 

Cell fi[ing and ADRP immunofluorescence staining 

CeOOV ZeUe ZaVhed WZR WiPeV ZiWh 1PO PBS (NaCO 137 PM, KCO 2.7 PM; Na2HPO4 10PM, KH2PO4 

7,4PM) afWeU Zhich 100 �O Rf 4% SaUafRUPaOdeh\de (PFA) VROXWiRQ ZaV added. CeOOV ZeUe fi[ed fRU 10 

PiQXWeV aW URRP WePSeUaWXUe fROORZed b\ 2 ZaVheV XViQg PBS. CeOOV ZeUe VWaiQed fRU ADRP (AbcaP, 

ab52356, 1:500 diOXWiRQ) aW URRP WePSeUaWXUe RYeUQighW  fROORZed b\ 3 ZaVheV ZiWh 0.1% PBS-TZeeQ, 

iQcXbaWiRQ ZiWh a FITC-OabeOed aQWi-UabbiW VecRQdaU\ aQWibRd\ fRU 2 hRXUV, 3 ZaVheV ZiWh 0.1% PBS-TZeeQ 

aQd 2 ZaVheV ZiWh PBS, WheQ PRXQWed ZiWh fOXRUeVceQW PRXQWiQg PediXP ZiWh DAPI (VecWaVhieOd, VecWRU 

LabRUaWRUieV, USA). PUeSaUed SOaWeV ZeUe NeSW aW 4�C aQd SURWecWed fURP OighW SUiRU WR iPagiQg. RaQdRP 

VecWiRQV ZeUe eYaOXaWed XViQg a NiNRQ E600 eSifOXRUeVceQce PicURVcRSe (NiNRQ, GeUPaQ\). 

 

HUMAN DATA 

Renal denervation in h\pertensive patients 

POaVPa VaPSOeV fURP 20 cRQVecXWiYe SaWieQWV, ZhR XQdeUZeQW biOaWeUaO UeQaO deQeUYaWiRQ (RDN) aQd ZeUe 

cOaVVified aV ³RDN-UeVSRQdeUV´ fURP Whe S\PSOiciW\ E[WeQViRQ SWXd\ (NCT 01888315) eQUROOed beWZeeQ 

OcWRbeU 2012 aQd FebUXaU\ 2014 ZeUe aVVeVVed fRU SOaVPa VRAGE OeYeOV. The iQcOXded SaWieQWV had UeViVWaQW 

h\SeUWeQViRQ accRUdiQg WR Whe gXideOiQeV Rf Whe EXURSeaQ SRcieW\ Rf H\SeUWeQViRQ/EXURSeaQ SRcieW\ Rf 

CaUdiRORg\: S\VWROic bORRd SUeVVXUe (SBP) � 140 PPHg deVSiWe WUeaWPeQW ZiWh aW OeaVW WhUee aQWih\SeUWeQViYe 

dUXgV iQcOXdiQg a diXUeWic. H\SeUWeQViRQ ZaV cRQfiUPed b\ 24-hRXU aPbXOaWRU\ bORRd SUeVVXUe PeaVXUePeQWV 

(ABPM). Ph\VicaO e[aPiQaWiRQ aQd bORRd SUeVVXUe PeaVXUePeQWV ZeUe SeUfRUPed aW baVeOiQe aQd fROORZ-XS 

YiViWV, aV ZeOO aV a bORRd VaPSOiQg aW baVeOiQe aQd aW VXbVeTXeQW fROORZ-XS afWeU 6 PRQWhV. The gORPeUXOaU 

fiOWUaWiRQ UaWe (GFR) ZaV deWeUPiQed b\ c\VWaWiQ C PeaVXUePeQWV. ABPM ZeUe SeUfRUPed ZiWh aQ aXWRPaWed 
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RVciOORPeWUic deYice (SSaceOabV 90207, SSaceOabV HeaOWhcaUe, SQRTXaOPie, WaVhiQgWRQ, USA) accRUdiQg WR 

cXUUeQW gXideOiQeV (50). AQ adeTXaWe UeVSRQVe WR RDN ZaV defiQed aV a UedXcWiRQ Rf V\VWROic aPbXOaWRU\ bORRd 

SUeVVXUe �5 PPHg iQ 24h-ABPM afWeU 6 PRQWhV (51). RDN ZaV SeUfRUPed ZiWh a PRQR-eOecWURde 

UadiRfUeTXeQc\ caWheWeU (S\PSOiciW\ FOe[, MedWURQic VaVcXOaU, SaQWa RRVa, CaOifRUQia, USA). AOO SURcedXUeV 

ZeUe SeUfRUPed b\ e[SeUieQced iQWeUYeQWiRQaOiVWV (� 10 RDN SURcedXUeV SeU \eaU). AOO SaWieQWV had giYeQ 

ZUiWWeQ iQfRUPed cRQVeQW aQd Whe VWXd\ ZaV aSSURYed b\ Whe ORcaO eWhicV cRPPiWWee. 

