JIOMICS | VOL 9 | ISSUE 1 | JUNE 2019 | 250 | 1-8

.- ]OURNAL OF INTEGRATED OMICS
R R S A METHODOLOGICAL JOURNAL
HTTP:/ / WWW.JIOMICS.COM

ORIGINAL ARTICLE | DOI: 10.5584/jiomics.v9i1.250

Comparative proteomic analysis in microdissected renal vessels from
hypertensive SHR and WKY normotensive rats

Georgios Barkas 1?2, Manousos Makridakis !, Rafael Stroggylos !, Jerome Zoidakis ¥, Antonia Vlahou !, Aristidis Charonis !,
Demetrios V. Vlahakos 12

! Biomedical Research Foundation of the Academy of Athens, Greece; 2 National and Kapodistrian University of Athens, Medical
School, Greece.

Received: 11 July 2018 Accepted: 11 January 2019 Available Online: 18 March 2019

ABSTRACT

Systemic hypertension leads to renal damage known as hypertensive nephrosclerosis without obvious clinical symptoms in the initial stages
and it has a profound impact on the renal vascular physiology. Despite its major role in End Stage Renal Disease, many aspects of hypertensive
nephrosclerosis remain unknown. In order to elucidate the biological pathways and macromolecules deregulated by hypertension, renal vessels
were obtained by Laser Capture Microdissection (LCM) from Spontaneously Hypertensive Rats (SHR) and age-matched controls (20 weeks).
Proteomic analysis was performed aiming to detect molecular alterations associated with hypertension at the renal vessels before the onset of
vascular damage. This analysis identified 688 proteins, of which 58 were differentially expressed (15 up-regulated and 43 down-regulated) in
SHR. Many of these proteins are involved in vascular tone regulation by modulating the activity of endothelial Nitric Oxide Synthase (eNOS)
(Xaa-Pro aminopeptidase 1 (XPP1), N(G) N(G)-dimethylarginine dimethylaminohydrolase 1 (DDAHI1), Dehydropteridine reductase
(DHPR)) or in blood pressure control by regulating the renin-angiotensin system (Glutamyl aminopeptidase/Aminopeptidase A (AMPE),
Aminopeptidase N (AMPN)). Moreover, pathway enrichment analysis revealed that the eNOS activation pathway is deregulated only in SHR.
Our study demonstrates that hypertension causes early proteomic changes in the renal vessels of SHR. These changes are relevant to vascular
tone regulation and consequently may be involved in the development of vascular damage and hypertensive nephrosclerosis. Further
validation and interference studies to investigate potential therapeutic impact of these findings are warranted.

Keywords: Laser Capture Microdissection; Vascular proteomics; essential hypertension; Endothelial dysfunction; Spontaneously hypertensive
rats.

hypertension has been the subject of many studies [3]. The

1. Introduction

Chronic hypertension is the second leading cause of End
Stage Renal Disease (ESRD) [1]. It leads to renal damage
known as hypertensive nephrosclerosis without specific
clinical presentation in the initial stages. Despite its major
role in ESRD, many aspects of hypertensive nephrosclerosis
remain unknown. For instance, alterations in the vascular
wall may be involved in the pathogenesis of hypertension at
an early stage, while at the same time may be considered a
consequence of hypertension at a late stage [2]. Endothelial
function is impaired in hypertensive individuals in several
arterial beds, including the renal arteries and their branches.
Whether endothelial dysfunction is a cause or consequence of

mechanisms that lead to endothelial dysfunction may be
associated with a decrease of endothelium-derived relaxing
factors (EDRFs) (mainly nitric oxide) and/or an increase of
various endothelium-derived constricting factors (EDCFs).
Spontaneously Hypertensive Rat (SHR) is a well-
established animal model of hypertension [4]. The
importance of this model has been attributed to the similarity
of its pathophysiology with essential hypertension in humans
[2,5]. In a recent publication, we used proteomic analysis of
renal parenchyma to identify processes and organelles
affected from the early stages of the development of
hypertension. Among many molecules and pathways
identified, we showed over-expression of the chloride
channel CLIC4 in the brush border of proximal tubules and
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we suggested that this molecule could be involved in the
pathogenesis of hypertension and could be used as a useful
early marker jof renal tubular alterations during
hypertension [6]. Other investigators have focused their
attention in vascular wall of SHR and found inconsistent
results regarding the role of nitric oxide (NO) and
endothelial dysfunction in the development of hypertension.
Despite hypertension, endothelium-dependent vasodilatory
responses were similar or even augmented in SHR compared
with the control normotensive animals [7]. Age, gender, the
vascular type studied and methodological aspects may all
contribute to the variability among various reports.

