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Reparixin, an inhibitor of CXCLS8 receptor CXCR1 and CXCR2 activation, has been shown to attenuate in-
flammatory responses in various injury models. In the present study, the hypertension-related functional roles of
reparixin were examined in hypertensive animals. Spontaneously hypertensive rats (SHR) at the age of 18 weeks
were administered a subcutaneous injection of reparixin (5 mg/kg) daily for 3 weeks (SHR-R, n=5). Control
groups consisted of normal saline-treated SHR (SHR-N, n=5) and normotensive Wistar—Kyoto rats (WKY-N,
n=S5). Reparixin effectively decreased systolic blood pressure and increased the blood flow. The thoracic aorta
wall thickness was significantly decreased in SHR-R compared to SHR-N. Expressions of CXCL8, CCL2, 12-
lipoxygenase (LO) and endothelin (ET)-1 were significantly decreased in SHR-R thoracic aorta tissues compared
to SHR-N. Furthermore, expression of angiotensin II subtype I receptor (AT,R) protein was decreased in SHR-R
thoracic aorta tissues compared to SHR-N. In addition, the plasma levels of nitric oxide were slightly elevated
in SHR-R compared to the levels in SHR-N. These findings indicate that inhibition of hypertension-related me-
diators by reparixin results in the reduction of blood pressure in SHR. Therefore, these results suggest that

reparixin-mediated blockade of CXCLS receptor activation attenuates vascular hypertension in SHR.
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Reparixin [R(—)-2-(4-isobuthylphenyl) propionyl methane-
sulfonamide] (formerly repertaxin) is a non-competitive al-
losteric blocker of CXCR1 and CXCR2 receptor activation,
which inhibits intracellular signal pathways without affecting
receptor bindings."” It has been shown to be efficacious in
several injuries including acute lung injury, peritonitis, trau-
matic spinal cord injury and ischemia/reperfusion injury.'~”

CXCR1 and CXCR2 are G protein coupled receptors
(GPCRs) that bind glutamine-leucine-arginine-positive
(ELR+) chemokines with high affinity. Blockade of GPCRs
appears to be a valid therapeutic strategy for the treatment of
ischemia/reperfusion injuries.'**” CXCR1 and CXCR2 pos-
sess high sequence homology at the amino acid level except
in their amino-terminal regions. However, CXCRI1 is absent
in rodents and exhibits a slightly lower affinity for CXCLS,
the most widely characterized ELR+ chemokine in vitro.>®
Dunstan et al. identified the rat orthologs of human CXCLS8
receptors and reported that rat CXCR1-like and CXCR2 are
most closely related to the human CXCL8 receptor genes.”
CXCRI1 and CXCR2 can bind to other ELR+ chemokines
with high affinity, but with lower affinity than CXCLS.”
Reparixin potently and selectively inhibits a wide range of
biological activities that are induced by CXCLS8 such as
leukocytes recruitment and functional inflammatory reac-
tions.'” However, reparixin does not affect CXCR1/CXCR2
activation induced by other chemotactic factors, C5a, fMLP,
CXCL12 or several other agonists of GPCRs.'*112

CXCLS regulates macrophages, endothelial cells and vas-
cular smooth muscle cells (VSMCs) and functions via bind-
ing to CXCR1 and CXCR?2 to initiate downstream signaling.
Interestingly, CXCL8 has been implicated in hypertensive
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inflammatory changes in arterial walls.'®"*~'> Elevated
CXCLS expression and CXCL8-induced production of 12-
lipoxygenase (LO) were observed in hypertensive arterial
walls and VSMCs of spontaneously hypertensive rats
(SHR).!*!> Therefore, inhibition of CXCLS receptor activa-
tion may be a useful approach to assess a range of CXCL8-
related hypertensive biological activities in SHR. Although
reparixin is a well-known potent and specific inhibitor of
CXCL8-induced activity during inflammatory neutrophil re-
cruitment, its effect on vascular hypertension has not yet
been addressed.

Therefore, in this study, the effects of reparixin on blood
pressure, aortic wall thickness and expression patterns of hy-
pertension-related mediators, including angiotensin II recep-
tors, CCL2, CXCL38, 12-lipoxygensae (LO) and endothelin
(ET)-1, in SHR were examined.

