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A B S T R A C T

Hyperuricemia is an important risk factor for vascular inflammation, yet the potential mechanisms of uric acid
(UA) in endothelial cells are not well understood. UA has been found to stimulate renin-angiotensin system
(RAS) activation in human umbilical vein endothelial cells (HUVECs). (Pro)renin receptor ((P)RR) is widely
expressed in endothelial cells and able to induce RAS activation. Whether UA-induced endothelial cell in-
flammation is via up-regulating (P)RR remained unknown. Primary HUVECs were cultured and treated with UA,
under the condition of (P)RR or AT1 silencing. The degree of inflammation in HUVECs was determined by Real-
time PCR and monocyte adhesion assay. The protein levels of (P)RR were determined by western blotting or
immunofluorescence. Probenecid was used to block UA re-absorption in this study. Adhesion of monocytes to
HUVECs was elucidated by microfluidic chip. We found (P)RR is up-regulated in HUVECs following UA sti-
mulation. UA promoted vascular inflammation, which was characterized by up-regulating of cytokines and
enhanced monocyte adhesion. Silencing of (P)RR alleviated UA-induced vascular inflammation. Probenecid
treatment abolished UA-induced vascular inflammation in HUVECs via suppressing (P)RR up-regulation. This
finding was further verified by using microfluidic chip. Our findings indicate that (P)RR plays a critical role in
endothelial inflammation in response to UA stimulation.

1. Introduction

Uric acid (UA) is the end-product of purine metabolism and gen-
erated during the metabolism of nucleotides and adenosine tripho-
sphate (ATP). Hyperuricemia is the main reason for uarthritis [1].
Growing epidemiological evidence showed that hyperuricemia also
closely associated with heart and kidney diseases [2–8]. Recently, hy-
peruricemia is considered as an independent risk factor of hypertension
and atherosclerosis [9,10], which promoted us to investigate the role of
UA in vascular endothelial cells.

The renin-angiotensin system (RAS) regulates blood pressure and
electrolyte homeostasis, which forms the rational of using RAS blockers
for anti-hypertensive therapies in the clinical practice. Renin, the rate-
limiting step of the RAS, is synthesized as prorenin and activated in the
granular cells of the juxtaglomerular apparatus [11]. (Pro)renin re-
ceptor ((P)RR) was cloned as a specific receptor both for prorenin and
renin [12]. The binding of prorenin/renin to (P)RR enables prorenin to

undergo a conformational change that allows it to gain enzymatic ac-
tivity, thereby promoting angiotensinogen (AGT) conversion into an-
giotensin (Ang) I, and then Ang II [12–14]. Global deletion of (P)RR in
mice leads to a lethal phenotype [15]. Cardiomyocyte specific (P)RR
deletion in mice leads to heart failure and early death after birth [16],
suggesting that (P)RR is involved in heart development. While, for the
adult heart, overexpression of (P)RR is detrimental [17].

Previous findings indicate that elevated serum levels of UA in rat
contribute to endothelial dysfunction and the development of hy-
pertension [18–21]. In addition, hypertension is observed in patients
with hyperuricemia, and reducing UA lowers blood pressure in hyper-
uricemic patients [22–24]. Furthermore, UA has been found to stimu-
late Ang II, AT1, and AT2 production in human umbilical vein en-
dothelial cells (HUVECs) with unknown mechanisms [25]. Moreover,
experimental hyperuricemia also stimulates renin and aldosterone le-
vels in the blood [26]. Clinical studies have also shown that hyperur-
icemia is associated with RAS activation and vascular dysfunction
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[21,25]. (P)RR is widely expressed in endothelial cells [12] and able to
induce RAS activation. Whether UA-induced endothelial cell in-
flammation is via up-regulating (P)RR remained unknown. Thus, we
hypothesized that high levels of UA can up-regulate (P)RR and then
increase RAS activity, leading to endothelial inflammation.

In the present study, we investigated the mechanism of UA-induced
endothelial inflammation. Our results provided a novel mechanism for
(P)RR-mediated vascular inflammation in response to UA stimulation,
and revealed additional efficacy of anti-UA interventions for hyperur-
icemic patients.

2. Materials and methods

2.1. Materials and reagents

The fresh umbilical cord of the fetus was harvest from Obstetrics
Department of First Affiliated Hospital of Dalian Medical University.
The study procedures wereapproved by the local institutional review
board, and all patients gave informed consent. THP-1 cells were pur-
chased from the Type Culture Collection of the Chinese Academy of
Sciences, Shanghai, China.