In this communication we focused our attention to the
arterial wall in the kidney of SHR at an early stage of
hypertension before the development of hypertensive
nephrosclerosis. To this end, we combined Laser Capture
Microdissection (LCM) technology and high resolution
GeLC-MS/MS  proteomic analysis followed by a
bioinformatics approach to compare the arterial wall
between SHR and their normotensive counterparts Wistar-
Kyoto (WKY) rats [8]. Our results demonstrate that
significant proteomic changes occur in the renal vessels of
SHR compared to WKY prior to the development of
structural damage and that these changes are relevant to
vascular tone regulation, which eventually lead to the
development of hypertensive nephrosclerosis.

2. Material and Methods
2.1. Experimental animals:

The Male WKY and SHR rats were purchased from
Charles River Laboratories (Germany) and housed in the
animal facility of the National Center for Scientific Research
Demokritos (EL25 BIO 019020022). Male SHR rats were
outbred WKY rats with marked elevation of blood pressure
(Charles River from NIH in 1973). The animals were
maintained in polycarbonate cages and were fed with
standard rodent diet with free access to water and with a 12
h light-dark cycle. Mean blood pressure was measured using
a computerized rat tail-cuff technique (Kent Scientific co,
USA) as described previously [6]. Following blood pressure
measurements, the animals were deeply anesthetized with
ether and the kidneys were removed as reported in our
previous study [6]. The experimental protocols were
approved by the Institutional Animal Care and were carried
out in agreement with the ethical recommendations of the
European Communities Council Directive of 22 September
2010 (2010/63/EU).

2.2 Laser Capture Microdissection

Laser Capture Microdissection was performed using a
PALM MicroBeam Laser System (Carl Zeiss Microscopy
GmbH, Germany). The laser capture system is equipped
with an UV-A laser and a computer. Frozen unfixed renal

tissue samples from 20 weeks of age SHR and WKY rats
(N=4 for each group) were cut into 14 um cryosections,
mounted on glass slides coated with a biochemically inert
membrane (PALM Membrane slides NF 1.0 PEN, Carl Zeiss
Microscopy, Germany) and lightly stained with Gill’s
hematoxylin according to standard procedures. Renal vessels
and a limited number of glomeruli which exhibited
prominent afferent and efferent arterioles were outlined with
the drawing tool on the computer view of the field. The laser
cut the selected area of renal parenchyma, following the
drawn outline, and blew the microdissected sections off the
slide by a higher energy laser pulse, to be captured onto 500-
il AdhesiveCap Touch opaque tube (Carl Zeiss Microscopy,
Germany) placed over the sample area. Approximately
10,000,000 - 14,000,000 pm2 of microdissected segments
were collected from each sample.

2.3. GeLC-MS analysis:

2.3.1. Sample preparation for LC-MS/MS (Liquid
Chromatography coupled with tandem Mass Spectrometry):

Microdissected segments of renal parenchyma were
homogenized and proteins were extracted in sample buffer
(7M Urea, 2M Thiurea, 4% CHAPS, 1% DTE). Protein
concentration was determined by the Bradford assay. Equal
amounts of protein from each sample (6 ug) were analyzed
by SDS PAGE. The electrophoresis was terminated when the
samples just entered into the separating gel. In this way each
sample was represented by a single band including its total
protein content and processed for LC-MS/MS analysis. In
brief, Coomassie Colloidal Blue-stained bands were excised
from the gels and cut in small pieces (1-2 mm). Gel pieces
were destained in 40% Acetonitrile, 50 mM NH4HCO3,
reduced in 10 mM DTE, 100 mM NH4HCO3, and alkylated
in 50 mM IAA, 100 mM NH4HCO3. Samples were dried
and trypsinized overnight with 600 ng trypsin in 10 mM
NH4HCO3. Peptide extraction was performed with one
wash of the trypsinized gel pieces with 50 mM NH4HCO3,
followed by two washes with 50% acetonitrile, 5% formic
acid for 15 min at room temperature. Extracted peptides
were dried and kept at -800C.[9]