MATERIALS AND METHODS

Reagents The trizol reagent for total RNA isolation was
purchased from Invitrogen (Carlsbad, CA, U.S.A.). Phos-
phate-buffered saline (PBS), Dulbecco’s modified Eagle’s
medium (DMEM), penicillin—streptomycin and fetal bovine
serum (FBS) were purchased from Gibco/BRL (Life Tech-
nologies, Gaithersburg, MD, U.S.A.). Recombinant human
CXCLS8 was purchased from R&D systems (Minneapolis,
MN, U.S.A.). Oligonucleotide primers for CCL2, CXCLS,
12-LO, ET-1, Angiotensin II (Ang II) subtype 1 receptor
(AT,R), Ang II subtype 2 receptor (AT,R), and S-actin poly-
merase chain reaction (PCR) were synthesized by Bionics
(Seoul, Korea). LightCycler FastStart DNA SYBR Green I
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Mix was purchased from Roche (Mannheim, Germany).
Reparixin was purchased from Sigma-Aldrich (St. Louis,
CA, US.A.). Mouse anti-human CXCLS8 antibody was pur-
chased from BD Biosciences (BD Pharmingen, San Diego,
CA, US.A.). The rabbit anti-rat CCL2 antibody was pur-
chased from Peprotech (London, U.K.). Rabbit anti-human
AT,R and AT,R antibodies were purchased from Abcam
(Cambridge, U.K.). Goat anti-human 12-LO and ET-1 poly-
clonal antibodies were purchased from Santa Cruz Biotech-
nology (Santa Cruz, CA, U.S.A.). All other reagents were
from pure-grade commercial preparations.

Animals and Experimental Protocols Pathogen-free
male inbred normotensive Wistar Kyoto rats (WKY) and
SHR were purchased from Japan SLC Inc. (Shizuoka,
Japan). All experimental animals received autoclaved food
and were bedded to minimize exposure to viral and microbial
pathogens. Rats were cared for in accordance with the Guide
for the Care and Use of Experimental Animals of Yeungnam
Medical Center. The study protocol was reviewed and ap-
proved by the Committee on the Ethics of Animal Experi-
ments, College of Medicine, Yeungnam University.

The reparixin-treated group contained 5 SHR (SHR-R),
where equal numbers of normal saline-treated SHR (SHR-N)
and WKY (WKY-N) served as controls. Eighteen-week-old
SHR received a subcutaneous injection of reparixin (5
mg/kg) once per day for 3 weeks. Reparixin effects on blood
flow, blood pressure and body weight were measured before
treatment and then weekly until 1 week after the final injec-
tion. The effect of reparixin on the expression of hyperten-
sion-related mediators in thoracic aortas, as well as nitric
oxide (NO) plasma levels, was examined 1 week after the
final injection. At the end of the 4 week period, both control
and reparixin-treated rats were anesthetized via intraperi-
toneal injection of thiopental (50 mg/kg), and blood and tis-
sue samples were collected.

Measurement of Systolic Blood Pressure and Blood
Flow Systolic blood pressure was recorded using the tail-
cuff method (Data Acquisition system; AD Instrument Pty.
Ltd., Sydney, Australia) in conscious rats. Rats were re-
strained inside clear Perspex rat restrainers and placed on a
preheated base plate (38—40 °C) for 35 min. Several systolic
blood pressure readings were recorded for each rat and four
median systolic blood pressure readings, in which the differ-
ences were within 10 mmHg, were averaged. The average of
four median readings was used as the mean systolic blood
pressure. Following the systolic blood pressure measure-
ments, blood flow was measured in tail part of the rat using a
laser tissue blood flowmeter (Laser Tissue Blood Flowmeter;
Omega Wave, Tokyo, Japan).

Immunohistochemistry To measure the thickness of the
thoracic aorta wall, transverse sections of 4% paraformalde-
hyde-fixed, paraffin-embedded thoracic aorta were placed on
coated slides and stained with Masson’s trichrome. The tho-
racic aorta wall thickness and wall : lumen ratios were calcu-
lated using the following formulas: outer diameter (OD)-
inner diameter (ID)/2 and (OD-ID)/ID, respectively.'®

Aortic cross sections were stained immunohistochemically
for CXCL8, CCL2, AT,R and AT,R. To assess CCL2,
CXCLS, AT|R and AT,R expression, slides fixed with aortic
cross sections were treated with pepsin for antigen retrieval,
and endogenous peroxidase was blocked with 3% H,O,.
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After blocking with normal blocking serum for 30 min at
room temperature (RT), sections were incubated with the
anti-CXCL8 antibody (1:50), anti-CCL2 antibody (1 :50),
anti-AT R antibody (1 :50) and anti-AT,R antibody (1:300)
for 1h at RT and horse-radish peroxidase (HRP)-conjugated
rabbit anti-mouse immunoglobulin G (IgG) antibody for
30 min at RT. To visualize staining, sections were developed
with the 3,3'-diaminobenzidine substrate-chromogen system
for 5min at RT.

