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Abstract

The metabolic syndrome (MetS) is associated with increased sympathetic activity and dysbalance of
“Receptor-for-Advanced-Glycation-End-products” (RAGE) and its soluble receptor decoy sRAGE, which
may be involved in liver tissue remodeling. The effects of sympathetic modulation by renal denervation (RDN)
on hepatic remodeling and liver RAGE/sRAGE balance are unknown. In a rat model for MetS, RDN reduced
hepatic RAGE expression and increased sRAGE levels, which was accompanied by reduced hepatic steatosis
and liver fibrosis. In patients undergoing RDN with documented blood pressure reductions, SRAGE plasma
levels were increased and alanine aminotransferase values were reduced 6 months after the procedure. In vitro
lipid accumulation and RAGE expression were induced in HepG?2 cells by B-adrenergic receptor stimulation
and could be reduced by pretreatment with sSRAGE. In conclusion, RDN reduces hepatic steatosis and injury
by improving liver RAGE/sRAGE balance. These findings may open new avenues for interventional strategies

to treat metabolic liver disease beyond hypertension.

Significance statement

Fatty liver is a risk factor for cirrhosis and hepatocellular carcinoma and a growing problem worldwide.
Here we show in rodent and human models of metabolic syndrome, that sympathoadrenergic activity
contributes to the development of fatty liver and that inhibition of the sympathetic tone by renal denervation
(RDN) is protective. On the cellular level we observed that Receptor for Advanced Glycation End products
(RAGE) is regulated via adrenergic stimulation and leads to cellular fat accumulation. RDN already being
applied as therapy option for arterial hypertension, prospective clinical trials are warranted to address the

effectivity of RDN in the treatment and prevention of fatty liver disease.



Introduction

Nonalcoholic fatty liver disease (NAFLD) is increasingly common in patients with metabolic syndrome
(MetS) (1-2) and includes pathological conditions ranging from hepatic steatosis, steatohepatitis and fibrosis
to cirrhosis and hepatocellular carcinoma (3-4). NAFLD is determined by a complex network of metabolic
processes resulting in hepatic lipid accumulation, impaired insulin signaling (5) and hepatic inflammation
(nonalcoholic steatohepatitis, NASH) (6). MetS itself is associated with both, increased sympathetic activity
(7-8) and high levels of advanced glycation end products (AGEs) (9), a heterogenous class of non-enzymatic
protein glycation adducts binding to their cell-surface receptor for advanced glycation end products (RAGE)
and inducing reactive oxygen species generation involved in pro-inflammatory and pro-fibrotic responses (10-
12). RAGE can be cleaved by metalloproteinases to soluble RAGE (sRAGE), which serves as a protective
decoy receptor neutralizing RAGE-ligands and also blocking RAGE itself (13-15). Decreased sSRAGE plasma
concentrations have been described in patients with MetS (16) and fatty liver disease (7, 17), but the
responsible mechanisms are still unclear.

Renal sympathetic denervation (RDN) can reduce renal and central sympathetic activity (18-19). RDN has
been shown to lower blood pressure and provide beneficial cardiovascular effects in rats with metabolic
syndrome (20-22) and in patients with resistant hypertension and associated metabolic disorders (7, 23). Its
effects on hepatic disease in MetS are unknown. In this study, we explored the effects of sympathetic
modulation by RDN on hepatic fat accumulation, liver injury and fibrosis, and the link to the RAGE-sRAGE
system in a rat model of hypertension, MetS and liver steatosis induced by a leptin receptor mutation. In a
translational approach, we investigated these RDN-induced alterations in hypertension patients undergoing

RDN.



Results

Rat experiments

Metabolic parameters: Physiological and metabolic parameters are summarized in Table 1. In SHRob rats,
glomerular filtration rate (GFR) was reduced compared with controls (-68%, p<0.00001), but was significantly
increased after RDN (+105% versus SHRob, p=0.0012). Creatinine levels also showed a decrease after RDN
(-40% versus SHRob). Fasting insulin levels were significantly increased in SHRob compared with controls
(+1358%, p=0.0002) and showed a numerical decrease after RDN without statistical significance (Table 1).
HbA 1c data were similar in all groups (Table 1). Cholesterol and triglyceride concentrations were increased
in SHRob without significant change after RDN (Table 1). Alanine aminotransferase (ALT) activity was
significantly increased in SHRob (+77% versus controls, p<0.0001) and was reduced by RDN (-36% versus

SHRob, p=0.0003). No significant differences in aspartate aminotransferase (AST) were observed.

Renal denervation and liver norepinephrine concentrations: A reduction in renal norepinephrine tissue
content was observed in RDN-treated SHRob rats (SHRobRDN) three months after the procedure compared
to sham-operated SHRob indicating successful sympathetic denervation (Table 1; 96.9+£7.5 in SHRob vs.
6.73£1.9 pg/ml in SHRobRDN, p=0.0009). Similarly, liver norepinephrine content was reduced in
SHRobRDN versus SHRob (p=0.007; Table 2, Fig. 1A) and tyrosine hydroxylase activity, the enzyme
catalyzing the rate limiting step in the synthesis of catecholamines, was decreased after RDN, as depicted by
the phospho-tyrosine/total tyrosine hydroxylase ratio (-43% versus SHRob, p=0.031; Table 2, Fig. 1B). Both
parameters correlated with renal norepinephrine content (Fig. 1C-D; 1r=0.75, p=0.02 for liver tyrosine
hydroxylase activity and r=0.89, p=0.002 for liver norepinephrine versus renal norepinephrine content) and
with each other (Fig. 1E; r=0.82, p=0.005 for liver tyrosine hydroxylase activity versus liver norepinephrine).
On the other hand, renal denervation did not significantly alter liver expression of beta-adrenergic receptors

(Fig. 1F).



Renal denervation and liver injury: The degree of hepatic steatosis (Table 2, Fig. 2A+2B) is significantly
increased in SHRob (Table 2, Fig. 2B: +341% versus controls, p=0.0004), and this increase was attenuated
by RDN (-59% versus SHRob; p=0.0024). Measurement of adipose differentiation related protein (ADRP) as
marker of lipid droplet accumulation confirmed the increase in lipid accumulation in SHRob (Table 2, Fig.
2C: +285% in SHRob versus Control, p=0.008) and a reduction of ADRP contents after RDN (-58% versus
SHRob, p=0.033). Liver pro-apoptotic Bcl-2-associated X protein (BAX) expression, as assessed by
immunoblot analysis (Fig. 2D, upper panel), was significantly increased in SHRob as compared to
normotensive lean controls (Table 2, Fig. 2D, lower panel: 27fold increase in SHRob versus controls
(p<0.0001). BAX expression decreased after RDN (-39% in SHRobRDN versus SHRob, p=0.013). Liver B-
cell lymphoma-2 protein (Bcl-2) levels (Table 2, Fig. 2E) were significantly decreased in SHRob (-90%
versus controls: p=0.002) and were not altered after RDN.