2.3.2. LC-MS/MS

Dried peptides were solubilized in 10 yuL mobile phase A
(0.1% formic acid) and separated on a nano HPLC Dionex
Ultimate 3000 RSLS system (Dionex™, Camberly, UK). Five
uL of each sample were loaded on a Dionex 0.1x20 mm, 5
pm C18 nanotrap column at a flow rate of 5 yL/min in 98%
mobile phase A (0,1% formic acid) and 2% mobile phase B
(100% acetonitrile, 0,1% formic acid). At a next step the
sample was injected into an Acclaim PepMap C18
nanocolumn 75 umx50 cm (Dionex™, Sunnyvale, CA, USA),
at a flow rate of 0,3 pL/min. The samples were eluted with a
gradient of solvent B: 2% B-80% B within 120 min LC run

250 | 1-8: 2



JIOMICS | VOL 9 | ISSUE 1 | JUNE 2019 | 250 | 1-8

time. The eluted peptides were ionized using a Proxeon
nanospray ESI source, operating in positive ion mode, and
injected into an Orbitrap Elite FTMS (ThermoFinnigan,
Bremen, Germany). The mass-spectrometer was operated in
MS/MS mode scanning from 380 to 2000 amu. The
resolution of ions in MS1 was 60,000 and 15,000 for HCD
MS2. The top 10 multiply-charged ions were selected from
each scan for MS/MS analysis using HCD at 35% collision
energy. Data analysis was performed with Proteome
Discoverer 1.4 software package (ThermoScientific, Hemel
Hempstead, UK), using the SEQUEST search engine and the
Uniprot rat reviewed database including 7,928 entries. The
search was performed using carbamidomethylation of
cysteine as static and oxidation of methionine as dynamic
modifications. Two missed cleavage sites, a precursor mass
tolerance of 10 ppm and fragment mass tolerance of 0.05 Da
were allowed. SEQUEST results were filtered for false-
positive identifications.

2.3.3. Quantification and statistical analysis

Reliable protein identifications (e.g. based on at least one
high confidence peptide, FDR <1%) which were present in at
least 3 of the available 4 samples were retained for
quantification analysis performed at the peptide level. The
intensity for each protein in each sample was normalized in
ppm (quotient of intensity for the particular protein to the
sum of all intensities of all proteins of the specific sample
multiplied with 106). The average normalized intensity for
each protein was then determined for all the samples of the
two groups (SHR and WKY).

As differentially expressed proteins selected for further
analysis, were considered those with a fold change of > 1.5
(up-regulated in SHR compared to WKY) or < 0.66 (down-
regulated in SHR compared to WKY), and a p-value of <
0.05 (Mann Whitney).

A comparison of all identified proteins with the online
available Rat IMCD Proteome database (https://
hpcwebapps.cit.nih.gov/ESBL/Database/
IMCD_Proteome_Dev/) was performed.

A heat map of differentially expressed proteins was
generated using the online tool available in the link: http://
www.heatmapper.ca/. The Row Z-score was calculated for
each row using the formula:

z;=(x;—x)/s
2.4. Bioinformatics analysis

In order to unveil the pathways that may be associated
with the identified proteins in both SHR and WKY animals,
Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway analysis was performed using Cytoscape software
[10] with the ClueGO plugin [11] using Rattus Norvegicus
as organism. P-value (corrected with Bonferroni) < 0.05 was
set as the threshold.

3. Results

In the present study, we used LCM technology and GeLC-
MS/MS analysis in order to characterize the proteomic
profile of renal vessels in the SHR model compared to
control. Detailed information on the experimental animals,
such as blood pressure measurements and histopathology
are described in our previous study [6]. The experimental
approach we followed is outlined in Figure 1.

3.1. GeLC-MS/MS analysis reveals differentially expressed
proteins in renal vessels of hypertensive rats compared to
control

Proteomics techniques were applied to investigate the
differences in the proteomic profiles of the renal vessels
between SHR and WKY rats. 688 proteins were identified
based on at least one high confidence peptide; of these, 550
proteins were detected in both SHR and WKY rats, 71
proteins were found exclusively in WKY and 67 exclusively
in SHR rats. We refer to exclusively identified proteins as
those identified in at least three biological replicates of one
condition and in no replicates of the other. A comprehensive
list of the identified proteins including the fold change is
shown in the Supplementary Table 1. A comparison of all
688 identified proteins in renal vessels with the available Rat
IMCD Proteome database revealed 517 overlapping
proteins.