UA, typeⅡ collagenase and probenecid were purchased from Sigma-
Aldrich. ECM cell culture medium was purchased from ScienCell.
RPMI1640 culture medium was purchased from Gibco. Penicillin-strep,
fetal bovine serum (FBS) and 0.25% typsin were purchased from
Hyclone. α-Tubulin antibody, (P)PR antibody, vWF antibody, ICAM-1
antibody, AT1 antibody, p38 antibody and phosph-p38 antibody were
purchased from Cell Signaling Technology. Transwell was purchased
from Corning Costar. DiI and MitoGreen were purchased from KeyGEN
Biotech. Rat tail collagen I was purchased from BD Bioscience.
Microfluidic chip was made by Dalian institute of chemical physics,
Chinese academy of science.

2.2. Cells culture

THP-1 cells were grown in RPMI1640 containing 10% FBS and 1%
penicilin/streptomycin at 37℃ in 5% CO2 incubator. HUVECs were
extracted from umbilical veins. Briefly, 15–20 cm umbilical cords were
stored in sterilized PBS contained gentamycin. Subsequently, cells were
detached with 0.1% typeⅡcollagenase solution. Then cell suspension
was collected in a 50ml tube and centrifuged for 15min at 1500 rpm.
The cell pellet was re-suspended in ECM medium containing 10% FBS
and 1% penicilin/streptomycin.

2.3. Immunofluorescence

HUVECs were fixed by 4% paraformaldehyde for 15min at room
temperature. Then cells were blocked in PBS contains 1% goat serum
and 0.2% Triton-x 100 for 10min, ICAM-1 or (P)RR antibody was
added at dilutions of 1:50or 1:200 for overnight incubation at 4 ℃.
After 3 times washing by PBS, cells were then incubated with second
antibody Alexa Fluor® 594or Alexa Fluor® 488 at 1 μg/ml for 1 h at
room temperature, and then nuclei were stained by 200 ng/ml DAPI for
5min.

2.4. Western blot

Cells were lysed in ice-cold RIPA buffer containing PMSF (100 μg/
ml) and the extracts were centrifugated at 13,500 rpm for 15min at 4℃.
Protein concentration was determined by a BCA protein microassay,
and the supernatants were subjected to SDS-PAGE. The separated pro-
teins were transferred onto a polyvinylidene difluoride (PVDF) mem-
brane and reacted with the indicated antibody. The band intensity was
scanned and quantified by using a Gel-pro 4.5 Analyzer (Media
Cybernetics, USA).

2.5. Small interfering RNA (siRNA)

RNA oligonucleotide double strands to target (P)RR or AT1 were
synthesized by GenePharma (Negative control siRNA sequence, 5-
UUCUCCGAAGGUGUCACGUTT-3; (P)RR siRNA sequence 5′-AAACAG
GCGAUUACGGAGCTT-3′, and AT1R siRNA sequence, 5-GUAUGCCUU
CCUGUUUAAATT-3′). Cells were seeded into six-well plates 24 h before
transfection, with serum deprivation 1 h before transfection. In each
well, 50 nM of siRNA and 5 μl of Lipofectamine 2000 (Invitrogen) were
mixed in Opti-MEM (Gibco) and then added to cells. After 6 h of
transfection, serum-free medium was replaced with medium containing
10% of FBS. RNAi efficiency was determined by western blotting at
48 h.

2.6. Measurement of Ang II level

Ang II concentration was measured both in cell lysate and cell
culture supernatant. After the stimulation of cells with UA for 24 h,
supernatant was collected, and proteins from cells were extracted for
Ang II measurement. Ang II concentrations were determined using
commercial ELISA kits (Peninsula Laboratories) according to manu-
facturer’s instructions. Briefly, samples or standards were incubated
with Ang II antibody and biotinylated Ang II in 96-well plates. After
incubation, the unbound biotinylated Ang II was removed by washing,
and the bound Ang II was determined by reaction of streptavi-
din–horseradish peroxide in the wells using 3,30,5,50-tetramethyl
benzidine and H2O2 as a substrate. The reaction was terminated with
2 N HCl, and the color intensity in each well was read at 450 nm.

2.7. Measurement of inflammation mediators in cell lysate or supernatant

Inflammation factors were measured both in cell lysate and cell
culture supernatant. After the stimulation of cells with UA or vehicle for
24 h, supernatant was collected, and proteins from cells were extracted.
The concentrations of ICAM-1, IL-6, IL-1β were determined using
commercial ELISA kits (CSB-E04574 h, CSB-E04638 h, CSB-E08053 h)
according to manufacturer’s instructions.

