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A b s t r a c t

Introduction: Multidrug resistance-associated protein 1 (MRP1) is an anion 
transporter which is implicated in the efflux of the intracellular antioxidant 
anion glutathione as well as leukotrienes. Pharmacological inhibition of 
MRP1 exhibits antioxidative and anti-atherosclerotic effects both in vitro 
and in vivo. However, pharmacological inhibitors of MRP1 lack selectivity, 
which prompted us to study the in vivo impact of a  genetic disruption of 
MRP1 on endothelial dysfunction, reactive oxygen species formation and 
atherogenesis in an atherosclerotic mouse model. 
Material and methods: MRP1–/– LDLr–/– double knockout mice. were fed  
a high-fat and cholesterol-rich diet for 7 weeks. Thereafter, endothelial func-
tion was assessed in isolated aortic rings. Reactive oxygen species were 
quantified by L-012 chemiluminescence, and the atherosclerotic plaque bur-
den was measured following oil red O staining.
Results: Endothelium-dependent vasodilation of MRP1–/– LDLr–/– double 
knockout mice was significantly improved compared to MRP1-competent 
LDLr–/– single knockout mice (0.56 ±0.06 vs. 0.78 ±0.08; n = 10; p = 0.048). 
This improvement was accompanied by a significant reduction in reactive 
oxygen species formation within the aortic tissue (102 ±27 RLU/s/mg vs. 
315 ±78 RLU/s/mg, n = 9–11, p = 0.03). Moreover, the atherosclerotic plaque 
burden of MRP1–/– LDLr–/– double knockout mice was significantly reduced 
(0.06 ±0.01 vs. 0.12 ±0.02; n = 6; p = 0.047). Finally, arterial blood pressure 
was significantly reduced in MRP1–/– LDLr–/– double knockout mice (93 ±5 
mm Hg vs. 128 ±4 mm Hg; n = 8–12; p < 0.001).
Conclusions: Genetic disruption of MRP1 appears to reduce blood pressure 
and vascular oxidative stress in vivo, which leads to improved endothelial 
function and a  reduced plaque burden in atherosclerotic mice. Therefore, 
MRP1 might represent a promising therapeutic target to improve endotheli-
al function in patients suffering from atherosclerosis. 

Key words: reactive oxygen species, multidrug resistance-associated 
protein 1, arterial blood pressure.

Introduction

Reactive oxygen species (ROS) production is a driving mechanism of 
atherogenesis. A vast body of both animal and human studies has linked 
cardiovascular risk factors to ROS production, which, in turn, causes en-
dothelial activation, dysfunction and apoptosis, lipid oxidation and acti-
vation of matrix metalloproteinases (reviewed in [1–3]) – all hallmarks 
of atherosclerosis. Mitigation of ROS is accomplished by antioxidant 
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agents, such as glutathione peroxidase (GSHPx), 
which uses glutathione (GSH) for a redox partner 
(reviewed in [4]). Thus, regulation of cellular GSH 
homeostasis is crucial to cellular defence against 
oxidative stress and to the prevention of athero-
genesis.

GSHPx catalyses the reduction of hydroperox-
ides into their respective alcohols, while GSH is 
oxidised into glutathione disulfide (GSSG) [4]. In 
order to maintain cellular redox balance, GSSG 
needs to be reduced back to GSH or has to be 
excreted from the cell. The latter requires active 
transport by multidrug resistance protein 1 (MRP1, 
ABCC1), which is a member of the ATP-binding cas-
sette family and which exhibits a high affinity not 
only to GSSG but also to GSH and proinflamma-
tory GSH conjugates such as leukotriene C4 (LTC4) 
[5–8]. Excretion of GSH and GSSG, however, leads 
to a diminished cellular thiol pool, which causes an 
excess of ROS and impairs endothelial function [9].

The relevance of MRP1 to endothelial function 
and repair has already been demonstrated in var-
ious in vivo models: Genetic disruption of MRP1 
has been shown to improve endothelial function 
in both DOCA-salt- and angiotensin II-induced 
hypertensive mice [7, 10], as well as in diabetes 
mellitus [11]. Moreover, MRP1–/– mice showed an 
increased number of both circulating and resident 
endothelial progenitor cells (EPCs), which caused 
improved re-endothelialisation following endothe-
lial damage compared to wildtype controls [12].