Interstitial and perivascular collagen deposition, as determined by Picro-Sirius Red Staining (Fig. 2F), were
significantly increased in SHRob (Table 2, Fig. 2G; +66% in SHRob versus controls, p<0.0001) and
attenuated after RDN (Table 2). Western blot analysis for collagen type I content confirmed a corresponding
increase in collagen type I in SHRob (+248%, p=0.0006 versus controls), which was reduced after RDN
(Table 2, Fig. 2H). Collagen type III was decreased in SHRob compared to controls and showed no further

regulation after RDN (Fig. 2I).

Renal denervation and liver RAGE/sRAGE regulation: Hepatic RAGE expression assessed by Western
blot analysis (Fig. 3A) was markedly increased in SHRob as compared to normotensive controls (Table 2,
Fig. 3B: +426% in SHRob versus controls, p<0.0001). RDN lowered liver RAGE expression (-35% versus
SHRob, p=0.018). sSRAGE liver content on the other hand was significantly decreased in SHRob as compared
to controls (Table 2, Fig. 3C; -89% in SHRob versus controls, p<0.0001) while in SHRobRDN sRAGE levels
significantly increased (+302% versus SHRob, p=0.009). Levels of the RAGE splice variant esRAGE
(endogenous secretory RAGE) were unaltered between the groups (Table 2, Fig. 3D). Immunofluorescent
staining for RAGE in liver cross-sections revealed a robust RAGE signal mainly in hepatocytes (Fig. 3E).
Liver sSRAGE expression showed a negative correlation with collagen I protein content (Fig. 3F, right panel;
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r=-0.782, p=0.011, n=10 SHRob and SHRobRDN) while RAGE-expression correlated positively (Fig. 3F,
left panel; = 0.964, p<0.0001, n=10 SHRob and SHRobRDN). Also, liver BAX expression showed a strong
positive correlation with RAGE expression (Fig. 3G, left panel; = 0.85, p=0.002, n=10 SHRob and
SHRobRDN) and a negative correlation with liver sSRAGE (Fig.3G, right panel; = -0.78, p=0.02, n=10

SHRob and SHRobRDN).

Renal denervation and RAGE-ligands CML and HMGBI1: Western blot analysis demonstrated
significantly increased contents of the AGE carboxymethyllysine (CML) in SHRob liver tissue (Table 2, Fig.
3H). RDN resulted in a significant reduction of hepatic CML content (Fig. 3H; -39% versus SHRob, p=0.034).
The RAGE ligand HMGBI, as assessed by Western blot analysis (Fig. 31, upper panel), was increased in liver
tissue from SHRob (Table 2, Fig. 3I). RDN also resulted in a significant reduction of HMGBI1 protein
expression (Fig. 31, lower panel; -71% versus SHRob, p=0.013) reaching similar HMGBI levels as in

normotensive controls.

Renal denervation and RAGE cleaving proteases ADAM-10 (A-Disintegrin-And-Metalloproteinase-10)
and MMP-9 (Matrix-Metalloproteinase-9) and their inhibitor TIMP-1 (Tissue-Inhibitor-of-Matrix-
Metalloproteinases-1): Liver TIMP-1 protein expression (Fig. 3J) was significantly increased in SHRob
compared to normotensive controls (Table 2, Fig. 3J; +85% in SHRob versus controls, p=0.002). TIMP-1
levels decreased after RDN (Fig. 3J: -52% versus SHRob, p=0.0007) and correlated positively with RAGE-
expression (Fig. 3K, left panel; = 0.83, p=0.005, n=10 SHRob and SHRobRDN) and inversely with sSRAGE
(Fig. 3K, right panel; r= -0.83, p=0.0047, n=10 SHRob and SHRobRDN). Accordingly, ADAM-10 activity
was significantly decreased in SHRob (Table 2, Fig. 3L: -73% in SHRob versus controls, p=0.0016).
Proteolytic activity of ADAM-10 recovered after RDN (+171% increase versus SHRob, p=0.032). Latent
MMP-9 protein (Table 2, Fig. 3M) was not influenced by RDN and there was almost no active MMP-9

detectable throughout the groups (Fig. 3M, upper panel).



Cell culture experiments

B-adrenergic stimulation of HepG2 cells: HepG2 cells were repeatedly stimulated with the B1+32-
adrenoreceptor agonist isoproterenol (0.1 pmol/l every 24 hours), which significantly increased the RAGE
content in the cell membrane (Fig. 4A; +70% increase). The SRAGE shedding into the cell culture medium
was simultaneously reduced by isoproterenol treatment with a significant reduction after 72h hours (-56%
reduction; Fig. 4B). To identify the B-adrenergic receptor subtype responsible for the observed effects, we
also investigated RAGE/sRAGE expression in the presence of B-adrenergic receptor antagonists with different
selectivities (CGP 201712A (B1-selective) or ICI 118.551 (B2-selective)) and simultaneous isoproterenol
stimulation. Isoproterenol treatment increased lipid accumulation as depicted by ADRP expression in HepG2
cells (Fig. 4C). Both the isoproterenol-induced RAGE expression (Fig. 4A) and lipid accumulation (Fig. 4C),
was reversed by the 31-adrenergic receptor blockade with CGP. Especially one hour pre-treatment of HepG2
cells with sSRAGE almost completely prevented the isoproterenol-induced intracellular lipid accumulation

(Fig. 4D, E and F).

Human data

SRAGE regulation in RDN responders: Table 3 depicts patients” baseline characteristics. In order to
validate and translate the observed effects of RDN from our SHRob animal model, where plasma ALT
activities correlated with liver RAGE/sRAGE content (Fig. SA and B), to human subjects, we investigated
plasma sRAGE development in association with liver transaminase enzyme activities over a period of 6
months in 20 patients undergoing catheter-based RDN. In RDN-responders, 24h-systolic blood pressure
significantly decreased 6 months after RDN by 21/9 mmHg (Fig. 5C). sSRAGE plasma levels increased after
RDN at 6-month follow-up (Fig. SD: +21%, p=0.007). ALT values were increased in only 6 patients (30%)
but decreased significantly during follow-up (Fig. SE). Delta ALT correlated negatively with body mass index

(BMI) (Fig. SF) and delta sSRAGE correlated negatively with delta ALT (Fig. 5G).



Discussion

NAFLD with resulting NASH represent an increasing burden for health care systems (24). This study provides
evidence for sympathoadrenergic-dependent regulation of the ligand-RAGE/sRAGE axis in vivo and in vitro
with liver remodeling and the development of fatty liver. In a rat model for hypertension and metabolic
syndrome, effective sympathetic modulation by RDN reflected by a reduction of renal norepinephrine tissue
content was accompanied by a decrease in liver norepinephrine tissue content and lower liver tyrosine
hydroxylase activity. This extends findings in the heart, where RDN led to reduced cardiac sympathetic
innervation and activity (25) accompanied by improvements in left ventricular hypertrophy (26). This implies
a systemic effect of RDN on overall sympathoadrenergic activity and norepinephrine spillover, thereby

impacting disease-specific phenotypes of other organs under conditions of increased sympathetic activation.