2.8. Cell adhesion assay

HUVECs in serum-free DMEM (100 μl) were stained by MitoGreen
(green fluorescence) and plated to the upper chamber of a transwell
chamber (8.0 μm diameter pore, Corning) at 37℃ in 5% CO2 for 24 h.
After 24 h, THP-1 cells were pre-stained by DiI (red fluorescence) and
co-cultured with HUVECs in the upper chamber for 4 h. After washing,
the adhesion of THP-1 cells were detected by fluorescence microscope
(Olympus BX50).

2.9. Microfluidic device design and fabrication

The device is composed of four inlets, four outlets, and four cell
culture chambers. These chambers were 200 μm in height, 500 μm in
width, and 1.2mm in length. The microdevices were fabricated using
conventional microfabrication techniques as previous description [29].
Briefly, the degassed PDMS prepolymer (10:1 = base:curing agent,
Sylgard 184, Dow Corning, Midland, MI) was filled in designed masters
and irreversibly sealed with a clean glass substrate.

2.10. Numerical modeling

Edmond etal., provides a classic evaluation of cell culture flow (CCF)
systems used to study the effects of mechanical forces on endothelial
cells (ECs) in vitro. Indeed, most microfluidic geometries are restricted
to low Reynolds number (Re) and laminar flow patterns, a key char-
acteristic that makes them ideal for CCF applications. For this system
(Re=0.249) that employ parallel flat plates separated by a narrow gap
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of height, the wall shear stress can be calculated by = 6 Q/wh2,
where Q is the flow rate (5 μl/min), w is the width of the chamber, h is
the height of the chamber, and is the dynamic viscosity
(ECM+9mg/dl UA: = 1.093×10−3 Pa.s). All parameters were
used to simulate the 3D flow field in culture chamber using a finite
volume method (FVM)-based CFD code in FLUENT 6.3 (ANSYS, Inc.,
USA).

2.11. HUVECs inoculation in the microchambers

The microfluidic devices were sterilized and microchambers were
coated with rat tail collagen (2 μg/cm2, BD, USA) for 1 h at room
temperature. Then, chambers were washed with PBS. HUVECs (1×106

cells/ml) with green fluorescence were injected into the chambers and
incubated at 37℃ for 24 h for attachment. Then we added UA (9mg/dl)
and further incubated for 24 h. Then microfluidic pump (Longer Pump
LSP04-1 A, China) continuously infused prepared THP-1 cells (1× 106

cells/ml) into chambers for 4 h. (P)RR, ICAM-1 and adhesion of THP-1
cells were detected by fluorescence microscope (Olympus BX50).

2.12. Statistical analysis

All data were presented as means ± SEM, and the statistical ana-
lyses were done using GraphPad Prism V-5.0 software. One-way or two-
way ANOVA was used to compare differences among multiple groups,
followed by Tukey post-hoc test for significance. P < 0.05 was con-
sidered significant.

3. Results

3.1. Inflammatory responses in HUVECs were elevated in response to UA
stimulation

UA (9mg/dl) treatment significantly increased inflammatory re-
sponses in HUVECs, as measured by a significantly higher adhesive
ability to monocytes (Fig. 1A and B), the content of IL-1β, IL-6 and
ICMA-1 at mRNA (Fig. 1C-E) or protein levels in cell lysate or super-
natant (Fig. 1H–J), and the fluorescence intensity of ICAM-1
(Fig. 1F–G).

3.2. (P)RR was up-regulated in HUVECs following UA stimulation

To investigate whether (P)RR expression was altered in response to
UA treatment in HUVECs, the protein levels of (P)RR were examined by
western blotting. Our results revealed that (P)RR protein levels were
increased in a dose-dependent manner after UA treatment (6, 9, 12mg/
dl) compared to the control group (0mg/dl) (Fig. 2A and B). Further,
we treated HUVECs with UA (9mg/dl) for different time course (12, 24,
36, 48 h), (P)RR protein reached a peak level at 24 h (Fig. 2C and D).
Thus, these results indicate that HUVECs respond to UA in a dose- and
time-dependent manner.