 

Statistical anal\sis 

DaWa aUe e[SUeVVed aV PeaQ � SEM. SWaWiVWicaO VigQificaQce ZaV eVWiPaWed ZiWh 2-Za\-ANOVA ZiWh SRVW-

hRc-WeVWV, aV aSSURSUiaWe. The VWaWiVWicaO aQaO\VeV ZeUe cRUUecWed fRU PXOWiSOe cRPSaUiVRQV. NRUPaO diVWUibXWiRQ 

Rf daWa ZaV WeVWed b\ KROPRgRURY-SPiUQRY aQd LiOOiefRUV WeVW, cRUUeOaWiRQ aQaO\VeV ZeUe SeUfRUPed XViQg 

SSeaUPaQ UaQN cRUUeOaWiRQ cRefficieQWV RU PeaUVRQ�V cRUUeOaWiRQV ZheUe aSSURSUiaWe. FROORZ-XS PeaVXUePeQWV 

iQ SaWieQWV ZeUe aQaO\]ed ZiWh a SaiUed W-WeVW. A SURbabiOiW\ YaOXe <0.05 ZaV cRQVideUed VigQificaQW. SWaWiVWicaO 

aQaO\ViV ZaV SeUfRUPed ZiWh GUaSh Pad PUiVP (YeUViRQ 5.0; GUaShPad SRfWZaUe, SaQ DiegR CaOifRUQia, USA). 
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Figure legends: 

Figure 1: Liver norepinephrine levels 

A) QXaQWificaWiRQ Rf OiYeU QRUeSiQeShUiQe iQ OiYeU hRPRgeQaWeV fURP cRQWUROV (Q=5), SHRRb (Q=5) aQd 

SHRRbRDN (Q=5) b\ HPLC. *S<0.05 YeUVXV CRQWURO. #S<0.05 YeUVXV SHRRb. B) ReSUeVeQWaWiYe WeVWeUQ 

bORW (XSSeU SaQeO) aQd TXaQWificaWiRQ Rf W\URViQe h\dUR[\OaVe (TH) acWiYiW\ aV ShRVShR-TH/WRWaO TH UaWiR 

(ORZeU SaQeO) iQ OiYeU hRPRgeQaWeV fURP cRQWUROV (Q=5), SHRRb (Q=5) aQd SHRRbRDN (Q=5). #S<0.05 YeUVXV 

SHRRb. C) CRUUeOaWiRQ beWZeeQ UeQaO QRUeSiQeShUiQe cRQWeQW aQd OiYeU W\URViQe h\dUR[\OaVe acWiYiW\ iQ 

SHRRb aQd SHRRbRDN (Q=10). SSeaUPaQ cRUUeOaWiRQ (S-YaOXe). D) CRUUeOaWiRQ beWZeeQ OiYeU QRUeSiQeShUiQe 

cRQWeQW aQd OiYeU W\URViQe h\dUR[\OaVe acWiYiW\ iQ SHRRb aQd SHRRbRDN (Q=10). SSeaUPaQ cRUUeOaWiRQ (S-

YaOXe). E) CRUUeOaWiRQ beWZeeQ UeQaO QRUeSiQeShUiQe cRQWeQW aQd OiYeU QRUeSiQeShUiQe cRQWeQW iQ SHRRb aQd 

SHRRbRDN (Q=10). SSeaUPaQ cRUUeOaWiRQ (S-YaOXe). F) QXaQWificaWiRQ Rf �1-AR (XSSeU SaQeO), �2-AR 

(PiddOe SaQeO) aQd �3-AR (ORZeU SaQeO) b\ WeVWeUQ bORW iQ OiYeU hRPRgeQaWeV fURP QRUPRWeQViYe OeaQ 

cRQWUROV (Q=5), SHRRb (Q=5) aQd SHRRbRDN (Q=5). �1-AR, �2-AR aQd �3-AR iQ aUbiWUaU\ XQiWV (AU) 

QRUPaOi]ed WR GAPDH. *S<0.05 YeUVXV CRQWURO. 

 

Figure 2: Hepatic steatosis, fibrosis and liver injur\ 

A) ReSUeVeQWaWiYe hiVWRORgicaO SicWXUeV (HePaWR[\OOiQ-ERViQ VWaiQiQg) iQ OiYeU VaPSOeV Rf cRQWURO UaWV (XSSeU 

SaQeO), SHRRb (PiddOe SaQeO) aQd SHRRbRDN UaWV (ORZeU SaQeO) (Q=5 each gURXS). MagQificaWiRQ 100[. 

ScaOe baUV 100 �P. B) SWeaWRViV VcRUe iQ QRUPRWeQViYe cRQWUROV (Q=5), SHRRb (Q=5) aQd SHRRbRDN (Q=5). 



26 
 

*S<0.05 YeUVXV CRQWURO; #S<0.05 YeUVXV SHRRb. C) ReSUeVeQWaWiYe WeVWeUQ bORW (XSSeU SaQeO) aQd 

TXaQWificaWiRQ Rf ADRP (ORZeU SaQeO) iQ OiYeU hRPRgeQaWeV fURP QRUPRWeQViYe cRQWUROV (Q=5), SHRRb (Q=5) 

aQd SHRRbRDN (Q=5). ADRP iQ aUbiWUaU\ XQiWV (AU) QRUPaOi]ed WR GAPDH. *S<0.05 YeUVXV CRQWURO; 

#S<0.05 YeUVXV SHRRb.  