In this study, we further demonstrate an increase in hepatic lipid content in SHRob and a significant reduction
of hepatic steatosis after RDN, using histological analysis and expression of ADRP (adipose-differentiation-
related-protein), a marker of lipid droplet accumulation (27). Both 31-, 32- and 33-AR subtypes are present in
liver tissue of humans and rodents and have been shown to be involved in the regulation of age-dependent
hepatic fat accumulation (28-29). A reduction of B-AR stimulation by reduced catecholamines might also be
involved in the anti-steatotic effects after RDN observed herein, although liver B-AR expression per se was
not altered after renal denervation. As proof of concept, we treated HepG2 cells with isoproterenol and showed
increased cellular lipid accumulation and cellular RAGE expression, which could both be prevented by B1-
adrenergic blockade. Interestingly, isoproterenol-induced lipid accumulation in HepG2 cells could also be
prevented by pretreatment with a physiological concentration of recombinant SRAGE. This suggests an
involvement of RAGE in B-adrenoreceptor augmented lipid droplet formation and development of fatty liver,
which, of note, requires intact lipid balance related mechanisms, as it did not work in ApoE/LDLR - double-

knockout mice (30).



In SHRob, fibrosis was reduced by RDN, as reflected by the reduction in hepatic collagen content. Liver BAX
expression was increased in SHRob as compared to controls, indicating increased hepatic injury and liver cell
death, which in turn has been implicated in the development of hepatic fibrosis (31-32). BAX expression
positively correlated with RAGE expression and showed a negative correlation with liver SRAGE, while
RAGE/sRAGE correlated with collagen 1. These findings demonstrate the association of liver cell death and
fibrosis and suggest a link to RAGE/sRAGE (33-34). RDN modulates liver RAGE/sRAGE in SHRob to a
favourable anti-inflammatory balance by decreasing RAGE, increasing SRAGE levels and decreasing liver
ALT. Plasma sRAGE levels have been shown to be associated with a number of risk factors for MetS in non-

diabetic otherwise healthy individuals (10) and to play protective roles in patients with NAFLD (6).

Morphometric evaluation of immunofluorescent staining for RAGE in our rat liver samples indicates mainly
hepatocyte RAGE expression. Hepatic stellate cells (HSC), however, have also been shown to express RAGE
(34). In models with more profound liver fibrosis and inflammation like NASH, they probably play an
important role as RAGE-mediated NADPH oxidase-derived reactive oxygen species could contribute to
hepatic fibrosis via activation of HSCs (34) and to increase hepatic steatosis (35-36). Furthermore, in different
pathologies, RAGE/sRAGE balance is not only influenced by an increase in RAGE production, but also by
decreased RAGE cleavage. ADAM-10 (A Disintegrin and Metalloproteinase-10) and MMP-9 (Matrix
Metalloproteinase-9) are the only proteases known to cleave RAGE, the process being accompanied by
sRAGE accumulation as the cleavage product being shedded from the cell surface (14-15). TIMP-1 is a potent
protease inhibitor for both ADAM-10 and MMP-9 and shows distinct induction in SHRob livers. Herein,
TIMP-1 upregulation is accompanied by a decrease in ADAM-10 activity, which partially recovers after RDN.
TIMP-1 is also reduced by RDN in this study. Interestingly, we could not observe substantial MMP-9
activation in any of the rat groups. This may indicate that MMP-9 activity is not critical for mediating RAGE

cleavage in this model.

Also, RDN decreases the levels of the RAGE-activating ligands CML and HMGBI1 in SHRob, which both
have been demonstrated to be increased in fatty livers (37-38). The AGE/RAGE-axis is known to induce and
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augment hepatic insulin resistance (39-40). RDN improved RAGE/sRAGE-balance and decreased liver CML-
levels in our rat model, which was associated with attenuation of hyperinsulinemia. Beneficial effects of RDN
on glucose metabolism have also been described in patients previously (23). Our study shows increased
HMGBI liver content in SHRob. HMGBI released from NAFLD liver has been described to reach other
organs and to bind to RAGE receptors inducing oxidative stress and transcription of inflammatory cytokines
(41). HMGBI has also been suggested as a biomarker for acute liver cell death (31). Damaged hepatocytes
have been reported to release HMGBI1, which then interacts with RAGE in the pathogenesis of HSCs
activation and liver fibrosis (42-43). Engagement of RAGE with RAGE ligands increases expression of RAGE
itself in a variety of cells (35, 44-45). These positive feedback loops could partly explain why RAGE ligands
interaction leads to sustained activation of the RAGE downstream pathway, contributing to the progression of

chronic liver disease (34).

We further explored whether similar RDN-mediated effects occur in hypertensive patients with documented
blood pressure falls following catheter-based RDN and assessed sSRAGE plasma levels. We detected a
significant increase in plasma sRAGE at 6 months after RDN consistent with the SRAGE regulation seen in
livers from SHRobRDN rats in this study and also with sSRAGE plasma and cardiac levels reported in the same
rat model in a previous study from our laboratory (46). ALT values in SHRob rats correlated strongly with
liver RAGE-expression. Correspondingly, there was a decrease in ALT plasma concentrations during follow-
up in our patients. Changes in ALT activity correlated with sSRAGE-changes. NAFLD is the most common
cause for an isolated increase in ALT values among adults, which has been discussed as a marker of NAFLD
(47). The correlation between ALT changes and plasma sSRAGE changes in our patients is a hint, although not

proof, for RDN-induced sRAGE mediated anti-steatotic effects on liver.

There are potential limitations to our study that deserve mentioning. Our SHRob model displayed a robust
steatosis with beginning fibrosis, but no NASH. RDN induced alterations could have been even more profound
in a NASH-model with marked fibrosis and inflammation. Also, a longer observation time than 3 months after
RDN might have resulted in more striking effects. The secondary evaluation of SRAGE plasma levels in
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patients is limited because the primary indication for RDN was arterial hypertension and not hepatosteatosis
or liver disease. Consequently, we have no assessment of liver histopathology in our patients. The mean BMI
in all patients was high, which usually goes along with hepatosteatosis (47-48) and changes in ALT activity.

The correlations presented should therefore be considered hypotheses generating.

In conclusion:

Renal denervation reduces hepatic steatosis and liver injury in SHRob with MetS and is associated with an
improved liver RAGE/sRAGE balance. These findings suggest treatment effects by RDN on NAFLD, that is
renal afferent disruption alters sympathetic innervation to the liver and influences clinically relevant
phenotypes such as hepatic fat deposition and fibrosis. RDN in hypertensive patients with decreases in systolic
blood pressure, increases plasma sSRAGE, which is associated with a reduction in plasma ALT activity as a
marker of NAFLD. This sets the stage for further experimental and clinical studies to reduce the burden of

metabolic liver disease by modulation of the sympathetic nervous system.