In an atherosclerosis-prone mouse model, how-
ever, the impact of a genetic disruption of MRP1 
on endothelial function and atherogenesis has 
never been investigated before. Yet, Mueller et al. 
were able to demonstrate that pharmacological 
inhibition of MRP1 by MK571 leads to improved 
endothelial function and to a  reduced plaque 
burden in atherosclerotic ApoE-deficient mice 
[8]. MK571, however, does not selectively inhibit 
MRP1 but also blocks the proinflammatory leukot-
riene receptor CysLT1 at low nanomolar concen-
trations [13].

Nevertheless, the anti-atherogenic properties 
of MK571 encouraged us to generate an MRP1- 
and low-density lipoprotein receptor- (LDLr) de-
ficient double knockout mouse model (MRP1–/– 
LDLr–/–) in order to evaluate the significance of 
MRP1 to atherogenesis and to overcome the lim-
itations of the previously used model of pharma-
cological MRP1 inhibition. Consequently, MRP1–/– 
LDLr–/– double knockout mice were generated and 
were fed a  high-fat and cholesterol-rich diet for  
7 weeks. Afterwards, endothelial function, ROS 
production and atherosclerotic lesion formation 
were assessed. We hypothesized that MRP1–/– 
LDLr–/– double knockout mice would exhibit im-
proved endothelial function and a  reduction in 

atherosclerotic plaque volume compared to LDLr–/– 
single knockout mice.

Material and methods

LDLr–/– mice and MRP1–/– mice, both of FVB 
origin, were purchased from Taconic (Hudson, 
USA) and crossed to obtain MRP1–/– LDLr–/– double 
knockout mice. Successful homozygous disrup-
tion of the LDLr and MRP1 genes was verified by 
qualitative PCR and subsequent gel electropho-
resis. LDLr–/– single knockout mice with an intact 
MRP1 gene were used as controls.

Animals were kept at 22°C room temperature 
and a 12-hour dark-light-cycle and had unrestrict-
ed access to drinking water and rodent chow. 
Treatment of laboratory animals was in accor-
dance with institutional guidelines and German 
animal protection law. All experiments were ap-
proved of by the North Rhine Westphalian State 
Agency for Nature, Environment and Consumer 
Protection and the local ethics committee which 
is in charge of the University of Bonn. 

Twelve-week-old mice were fed a high-fat and 
high-cholesterol diet for 7 weeks containing 21% 
fat, 19.5% casein, and 1.25% cholesterol (Ssniff, 
Soest, Germany). Upon completion of the feeding 
period mice were anesthetized with 5% isoflurane 
(Abbott Laboratories, Chicago, USA), and sacri-
ficed by cervical dislocation. 

Endothelial relaxation

Endothelial relaxation was assessed in iso-
lated aortic rings as described earlier [14]. The 
descending thoracic aorta was transferred into 
37°C warm buffer containing, in mM, NaCl 118.0,  
CaCl

2 2.5, KCl 4.73, MgCl2 1.2, KH2PO4 1.2,  
NaHCO

3 25.0, NaEDTA 0.026, D(+)glucose 5.5, 
adjusted to pH 7.40. Adherent connective tissue 
was carefully removed and 3 mm thick rings were 
cut. These aortic rings were carefully hooked to 
a  force transducer in an organ bath (IOA-5301, 
FMI GmbH, Seeheim, Germany), which was per-
fused by the above-mentioned buffer and aer-
ated by oxygen. Aortic rings were preloaded 
with a  force of 10 mN and allowed to achieve 
their respective resting tension for 10 min.  
Endothelial integrity was ascertained by measur-
ing contractility upon administration of 40 mM  
KCl. Increasing concentrations of phenylephrine 
were administered up to a  maximum concen-
tration of 100 µM to induce vasoconstriction. 
The maximum amplitude of vasoconstriction 
was calculated as the difference between the 
maximum tension and the resting tension. Va-
sodilation was then induced by administration 
of increasing concentrations of carbachol (max-
imum concentration 100 µM) and nitroglycerine 
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(maximum concentration 10 µM) respectively. 
For each concentration, the amplitude of vaso-
constriction was calculated as the difference 
between the resulting tension under the respec-
tive concentration of vasodilating agent and 
the resting tension. Vascular relaxation capacity 
was calculated as 1 – (respective amplitude of 
vasoconstriction/maximum amplitude of vaso-
constriction). Vascular relaxation upon admin-
istration of carbachol was considered endothe-
lium-dependent, while vascular relaxation upon 
administration of nitroglycerine was considered 
endothelium-independent.