VSMCs Preparation VSMCs were obtained using an
explant method from the thoracic aortas of 16- to 22-week-
old male SHR and WKY as described by Kim et al'®
VSMCs were cultured in DMEM supplemented with 10%
FBS and 1% penicillin—streptomycin. Cells were detached
with 0.25% trypsin/ethylenediaminetetraacetic acid (EDTA)
and seeded into 75cm? tissue culture flasks at a density of
10° cells/ml. All experiments were conducted during cell pas-
sages 3 to 7. Prior to stimulation, 95% confluent VSMCs
were serum-starved overnight in DMEM containing 0.1%
FBS. Cell cultures were incubated in a humidified incubator
at 37°C and 5% CO, in the presence or absence of stimuli
for the indicated time.

Human Umbilical Vein Endothelial Cells (HUVECs)
Culture HUVECs were isolated from human umbilical
cords collected from normal deliveries at Yeungnam Univer-
sity. A signed consent was obtained and the study was ap-
proved by the Institutional Review Board of Yeungnam Uni-
versity Medical Center. Vein in cord was washed with pre-
warmed phosphate buffered saline (PBS) using a 50 ml sy-
ringe and then filled with Hanks’ balanced salt solution
(HBSS) containing 0.2% collagenase type II. After 15 min,
HBSS was collected into a tube and centrifuged at 2000 rpm
for Smin. Isolated cells were planted in 100 mm-diameter
culture dishes coated with 0.1% gelatin (Sigma-Aldrich,
Oakville, ON, Canada) and cultured in M199 containing
10% fetal bovine serum and 1% antibiotics. Cells were
grown at 37°C in a humidified atmosphere with 5% CO,.
Cells planted on the culture dish were regarded as passage 0
and the cells from passages 3—4 were used.

Preparation of Total RNA and Real-Time PCR Total
RNA from thoracic aortas or VSMCs was extracted using
Trizol according to the manufacturer’s instructions. Total
RNA was quantified by measuring the optical density (OD)
at 260 and 280 nm. CCL2, CXCLS, AT,R, AT,R, 12-LO and
ET-1 cDNA was obtained from VSMCs by reverse transcrip-
tion of 1 ug total RNA. The cDNAs were then subjected to
real-time PCR using a LightCycler. Each 20 ul reaction con-
tained LightCycler FastStart DNA SYBR Green I mix,
primer and 2 ul of ¢cDNA. Prior to PCR amplification, the
mixture was incubated at 95 °C for 10 min. The amplification
program consisted of 45 cycles of denaturation (10s at
95 °C), annealing (5 s at the primer-appropriate temperature),
and extension (10s at 72 °C) with fluorescence detection at
72 °C after each cycle. After the final cycle, analysis of the
melting point of each sample was performed over the range
of 65 to 95°C with continuous fluorescence detection. S-
Actin expression levels were used for normalization. The re-
sults for each gene are expressed as the expression level rela-
tive to the corresponding S-actin expression level. The
primers used for PCR were as follows: CXCL8 (365 bp)
sense, 5'-gaagatagattgcaccga-3’, antisense, 5'-catagcctctca-
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cacatttc-3'; CCL2 (396 bp) sense, 5'-cctgttgttcacagttgetgee-
3’, antisense, 5'-tctacagaagtgcttgaggtggtte-3'; AT R (445 bp)
sense, 5'-cacctatgtaagatcgcttc-3', antisense, 5'-gcacaatcgc-
cataattatcc-3"; AT,R (65bp) sense, 5'-ccgtgaccaagtcttgaag-
atg-3’, antisense, 5'-agggaagccagcaaatgatg-3'; 12-LO (312
bp) sense, 5'-tggggcaactggaagg-3’, antisense, 5'-agagcg-
cttcagcaccat-3'; ET-1 (370bp) sense, 5’-ctcctccttgatggaca-
agg-3’', antisense, 5'-cttgatgctgttgctcatgg-3'; B-actin (101 bp)
sense, 5'-tactgccctggetectagea-3', antisense, 5'-tggacagtgag-
gccaggatag-3'. CCL2, CXCLS8, AT |R, AT,R, 12-LO and ET-
1 mRNA levels were determined by comparing experimental
levels to standard curves. mRNA levels were expressed as
the fold increase or decrease in expression.