Materials and Methods

ANIMAL MODEL

Animals

Male obese spontaneously hypertensive rats (SHRob, n=10), a strain displaying a natural leptin receptor
knockout (22), and normotensive lean control rats (Sprague-Dawley, n=5) were purchased at an age of ten
weeks from Charles River (Sulzfeld, Germany). The animals were housed individually in standard cages,
receiving standard chow diet (standard diet #1320, Altromin, Lage, Germany) and tap water ad libitum.
Animals were treated in accordance with the National Instructions of Health (NIH) Guide for the Care and
Use of Laboratory Animals and with the Welfare guidelines and the German law for the protection of animals.

The study was approved by the regional commission in charge.
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Renal denervation procedure (RDN)

RDN was performed in SHRob at the age of 32 weeks (SHRobRDN) to investigate the role of renal
sympathetic innervation on the development of hepatic end-organ damage. Both kidneys were approached
through medial laparotomy and retroperitoneal incisions under general anesthesia with 2.5% isoflurane. Renal
denervation was performed on both kidneys by cutting the visible nerves in the area of the renal hilum and
stripping from the adventitia of the renal arteries, which was followed by moistening the area with a 20%
phenol/ethanol solution as described previously (21). Sham-operations were performed on SHRob and
controls in comparison with SHRobRDN. Implantation of telemetric sensors (TL11M2-C50-PXT PMP, Data
Sciences International, St. Paul, MN) acquiring systolic and diastolic blood pressure and heart rate for 100
days, was performed simultaneously with the RDN procedure (21). For analysis and data plotting a Fourier-
transformation was applied to the raw data using the vendor software (Dataquest A.R.T., V4.0) as described

before (20-21).

Measurement of blood parameters

Blood samples were obtained for metabolic characterization from the retro-orbital plexus under light
anesthesia (3.5% isoflurane) at the age of 42 weeks. Blood glucose and glycated hemoglobin (HbAlc) were
measured using standard kits (Cobas Integra, Roche Diagnostics, Mannheim, Germany). Also, oral glucose

tolerance testing was performed at the time.

Cardiac invasive and functional measurements
At 45 weeks of age, cardiac LV-function was assessed by cardiac magnetic resonance imaging (MRI),
followed by invasive LV-pressure measurements under anesthesia (21). Afterwards the animals were

sacrificed as described before (20-21).

Asservation of blood and tissue samples
After completion of invasive functional measurements, blood was extracted from the aorta and stored at -80°C
until further analysis. Livers were rapidly removed and exsanguinated, aliquots of liver tissue were snap-
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frozen in liquid nitrogen and stored at -80°C. Finally, the animals were sacrificed by quick excision of the
hearts under continued deep anesthesia. Kidney and liver tissues were used for norepinephrine measurement

by high-pressure-liquid-chromatography (HPLC) as described before (21).

Histopathological analysis of liver tissue

A part of the right liver lobe was resected and fixed in buffered 4% paraformaldehyde for 24 hours and
embedded in paraffin for histopathological evaluation. Liver cross sections were cut at 3 um, deparaffinized,
rehydrated, and stained with hematoxylin and eosin (#2C-163, Waldeck, Miinster, Germany) for
morphometric evaluation and with Picro-Sirius Red (#13422.00500, Morphisto, Frankfurt am Main,
Germany) for fibrillar collagen. The fractional area of collagen content in liver tissue was measured with the
image analysis software Lucia G (Nikon, Diisseldorf, Germany). Hepatic steatosis was scored in a blinded
fashion by a previously described method (49): Liver samples with no appreciable fat droplets were scored
grade 0, tissues with few small fat droplets near the portal region defined grade 1, many fat droplets of
moderate size near midzonal and portal regions received grade 2, and many large fat droplets distributed

throughout the tissue sample were scored grade 3.

Immunofluorescence analysis for liver RAGE

To detect RAGE expression, RAGE immunostainings on 3 um paraffin sections of liver tissue were performed
using heat-mediated antigen retrieval with 0.05% citraconic anhydride solution followed by overnight
incubation at 4 °C with the 1:100 diluted primary antibody (Abcam; ab37647, rabbit polyclonal to RAGE)
and incubation with the appropriate secondary antibody (TRITC-conjugated anti-rabbit IgG (Dianova,
Germany)) at 37 °C for 1 h (dilution 1:30). 1xPBS buffer with 0.1% Tween 20 was used for washing steps.
Sections were counterstained with DAPI (Calbiochem, Germany) and mounted with fluorescent mounting
medium (Vectashield, Vector Laboratories, USA) for fluorescence microscopic analysis. All sections were
evaluated using a Nikon Eclipse epifluorescence microscope (Nikon, Germany) with appropriate filters at

100x and 400x magnification.
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Western blot

Human plasma samples were diluted 1:50 and rat liver samples were homogenized with extraction buffer (10
mmol/l cacodylic acid (pH 5.0), 0.15 mol/l NaCl, 1 umol/l ZnCI2, 20 mmol/l CaCl2, 1.5 mmol/l NaN3, and
0.01% (v/v) Triton X-100) and mixed 2:1 v/v with SDS-PAGE loading buffer. The samples were denatured
(95°C, 5 min), separated on 10-12% SDS polyacrylamide electrophoresis gels (liver tissue 25 pg/lane, diluted
plasma samples 10 pl/lane), and transferred to nitrocellulose membranes (Protran®, Schleicher & Schuell
GmbH, Dassel, Germany) by semi-dry electrophoretic blotting and subjected to Western blot analysis.
Membranes were blocked with 0.1% Western Blocking Reagent (Roche, Mannheim, Germany) followed by
incubation with primary antibodies for RAGE/sRAGE (ab37647, rabbit polyclonal to RAGE, 1:1000 dilution,
Abcam, Cambridge, UK), HMGBI (ab18256, rabbit polyclonal to HMGBI, 1:1000, Abcam), CML (ab 27684,
rabbit polyclonal to CML, 1:2000, Abcam), BAX (sc-7480, mouse monoclonal to BAX, 1:1000, Santa Cruz),
Bcl-2 (sc-492, rabbit polyclonal to Bcel-2, 1:1000, Santa Cruz), tyrosine hydroxylase (abl12, rabbit-
monoclonal, 1:1000, Abcam) and phospho-S40-tyrosine hydroxylase (ab51206, rabbit-polyclonal, 1:1000,
Abcam), ADAM-10 (ab1997, rabbit polyclonal to active and latent ADAM-10, 1:1000, Abcam), MMP-9 (IM
10L, rabbit polyclonal to active and latent MMP-9, 1:1000, Calbiochem), TIMP-1 (IM32L, mouse monoclonal
to TIMP-1, 1:1000, Calbiochem), Collagen I (1310-01, goat-anti-collagen type I, 1:1000, Southern Biotech),
Collagen III (1330-01, goat-anti-collagen type III, 1:1000, Southern Biotech), ADRP (10R-A117A, mouse
monoclonal to ADRP 1:1000, Fitzgerald) at 4°C for 12-16h. The goat anti-rabbit, goat anti-mouse and rabbit
anti-goat secondary antibodies were diluted 1:10000 and incubated for 60 min at RT. Proteins were visualized
by enhanced chemiluminescence (Amersham Pharmacia Biotech, Freiburg, Germany). Membranes with liver
tissue samples were stripped afterwards and analyzed for GAPDH as loading control: twice stripped for 15
minutes at 56°C with stripping buffer (62.5 nM Tris-HCI (pH 6.8), 2%SDS, 0.1 M 2-mercaptoethanol), then
thoroughly washed with 1xPBS (in mmol/L: NaCl 170, KCI 33, Na2HPO4 40 and KH2PO4 18, pH 7.2) for
at least one hour and blocked again in phosphate buffered saline (PBS) containing 5% nonfat dry milk for 120
min at room temperature. Autoradiographs were quantified by imaging densitometry and analysed by the