Reactive oxygen species formation

The proximal and the distal end pieces of 
the descending thoracic aorta were used for the 
quantification of reactive oxygen species levels 
using the L012 chemiluminescence method as 
described [15]. L012 working solution was made 
up freshly immediately prior to use as follows: 
L012 stock solution (Wako Chemicals GmbH, Ne-
uss, Germany) was diluted in PBS by 1 : 100. The 
working solution was made up by adding 100 µl 
of the diluted L012 solution to every 900 µl of 
modified KH-HEPES-buffer, containing in mM: 
NaCl 99.01, KCl 4.69, CaCl2 1.87, MgSO4 1.20, 
NaHEPES 20.0, K2HPO4 1.03, NaHCO3 25.0, D(+)
glucose 11.1, adjusted to pH 7.40. Tissue sam-
ples were transferred into 200 µl of the L012 
working solution and chemiluminescence was 
assessed for 10 min at intervals of 1 min using 
a scintillation counter (Lumat LB 9501, Berthold 
Technologies GmbH & Co. KG, Wildbad, Germa-
ny). The 5-minute value was used for statistical 
comparison of the two groups. L012 working 
solution without aortic tissue was measured to 
obtain blank values, which were subtracted from 
the 5-minute scintillation counts of tissue sam-
ples. Thereafter, the net scintillation count was 
normalised to tissue weight.

Histological sections and quantification  
of plaque burden 

Hearts of MRP1–/– LDLr–/– double knockout mice 
and LDLr–/– controls were excised and embedded 
upright in tissue freezing medium. Following hori-
zontal positioning of the aortic valve, hearts were 
snap frozen at –80°C and allowed to freeze thor-
oughly for at least 24 h. Then, tissue samples were 
sliced using a Leica CM 1900 cryostat (Leica Bio-
systems GmbH, Wetzlar, Germany) at a thickness 
of 8 µm per section and sections through the aor-
tic sinus were recovered on Polysine Slides (Ther-
mo Fisher Scientific, Inc., Waltham, USA).

Next, oil red staining of the frozen sections was 
performed to visualise atherosclerotic plaques as 

described [16]. 0.5 g of Oil red O (Sigma-Aldrich, 
St. Louis, USA) were dissolved in 100 ml of isopro-
panol as a stock solution. Immediately prior to use, 
the oil red working solution was prepared by add-
ing 20 ml of deionised water to 30 ml of the stock 
solution. Frozen sections were allowed to defrost 
and dry at room temperature. Then, sections were 
incubated in 4 % (w/v) paraformaldehyde in PBS 
for 45 min for fixation. Subsequently, slides were 
rinsed in deionised H2O for 10 min and dehydrat-
ed in 60% (v/v) isopropanol for 5 min. Next, slides 
were exposed to the oil red working solution for 
15 min, rinsed once more for 10 min in deionised 
H2O and costained with haematoxylin for 30 s. Fi-
nally, slides were washed in lukewarm tap water 
for 15 min and stained slides were covered using 
Aquatex mounting agent (Merck Millipore, Darm-
stadt, Germany).

Microphotographic images were obtained from 
a Zeiss Axiovert 200M microscope (Carl Zeiss Jena 
GmbH, Jena, Germany) using Axiovision 4.8 soft-
ware (Carl Zeiss Jena GmbH). Affiliation to the 
MRP1–/– LDLr–/– double knockout group or to the 
control group was blinded prior to assessment. Oil 
red-stained areas were normalised to the size of 
the vessel wall.

Body weight, plasma cholesterol and 
glucose levels, blood pressure and heart rate

Body weight was assessed prior to and at the 
end of the feeding period using a Kern EW 3000-
2M balance (Kern & Sohn GmbH, Balingen, Ger-
many). 

Plasma cholesterol levels were measured by 
gas chromatography–flame ionisation detection, 
as described earlier [15]. Fasting blood glucose 
levels were determined using a blood glucose me-
ter (Accu-Chek, Roche Diagnostics Deutschland 
GmbH, Mannheim, Germany).