Of the 550 proteins identified in both SHR and WKY
samples, 58 proteins were differentially expressed, of which
15 proteins were up-regulated and 43 were down-regulated
in SHR (listed in Supplementary Table 2). A volcano plot
representing the distribution of identified proteins according
to p-value and fold change is shown in Figure 2a. Plotting
the negative log10 function of the unadjusted p-value against
the log2 function of fold change, visualizes all the identified

Microdissection of
renal vessels
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Figure 1 | A. Graphical overview of the experimental approach. Renal
vessels were microdissected from kidney tissue cryosections using an
UV-A laser. Extracted proteins were analyzed by SDS-PAGE and the
resulting single bands were stained with Coomassie Colloidal Blue
and excised from the gel. Proteins were in-gel digested and the result-
ing peptides were analyzed by LC-MS/MS. Identified molecules were
used for further bioinformatics analysis.

250 1-8: 3



Georgios Barkas et al., 2019 | Journal oflntegrated Omics

proteins and the statistically significant up-regulated and
down-regulated proteins. Figure 2 (b) presents a heat map of
the statistically significant differentially expressed proteins.

3.2. Bioinformatics pathway analysis

Pathway enrichment analysis was performed for all
proteins identified in each group in order to uncover
significant biological processes relevant for blood vessels
functions. 114 and 111 KEGG pathways were identified in
WKY and SHR respectively and 106 pathways were common
in both groups. Among the common pathways identified
were pathways associated with normal functions of vascular
cells e.g metabolism, oxidation, signaling, membrane
trafficking, detoxification of Reactive Oxygen Species (ROS),
VEGFR2 mediated cell proliferation and smooth muscle
contraction. These data are presented in Supplementary
Figures 1 and 2 for SHR and WKY respectively and a
comprehensive list is given in the Supplementary Tables 4
and 5. It is worth mentioning that the eNOS (endothelial
nitric oxide synthase) activation pathway was identified only
in SHR samples. eNOS is an enzyme responsible for the
generation of nitric oxide (NO) in the vascular endothelium,
a key player in the regulation of the vascular tone [12].

3.3. Prominent proteomics findings:

GeLC-MS/MS analysis revealed a large number of
identified proteins in renal vessels of SHR and WKY
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animals. The most prominent findings relevant to vascular
tone and blood pressure regulation, along with the
corresponding P-value and fold change are presented in
Table 1. These proteins may play significant roles in the
context of vascular physiology.

4. Discussion

Our study aimed to identify early proteomic changes in
the renal vessels of SHR involved with pathogenesis of
hypertension. The applied protocol consisted of LCM
coupled to high resolution GeLC-MS/MS analysis. The high
number of identified proteins verifies that this method was
highly efficient and capable of identifying canonical
proteomic alterations in microdissected renal parenchyma
segments of SHR animals compared to controls.
Furthermore, a comparison of our data with the available
Rat IMCD Proteome database revealed 75% (517 out of 688
proteins of our dataset) overlap of identified proteins in
renal vessels with the IMCD database. A recent report on
LCM coupled with LC-MS/MS in the study of mouse brain
sections following a protocol comparable to our approach
resulted in the identification of a similar number of proteins
(on average 322 proteins) in the microdissected tissue
samples [13]. However, the application of the SP3 method
(single-pot  solid-phase-enhanced sample preparation)
yielded a significantly higher number of protein
identifications, on average 5744.

In the SHR model, alterations in vascular structure and
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Figure 2 | (a) Volcano plot of proteomic data, presenting the negative log10 of P-value against the log2 of the fold change. All the proteins
with fold change <1 have negative X-values and the proteins with fold change >1 have positive X-values. The proteins with fold change > 1.5
and P-value < 0.05 are considered significantly up-regulated in SHR in comparison to controls. The proteins with fold change < 0.66 and P-
value < 0.05 are considered significantly down-regulated in SHR. (b) Heat map of 58 differentially expressed proteins. A list of proteins
along with their normalized area and the corresponding protein name used in the heat map is presented in the Supplementary Table 3.
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Table 1 | Differentially expressed proteins relevant to vascular tone and blood pressure regulation.