“LabWorks 4.6%- Software (LabWorks Image Acquisition and Analysis Software, UVP Biolmaging Systems,
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Cambridge, UK). Data are presented as arbitrary units (AU) normalized to GAPDH and a control sample for

liver samples or to plasma albumin concentrations for human plasma samples.

CELL CULTURE

HepG2 culture conditions

Human hepatoma HepG2 cells (Sigma-Aldrich, Germany) were cultured on uncoated 6-well dishes in 2ml
DMEM medium +10%FBS in humidified air (5% CO2) at 37°C until 80% confluency, then the cell culture
medium was replaced by a low FBS hunger medium (0.1% FBS) for 24 hours, followed by a 72 hours
stimulation period with isoproterenol (0.1 umol/l) in the presence or absence of B-adrenergic receptor
antagonists with differing selectivity (B1-selective CGP 201712A, B2-selective ICI 118.551; Sigma-Aldrich

Germany) or recombinant SRAGE (5 ng/ml; BioVendor, Germany).

Cell fractionation and Western blotting

The cell culture supernatant of the stimulated HepG2 cells was asserved every 24 hours for 3 days and
examined for SRAGE release. The HepG2 cells were harvested after 72 hours of stimulation and further
processed for cell fractionation and Western blotting. The cells were washed with ice-cold PBS, pH 7.4 and
cell pellets resuspended in hypotonic buffer (in mmol/l: Tris 5, EDTA 1, MgCI2 5, pH 8.0, PMSF 1, Leupeptin
I; Aprotinin 5 ug/ml). After incubation for 15 minutes at 4°C, cell pellets were subjected to 100000 g
ultracentrifugation (1h, 4 °C) to obtain a "cytosolic" (supernatant) and "membranous" fraction (pellet).

The membrane fraction was resuspended in 100 pul hypotonic buffer. Membrane fraction and cell culture
supernatant were analyzed for RAGE/sRAGE content by Western blot analysis, cell homogenates for ADRP
protein regulation. The uniform total protein loading on the gel (50 pg/lane) was controlled by Ponceau Red
staining (Dianova, Germany) for membrane fraction and GAPDH for homogenates. The data are presented as

arbitrary units (AU) in percent of a control, unless otherwise stated.

Cell fixing and Oil Red staining
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72 hours after repeated stimulations (every 24 hours), HepG2 cells were fixed in 10% (v/v) formaldehyde for
at least 2h at room temperature. Afterwards, fixed cells were rinsed in distilled water, permebealized with
0.1% PBS-Tween and then stained with Oil Red solution for lipid staining for 2hours, followed by a wash
step with aqua dest. Photographic images were taken of three random fields of each stained specimen using a

Nikon E600 epifluorescence microscope (Nikon, Germany).

Cell fixing and ADRP immunofluorescence staining

Cells were washed two times with 1ml PBS (NaCl 137 mM, KCI 2.7 mM; Na2HPO4 10mM, KH2PO4
7,4AmM) after which 100 pl of 4% paraformaldehyde (PFA) solution was added. Cells were fixed for 10
minutes at room temperature followed by 2 washes using PBS. Cells were stained for ADRP (Abcam,
ab52356, 1:500 dilution) at room temperature overnight followed by 3 washes with 0.1% PBS-Tween,
incubation with a FITC-labeled anti-rabbit secondary antibody for 2 hours, 3 washes with 0.1% PBS-Tween
and 2 washes with PBS, then mounted with fluorescent mounting medium with DAPI (Vectashield, Vector
Laboratories, USA). Prepared plates were kept at 4°C and protected from light prior to imaging. Random

sections were evaluated using a Nikon E600 epifluorescence microscope (Nikon, Germany).

HUMAN DATA

Renal denervation in hypertensive patients

Plasma samples from 20 consecutive patients, who underwent bilateral renal denervation (RDN) and were
classified as “RDN-responders” from the Symplicity Extension Study (NCT 01888315) enrolled between
October 2012 and February 2014 were assessed for plasma sRAGE levels. The included patients had resistant
hypertension according to the guidelines of the European Society of Hypertension/European Society of
Cardiology: Systolic blood pressure (SBP) > 140 mmHg despite treatment with at least three antihypertensive
drugs including a diuretic. Hypertension was confirmed by 24-hour ambulatory blood pressure measurements
(ABPM). Physical examination and blood pressure measurements were performed at baseline and follow-up
visits, as well as a blood sampling at baseline and at subsequent follow-up after 6 months. The glomerular

filtration rate (GFR) was determined by cystatin C measurements. ABPM were performed with an automated
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oscillometric device (Spacelabs 90207, Spacelabs Healthcare, Snoqualmie, Washington, USA) according to
current guidelines (50). An adequate response to RDN was defined as a reduction of systolic ambulatory blood
pressure >5 mmHg in 24h-ABPM after 6 months (51). RDN was performed with a mono-electrode
radiofrequency catheter (Symplicity Flex, Medtronic Vascular, Santa Rosa, California, USA). All procedures
were performed by experienced interventionalists (= 10 RDN procedures per year). All patients had given

written informed consent and the study was approved by the local ethics committee.