Blood pressure and heart rate were measured 
using a non-invasive Volume Pressure Recording 
system (Kent Scientific Corporation, Torrington, 
USA). Prior to recording, mice were allowed to ac-
custom to the measurements on three consecu-
tive days for 20 min each day. For this purpose, 
mice were placed in the restrainer and the tail cuff 
was positioned. Actual recording of the measure-
ments was accomplished on the 3 consecutive 
days following the acclimatisation period.

Quantification of GSH and LTC4 in murine 
plasma and abdominal aortic tissue

GSH levels and LTC4 levels were quantified in 
both plasma and abdominal aortic tissue by a flu-
orometric assay for GSH (Abcam plc., Cambridge, 
UK) and by ELISA for LTC4 (Elabscience, Bethesda, 
USA) according to the manufacturer’s instructions.
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Abdominal aortas of MRP1–/– LDLr–/– double 
knockout mice and LDLr–/– controls were excised 
and rinsed in ice-cold PBS. Then, tissue samples 
were transferred into mammalian cell lysis buf-
fer (Abcam plc.) and were ground using a Schuett 
homogen plus tissue lyser (Schuett-biotec GmbH, 
Göttingen, Germany). Cell lysates were centrifuged 
for 15 min at 20,000 × g and 4°C and the super-
natant containing peptides and proteins was re-
covered. Since fluorometric measurement of GSH 
requires previous deproteinisation, plasma and 
aortic tissue samples were filtered using 10 kD spin 
columns (Abcam). The LTC4 ELISA was conducted 
using unfiltered protein solution. Protein content 
of all samples was measured prior to deproteinisa-
tion by the Lowry protein assay (Bio-Rad Laborato-
ries Ltd., Hercules, USA) and GSH levels and LTC4 
levels were normalised to protein concentrations.

Statistical analysis

Data are presented as mean ± SEM. Statistical 
differences of continuous variables were deter-
mined using Microsoft Excel software (Microsoft, 
Redmond, USA) and Origin 8.0 software (Origin-
Lab Corporation, Northampton, USA). For compar-
ison of two groups, unpaired Student’s two-sided 
t-tests was applied. P < 0.05 was considered sta-
tistically significant.

Results

MRP1–/– LDLr–/– double knockout mice and  
LDLr–/– controls were fed a  high-fat diet for  
7 weeks. Upon completion of the feeding period, 
mice were sacrificed and endothelial function, re-
active oxygen species formation and atheroscle-
rotic plaque burden were measured. 

Genetic disruption of the MRP1 gene is 
associated with decreased blood pressure 
in atherosclerotic mice

The clinical parameters body weight, plasma 
cholesterol and blood glucose levels were unaf-

fected by genetic disruption of the MRP1 gene, 
as shown in Table I. Both systolic (SBP) and di-
astolic blood pressure (DBP) were significantly 
reduced in MRP1–/– LDLr–/– double knockout mice 
compared to controls (SBP: 93 ±5 mm Hg vs. 128 
±4 mm Hg; n = 8–12; p < 0.001; DBP: 56 ±3 mm 
Hg vs. 84 ±3 mm Hg; n = 8–12; p < 0.001). Heart 
rate was slightly higher in MRP1–/– LDLr–/– double 
knockout mice, which did not reach statistical 
significance (782 ±23 bpm vs. 721 ±17 bpm; n = 
8–12; p = 0.08).

Genetic disruption of MRP1 improves 
endothelial function of atherosclerotic mice

Endothelial function was assessed in isolated 
aortic rings. Aortic rings were exposed to car-
bachol and nitroglycerine up to maximum con-
centrations of 10–4 M (carbachol) and 10–5 M (ni-
troglycerine), respectively. Dose-response curves 
are depicted in Figure 1. MRP1–/– LDLr–/– double 
knockout mice showed significantly improved 
endothelial function compared to LDLr–/– single 
knockout mice. The maximum concentration of 
carbachol led to a  decrease in vascular tension 
by 22% of maximum vascular tension in control 
mice, compared to 44% in MRP1–/– LDLr–/– double 
knockout mice (0.78 ±0.08 vs. 0.56 ±0.06, n = 10, 
p = 0.048). Maximum endothelium-independent 
vasorelaxation induced by nitroglycerine was 
similar in both groups (0.15 ±0.13 vs. 0.21 ±0.09, 
n = 5, p = 0.68).