Fig. 1. High concentration UA promoted THP-1 cells adhesion and up-regulated inflammatory markers expression in HUVECs.
Representative images showed adhesive monocytes to HUVECs under the different concentrations of UA treatment (A). HUVECs were stained by MitoGreen,
determined by green fluorescence, while THP-1 cells were stained by Dil, determined by yellow fluorescence (A). Quantitation of adhesive monocytes is presented in
(B). Relative to the control (0 mg/dl), the fold change in the mRNA levels of IL-1β, IL-6, and ICAM from different concentrations of UA treatment are shown in (C–E).
Plasma levels of IL-1β, IL-6, and ICAM from cell lysate or supernatant are shown in (H–J). Representative immunofluorescence showed protein levels of ICAM in
HUVECs with or without UA treatment (F). Quantitation of total ICAM fluorescent intensity is presented in (G). *P< 0.05, **P< 0.01 versus 0 mg/dl, one-way
ANOVA was used in statistical analyses (n=4/group).
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3.3. (P)RR disruption attenuated UA-induced inflammatory responses in
HUVECs

To further test whether (P)RR was involved in UA-induced in-
flammation, HUVECs were infected with either scramble-siRNA or (P)
RR siRNA for 24 h, and then stimulated with UA (9mg/dl) for another
24 h. Knockdown of (P)RR dramatically inhibited UA-induced RAS

activation, which was measured by the protein levels of (P)RR, AT1,
AT2 in cell lysate (Fig. 3A–D) and Ang II in both cultured medium and
cell lysate (Fig. 3F), as compared with the control group. Furthermore,
the phosphorylation of ERK was also blocked after (P)RR deletion
(Fig. 3A and E). Additionally, knockdown of (P)RR strongly suppressed
UA-induced up-regulation of inflammatory mediators (Fig. 3G–I and
K–M), and monocyte adhesion (Fig. 3J).

Fig. 3. Deletion of (P)RR inhibited UA-induced RAS activation, ERK1/2 phosphorylation as well as inflammation.
Western blot of (P)RR, AT1, and AT2 in HUVECs transfected with either siControl or si(P)RR after saline or UA (9mg/dL) exposure for 24h (A). Quantitation of (P)RR,
AT1, and AT2, p-ERK1/2 and ERK1/2 is presented in (B–E). Protein levels of angiotensin II in HUVECs (both cells and cultured media) transfected with either
siControl or siRNA (P)RR after saline or UA (9mg/dL) exposure for 24h were measured by ELISA (F). mRNA levels of IL-1β, IL-6 and ICAM-1 were measured by qPCR,
and quantitative data are presented in panels(G–I). Plasma levels of IL-1β, IL-6, and ICAM from cell lysate or supernatant are shown in (K–M). Adhesion analysis of
THP-1 cells to HUVECs is presented in (J). *P< 0.05, **P< 0.01 versus control group (siControl, without UA stimulation), two-way ANOVA was used in statistical
analyses (n=3/group).

Fig. 2. UA-induced dose- and time-dependent
increases in (P)RR expression in HUVECS.
(P)RR protein levels in HUVECs after UA ex-
posure at 0, 6, 9, 12 mg/dl concentration were
detected by western blotting (A). Quantitation
of (P)RR is presented in (B). (P)RR expression
levels in HUVECs after 9 mg/dl UA exposure for
0, 12, 24, 36 and 48 h were detected by western
blotting (C). Quantitation of (P)RR is presented
in (D). *P<0.05, **P<0.01 versus 0 mg/dl or
0 h group, one-way ANOVA was used in sta-
tistical analyses (n=3/group).
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3.4. AT1 receptor knockdown partially abolished (P)RR-induced
inflammatory responses upon UA stimulation

To verify (P)RR-promoted endothelial inflammatory is via RAS ac-
tivation following UA stimulation, HUVECs were infected with either
scramble-siRNA or AT1 siRNA for 24 h, and then stimulated with UA
(9mg/dl) for another 24 h. Knockdown of AT1 receptor had no influ-
ence on (P)RR expression (Fig. 4A and B). Further, knockdown of AT1
receptor had no effect on ERK phosphorylation (Fig. 4A and D), and
only slightly inhibited UA-induced increasing in cytokine expression
and release (Fig. 4E–G and I–K), and monocyte adhesion (Fig. 4H), as
compared with control group, suggesting that (P)PR-promoted en-
dothelial inflammation was only partially via RAS activation upon UA
stimulation.