Statistical analysis

Data are expressed as mean = SEM. Statistical significance was estimated with 2-way-ANOVA with post-
hoc-tests, as appropriate. The statistical analyses were corrected for multiple comparisons. Normal distribution
of data was tested by Kolmogorov-Smirnov and Lilliefors test, correlation analyses were performed using
Spearman rank correlation coefficients or Pearson’s correlations where appropriate. Follow-up measurements
in patients were analyzed with a paired t-test. A probability value <0.05 was considered significant. Statistical

analysis was performed with Graph Pad Prism (version 5.0; GraphPad Software, San Diego California, USA).
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Figure legends:

Figure 1: Liver norepinephrine levels

A) Quantification of liver norepinephrine in liver homogenates from controls (n=5), SHRob (n=5) and
SHRobRDN (n=5) by HPLC. *p<0.05 versus Control. #p<0.05 versus SHRob. B) Representative Western
blot (upper panel) and quantification of tyrosine hydroxylase (TH) activity as phospho-TH/total TH ratio
(lower panel) in liver homogenates from controls (n=5), SHRob (n=5) and SHRobRDN (n=5). #p<0.05 versus
SHRob. C) Correlation between renal norepinephrine content and liver tyrosine hydroxylase activity in
SHRob and SHRobRDN (n=10). Spearman correlation (p-value). D) Correlation between liver norepinephrine
content and liver tyrosine hydroxylase activity in SHRob and SHRobRDN (n=10). Spearman correlation (p-
value). E) Correlation between renal norepinephrine content and liver norepinephrine content in SHRob and
SHRobRDN (n=10). Spearman correlation (p-value). F) Quantification of B1-AR (upper panel), 32-AR
(middle panel) and B3-AR (lower panel) by Western blot in liver homogenates from normotensive lean
controls (n=5), SHRob (n=5) and SHRobRDN (n=5). B1-AR, B2-AR and B3-AR in arbitrary units (AU)

normalized to GAPDH. *p<0.05 versus Control.

Figure 2: Hepatic steatosis, fibrosis and liver injury
A) Representative histological pictures (Hematoxyllin-Eosin staining) in liver samples of control rats (upper
panel), SHRob (middle panel) and SHRobRDN rats (lower panel) (n=5 each group). Magnification 100x.

Scale bars 100 um. B) Steatosis score in normotensive controls (n=5), SHRob (n=5) and SHRobRDN (n=5).
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*p<0.05 versus Control; #p<0.05 versus SHRob. C) Representative Western blot (upper panel) and
quantification of ADRP (lower panel) in liver homogenates from normotensive controls (n=5), SHRob (n=5)
and SHRobRDN (n=5). ADRP in arbitrary units (AU) normalized to GAPDH. *p<0.05 versus Control,
#p<0.05 versus SHRob.

Liver cell death as assessed by BAX/BCL: D) Representative Western blot (upper panel) and quantification
of BAX (lower panel) in liver homogenates from normotensive controls (n=5), SHRob (n=5) and SHRobRDN
(n=5). E) Representative Western blot (upper panel) and quantification of Bcl-2 (lower panel) in liver
homogenates from normotensive controls (n=5), SHRob (n=5) and SHRobRDN (n=5). BAX and Bcl in
arbitrary units (AU) normalized to GAPDH. *p<0.05 versus Control; #p<0.05 versus SHRob.

F) Representative histological pictures (Picro-Sirius Red staining) in liver samples of control rats (upper
panel), SHRob (middle panel) and SHRobRDN rats (lower panel) (n=4 each group). Magnification 40x. Scale
bars 100 um. G) Quantification of liver interstitial and periportal/perivascular fibrotic area (%). *p<0.05
versus Control; #p<0.05 versus SHRob. H) Representative Western blot (upper panel; images from different
parts of the same gel) and quantification of collagen type I (lower panel) in liver homogenates from
normotensive controls (n=5), SHRob (n=5) and SHRobRDN (n=5). Collagen type I in arbitrary units (AU)
normalized to GAPDH. *p<0.05 versus Control; #p<0.05 versus SHRob. I) Representative Western blot
(upper panel) and quantification of collagen type III (lower panel) in liver homogenates from normotensive
controls (n=5), SHRob (n=5) and SHRobRDN (n=5). Collagen type III in arbitrary units (AU) normalized to

GAPDH.

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

A) Representative Western blot (images from different parts of the same gel) and B) quantification of RAGE
and C) sRAGE in liver homogenates from controls (n=5), SHRob (n=5) and SHRobRDN (n=5). D)
Representative Western blot (upper panel) and quantification of esSRAGE (lower panel) in liver homogenates
from controls (n=5), SHRob (n=5) and SHRobRDN (n=5). RAGE, sRAGE and esRAGE in arbitrary units
(AU) normalized to GAPDH. *p<0.05 versus Control; #p<0.05 versus SHRob. E) Representative fluorescence

microscopy for RAGE (red), hepatocyte autofluorescence (green) and nuclei (stained blue by DAPI) in liver
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samples of control rats (left panel), SHRob (middle panel) and SHRobRDN rats (right panel) (n=4 each
group). Magnification 100x. Scale bars 100 um. F) Correlation between between liver RAGE and liver
collagen I expression (left panel) and liver SRAGE content and liver collagen I expression (right panel) in
SHRob and SHRobRDN (n=10). Spearman correlation (p-value). G) Correlation between liver BAX
expression and liver RAGE expression (left panel) and between liver BAX expression and liver sSRAGE
expression (right panel) in SHRob and SHRobRDN (n=10). Spearman correlation (p-value). H)
Representative Western blot of hepatic CML-modified proteins (upper panel) and quantification of CML
(lower panel) in normotensive controls (n=5), SHRob (n=5) and SHRobRDN (n=5). CML in arbitrary units
(AU) normalized to GAPDH. *p<0.05 versus Control; #p<0.05 versus SHRob. I) Representative Western blot
of hepatic HMGBI1 (upper panel) and quantification of HMGB1 (lower panel) in controls (n=5), SHRob (n=5)
and SHRobRDN (n=5). HMGBI in arbitrary units (AU) normalized to GAPDH. *p<0.05 versus Control;
#p<0.05 versus SHRob. J) Representative Western blot (upper panel) and quantification of TIMP-1 in liver
homogenates (lower panel) from controls (n=5), SHR (n=6), SHRob (n=5) and SHRobRDN (n=5). TIMP-1
in arbitrary units (AU) normalized to GAPDH. *p<0.05 versus Control; #p<0.05 versus SHRob. K)
Correlation between liver TIMP-1 expression and liver RAGE expression (left panel) and between liver
TIMP-1 expression and liver SRAGE expression (right panel) in SHRob and SHRobRDN (n=10). Spearman
correlation (p-value). L) Representative Western blot (upper panel, images from different parts of the same
gel) and quantification of active ADAM-10 (lower panel) in liver homogenates from controls (n=5), SHRob
(n=5) and SHRobRDN (n=5). Active ADAM-10 in arbitrary units (AU) normalized to GAPDH. *p<0.05
versus Control; #p<0.05 versus SHRob. M) Representative Western blot (upper panel; images from different
parts of the same gel) and quantification of latent MMP-9 protein (lower panel) in controls (n=5), SHRob
(n=5) and SHRobRDN (n=5). MMP-9 in arbitrary units (AU) normalized to GAPDH. Latent MMP-9 from

HT-1080 supernatant served as positive control.