Western Blotting Total lysates were prepared in PRO-
PREP buffer (iNtRON, Seoul, Korea). Protein concentrations
were determined by a Bradford assay (Bio-Rad, Hercules,
CA, US.A)) using bovine serum albumin as a standard.
Twenty microgram protein samples were separated on 10%
sodium dodecyl sulfate (SDS)-polyacrylamide gels and then
transferred to nitrocellulose membranes. The membranes
were soaked in 5% nonfat dried milk in TBST (10 mmol/l
Tris/HCI pH 7.5, 150 mmol NaCl and 0.05% Tween-20) for
1 h and then incubated for 16—18 h with primary antibodies
against 12-LO, ET-1 and y-tubulin at 4 °C. Membranes were
washed three times with TBST for 10 min and then incubated
with horseradish peroxidase-conjugated secondary antibody
for 1h at room temperature. The membranes were rinsed
three times with TBST for 10 min and antigen—antibody
complexes were detected using the enhanced chemilumines-
cence detection system (LAS-3000; Fujifilm, Tokyo, Japan).

Determination of Plasma Level of Nitric Oxide (NO)
Quantitative measurement of NO production was performed
using a nitrate/nitrite colorimetric assay kit (Cayman Inc.,
Ann Arbor, Michigan, U.S.A.) according to the manufac-
turer’s instructions. Blood samples were centrifuged at
2500 rpm for 20 min and isolated plasma was then trans-
ferred to a 96 well plate in 40 ul aliquots. Ten microliters of
enzyme cofactor mixture and 10 ul of nitrate reductase mix-
ture were added to each well, and the plate was covered and
incubated at room temperature for 3 h. Next, 100 ul of Greiss
reagent (0.5% sulfanilamide, 2.5% orthophosphoric acid, and
0.25% naphthylenediamine) were added to the wells for
10 min and the absorbance was read at 540 nm using a mi-
croplate reader (SUNRISE, TECAN, Sydney, Australia)

Statistical Analysis Results were expressed as mean=*
S.E.M. from repeated experiments when comparing between
groups. Statistical significance was determined by the
Mann—Whitney test using SPSS v. 17.0. Differences between
data sets for systolic blood pressure and blood flow were
assessed by analysis of variance (ANOVA) followed by Bon-
feroni’s t-test.

RESULTS

Reparixin Treatment Decreases Systolic Blood Pres-
sure and Increases Blood Flow in SHR Reparixin treat-
ment did not significantly influence body weight in SHR,
while the rats showed an age-related increase in body weight
(18 weeks of age: 355.6+7.3 g, 22 weeks of age: 374.38*
13.2 g). Reparixin-treated SHR (SHR-R) showed a reduction
in systolic blood pressure (SHR-R: 1854, SHR-N: 212+2,
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WKY-N: 1396 mmHg, p<<0.01), accompanied by an in-
crease in blood flow (SHR-R: 6.2£0.2, SHR-N: 4.7£0.4,
WKY-N: 7.0£0.3 ml/min/g, p<<0.01) (Fig. 1).

Reparixin Decreases Thoracic Aorta Wall Thickness in
SHR Representative thoracic aorta walls from WKY-N,
SHR-N and SHR-R are shown in Fig. 2A. SHR-R rats exhib-
ited a significant reduction in vascular wall thickness com-
pared to SHR-N and the SHR-R vascular walls closely
resembled those in WKY-N. The aortic wall thickness for
each group was as follows; SHR-R: 106*1.79, SHR-N:
116+1.79, WKY-N: 101£1.82 um. In addition, the wall to
lumen ratio of thoracic aorta for each group was as follows;
SHR-R: 0.13%=0.01, SHR-N: 0.16%0.005, WKY-N: 0.13*=
0.005) (Fig. 2B).

Reparixin Decreases Chemokines and AT,;R Expres-
sion in SHR Elevated CXCL8 and CCL2 expression pat-
terns have been observed in VSMCs and thoracic aortas in
SHR.'">!!® Using immunohistochemical staining, SHR-R
was shown to have decreased CXCL8 and CCL2 protein lev-
els, which were similar to the levels observed in WKY-N
(Fig. 3A). Furthermore, significant decreases in CXCLS8 and
CCL2 mRNA expression levels were also detected in the tho-
racic aortas of SHR-R (Fig. 3B).
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Fig. 1. Reparixin Treatment Decreases Systolic Blood Pressure and In-
creases Blood Flow in SHR

Body weight, systolic blood pressure and blood flow were measured before, every
week during treatment and 1 week after final treatment with reparixin (5 mg/kg/d) or
normal saline. Systolic blood pressure was measured using the tail-cuff method, and
blood flow was measured with a laser blood flowmeter. Results are presented as the
mean*tS.EM. (n=5, each). *p<<0.05 vs. SHR-N. ##p<0.01 vs. SHR-N. WKY-N:
WKY treated with normal saline, SHR-N: SHR treated with normal saline, SHR-R:
SHR treated with reparixin.
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Fig. 2. Reparixin Decreases Thoracic Aorta Wall Thickness in SHR

(A) Aortic cross sections were stained using Masson’s trichrome method. Original
magnification X40 (upper) and X200 (lower) (Zeiss microscope, Oberkochen, Ger-
many). (B) Wall thickness and wall : lumen ratios of the thoracic aorta are shown. Bars
represent the mean=S.E.M. (n=5, each). * p<<0.05 vs. WKY-N. ®p<<0.05 vs. SHR-N.
WKY-N: WKY treated with normal saline, SHR-N: SHR treated with normal saline,
SHR-R: SHR treated with reparixin.