3.5. Probenecid inhibited UA-promoted RAS activation and inflammation

UA-enhanced up-regulation of RAS activation and ERK phosphor-
ylation was largely abolished by probenecid treatment (Fig. 5A–E).
Furthermore, UA-induced up-regulation of inflammatory mediators and
monocyte adhesion were also attenuated by probenecid treatment
(Fig. 5F–M). In order to verify these results in microfluidic device,
HUVECs were cultured in microfluidic device (Fig. 6), and then sti-
mulated by UA with or without probenecid for 24 h under the condition
of the low shear stress (0.25 dyn/cm2, 5 μl/min). After 24 h, the protein
levels of (P)RR and ICAM-1 were examined by using IF. The fluores-
cence intensity of (P)RR and ICAM-1 in UA-treated HUVECs was in-
creased 2.8-fold and 2.66-fold respectively, which was inhibited by
probenecid treatment (Fig. 7A–D). HUVECs were co-cultured with THP-
1 cells in microfluidic device for 4 h under the condition of the low
shear stress (0.25 dyn/cm2, 5 μl/min). Again, UA-treated HUVECs
promoted THP-1 cells adhesion than that in non-treated HUVECs,
which was blocked by probenecid treatment (Fig. 7E and F).

4. Discussion

Several novel findings have been made in the current study. 1) high
levels of UA up-regulated (P)RR in HUVECs; 2) UA promoted vascular
inflammation, which was characterized by up-regulating of in-
flammatory mediators and enhanced adhesion of monocytes to en-
dothelial cells; 3) silencing of (P)RR alleviated UA-induced vascular
inflammation; 4) probenecid treatment abolished UA-induced vascular
inflammation in HUVECs via suppressing (P)RR up-regulation. Our
findings indicate that (P)RR plays a critical role in vascular inflamma-
tion in response to UA stimulation. Thus, UA is emerging as a poten-
tially therapeutic target for the prevention and treatment of vascular
damage (Fig. 8).

Hypertension is observed in patients with hyperuricemia, and re-
ducing UA lowers blood pressure in hyperuricaemic patients. In the
animal diseased models, hyperuricemic rat was able to develop hy-
pertension [18–21]. We believed that UA contributed to the develop-
ment of hypertension via two important mechanisms. First, UA stimu-
lation induces Ang II, AT1 and AT2 production in HUVECs, which plays
important roles in blood pressure regulating [25]. Second, UA has pro-
inflammatory effects on endothelial cells, which promotes in-
flammatory mediator production and endothelial dysfunction [33]. In
our study, we observed UA promoted pro-inflammatory mediator ex-
pression in HUVECs, and further enhanced monocyte adhesion to
HUVEC. In consisting with the fact that UA stimulated RAS activation
[25], we also found AT1 is highly up-regulated in HUVECs, and Ang II is
elevated in both cell lysate and medium. Furthermore, we extended this
finding by demonstrating that UA is able to induce (P)RR expression in
HUVECs. HUVECs responded to UA in a dose- and time-dependent
manner. The cutoff value in the clinic is 360 μmol/L (6mg/dl) for
women and 420 μmol/L (7mg/dl) for men, which has been proposed as
an independent risk factor for atherosclerosis [10,34]. In the present
study, we used 9mg/dl UA, which can reflect hyperuricemic conditions

Fig. 4. Deletion of AT1 partiallyinhibited UA-induced RAS activation, ERK1/2 phosphorylation and inflammation.
Western blot of (P)RR, AT1, AT2, p-ERK1/2 and ERK1/2 in HUVECs transfected with either siControl or siAT1 after saline or UA (9mg/dL) exposure for 24h (A).
Quantitation is presented in (B–D). mRNA or plasma levels of IL-1β, IL-6 and ICAM-1 were measured by qPCR or ELISA, and quantitative data are presented in panels
(E–G, I–K). Adhesion analysis of THP-1 cells to HUVECs is presented in (H). *P< 0.05, **P< 0.01 versus control group (siControl, without UA stimulation), two-way
ANOVA was used in statistical analyses (n=3/group).
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Fig. 5. Probenecid suppressed UA-induced HUVECs inflammation via down-regulating (P)RR protein levels.
Western blot of (P)RR, AT1, AT2, and p-ERK1/2 and ERK1/2 in HUVECs treated with either Control or probenecid after saline or UA (9mg/dL) exposure for 24h (A).
Quantitation is presented in (B–D). Protein levels of Ang II in HUVECs (both cells and cultured media) with either control or probenecid treatment after saline or UA
(9mg/dL) exposure for 24h were measured by ELISA (E). mRNA or plasma levels of IL-1β, IL-6 and ICAM-1 were measured by qPCR or ELISA, and quantitative data
are presented in panels (F–H, K–M). Representative images showed adhesive monocytes to HUVECs with or without probenecid treatment in response to saline or UA
(9mg/dL) exposure for 24h (I). HUVECs were stained by MitoGreen, determined by green fluorescence, while THP-1 cells were stained by Dil, determined by yellow
fluorescence (I). Quantitation of adhesive monocytes is presented in (J). *P< 0.05, **P<0.01 versus control group (without UA stimulation, without probenecid
treatment), two-way ANOVA was used in statistical analyses (n=4/group).