Figure 4: RAGE expression and lipid accumulation in HepG2.
A) Representative Western blot (upper panel) and quantification of membrane RAGE expression in HepG2
cells (lower panel) repeatedly stimulated with isoproterenol (ISO) 0.1 umol/l (n=4) in the presence or absence
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of CGP (B1-selective antagonist; 0.3 umol/l) or ICI (B2-selective antagonist; 0.1 umol/l) for 72h every 24h.
RAGE expression in arbitrary units (AU) normalized to Ponceau red with the control sample assigned a value
of 1. *p<0.05 versus Control and ISO+CGP. B) Representative Western blot (upper panel) and quantification
of SRAGE secretion in supernatant of HepG2 cells (lower panel) repeatedly stimulated with isoproterenol
(ISO) 0.1 umol/l (n=4) in the presence or absence of CGP (B1-selective antagonist; 0.3 umol/l) or ICI (B32-
selective antagonist; 0.1 umol/l) for 72 h every 24h. SRAGE expression in arbitrary units (AU) normalized to
cell protein with the control sample assigned a value of 1. #p<0.05 versus Control and ISO+ICI. C) ADRP
accumulation in HepG2 cells repeatedly stimulated with isoproterenol (ISO) 0.1 umol/l (n=5-8) in the presence
or absence of CGP (31-selective antagonist; 0.3 umol/l) or ICI (32-selective antagonist; 0.1 umol/l) for 72 h
every 24h. Representative Western blot (upper panel) and quantification of ADRP in HepG2 cells (lower
panel). *p<0.05 versus Control and ISO+CGP. D) Representative Western blot (upper panel) and
quantification of ADRP in HepG2 cells (lower panel) repeatedly treated with recombinant SRAGE (5ng/ml)
and isoproterenol (ISO) 0.1 umol/l (n=5-8) for 72h every 24h. sSRAGE was added 1h before ISO stimulation.
ADRP expression in arbitrary units (AU) normalized to GAPDH with the control sample assigned a value of
1. *p<0.05 versus Control and sSRAGE+ISO. Lipid specific formation detected by lipid specific stains like E)
Oil Red staining and F) ADRP (green fluorescence) immunofluorescent staining for ADRP and DAPI (blue)

for nuclei staining. Scale bars 10 pm.

Figure 5: RDN effects on plasma sSRAGE and ALT activity in hypertensive patients

A) Correlation between liver RAGE and plasma ALT activity in SHRob and SHRobRDN (n=10). Spearman
correlation (p-value). B) Correlation between liver SRAGE and plasma ALT activity in SHRob and
SHRobRDN (n=10). Spearman correlation (p-value). C) 6 months follow-up measurements of ambulant
systolic blood pressure (ABP) in RDN responders (n=20). P-value as determined by paired t-test. D)
Representative Western blot (upper panel) and 6 months follow-up quantification of plasma sRAGE (lower
panel) in RDN responders (n=20). P-value as determined by paired t-test. E) 6 months follow-up measurement

of plasma ALT activity in RDN responders (n=20). P-value as determined by paired t-test. F) Scatter plot
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between BMI and ALT change in RDN-responders (n=20). Pearson correlation (p-value). G) Scatter plot

between plasma sRAGE change and ALT change in RDN-responders (n=20). Pearson correlation (p-value).
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Table 1: Metabolic parameters, left ventricular, renal and hepatic function

Parameters
Creatinine umol/l

GFR l/kg/h
EF (%)
LVedP mmHg

MAP
mmHg
HR bpm

Fasting Insulin
Pg/ml

Fasting Glucose
mmol/1

HbA1C %

Renal
Norepinephrine
pg/mg

Aspartate
aminotransferase

Ui

Alanine
aminotransferase
U/L

Cholesterol

mmol/1

LDL
mmol/1

HDL
mmol/1

Triglycerides
mmol/l

Control
n=5

22+1.1

0.57+0.02

65.0+1.85

3.84+1.04

122+4.0

32944.5

729+90.2

4.940.2

3.97%+0.02

90.5+14.7

123 +£8.7

62+ 2

3.73£0.15

1.13+0.09

1.69+ 0.1

1.55+0.12

SHRob
n=5-7

27.0+2.7

0.18 +£0.03

457+ 1.6

14.56 +£2.6

229433

271+11.1

10626 +1519

5.98+0.17

3.66%+0.14

96.9+7.5

120+ 7.2

110+ 8.7

9.73£0.4

4.09+0.3

2.63+0.12

53+04

SHRobRDN
n=5-8

16.25+2.5

0.37+0.03

54.1+1.2

5.8+2.1

172+ 12.3

277+13.3

7930 + 1254

5.1340.37

3.65% + 0.15

6.73+1.9

109+ 12.2

70+ 3.2

9.56+ 0.8

3.59+ 0.5

291+ 0.12

493+ 1.1

Control
Vs.
SHRob

0.296

<0.0001

0.0002

0.02

<0.0001

0.0064

0.0002

0.074

0.15

0.817

0.984

<0.0001

<0.0001

0.0002

0.0003

0.028

SHRob
Vs.
SHRob
RDN

P-value
0.0186

0.0012

0.0294

0.046

0.001

0.93

0.369

0.128

0.999

0.0009

0.767

0.0003

0.975

0.554

0.214

0.946

Control
Vs.
SHRob
RDN

0.213

0.0011

0.0059

0.777

0.0013

0.006

0.0013

0.871

0.18

0.0004

0.616

0.512

<0.0001

0.0005

<0.0001

0.029

GFR: glomerular filtration rate; EF: left-ventricular ejection fraction; LVedP: Left-Ventricular end-diastolic Pressure; MAP:
Mean Arterial Pressure; HR: Heart Rate; SHRob: Spontaneously Hypertensive Obese Rat; SHRobRDN: Spontaneously
Hypertensive Obese Rat with renal denervation
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Table 2: Liver interstitial fibrosis, steatosis, RAGE/sRAGE expression, RAGE-ligand
levels (CML and HMGB1), liver cell injury and liver sympathoadrenergic system.