LiYeU ceOO deaWh aV aVVeVVed b\ BAX/BCL: D) ReSUeVeQWaWiYe WeVWeUQ bORW (XSSeU SaQeO) aQd TXaQWificaWiRQ 

Rf BAX (ORZeU SaQeO) iQ OiYeU hRPRgeQaWeV fURP QRUPRWeQViYe cRQWUROV (Q=5), SHRRb (Q=5) aQd SHRRbRDN 

(Q=5). E) ReSUeVeQWaWiYe WeVWeUQ bORW (XSSeU SaQeO) aQd TXaQWificaWiRQ Rf BcO-2 (ORZeU SaQeO) iQ OiYeU 

hRPRgeQaWeV fURP QRUPRWeQViYe cRQWUROV (Q=5), SHRRb (Q=5) aQd SHRRbRDN (Q=5). BAX aQd BcO iQ 

aUbiWUaU\ XQiWV (AU) QRUPaOi]ed WR GAPDH. *S<0.05 YeUVXV CRQWURO; #S<0.05 YeUVXV SHRRb. 

F) ReSUeVeQWaWiYe hiVWRORgicaO SicWXUeV (PicUR-SiUiXV Red VWaiQiQg) iQ OiYeU VaPSOeV Rf cRQWURO UaWV (XSSeU 

SaQeO), SHRRb (PiddOe SaQeO) aQd SHRRbRDN UaWV (ORZeU SaQeO) (Q=4 each gURXS). MagQificaWiRQ 40[. ScaOe 

baUV 100 �P. G) QXaQWificaWiRQ Rf OiYeU iQWeUVWiWiaO aQd SeUiSRUWaO/SeUiYaVcXOaU fibURWic aUea (%). *S<0.05 

YeUVXV CRQWURO; #S<0.05 YeUVXV SHRRb. H) ReSUeVeQWaWiYe WeVWeUQ bORW (XSSeU SaQeO; iPageV fURP diffeUeQW 

SaUWV Rf Whe VaPe geO) aQd TXaQWificaWiRQ Rf cROOageQ W\Se I (ORZeU SaQeO) iQ OiYeU hRPRgeQaWeV fURP 

QRUPRWeQViYe cRQWUROV (Q=5), SHRRb (Q=5) aQd SHRRbRDN (Q=5). CROOageQ W\Se I iQ aUbiWUaU\ XQiWV (AU) 

QRUPaOi]ed WR GAPDH. *S<0.05 YeUVXV CRQWURO; #S<0.05 YeUVXV SHRRb. I) ReSUeVeQWaWiYe WeVWeUQ bORW 

(XSSeU SaQeO) aQd TXaQWificaWiRQ Rf cROOageQ W\Se III (ORZeU SaQeO) iQ OiYeU hRPRgeQaWeV fURP QRUPRWeQViYe 

cRQWUROV (Q=5), SHRRb (Q=5) aQd SHRRbRDN (Q=5). CROOageQ W\Se III iQ aUbiWUaU\ XQiWV (AU) QRUPaOi]ed WR 

GAPDH.  

 

Figure 3: Liver RAGE/sRAGE, RAGE-ligands (CML, HMGB1) and sRAGE shedding mechanisms. 

A) ReSUeVeQWaWiYe WeVWeUQ bORW (iPageV fURP diffeUeQW SaUWV Rf Whe VaPe geO) aQd B) TXaQWificaWiRQ Rf RAGE 

aQd C) VRAGE iQ OiYeU hRPRgeQaWeV fURP cRQWUROV (Q=5), SHRRb (Q=5) aQd SHRRbRDN (Q=5). D) 

ReSUeVeQWaWiYe WeVWeUQ bORW (XSSeU SaQeO) aQd TXaQWificaWiRQ Rf eVRAGE (ORZeU SaQeO) iQ OiYeU hRPRgeQaWeV 

fURP cRQWUROV (Q=5), SHRRb (Q=5) aQd SHRRbRDN (Q=5). RAGE, VRAGE aQd eVRAGE iQ aUbiWUaU\ XQiWV 

(AU) QRUPaOi]ed WR GAPDH. *S<0.05 YeUVXV CRQWURO; #S<0.05 YeUVXV SHRRb. E) ReSUeVeQWaWiYe fOXRUeVceQce 

PicURVcRS\ fRU RAGE (Ued), heSaWRc\We aXWRfOXRUeVceQce (gUeeQ) aQd QXcOei (VWaiQed bOXe b\ DAPI) iQ OiYeU 
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VaPSOeV Rf cRQWURO UaWV (OefW SaQeO), SHRRb (PiddOe SaQeO) aQd SHRRbRDN UaWV (UighW SaQeO) (Q=4 each 

gURXS). MagQificaWiRQ 100[. ScaOe baUV 100 �P. F) CRUUeOaWiRQ beWZeeQ beWZeeQ OiYeU RAGE aQd OiYeU 

cROOageQ I e[SUeVViRQ (OefW SaQeO) aQd OiYeU VRAGE cRQWeQW aQd OiYeU cROOageQ I e[SUeVViRQ (UighW SaQeO) iQ 