Fig. 6. Schematic diagram of the controllable
and steady fluid flow-induced microdevice and
fluid flow-generator system.
Schematic diagram of the microfluidic device
(A). Photograph of a prototype microdevice
and contours of the wall shear stress distribu-
tion in the microchambers based on CFD (B). A
schematic diagram of cells in the micro-
chambers under shear stress with or without
THP-1 cells (C).
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in human. Higher levels of UA were unable to induce the (P)RR ex-
pression, which was largely due to the induction of senescence and
apoptosis in HUVECs [25].

At the baseline level, (P)RR is only largely expressed in the brain
tissue, with a moderate level in the kidney, but very low level in the
heart and vessels [35]. However, (P)RR expression levels are elevated
in the setting of myocardial infarction, atrial fibrillation and dilated
cardiomyopathy [35,36], which is involved in disease progression.
However, the functions of (P)RR in the vessel are very limited. Here, we
demonstrated that (P)RR is up-regulated in endothelial cells following
UA stimulation. Further, UA-induced cytokine expression and mono-
cyte adhesion was abolished (P)RR knockdown.

Despite AT1 and AT2 receptor blockade, renin or protein was still
able to induce ERK 1/2 phosphorlyation by binding to (P)RR [38]. Si-
milar findings were also observed from us, AT1 receptor blockade only
partially blocked UA-induced inflammatory responses, suggesting that
(P)RR also mediates RAS-independent signaling pathways. Indeed, (P)
RR is also responsible for assembly, stability, and function of vacuolar-
type H+-ATPase (V-ATPase) V-ATPase [16,40]. Importantly, the in-
teraction of (P)RR and V-ATPase is essential for autolysosome

formation during the autophagy, and also enhance the wnt/β-catenin
pathway [41,42]. Interestingly, we found UA not only induced(P)RR
up-regulation, but also led to (P)RR translocation from cell membrane
and cytoplasm to the nucleus. Such a finding indicates that the pro-
inflammatory actions of (P)RR might via a novel mechanism, which
needs further exploration.

UA-induced vascular inflammation was fully blocked by probe-
necid, which acts as a competitive inhibitor of the organic anion
transporter to inhibit UA re-absorption [25]. According to this finding,
we believe that probenecid could be a promisingdrug which prevents
the development of hypertension and atherosclerosis in hyperuricemic
patients.

We mimicked the impact of fluid flow stimulus on the adhesion
response of HUVECs cultured in a controllable microfluidic device,
which are suitable to address effect of UA on monocytes adhesion to
endothelial cells. Again, the protein levels of (P)RR and ICAM-1 were
significantly increased in the setting of UA stimulation. UA-induced
monocyte adhesive responses were significant ameliorated by organic
anion transporter inhibitor probenecid.

In conclusion, we demonstrated that knockdown of (P)RR was

Fig. 7. Increased adhesion of THP-1 cells to HUVECs was verified by using microfluidic system.
Representative immunofluorescent images of (P)RR and ICAM-1 in HUVECs with or without probenecid treatment in response to saline or UA (9mg/dL) exposure for
24h in the microfluidic chambers (A and B). Quantitation of fluorescent intensity of (P)RR and ICAM-1 is shown in (C) and (D). The microfluidic chambers were
perfused with medium containing red THP-1 cells at velocity of 5μl/min. HUVECs were stained by MitoGreen, determined by green fluorescence (E). Quantitation of
adhesive THP-1 cells is presented in (F). *P< 0.05, **P< 0.01 versus control group, two-way ANOVA was used in statistical analyses (n=4/group).
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effectively in suppressing UA-induced vascular inflammation, by par-
tially attenuating RAS activation. Serum levels of UA could be the new
therapeutic targets or as a biomarker for vascular inflammation severity
and clinical outcomes in patients with cardiovascular diseases.
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Fig. 8. The potential mechanisms of UA-induced inflammation in HUVECs.
High level of UA up-regulates (P)RR and subsequently activates RAS and ERK1/
2 in HUVECs, resulting in increase of inflammatory mediators and monocytes
adhesion to HUVECs.
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