Genetic disruption of the MRP1 gene 
attenuates reactive oxygen species 
formation in atherosclerotic mice

Tissue samples of the thoracic aorta were used 
for the assessment of reactive oxygen species for-
mation by L012 chemiluminescence. Genetic dis- 
ruption of the MRP1 gene led to a significant decrease 
in ROS formation in MRP1–/– LDLr–/– double knock-
out mice compared to controls (102 ±27 RLU/s/mg  

Table I. Clinical parameters. Clinical parameters were assessed at the end of the feeding period. Body weight, 
plasma cholesterol and blood glucose levels, as well as heart rate, were similar in both groups. MRP1–/– LDLr–/– 
double knockout mice, however, exhibited significantly reduced systolic and diastolic blood pressure compared to 
LDLr–/– single knockout controls

Parameter LDLr–/– MRP1–/– LDLr–/– P-value

Weight [g] 30.4 ±1.0 30.8 ±0.6 > 0.05

Plasma cholesterol [mg/dl] 790 ±25 762 ±42 > 0.05

Plasma glucose [mg/dl] 101 ±7 99 ±8 > 0.05

Systolic blood pressure [mm Hg] 128 ±4 93 ±5 < 0.001

Diastolic blood pressure [mm Hg] 84 ±3 56 ±3 < 0.001

Heart rate [bpm] 721 ±17 782 ±32 > 0.05

Data are presented as mean ± standard error of the mean; n = 8–12. LDLr – low-density lipoprotein receptor, MRP1 – multidrug resistance-
associated protein 1.
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vs. 315 ±78 RLU/s/mg, n = 9–11, p = 0.03, Fig- 
ure 2).

MRP1–/– LDLr–/– double knockout mice 
exhibit a significant reduction in 
atherosclerotic plaque burden

The atherosclerotic plaque burden was as-
sessed by oil red staining of frozen sections 
through the aortic sinus and normalised to the 
size of the vessel wall. As depicted in Figure 3, 
MRP1-deficient MRP1–/– LDLr–/– double knock-
out mice showed a significantly reduced plaque 
burden compared to LDLr–/– single knockout 
controls (0.06 ±0.01 vs. 0.12 ±0.02; n = 6; p = 
0.047).

MRP1-deficient mice exhibit an increase  
in vascular GSH- and a decrease in vascular 
LTC4-levels

Aortic GSH levels of MRP1–/– LDLr–/– double 
knockout mice were higher compared to LDLr–/– 
single knockout controls, but the difference did not 
reach statistical significance (1.02 ±0.23 nmol/mg 
protein vs. 0.71 ±0.13 nmol/mg protein; n = 5; p = 
0.270). Meanwhile, GSH plasma levels of MRP1–/– 
LDLr–/– double knockout mice showed non-signifi-
cantly lower levels compared to controls (10.50 
±0.95 pmol/mg protein vs. 14.82 ±1.76 pmol/mg 
protein; n = 5; p = 0.056), which illustrates the 
impaired efflux of GSH in MRP1-deficient mice.

In addition, aortic LTC4 levels were significant-
ly lower in MRP1–/– LDLr–/– double knockout mice 
compared to controls (724 ±159 pg/mg protein 
vs. 1480 ±145 pg/mg protein; n = 5; p = 0.008), 
while LTC4 plasma levels were equally low in both 
groups (5.36 ±1.11 pg/mg protein vs. 5.94 ±0.91 
pg/mg protein; n = 5; p = 0.69).

Discussion

In the present study, we generated a MRP1–/– 
LDLr–/– double knockout mouse model in order 
to characterise the impact of the anion exporter 
MRP1 on endothelial dysfunction and atherogen-
esis in atherosclerotic mice.

One former study has already demonstrated 
that the MRP1 inhibitor MK571 leads to improved 
endothelial function and reduces atherosclerosis 
in ApoE-deficient mice [8]. Yet, one major draw-
back of this former approach is that MK571 also 
blocks the leukotriene receptor CysLT1 at low 
nanomolar concentrations. The CysLT1 receptor 

Figure 1. Dose-response curves of drug-induced vasodilation. Isolated aortic rings of MRP1–/– LDLr–/– double knock-
out mice (grey traces) and LDLr–/– single knockout controls (black traces) were exposed to increasing concentrations 
of carbachol to measure endothelium-dependent vasorelaxation. Endothelial function was significantly improved 
in MRP1–/– LDLr–/– double knockout mice (A). Endothelium-independent vasorelaxation, which was measured upon 
administration of nitroglycerine, was similar in both groups (B). Absolute vascular tension was divided by maxi-
mum vascular tension to obtain relative vascular tension