Increased expression of AT,R has previously been ob-
served in SHR VSMCs relative to WKY VSMCs."” Like-
wise, an increased AT R staining in SHR-N thoracic aortas
was observed compared to WKY-N, and reparixin treatment
reduced AT,R staining and mRNA expression in thoracic
aortas (Figs. 4A,B). In addition, decreased AT,R staining
was observed in the thoracic aortas of SHR-N compared to
WKY-N, and reparixin treatment increased AT,R protein lev-
els to those found in WKY-N (Fig. 4A). However, AT,R
mRNA expression was elevated in SHR-N thoracic aortas
compared to WKY-N and there was no significant difference
in AT,R gene expression in SHR-R compared to SHR-N
(Fig. 4B). Thus, the in vitro effects of reparixin on Ang II (or
CXCLS)-induced Ang II receptors in SHR VSMCs and HU-
VECs were examined (Fig. 4C). The expression of Ang II (or
CXCLS8)-induced AT R was decreased by reparixin and the
effects of reparixin on Ang IlI-induced Ang II receptors ex-
pression were similar to the effects of reparixin on CXCL8-
induced Ang II receptors. Reparixin had no significant effect
on the expression of Ang II (or CXCLS8)-induced AT,R ex-
pression. In HUVECS, the effects of reparixin on Ang II (or
CXCLS8)-induced Ang II receptors expression were similar to
the effects of reparixin in SHR VSMCs.

Reparixin Decreases 12-LO and ET-1 Expression in
SHR SHR have elevated 12-LO and ET-1 expression in
VSMCs.' 2 Consistent with these findings, an elevated 12-
LO and ET-1 expression in the thoracic aortas from SHR-N
was observed in this study. Importantly, reparixin treatment
led to decreased expression of both mediators (Fig. 5A). In
addition, the effect of reparixin on 12-LO and ET-1 expres-
sion was examined in SHR VSMCs or HUVEC:s. In these ex-
periments, the effect of reparixin at concentrations of 0.01,
0.1, 0.5 and 1 um on CXCL8-treated SHR VSMCs were ex-
amined and reparixin was shown to inhibit CXCL8-induced
12-LO and ET-1 expression at concentrations greater than
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Fig. 3. Reparixin Decreases CXCL8 and CCL2 Expression in SHR Tho-
racic Aortas

(A) Aortic cross sections were stained immunohistochemically for CXCL8 and
CCL2. Original magnification X200 (Zeiss microscope, Oberkochen, Germany). (B)
Total RNA was isolated from the thoracic aortas of each rat group (n=5 each), and
real-time PCR was performed. Bars represent the mean=S.E.M. * p<<0.05 vs. SHR-N.
WKY-N: WKY treated with normal saline, SHR-N: SHR treated with normal saline,
SHR-R: SHR treated with reparixin.

0.01 um. In addition, we observed the protein levels by using
Western blot, The production of CXCL8-induced 12-LO or
ET-1 protein was also decreased by reparixin (Fig. 5B). The
inhibitory effect of reparixin (1 um) on CXCL8-induced 12-
LO and ET-1 mRNA expression was also detected in HU-
VECs (Fig. 5C).

Next, the effect of losartan, an AT,R inhibitor, on the in-
hibitory action of reparixin on Ang II (or CXCLS8)-induced
12-LO and ET-1 expression in SHR VSMCs was examined.
The expressions of 12-LO and ET-1 in SHR VSMCs treated
with Ang II (or CXCLS) and reparixin together (Ang Il/rep,
or CXCLS8/rep) were decreased by losartan. However, the
magnitude of these decreases was similar to the levels ob-
served in SHR VSMCs treated with Ang II (or CXCLS) and
losartan, except the expression of ET-1 in SHR VSMCs
treated with Ang Il/rep and losartan (Figs. 6A, B). The in-
hibitory action of losartan on Ang Il/rep-induced ET-1 ex-
pression was greater than the inhibitory effects of losartan on
Ang II alone-induced ET-1 expression (p<<0.05, Fig. 6B). To
confirm this result, we examined the protein levels by using
Western blot, The inhibition of Ang II/rep-induced ET-1 pro-
tein by losartan was greater than the inhibition of Ang II-
induced ET-1 protein by losartan (Fig. 6C).