. Fold change X
Gene Protein p-value Function Reference
(SHR/WKY)
Qdpr Dihydropteridine reductase 0.03 3.05 BH4 regeneration [32,33]
N(G), N(G)-dimethylarginine
Ddah1 ,( ) N( ), y'arg 0.05 1.77 ADMA hydrolase [34]
dimethylaminohydrolase 1
Cfll Cofilin-1 0.03 1.6 Cytoskeletal remodeling [35]
Xpnpepl Xaa-Pro aminopeptidase 1 0.05 0.64 Bradykinin degradation [23,24]
Pah Phenylalanine-4-hydroxylase 0.04 0.62 Tyrosine generation [36]
Glutamyl ami tidase/
Enpep u.amy ar.nlnopep idase 0.05 0.53 Metabolism of AngII [20]
Aminopeptidase A
Anpep Aminopeptidase N 0.03 0.37 Metabolism of AngIII [19]
Calbl Calbindin 0.05 0.46 Calcium-binding protein [37]
Calb2 Calretinin 0.05 0.55 Calcium-binding protein [38]
Phb Prohibitin 0.03 0.24 ROS formation [39,40]
Phb2 Prohibitin-2 0.03 0.43 Mitochondrial function [41]

functions related to hypertension are not present in young
animals but are observed in adult animals (older than 25
weeks) [7]. In the present study, focusing on an early
interval, we provide evidence that early molecular changes
occur in the renal vessels of SHR animals at 20 weeks of age.
The proteomic analysis yielded 58 proteins differentially
expressed between SHR and WKY animals that play
important roles in the context of vascular dysfunction.

Many of the interesting differentially expressed proteins
identified in our study are relevant to vascular tone
regulation. Thus, proteins involved with NO and
vasodilation and affecting eNOS include Xaa-Pro
aminopeptidase 1 (XPP1), N(G) N(G)-dimethylarginine
dimethylaminohydrolase 1 (DDAHI1), Dehydropteridine
reductase (DHPR), whereas proteins affecting
vasoconstriction and blood pressure regulation by renin-
angiotensin system [14] include Glutamyl aminopeptidase/
Aminopeptidase A (AMPE), Aminopeptidase N (AMPN).
These molecules may be involved in the pathogenesis of
hypertensive nephropathy.

Angiotensin metabolism is critical for blood pressure
regulation since in addition to Ang II, peptide fragments
derived from this hormone also have diverse and important
physiological roles. Ang III has been shown to be a major
effector peptide; in the intrarenal Renin—Angiotensin system
it has been reported to increase angiotensinogen levels and
TGEF-B, fibronectin and monocyte chemoattractant protein-1
gene expression [15,16]. Furthermore, Ang III formation is
critical for the AT2 receptor-mediated natriuresis in rats
contributing in reduction of blood pressure [17] and

endothelial metabolism of Ang II to Ang III boosts the
vasorelaxation response in adrenal cortical arteries [18]. In
our analysis, both AMPE and AMPN responsible for Ang III
and Ang IV formation respectively [19,20], were down-
regulated in SHR most likely enhancing the vasoconstrictor
effect of Ang II, decreasing the Ang Ill-induced sodium
excretion [17], and thus inducing hypertension. These
results are consistent with the high mean blood pressure
(160 - 170 mmHg) measured in SHR animals used in our
study [6].

Nevertheless, despite the established high blood pressure,
our analysis revealed several differentially expressed
molecules that may have a protective role against
hypertension. In other words, defensive mechanisms may be
activated in the renal vessels of SHR at an early phase of the
development of hypertension, possibly to counteract the
vasoconstricting effects of Ang II and other constricting
substances. In this regard, other investigators have studied
the role of NO in hypertension and kidney damage in SHR
and found elevated levels of iNOS in SHR, but not in WKY
rats [21,22]. Molecules such as XPP1, DDAH1 and DHPR
may affect the synthesis of endothelium-derived relaxing
factors (EDRFs) increasing NO levels and vasodilatation. In
this regard, XPP1 was found to be down-regulated in SHR
compared to WKY reducing the degradation of bradykinin
which stimulates endothelial cells to produce and release
EDRFs that cause blood vessels to dilate and therefore
reduce blood pressure [23,24]. Other protective molecules,
such as DDAH1 and DHPR appear to be up-regulated in
SHR presumably as a defense mechanism to hypertension.
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DDAH 1 is a methylarginine-metabolizing enzyme that
reduces asymmetric dimethylarginine (ADMA) levels.
ADMA is an endogenous compound derived from the
proteolysis of proteins containing methylated arginine
residues that inhibits nitric oxide synthase (NOS) catalytic
activity. Moreover, ADMA is accumulated in plasma during
CKD [25] and reduced renal tubular ADMA synthesis
protects against progressive kidney function decline [26].
DHPR is an enzyme that catalyzes the regeneration of
tetrahydrobiopterin (BH4). BH4 is a cofactor of a set of
enzymes including NOS and plays an essential role in
neurovascular homeostasis and has anti-inflammatory
activity [27]. DHPR converts BH2 to BH4 which is necessary
for NO production by NOS. If BH4 is insufficient, NOS
becomes uncoupled and generates superoxide [28,29]. The
up-regulated DHPR in SHR model favors the regeneration
of BH4 allowing the enzymatic synthesis of NO.