Data are presented as mean ± standard error of the mean; n = 5–6; *p < 0.05. LDLr – low-density lipoprotein receptor, M – molar, 
MRP1 – multidrug resistance-associated protein 1.
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is expressed on a  wide range of inflammatory 
cells including monocytes, macrophages, B-lym-
phocytes and mast cells (reviewed in [17]) and 
the significance of leukotriene signalling to ath-
erosclerosis has been demonstrated in various 
atherosclerotic rodent models (reviewed in [18]). 
Thus, it remained unclear whether the atheropro-
tective effects of MK571 are due to MRP1 inhi-
bition or due to blockade of CysLT1. The present 
study was designed to overcome these limitations 
of pharmacological MRP1 inhibition. By generat-
ing an MRP1-deficient and atherosclerosis-prone 
MRP1–/– LDLr–/– double knockout mouse model, we 
were able to selectively study the significance of 
MRP1 to atherogenesis without interfering with 
CysLT1 receptor activation.

Following a  high-cholesterol diet for 7 weeks, 
the endothelial function of MRP1–/– LDLr–/– double 
knockout mice was significantly improved com-
pared to LDLr–/– single knockout mice. These data 
are in line with previous studies that connected 
knockout of the MRP1 gene with improved endo-
thelial function in hypertensive mouse models [6, 
10, 11]. Our present study extends our knowledge 
of the impact of MRP1 on endothelial dysfunction 
to an atherosclerotic mouse model. 

Interestingly, atherosclerotic MRP1–/– LDLr–/– 
double knockout mice exhibited significantly re-
duced blood pressure with a slight, but not statis-
tically significant compensatory elevation of the 

heart rate. This supports earlier findings by Wid-
der et al., who reported an attenuated increase in 
blood pressure of MRP1–/– mice compared to wild-
type mice upon administration of angiotensin II. 
As suggested by Widder et al., the disruption of 
MRP1 might lower arterial blood pressure by pre-
serving vascular availability of NO [10]. 

In addition to an improved endothelial func-
tion, the amount of both ROS and LTC4 in the 
aorta of MRP1–/– LDLr–/– double knockout mice was 
significantly reduced. This reduction in ROS within 
the vasculature matches the improved endotheli-
al relaxation capacity, since ROS are assumed to 
reduce the vascular availability of NO (reviewed 
in [19, 20]). Most recently, LTC

4 has been demon-
strated to be a major driving force of ROS gener-
ation in various cell types [21]. Like GSH, LTC

4 is 
actively exported from cells by MRP1 [22]. Inter-
estingly, Dvash et al. showed that LTC

4 exerts its 
proinflammatory action via intracrine activity, since 
blockade of MRP1 led to an increase in cellular LTC

4 
and, subsequently, to an increase in ROS forma-
tion [21]. In the present study, genetic disruption 
of MRP1 led to a decrease in aortic LTC4 levels and 
a decrease in ROS formation, which illustrates that 
intracrine LTC

4 activity may not be the main trig-
ger of ROS formation in the present experimental 
approach. We suggest that either reduced extra-
cellular LTC

4 signalling [8] or increased intracellu-
lar GSH levels enhance cellular ability to mitigate 
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ROS in the present model, which ultimately leads 
to improved endothelial function. The increase of 
cellular GSH might be due to both a reduced GSSG 
efflux and upregulation of GSSG reductase activity, 
which has already been documented for pharma-
cological inhibition of MRP1 [8].

Further, genetic disruption of MRP1 led to a sig-
nificantly reduced atherosclerotic plaque burden. 
This finding matches our current understanding 
that excess of ROS and impaired endothelial func-
tion are initial steps of atherogenesis that ulti-
mately culminate in atherosclerotic plaque forma-
tion [1, 23]. The anti-atherogenic effect observed 
in this study might be immediately caused by the 
reduced amount of ROS or might be secondary to 
decreased blood pressure.

Taken together, our data suggest that MRP1 
contributes to an increased amount of ROS and 
to impaired endothelial function and an increase 
in blood pressure with subsequent atherogenic 
effects in the LDLr–/– atherosclerotic mouse model. 
MRP1 appears to disturb cellular redox balance, 
and its specific inhibition might represent a prom-
ising strategy to improve endothelial function and 
to attenuate disease progression in patients suf-
fering from atherosclerosis.
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