Control SHRob SHRobRDN Control SHRob Control
n=5 n=5-7 n=5-8 VS. VS. VS.
SHRob SHRob SHRob
RDN RDN
Parameters p-value
Liver fibrotic area % | .74+ 0.07 1.23 +0.01 0.92+0.05 <0.0001 0.0023 0.056
Liver Collagen I 0.4 +0.09 1.39+0.11 0.6+0.2 0.0006 0.005 0.449
AU/GAPDH
Liver Collagen III 278+ 1.1 0.82+0.11 0.66+0.17 0.112 0.983 0.083
AU/GAPDH
Liver steatosis 0.36+ 0.1 1.59+0.17 0.65+0.19 0.0004 0.0024 0.499
Grading
Liver ADRP 0.54+ 0.05 2.08+0.36 0.88+0.36 0.008 0.033 0.71
AU/GAPDH
Liver sSRAGE 3.81+0.3 0.41+0.08 1.65+0.11 <0.0001 0.0018 <0.0001
AU/GAPDH
Liver RAGE 0.83+0.36 5.73+0.41 3.63+0.62 <0.0001 0. 0227 0.0036
AU/GAPDH
Liver esRAGE 0.97+0.05 0.87+0.04 1.2+0.27 0.899 0.358 0.598
AU/GAPDH
Liver CML 1.33+0.16 421+ 0.59 2.56+0.35 0.0008 0.034 0.121
AU/GAPDH
Liver HMGBI1 0.21+0.06 0.92+0.2 0.27+ 0.1 0.008 0.013 0.945
AU/GAPDH
Liver BAX 0.06+0.004 1.59+0.13 0.97+0.18 <0.0001 0.013 0.0007
AU/GAPDH
Liver Bel 1.24+0.3 0.13+0.01 0.17+0.01 0.002 0.985 0.003
AU/GAPDH
Liver ADAM-10 1.05+0.12 0.28+ 0.07 0.76+ 0.15 0.0016 0.032 0.246
activity
AU/GAPDH
Latent MMP-9 0.82+0.07 0.46+0.06 0.5+ 0.1 0.018 0.921 0.036
AU/GAPDH
Liver TIMP-1 1.2+0.14 2.22+0.2 1.06+0.13 0.002 0.0007 0.816
AU/GAPDH
Liver Tyrosine 0.59+0.15 1.02+ 0.07 0.58+0.08 0.032 0.031 0.99
hydroxylase
activity
(active/inactive
ratio)
Liver 3143.2 67.1+ 9.4 37.243.8 0.0018 0.0071 0.713
norepinephrine
pg/ml
Liver B1-AR 0.58+0.05 0.76+0.08 0.69+0.03 0.09 0.35 0.26
AU/GAPDH
Liver B2-AR 1.57+0.06 0.81+0.11 0.99+0.04 0.001 0.08 0.001
AU/GAPDH
Liver B3-AR 0.59+0.1 0.23+0.01 0.23+0.02 0.0018 0.99 0.0013
AU/GAPDH

AU: Arbitrary Units; SRAGE: soluble Receptor for Advanced Glycation End products; esRAGE: endogenous secretory Receptor
for Advanced Glycation End products; CML: Carboxy-Methyl-Lysine; HMGB1: High Mobility Group Box1 protein
GAPDH: Glyceraldehyde 3-Phosphate Dehydrogenase; ADRP: Adipose-Differentiation-Related-Protein
MMP: Matrix Metalloproteinase; SHRob: Spontaneously Hypertensive Obese Rat; SHRobRDN: Spontaneously Hypertensive
Obese Rat with renal denervation
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Table 3: Baseline characteristics of patients responding to RDN and 6 months follow-up data

Baseline 6 months follow-up p-value
Demographics, n=20
Age,y 65.1£2.0 -- -
Male gender (%) 16 (80) - -
Body mass index, kg/m2 30.5+1.2 - -
Risk factors
Type II diabetes mellitus 8 (40) - -
Coronary artery disease 7 (35) - -
Cystatin C GFR, ml/min 78.5+4.8 - -
OSAS 3 (15) - -
COPD 2 (10) - -
Stroke/TTA 1(5) - -
Follow-up
SBP, mmHg 157.4+2.6 136.5+£2.5 <0.0001
DBP, mmHg 84.2+2.0 74.8+1.9 <0.0001
Office heart rate, bpm 66+3 6242 0.03
ALT U/ 34.6+3.9 29.543.4 0.0009
AST U/L 29423 28.2+1.8 0.52
GGT U/l 49.6+7.6 40.024.1 0.04
CHE kU/1 9.0+0.4 8.9+0.4 0.64
AP U/ 71.9+4.2 68.8+4.5 0.47
Albumine g/l 45.9+0.9 44.3+0.8 0.09
HDL mg/dl 51.1+2.7 49.3+2.8 0.22
LDL mg/dl 124.248.3 11549.2 0.23
Cholesterol mg/dl 199.4+10.1 179+12.5 0.1
Triglycerides mg/dl 158.3+14 146=+11 0.28
Medication
Number of antihypertensive drugs 540.2 -- --
ACEi/ARB 9 (45)/15 (75) -- --
Beta-blockers 20 (100) -- --
Diuretics 20 (100) -- --
Aldosterone antagonists 4 (20) -- --
Calcium channel blockers 20 (100) -- --
Central sympatholytics 16 (80) -- --
Alpha-blockers 5(25) -- --
Aliskiren 5(25) -- --
Vasodilators 6 (30) -- --
Statin 15 (75) -- --

Categorical data are shown as number (n) and percentage of patients (%). Continuous data are expressed as mean with SEM and
compared by a paired t-test. RDN: Renal Denervation; GFR: Glomerular Filtration Rate; BMI: Body Mass Index; OSAS:
Obstructive Sleep Apnoe Syndrome; COPD: Chronic Obstructive Pulmonary Disease; TIA: Transient Ischemic Attack; SBB:
Systolic Blood Pressure; DBP: Diastolic Blood Pressure; bpm: beats per minute; ALT: Alanine Aminotransferase; AST: Aspartate
Transaminase; GGT: Gamma-Glutamyl Transferase; ACEi: Angiotensin Converting Enzyme inhibitors; ARB: Angiotensin
Receptor Blocker. Bold values indicate statistically significant (p<0.05).
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Figure 1
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Figure 1 (continued)
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Figure 2
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Figure 2 (continued)
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Figure 3
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Figure 3 (continued)
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Figure 4
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Figure 5
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Supplemental Figure 1
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Supplemental Figure 1: A) Quantification of B1-AR, B) R2-AR and C) R3-AR by Western blot in liver
homogenates from normotensive lean controls (n=5), SHRob (n=5) and SHRobRDN (n=5). R1-AR, $2-AR
and R3-AR in arbitrary units (AU) normalized to GAPDH. *p<0.05 versus Control.



Supplemental Figure 2
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Supplemental Figure 2:
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Correlation between liver sSRAGE content and liver collagen | expression (upper panel) and between
liver RAGE and liver collagen | expression (lower panel) in SHRob and SHRobRDN (n=10). Spearman

correlation (p-value).



Supplemental Figure 3
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Supplemental Figure 3: Correlation between liver BAX expression and liver RAGE expression
(upper panel) and between liver BAX expression and liver sRAGE expression (lower panel) in
SHRob and SHRobRDN (n=10). Spearman correlation (p-value).



Supplemental Figure 4
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Supplemental Figure 4: Correlation between liver TIMP-1 expression and liver RAGE
expression (upper panel) and between liver TIMP-1 expression and liver sRAGE
expression (lower panel) in SHRob and SHRobRDN (n=10). Spearman correlation (p-
value).