SHRRb aQd SHRRbRDN (Q=10). SSeaUPaQ cRUUeOaWiRQ (S-YaOXe). G) CRUUeOaWiRQ beWZeeQ OiYeU BAX 

e[SUeVViRQ aQd OiYeU RAGE e[SUeVViRQ (OefW SaQeO) aQd beWZeeQ OiYeU BAX e[SUeVViRQ aQd OiYeU VRAGE 

e[SUeVViRQ (UighW SaQeO) iQ SHRRb aQd SHRRbRDN (Q=10). SSeaUPaQ cRUUeOaWiRQ (S-YaOXe). H) 

ReSUeVeQWaWiYe WeVWeUQ bORW Rf heSaWic CML-PRdified SURWeiQV (XSSeU SaQeO) aQd TXaQWificaWiRQ Rf CML 

(ORZeU SaQeO) iQ QRUPRWeQViYe cRQWUROV (Q=5), SHRRb (Q=5) aQd SHRRbRDN (Q=5). CML iQ aUbiWUaU\ XQiWV 

(AU) QRUPaOi]ed WR GAPDH. *S<0.05 YeUVXV CRQWURO; #S<0.05 YeUVXV SHRRb. I) ReSUeVeQWaWiYe WeVWeUQ bORW 

Rf heSaWic HMGB1 (XSSeU SaQeO) aQd TXaQWificaWiRQ Rf HMGB1 (ORZeU SaQeO) iQ cRQWUROV (Q=5), SHRRb (Q=5) 

aQd SHRRbRDN (Q=5). HMGB1 iQ aUbiWUaU\ XQiWV (AU) QRUPaOi]ed WR GAPDH. *S<0.05 YeUVXV CRQWURO; 

#S<0.05 YeUVXV SHRRb. J) ReSUeVeQWaWiYe WeVWeUQ bORW (XSSeU SaQeO) aQd TXaQWificaWiRQ Rf TIMP-1 iQ OiYeU 

hRPRgeQaWeV (ORZeU SaQeO) fURP cRQWUROV (Q=5), SHR (Q=6), SHRRb (Q=5) aQd SHRRbRDN (Q=5). TIMP-1 

iQ aUbiWUaU\ XQiWV (AU) QRUPaOi]ed WR GAPDH. *S<0.05 YeUVXV CRQWURO; #S<0.05 YeUVXV SHRRb. K) 

CRUUeOaWiRQ beWZeeQ OiYeU TIMP-1 e[SUeVViRQ aQd OiYeU RAGE e[SUeVViRQ (OefW SaQeO) aQd beWZeeQ OiYeU 

TIMP-1 e[SUeVViRQ aQd OiYeU VRAGE e[SUeVViRQ (UighW SaQeO) iQ SHRRb aQd SHRRbRDN (Q=10). SSeaUPaQ 

cRUUeOaWiRQ (S-YaOXe). L) ReSUeVeQWaWiYe WeVWeUQ bORW (XSSeU SaQeO, iPageV fURP diffeUeQW SaUWV Rf Whe VaPe 

geO) aQd TXaQWificaWiRQ Rf acWiYe ADAM-10 (ORZeU SaQeO) iQ OiYeU hRPRgeQaWeV fURP cRQWUROV (Q=5), SHRRb 

(Q=5) aQd SHRRbRDN (Q=5). AcWiYe ADAM-10 iQ aUbiWUaU\ XQiWV (AU) QRUPaOi]ed WR GAPDH. *S<0.05 

YeUVXV CRQWURO; #S<0.05 YeUVXV SHRRb. M) ReSUeVeQWaWiYe WeVWeUQ bORW (XSSeU SaQeO; iPageV fURP diffeUeQW 

SaUWV Rf Whe VaPe geO) aQd TXaQWificaWiRQ Rf OaWeQW MMP-9 SURWeiQ (ORZeU SaQeO) iQ cRQWUROV (Q=5), SHRRb 

(Q=5) aQd SHRRbRDN (Q=5). MMP-9 iQ aUbiWUaU\ XQiWV (AU) QRUPaOi]ed WR GAPDH. LaWeQW MMP-9 fURP 

HT-1080 VXSeUQaWaQW VeUYed aV SRViWiYe cRQWURO.  

  

Figure 4: RAGE e[pression and lipid accumulation in HepG2. 

A) ReSUeVeQWaWiYe WeVWeUQ bORW (XSSeU SaQeO) aQd TXaQWificaWiRQ Rf PePbUaQe RAGE e[SUeVViRQ iQ HeSG2 

ceOOV (ORZeU SaQeO) UeSeaWedO\ VWiPXOaWed ZiWh iVRSURWeUeQRO (ISO) 0.1 XPRO/O (Q=4) iQ Whe SUeVeQce RU abVeQce 
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Rf CGP (�1-VeOecWiYe aQWagRQiVW; 0.3 XPRO/O) RU ICI (�2-VeOecWiYe aQWagRQiVW; 0.1 XPRO/O) fRU 72h eYeU\ 24h. 