Reparixin Increases Plasma NO Levels in SHR and
SHR VSMCs The effect of reparixin on NO production
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Fig. 4. Reparixin Modulates the Expression of Ang II Receptors in SHR Thoracic Aortas and VSMCs

(A) Thoracic aortas from each rat group were obtained and immunohistochemically labeled for AT,R and AT,R. Original magnification X200 (Zeiss microscope, Oberkochen,
Germany). (B) Total RNA was isolated from thoracic aortas of each rat group (n=5 each), and real time PCR was performed. Bars represent the mean+S.E.M. * p<<0.05 vs. WKY-
N. ®p<0.05 vs. SHR-N. WKY-N: WKY treated with normal saline, SHR-N: SHR treated with normal saline, SHR-R: SHR treated with reparixin. (C) SHR VSMCs or HUVECs
were pretreated without or with reparixin (1 um) for 30 min. Cells were then treated with or without Ang IT (100 nmol/l) or CXCL8 (100 ng/ml) for 2 h. After total RNA was iso-
lated, real-time PCR was performed. Bars represent means=S.E.M. from four independent experiments. * p<<0.05 vs. untreated VSMCs. ® p<<0.05 vs. VSMCs treated with Ang II

or CXCLS8.

was examined in SHR plasma. Plasma NO levels in SHR-N
were lower than those in WKY-N (SHR-N: 2.9%0.1, WKY-
N: 3.8%£0.2 umol/l). Reparixin treatment induced a slight in-
crease in plasma NO levels (SHR-R: 3.3#+0.2, SHR-N:
2.9%+0.1 umol/l) (Fig. 7A). Consistent with the in vivo re-
sults, NO levels in the cell supernatants of untreated SHR
VSMCs were lower than those from WKY VSMCs, and NO
production was increased slightly in SHR VSMCs treated
with reparixin (Fig. 7B).

DISCUSSION

This study examined the impact of reparixin on blood
pressure and hypertension-related mediators in vasculature
from SHR.

The SHR and WKY aged 18 weeks, corresponding to the
complete established phases of hypertension, were studied.
SHR aged less than 5 weeks is known as prehypertensive
state, aged 8 to 9 weeks is in developing hypertension, and
aged more than 16 weeks is in established hypertension that
exhibit severe progressive hypertension.?**®)

Blood pressure was shown to be significantly decreased
and the expression patterns of hypertension-related vascular
mediators were found to be inhibited in SHR-R. Interest-
ingly, the aortic wall thickness was considerably reduced in
SHR-R, and we believe that this results in increased blood
flow and decreased blood pressure in SHR-R. To further

characterize how rat CXCR?2 inhibition affects hypertension,
AT R and AT,R reactivity in reparixin-treated thoracic aortas
were examined. The rennin-angiotensin system performs a
basic function in regulating blood pressure, and AT R and
AT,R participate directly in the pathogenesis of hyperten-
sion.”**> The AT,R mediates most of the pathophysiological
effects of Ang IlI. In this study, inhibition of CXCR2 in SHR
led to decreased AT,R production and increased AT,R pro-
duction in the thoracic aortas to normal WKY-N levels. AT,R
activation mediates classical Ang II signaling to promote
vasoconstriction and VSMC proliferation. In contrast, AT,R
activation exerts a counter-regulatory effect on AT R.* 29
The data presented in this study suggest that reparixin can
regulate the production of angiotensin II receptors, which
may influence Ang II-induced hypertension. Widdop et al.>”
showed that AT,R levels are lower in adult SHR mesenteric
arteries compared to WKY. The AT,R immunohistochemical
data obtained in this work suggest that this is also true in the
thoracic aorta. However, although we detected the increase of
AT,R protein in thoracic aorta from SHR-R, we could not
detect the increase of AT,R mRNA expression in SHR-R
thoracic aorta or in Ang Il/rep-treated SHR VSMCs. The ex-
pression of AT,R mRNA was not consistent with the protein
level in immunohistochemical data. The expression level of
AT,R mRNA in SHR-R was almost same to that level in
SHR-N. Also, Expression of AT,R mRNA was increased in
thoracic aortas from SHR-N relative to WKY-N. This in-



January 2011

A
E a b
: I
2 2
3e
SR ﬁ
o
2
T 0
2 WKY-N SHR-N SHR-R
B
kel a =
L 4 I T
c
|
@3 ‘
o2
- Qo
& F 2
Te
£1
©
£ L LA O L
CXCL8 - + - - = - 4 4 + +
Reparixin 001 01 05 1 001 01 05 1 (UM)
12-LO — D cee e
y-tubulin | . e = -
CXCL8 - + - +
Reparixin 1 uM - - + +
(o]

o NT
CXCL8

Relative expression fold

ET-1

Fig. 5.