Collectively, the validity of our proteomic results is
supported by the relevance of the proteins identified as
differentially expressed in the context of hypertension. The
trend observed for the differentially expressed proteins is
supported by related literature and existing knowledge on
regulatory mechanisms of blood pressure (e.g. renin-
angiotensin system [14-17]). An overview of these molecules
and their putative action on vascular tone and consequently
blood pressure regulation is presented in Figures 3 and 4.

Using LCM for renal research provides an important
advantage. It gives us the ability to separate different
compartments and sub-compartments of renal parenchyma
to almost total purity. This is not the case with already

T DDAH1 Dimethylamine

+ Citrulline

Bradyklnm

Vasodilation «—— | =blaiE: <—|

Figure 3 | Putative activation of vasodilation mechanisms via NO
and EDRFs production. ADMA: asymmetric dimethylarginine,
BH2: dihydrobiopterin, BH4: tetrahydrobiopterin, DDAHI: dime-
thylarginine dimethylaminohydrolase 1, DHPR: dehydropteridine
reductase, EDRFs: endothelium-derived relaxing factors, eNOS:
endothelial nitric oxide synthase, NO: nitric oxide, XPP1: Xaa-Pro
aminopeptidase 1.

described methods that employ different types of sieves in
order to separate glomeruli from tubules [30]. In addition,
these methodologies are expensive and cannot discriminate
between different types of tubular compartments (e.g.
proximal vs. distal) [31]. LCM has been used in our study for
proteomic analysis but it can also be useful for in depth
transcriptomic analysis of different renal compartments in
the future. Therefore, use of LCM material in future studies
will lead to a more in depth understanding of renal
pathophysiology.

5. Concluding Remarks

In summary, combining LCM technology and high
resolution GeLC-MS/MS analysis in the renal blood vessels
of SHR, a well-established model of hypertension, we offer
insights on proteomic profiles of renal vessels with regard to
hypertension. Significant early proteomic changes occur in
the renal blood vessels of SHR compared to WKY before the
onset of vascular dysfunction and structural damage.
Whether these changes are of decisive importance in the
development of hypertensive nephropathy and endothelial
dysfunction due to hypertension needs to be investigated
further. Moreover, our data suggest that AMPE, AMPN,
XPP1, DDAHI1, DHPR are moderators and mediators of
renal vascular tone modulation contributing in blood
pressure regulation. These molecules may be potentially
important therapeutic targets for the hypertensive
nephropathy and should be studied further.

lAMPE
Angll —>  Anglll

\—> Vasoconstriction

Figure 4 | Putative activation of vasoconstriction mechanism via
Angiotensin II (Angll). Down-regulated Aminopeptidases A
(AMPE) and N (AMPN) in SHR lead to impaired Ang II and Ang
IIT degradation respectively, enhancing possibly the levels and the
vasoconstrictor effect of Ang II.

lAMPN

—> AnglV
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6. Supplementary material

Supplemetary Figure 1: Pathway analysis of all identified
proteins in SHR

Supplementary Figure 2: Pathway analysis of all identified
proteins in WKY

Supplementary Table 1: List of all identified proteins

Supplementary Table 2: List of statistically significant
differentially expressed proteins in renal vessels of SHR
compared to WKY

Supplementary Table 3: List of differentially expressed
proteins presented in Figure 2 (b) along with their
normalized area per sample and the corresponding
ascending number.

Supplementary Table 4: SHR pathway analysis

Supplementary Table 5: WKY pathway analysis

The mass spectrometry proteomics data have been
deposited to the ProteomeXchange Consortium via the
PRIDE [40] partner repository with the dataset identifier
PXD008792.
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