RAGE e[SUeVViRQ iQ aUbiWUaU\ XQiWV (AU) QRUPaOi]ed WR PRQceaX Ued ZiWh Whe cRQWURO VaPSOe aVVigQed a YaOXe 

Rf 1. *S<0.05 YeUVXV CRQWURO aQd ISO+CGP. B) ReSUeVeQWaWiYe WeVWeUQ bORW (XSSeU SaQeO) aQd TXaQWificaWiRQ 

Rf VRAGE VecUeWiRQ iQ VXSeUQaWaQW Rf HeSG2 ceOOV (ORZeU SaQeO) UeSeaWedO\ VWiPXOaWed ZiWh iVRSURWeUeQRO 

(ISO) 0.1 XPRO/O (Q=4) iQ Whe SUeVeQce RU abVeQce Rf CGP (�1-VeOecWiYe aQWagRQiVW; 0.3 XPRO/O) RU ICI (�2-

VeOecWiYe aQWagRQiVW; 0.1 XPRO/O) fRU 72 h eYeU\ 24h. VRAGE e[SUeVViRQ iQ aUbiWUaU\ XQiWV (AU) QRUPaOi]ed WR 

ceOO SURWeiQ ZiWh Whe cRQWURO VaPSOe aVVigQed a YaOXe Rf 1. #S<0.05 YeUVXV CRQWURO aQd ISO+ICI. C) ADRP 

accXPXOaWiRQ iQ HeSG2 ceOOV UeSeaWedO\ VWiPXOaWed ZiWh iVRSURWeUeQRO (ISO) 0.1 XPRO/O (Q=5-8) iQ Whe SUeVeQce 

RU abVeQce Rf CGP (�1-VeOecWiYe aQWagRQiVW; 0.3 XPRO/O) RU ICI (�2-VeOecWiYe aQWagRQiVW; 0.1 XPRO/O) fRU 72 h 

eYeU\ 24h. ReSUeVeQWaWiYe WeVWeUQ bORW (XSSeU SaQeO) aQd TXaQWificaWiRQ Rf ADRP iQ HeSG2 ceOOV (ORZeU 

SaQeO). *S<0.05 YeUVXV CRQWURO aQd ISO+CGP. D) ReSUeVeQWaWiYe WeVWeUQ bORW (XSSeU SaQeO) aQd 

TXaQWificaWiRQ Rf ADRP iQ HeSG2 ceOOV (ORZeU SaQeO) UeSeaWedO\ WUeaWed ZiWh UecRPbiQaQW VRAGE (5Qg/PO) 

aQd iVRSURWeUeQRO (ISO) 0.1 XPRO/O (Q=5-8) fRU 72h eYeU\ 24h. VRAGE ZaV added 1h befRUe ISO VWiPXOaWiRQ. 

ADRP e[SUeVViRQ iQ aUbiWUaU\ XQiWV (AU) QRUPaOi]ed WR GAPDH ZiWh Whe cRQWURO VaPSOe aVVigQed a YaOXe Rf 

1. *S<0.05 YeUVXV CRQWURO aQd VRAGE+ISO. LiSid VSecific fRUPaWiRQ deWecWed b\ OiSid VSecific VWaiQV OiNe E) 

OiO Red VWaiQiQg aQd F) ADRP (gUeeQ fOXRUeVceQce) iPPXQRfOXRUeVceQW VWaiQiQg fRU ADRP aQd DAPI (bOXe) 

fRU QXcOei VWaiQiQg. ScaOe baUV 10 �P. 

 

 

Figure 5: RDN effects on plasma sRAGE and ALT activit\ in h\pertensive patients 

A) CRUUeOaWiRQ beWZeeQ OiYeU RAGE aQd SOaVPa ALT acWiYiW\ iQ SHRRb aQd SHRRbRDN (Q=10). SSeaUPaQ 

cRUUeOaWiRQ (S-YaOXe). B) CRUUeOaWiRQ beWZeeQ OiYeU VRAGE aQd SOaVPa ALT acWiYiW\ iQ SHRRb aQd 

SHRRbRDN (Q=10). SSeaUPaQ cRUUeOaWiRQ (S-YaOXe). C) 6 PRQWhV fROORZ-XS PeaVXUePeQWV Rf aPbXOaQW 

V\VWROic bORRd SUeVVXUe (ABP) iQ RDN UeVSRQdeUV (Q=20). P-YaOXe aV deWeUPiQed b\ SaiUed W-WeVW. D) 

ReSUeVeQWaWiYe WeVWeUQ bORW (XSSeU SaQeO) aQd 6 PRQWhV fROORZ-XS TXaQWificaWiRQ Rf SOaVPa VRAGE (ORZeU 

SaQeO) iQ RDN UeVSRQdeUV (Q=20). P-YaOXe aV deWeUPiQed b\ SaiUed W-WeVW. E) 6 PRQWhV fROORZ-XS PeaVXUePeQW 