125

"_g a b
§ 4 "
(73
<83
Lg 2
21
5 0
& WKY-N SHR-N SHR-R
3 I =
55 I | |
]
8 4
N
!X 3
i
22
&y
g, l.an oo L
CXCLB - + - - - - o+ o+ o+ ¥
Reparixin - 001 01 05 1 00101 05 1 (UM)
ET-1 — —
Y-UbUIN | e e o= o
CXCL8 - + - +
Reparixin 1 yM - - + +

M Reparixin 1 uM
m CXCL8 + Reparixin 1uM

Treatment of Reparixin Decreases 12-LO and ET-1 Expression in SHR

(A) After total RNA was isolated from thoracic aorta tissues, real-time PCR was performed. Bars represent the mean=S.E.M. (n=5 each). * p<<0.05 vs. WKY-N. ®p<<0.05 vs.
SHR-N. WKY-N: WKY treated with normal saline, SHR-N: SHR treated with normal saline, SHR-R: SHR treated with reparixin. (B) SHR VSMCs were pretreated without or
with reparixin (0.01—1 um or 1 um) for 30 min. Cells were then treated with or without CXCL8 (100 ng/ml) for 2 h. After total RNA and cell lysates were isolated, real-time PCR
and immunoblotting were performed. Cell lysates were separated on 10% SDS-polyacrylamide gels and then immunoblotted with 12-LO or ET-1 antibody. The data shown are rep-
resentative of three independent experiments. Bars represent means=S.E.M. from four independent experiments. * p<<0.05 vs. untreated VSMCs. * p<<0.05 vs. VSMCs treated with
CXCLS. (C) HUVECs were pretreated without (NT) or with reparixin (1 um) for 30 min. Cells were then treated with or without CXCLS8 (100 ng/ml) for 2 h. After total RNA was
isolated, real-time PCR was performed. Bars represent means=S.E.M. from three independent experiments. *p<0.05 vs. untreated VSMCs. ®p<<0.05 vs. VSMCs treated with

CXCLS.

crease in AT,R mRNA expression is likely a compensatory
response to hypertensive vasoconstriction in SHR. De Paolis
et al®® suggested that AT R inhibition may increase AT,R
promoter activity. In addition, increased AT,R expression has
also been observed in aortas from SHR treated with an AT R
blocker,”” and overexpression of AT,R downregulates AT R
expression in WKY VSMCs.*” However, although we de-
tected the decrease of AT,R and the increase of AT,R in tho-
racic aorta tissues from SHR-R on immunohistochemical
data, reparixin has no effect on AT,R mRNA expression in
thoracic aorta tissues from SHR-R and SHR VSMCs treated
with Ang II. This discrepancy between the expression of
mRNA and the protein of AT,R requires further investiga-
tion.

The in vitro inhibitory effect of reparixin on Ang II (or
CXCLS8)-induced AT R expression was also observed in
SHR VSMCs. It is well known that Ang II induces proin-
flammatory mediators including chemokines.'>2*3%3! The re-
markable increase of CXCL8 by Ang II and the increase of
AT,R by CXCLS are observed in SHR VSMCs, not in WKY
VSMCs.'® Thus, the in vitro inhibitory effect of reparixin on
Ang Il-induced AT R expression is likely due to the inhibi-
tion of Ang II-induced CXCLS8 activity by reparixin: namely,
reparixin suppresses CXCLS activation by blocking CXCR2,
which in turn suppresses the AT,R expression by CXCL8 in

SHR VSMCs.

Hypertensive experimental rats are hyperresponsive to in-
flammatory stimuli and chemokine productions. Inflamma-
tory cell infiltration in vascular walls contributes to hyperten-
sion-related pathogenesis, and suppression of inflammatory
cell infiltration ameliorates hypertension in experimental ani-
mal models.'®** 3% Therefore, blocking chemokine produc-
tion is important for regulating inflammatory reactions in hy-
pertensive vascular walls. CCL2 and its receptor CCR2 have
been implicated in hypertensive inflammatory changes in the
arterial walls of hypertensive animals.!”*!%% Ishibashi et
al.'” suggested that CCR2 expression in monocytes is criti-
cal for vascular inflammation and remodeling in Angll-in-
duced hypertension. CXCLS is also known to play an impor-
tant role in monocyte migration into the subendothelial space
during the early stages of atherosclerosis.*® Buemi et al.*”
suggested that IL-8/CXCLS8 directly enhances membrane
permeability to Ca®", thus inducing vasoconstriction in
smooth muscle cells during essential hypertension. We previ-
ously demonstrated remarkable differences in aortic tissue
and VSMC expression of IL-8/CXCLS8 in SHR compared to
WKY,' as well as an upregulatory effect of CXCLS8 on the
production of 12-LO and AT,R in SHR VSMCs."¥ In this
study, treatment with reparixin inhibited expression of
CXCLS8 and CCL2 in SHR thoracic aortas. These data indi-
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(A) Blood samples were obtained via cardiac puncture from each rat group (n=>5
each). NO levels were approximated by measuring total NO, and NO; concentrations
using a fluorometric dye. Bars represent the mean=S.E.M. (n=>5 each). ##p<<0.01 vs.
WKY-N. #p<0.05 vs. SHR-N. WKY-N: WKY treated with normal saline, SHR-N:
SHR treated with normal saline, SHR-R: SHR treated with reparixin. (B) WKY or
SHR VSMCs were treated without or with reparixin (1 um) for 4h. Cell supernatants
were then isolated, and NO levels were measured using a fluorometric dye. Bars repre-
sent mean*S.E.M. from four independent experiments. *»<<0.01 vs. WKY VSMCs.
°p<0.01 vs. untreated SHR VSMCs.

cate that reparixin has a downregulatory effect on the pro-
duction of pro-inflammatory chemokines that are involved in
hypertensive inflammatory changes in the arterial walls.

To further characterize the molecular events that lead to
decreased blood pressure in SHR-R, the role of reparixin in
regulating 12-LO and ET-1 expression was examined. The
12-LO pathway of arachidonic acid metabolism has been
linked to cell growth and hypertension pathology.** *? Ang
11 is a potent positive regulator of 12-LO expression and acti-
vation in porcine and human VSMCs.*'*? The activities of
12-LO and the 12-LO metabolite 12(S)-hydroxyeicosate-
traenoic acid (12(S)-HETE) are increased in SHR,'**” and a
role for 12-LO and 12(S)-HETE has been demonstrated in
the pathogenesis of experimental and Ang II-induced hyper-
tension.?*® Nozawa et al.*’ reported that inhibition of the
LO pathway lowers blood pressure in renovascular hyperten-
sive rats. Here, reparixin treatment was shown to inhibit 12-
LO expression in the thoracic aorta walls in SHR. In addition
to inhibiting 12-LO expression, reparixin treatment de-
creased ET-1 expression in the thoracic aortas in SHR. En-
dothelins increase blood pressure and vascular tone.*”
Among the three endothelins (ET-1, ET-2 and ET-3), ET-1 is
the most abundant and important ET produced by vascular
cells.*® ET-1 not only induces vasoconstriction and elicits an
inflammatory response by increasing oxidative stress in the
vascular walls but it also induces vascular remodeling in ex-
perimental hypertensive animals.*” Therefore, the blood
pressure lowering activity of reparixin is thought to be medi-
ated by the inhibition of 12-LO and ET-1 expression.
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In general, the expression of 12-LO and ET-1 is mediated
by AT R activation."**®) In this study, reparixin was shown to
inhibit AT,R, 12-LO and ET-1 expression in both the in vivo
and in vitro experiments. The expressions of 12-LO and ET-1
in SHR VSMCs treated with Ang II/rep (or CXCL8/rep) and
losartan together were decreased compared to those in SHR
VSMCs treated with Ang I/rep (or CXCLS8/rep) without
losartan. In addition, the expression of 12-LO and ET-1 in
SHR VSMCs treated with Ang Il/rep (or CXCLS8/rep) and
losartan were lower than those in SHR VSMCs treated with
Ang II (or CXCLS) and losartan. Especially, the expression
of ET-1 in SHR VSMCs treated with Ang II/rep and losartan
was significantly lower than that in SHR VSMCs treated with
Ang II and losartan. Thus, downregulation of 12-LO and ET-
1 expression by reparixin appears to be related to AT, R inhi-
bition by reparixin.

Taken together, this study shows that a 3 week blockade of
rat CXCR2 activation with reparixin leads to decreased blood
pressure in SHR. Reparixin downregulated the hypertension-
related mediators CCL2, CXCLS8, AT,R, 12-LO, ET-1 and
NO. These data suggest that activation of CXCRI and
CXCR?2 receptor plays an important role in the development
of vascular hypertension, possibly by upregulating hyperten-
sive vascular mediators. Importantly, our findings suggest
that reparixin might be used therapeutically to treat vascular
hypertension.
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