Rf SOaVPa ALT acWiYiW\ iQ RDN UeVSRQdeUV (Q=20). P-YaOXe aV deWeUPiQed b\ SaiUed W-WeVW. F) ScaWWeU SORW 
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beWZeeQ BMI aQd ALT chaQge iQ RDN-UeVSRQdeUV (Q=20). PeaUVRQ cRUUeOaWiRQ (S-YaOXe). G) ScaWWeU SORW 

beWZeeQ SOaVPa VRAGE chaQge aQd ALT chaQge iQ RDN-UeVSRQdeUV (Q=20). PeaUVRQ cRUUeOaWiRQ (S-YaOXe). 
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Table 1: Metabolic parameters, left ventricular, renal and hepatic function 
 
 

 
GFR: gORPeUXOaU fiOWUaWiRQ UaWe; EF: OefW-YeQWUicXOaU ejecWiRQ fUacWiRQ; LVedP: LefW-VeQWUicXOaU eQd-diaVWROic PUeVVXUe; MAP: 
MeaQ AUWeUiaO PUeVVXUe; HR: HeaUW RaWe; SHRRb: SSRQWaQeRXVO\ H\SeUWeQViYe ObeVe RaW; SHRRbRDN: SSRQWaQeRXVO\ 
H\SeUWeQViYe ObeVe RaW ZiWh UeQaO deQeUYaWiRQ 
 
 
 
 

 Control 
n=5 

SHRob 
n=5-7 

SHRobRDN 
n=5-8 

CRQWURO 
VV. 

SHRRb 

SHRRb 
VV. 

SHRRb 
RDN 

CRQWURO 
VV. 

SHRRb 
RDN 

Parameters    P-value 
CUeaWiQiQe XPRO/O 22+1.1 27.0 + 2.7 16.25 + 2.5 0.296 0.0186 0.213 

GFR O/Ng/h 0.57+0.02 0.18 + 0.03 0.37 + 0.03 <0.0001 0.0012 0.0011 

EF (%) 65.0+1.85 45.7 + 1.6 54.1 + 1.2 0.0002 0.0294 0.0059 

LVedP PPHg 
 

3.84+1.04 14.56 + 2.6 5.8 + 2.1 0.02 0.046 0.777 

MAP 
PPHg 

122+4.0 229+3.3 172+ 12.3 <0.0001 0.001 0.0013 

HR bSP 
 

329+4.5 271+11.1 277+13.3 0.0064 0.93 0.006 

FaVWiQg IQVXOiQ 
Pg/PO 

729+90.2 10626 +1519 7930 + 1254 0.0002 0.369 0.0013 

FaVWiQg GOXcRVe 
PPRO/O 

4.9+0.2 5.98+0.17 5.13+0.37 0.074 0.128 0.871 

HbA1C % 3.97%+0.02 
 

3.66%+0.14 
 

3.65% + 0.15 
 

0.15 0.999 0.18 

ReQaO 
NRUeSiQeShUiQe 
Sg/Pg 

90.5+14.7 96.9 + 7.5 6.73 + 1.9 0.817 0.0009 0.0004 

AVSaUWaWe 
aPiQRWUaQVfeUaVe 
U/O 

123 + 8.7 120+ 7.2 109+ 12.2 0.984 0.767 0.616 

AOaQiQe 
aPiQRWUaQVfeUaVe 
U/L 

62+ 2 110+ 8.7 70+ 3.2 <0.0001 0.0003 0.512 

ChROeVWeURO  
PPRO/O 

3.73+ 0.15 9.73+ 0.4 9.56+ 0.8 <0.0001 0.975 <0.0001 

LDL 
PPRO/O 

1.13+ 0.09 4.09+ 0.3 3.59+ 0.5 0.0002 0.554 0.0005 

HDL 
PPRO/O 

1.69+ 0.1 2.63+ 0.12 2.91+ 0.12 0.0003 0.214 <0.0001 

TUigO\ceUideV 
PPRO/O 

1.55+ 0.12 5.3+ 0.4 4.93+ 1.1 0.028 0.946 0.029 
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Table 2: Liver interstitial fibrosis, steatosis, RAGE/sRAGE e[pression, RAGE-ligand  
levels (CML and HMGB1), liver cell injur\ and liver s\mpathoadrenergic s\stem. 
 

 
 
 
AU: AUbiWUaU\ UQiWV; VRAGE: VROXbOe ReceSWRU fRU AdYaQced GO\caWiRQ EQd SURdXcWV; eVRAGE: eQdRgeQRXV VecUeWRU\ ReceSWRU 
fRU AdYaQced GO\caWiRQ EQd SURdXcWV; CML: CaUbR[\-MeWh\O-L\ViQe; HMGB1: High MRbiOiW\ GURXS BR[1 SURWeiQ 
GAPDH: GO\ceUaOdeh\de 3-PhRVShaWe Deh\dURgeQaVe; ADRP: AdiSRVe-DiffeUeQWiaWiRQ-ReOaWed-PURWeiQ 
MMP: MaWUi[ MeWaOORSURWeiQaVe; SHRRb: SSRQWaQeRXVO\ H\SeUWeQViYe ObeVe RaW; SHRRbRDN: SSRQWaQeRXVO\ H\SeUWeQViYe 
ObeVe RaW ZiWh UeQaO deQeUYaWiRQ 

 Control 
n=5 

SHRob 
n=5-7 

SHRobRDN 
n=5-8 

CRQWURO 
YV. 

SHRRb 

SHRRb 
YV. 

SHRRb 
RDN 

CRQWURO 
YV. 

SHRRb 
RDN 

Parameters    p-value 
LiYeU fibURWic aUea % 0.74+ 0.07 1.23 + 0.01 0.92+ 0.05 <0.0001 0.0023 0.056 
LiYeU CROOageQ I 
AU/GAPDH 

0.4 + 0.09 1.39 + 0.11 0.6+ 0.2 0.0006 0.005 0.449 

LiYeU CROOageQ III 
AU/GAPDH 

2.78 + 1.1 0.82 + 0.11 0.66+ 0.17 0.112 0.983 0.083 

LiYeU VWeaWRViV 
GUadiQg 

0.36+ 0.1 1.59+ 0.17 0.65+ 0.19 0.0004 0.0024 0.499 

LiYeU ADRP 
AU/GAPDH 

0.54+ 0.05 2.08+ 0.36 0.88+ 0.36 0.008 0.033 0.71 

LiYeU VRAGE 
AU/GAPDH 

3.81+ 0.3 0.41+ 0.08 1.65+ 0.11 <0.0001 0.0018 <0.0001 

LiYeU RAGE 
AU/GAPDH 

0.83+ 0.36 5.73+ 0.41 3.63+ 0.62 <0.0001 0. 0227 0.0036 

LiYeU eVRAGE 
AU/GAPDH 

0.97+0.05 0.87+0.04 1.2+0.27 0.899 0.358 0.598 

LiYeU CML 
AU/GAPDH 

1.33+0.16 4.21+ 0.59 2.56+ 0.35 0.0008 0.034 0.121 

LiYeU HMGB1 
AU/GAPDH 

0.21+ 0.06 0.92+0.2 0.27+ 0.1 0.008 0.013 0.945 

LiYeU BAX 
AU/GAPDH 

0.06+0.004 1.59+ 0.13 0.97+0.18 <0.0001 0.013 0.0007 

LiYeU BcO 
AU/GAPDH 

1.24+ 0.3 0.13+ 0.01 0.17+ 0.01 0.002 0.985 0.003 

LiYeU ADAM-10 
acWiYiW\ 
AU/GAPDH 

1.05+ 0.12 0.28+ 0.07 0.76+ 0.15 0.0016 0.032 0.246 

LaWeQW MMP-9 
AU/GAPDH 

0.82+0.07 0.46+0.06 0.5+ 0.1 0.018 0.921 0.036 

LiYeU TIMP-1 
AU/GAPDH 

1.2+ 0.14 2.22+ 0.2 1.06+ 0.13 0.002 0.0007 0.816 

LiYeU T\URViQe 
h\dUR[\OaVe 
acWiYiW\ 
(acWiYe/iQacWiYe 
UaWiR) 

0.59+0.15 1.02+ 0.07 0.58+ 0.08 0.032 0.031 0.99 

LiYeU  
QRUeSiQeShUiQe 
Sg/PO 

31+3.2 67.1+ 9.4 37.2+3.8 0.0018 0.0071 0.713 

LiYeU �1-AR 
AU/GAPDH 

0.58+0.05 0.76+0.08 0.69+0.03 0.09 0.35 0.26 

LiYeU �2-AR 
AU/GAPDH 

1.57+0.06 0.81+0.11 0.99+0.04 0.001 0.08 0.001 

LiYeU �3-AR 
AU/GAPDH 

0.59+0.1 0.23+0.01 0.23+0.02 0.0018 0.99 0.0013 
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Table 3:  Baseline characteristics of patients responding to RDN and 6 months follow-up data 
 

 
 
CaWegRUicaO daWa aUe VhRZQ aV QXPbeU (Q) aQd SeUceQWage Rf SaWieQWV (%). CRQWiQXRXV daWa aUe e[SUeVVed aV PeaQ ZiWh SEM aQd 
cRPSaUed b\ a SaiUed W-WeVW. RDN: ReQaO DeQeUYaWiRQ; GFR: GORPeUXOaU FiOWUaWiRQ RaWe; BMI: BRd\ MaVV IQde[; OSAS: 
ObVWUXcWiYe SOeeS ASQRe S\QdURPe; COPD: ChURQic ObVWUXcWiYe PXOPRQaU\ DiVeaVe; TIA: TUaQVieQW IVchePic AWWacN; SBB: 
S\VWROic BORRd PUeVVXUe; DBP: DiaVWROic BORRd PUeVVXUe; bSP: beaWV SeU PiQXWe; ALT: AOaQiQe APiQRWUaQVfeUaVe; AST: AVSaUWaWe 
TUaQVaPiQaVe; GGT: GaPPa-GOXWaP\O TUaQVfeUaVe; ACEi: AQgiRWeQViQ CRQYeUWiQg EQ]\Pe iQhibiWRUV; ARB: AQgiRWeQViQ 
ReceSWRU BORcNeU. BROd YaOXeV iQdicaWe VWaWiVWicaOO\ VigQificaQW (S<0.05). 

 Baseline 6 months follow-up p-value 
Demographics, n=20 
 

   

Age,\ 65.1�2.0 -- -- 
MaOe geQdeU (%) 16 (80) -- -- 
BRd\ PaVV iQde[, Ng/P2 30.5�1.2 -- -- 
Risk factors 
 

   

T\Se II diabeWeV PeOOiWXV 8 (40) -- -- 
CRURQaU\ aUWeU\ diVeaVe 7 (35) -- -- 
C\VWaWiQ C GFR, PO/PiQ 78.5�4.8 -- -- 
OSAS 3 (15) -- -- 
COPD 2 (10) -- -- 
SWURNe/TIA 1 (5) -- -- 
Follow-up 
 

   

SBP, PPHg 157.4�2.6 136.5�2.5 <0.0001 
DBP, PPHg 84.2�2.0 74.8�1.9 <0.0001 
Office heaUW UaWe, bSP 66�3 62�2 0.03 
ALT U/O 34.6�3.9 29.5�3.4 0.0009 
AST U/L 29�2.3 28.2�1.8 0.52 
GGT U/O 49.6�7.6 40.0�4.1 0.04 
CHE NU/O 9.0�0.4 8.9�0.4 0.64 
AP U/O 71.9�4.2 68.8�4.5 0.47 
AObXPiQe g/O 45.9�0.9 44.3�0.8 0.09 
HDL Pg/dO 51.1�2.7 49.3�2.8 0.22 
LDL Pg/dO 124.2�8.3 115�9.2 0.23 
ChROeVWeURO Pg/dO 199.4�10.1 179�12.5 0.1 
TUigO\ceUideV Pg/dO 158.3�14 146�11 0.28 
Medication 
 

   

NXPbeU Rf aQWih\SeUWeQViYe dUXgV 5�0.2 -- -- 
ACEi/ARB 9 (45)/15 (75) -- -- 
BeWa-bORcNeUV 20 (100) -- -- 
DiXUeWicV 20 (100) -- -- 
AOdRVWeURQe aQWagRQiVWV 4 (20) -- -- 
CaOciXP chaQQeO bORcNeUV 20 (100) -- -- 
CeQWUaO V\PSaWhRO\WicV 16 (80) -- -- 
AOSha-bORcNeUV 5 (25) -- -- 
AOiVNiUeQ 5 (25) -- -- 
VaVRdiOaWRUV 6 (30) -- -- 
SWaWiQ 15 (75) -- -- 
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Figure 1 (continued)
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and ƘϯͲAR in aƌbiƚƌaƌǇ ƵniƚƐ ;AUͿ noƌmaliǌed ƚo GAPDH͘ ΎpфϬ͘Ϭϱ ǀeƌƐƵƐ Conƚƌol͘
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SƵpplemenƚal FigƵre ϭ



SƵpplemenƚal FigƵre Ϯ
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SƵpplemenƚal FigƵre Ϯ͗
Coƌƌelaƚion beƚǁeen liǀeƌ ƐRAGE conƚenƚ and liǀeƌ collagen I eǆpƌeƐƐion ;Ƶppeƌ panelͿ and beƚǁeen
liǀeƌ RAGE and liǀeƌ collagen I eǆpƌeƐƐion ;loǁeƌ panelͿ in SHRob and SHRobRDN ;nсϭϬͿ͘ Speaƌman
coƌƌelaƚion ;pͲǀalƵeͿ͘
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SƵpplemenƚal FigƵre ϯ͗ Coƌƌelaƚion beƚǁeen liǀeƌ BAX eǆpƌeƐƐion and liǀeƌ RAGE eǆpƌeƐƐion
;Ƶppeƌ panelͿ and beƚǁeen liǀeƌ BAX eǆpƌeƐƐion and liǀeƌ ƐRAGE eǆpƌeƐƐion ;loǁeƌ panelͿ in
SHRob and SHRobRDN ;nсϭϬͿ͘ Speaƌman coƌƌelaƚion ;pͲǀalƵeͿ͘

SƵpplemenƚal FigƵre ϯ
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SƵpplemenƚal FigƵre ϰ͗ Coƌƌelaƚion beƚǁeen liǀeƌ TIMPͲϭ eǆpƌeƐƐion and liǀeƌ RAGE
eǆpƌeƐƐion ;Ƶppeƌ panelͿ and beƚǁeen liǀeƌ TIMPͲϭ eǆpƌeƐƐion and liǀeƌ ƐRAGE
eǆpƌeƐƐion ;loǁeƌ panelͿ in SHRob and SHRobRDN ;nсϭϬͿ͘ Speaƌman coƌƌelaƚion ;pͲ
ǀalƵeͿ͘

SƵpplemenƚal FigƵre ϰ


