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Abstract

Background. Cyclosporine-A (CsA) is widely used for immunosuppressive therapy in renal transplantation.
Nephrotoxicity is the main dose-limiting undesirable consequence of CsA. Urotensin Il (U-1l), a novel peptide
with a powerful influence on vascular biology, has been added to the list of potential renal vascular regula-
tors. Upregulation of the urotensin receptors and elevation of plasma U-II levels are thought to possibly play
arole in the etiology of renal failure.

Objectives. The present study examines this hypothesis by evaluating renal function and histology with
regard to the potential role of U-Il and its antagonist, palosuran, in the pathogenesis of CsA-induced neph-
rotoxicity in rats.

Material and methods. Male Sprague—Dawley rats were treated with CsA (15 mg/kg, for 21 days, intra-
peritoneally) or CsA + palosuran (300 mg/kg, for 21 days). Renal function was measured and histopathology,
U-Ilimmunostaining and protein detection with western blotting of the kidneys were performed.

Results. Cyclosporine-A administration caused a marked decline in creatinine clearance (Ccr). Fractional
sodium excretion (FEy,) tended to increase in the CsA-treated rats. Plasma U-Il levels decreased in the CsA-
treated rats. Cyclosporine-A treatment resulted in a marked deterioration in renal histology and an increase
in the expression of U-Il protein in the kidneys. Palosuran’s improvement of renal function manifested
asasignificant decrease in serum creatinine levels and a significant increase in urine creatinine levels, resulting
in a marked increase in Ccr. Palosuran produced a significant normalization of kidney histology and prevented
an increase in U-II expression.

Conclusions. Cyclosporine-A-induced renal impairment was accompanied by an increase in U-Il expression
in kidneys and a contrary decrease in systemic U-Il levels. Palosuran improved the condition of rats suffering
from renal dysfunction by preventing the decrease in renal U-II expression without affecting the systemic
levels of U-II. The protective effect of palosuran in CsA nephrotoxicity is possibly independent of its U-Il
receptor antagonism.
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Introduction

Cyclosporine-A (CsA) is a calcineurine inhibitor that
is widely used for immunosuppressive therapy in renal
transplantation patients.! However, clinical usage of this
immunosuppressant is often restricted by its side effects.
Nephrotoxicity is the main dose-limiting undesirable con-
sequence of CsA treatment, which may lead to irrevers-
ible damage in both glomerular and tubular structures.
Chronic CsA treatment causes functional and structural
nephrotoxicity characterized by glomerular sclerosis,
tubulointerstitial fibrosis and tubular atrophy,? whereas
acute CsA nephrotoxicity induces a reversible reduction
of the glomerular filtration rate (GFR) and renal blood flow,
which is thought to result from afferent arteriolar vaso-
constriction.® The initial vasoconstriction caused by CsA
is related to the imbalance between various modulators
of renal vascular tonus, such as the powerful vasodilators
prostacyclin and nitric oxide** and/or the vasoconstrictor
factors angiotensin II and endothelin.®

Recently, urotensin II (U-II), a novel peptide with po-
tent influences on vascular biology, was added to the list
of potential renal vascular regulators. This peptide has
been defined as the most potent vasoconstrictor to date
and is a ligand for the Gq protein U-II receptor (UTR),
originally known as the GPR14 receptor.” Urotensin II
and UTR are expressed in a large number of tissues and
organs®® and pharmacological studies have shown that
U-II plays a potent vasoactive role in the cardiovascu-
lar system.!®! In addition to its potent direct vascular
actions, U-II contributes to the control of renal func-
tion!2-1® and, therefore, is involved in cardiorenal disease
states. Upregulation of the UTR receptors and eleva-
tion of plasma U-II levels have been postulated to play
a possible role in the etiology of renal failure, congestive
heart failure, diabetes mellitus, and systemic and portal
hypertension.'®-!® This suggestion has led to the devel-
opment of different UTR antagonists in recent years.!”
Among these, the selective UTR antagonist palosuran
(ACT-058362C;1-[2-(4Benzyl-4-hydroxy-piperidin-1-
yl)-ethyl]-3-(2-methyl-quinolin-4-yl)-urea sulfate) has
been shown to display renoprotective properties with
beneficial recruitment on both glomerular and tubu-
lointerstitial damage in experimental models of renal
failure.?®2! In rats with ischemic acute renal failure, acute
administration of palosuran significantly attenuated re-
nal glomerular and tubular dysfunction, prevented in-
creases in serum creatinine concentration and lessened
the decrease in GFR.?! In addition, it has been shown that
chronic palosuran treatment prevented the progressive
increase in albuminuria, renal dysfunction and tubular
and tubulointerstitial lesions in diabetic rats.?!

Given the potential renoprotective effects of palosuran,
we sought to examine whether this UTR antagonist might
be useful in providing protection against CsA-induced
nephrotoxicity. The present study therefore examines this
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hypothesis by evaluating renal function and histology with
regard to the potential role of U-II in the pathogenesis
of CsA-induced nephrotoxicity in rats.

Material and methods
Experiment design

Male Wistar rats (Ege University Animal Center, [zmir,
Turkey) weighing 240-270 g were used in the study in or-
der to exclude the confounding effect of sex-dependent
factors (i.e., fluctuation in estrogen/progesterone levels
during the menstruation cycle). This hormone fluctuation
may influence an experiment, including X-chromosome
and female sex hormone levels. All rats were fed standard
rat food and water ad libitum under controlled environ-
mental conditions (12-hour light/dark photo-period and
a room temperature of 21 +2°C). The rats were randomly
assigned to 5 experimental groups of 6 animals each:

Group 1 (Control): received daily intraperitoneal (i.p.)
injections of saline solution for 21 days;

Group 2 (CsA) received CsA (15 mg kg/day, i.p.) for
21 days??;

Group 3 (CsA+palosuran) received CsA (15 mg kg/day,
i.p.) + palosuran (300 mg/kg/day, orally) for 21 days®};

Group 4 (Vehicle) received a CsA vehicle (40 mg of Cre-
mophor EL dissolved in 33% alcohol, i.p.) at volumes equiv-
alent to corresponding CsA doses for 21 days;

Group 5 (Palosuran) received palosuran (300 mg/kg/day,
orally) with concomitant daily i.p. injections of saline solu-
tion for 21 days.

The CsA used was a commercially available, injectable
preparation (Sandimmune-parenteral®). Palosuran was
dissolved in distilled water and administered directly into
the stomach through an intragastric canulla.

Functional studies

One day prior to sacrifice at the end of the treatment pe-
riod, the rats were kept separately in metabolic cages; urine
samples were collected over a 24-hour period for electro-
lyte and clearance studies. At sacrifice, blood samples were
obtained by direct intracardiac puncture under anesthe-
sia and the kidneys were removed for further studies and
rinsed in ice-cold physiological saline. The blood samples
were immediately centrifuged at 4°C and the plasma sam-
ples were stored at —70°C until the biochemical analysis
was performed.

Urine and plasma analysis

The concentrations of creatinine, sodium and potas-
sium in the urine and plasma were measured with enzy-
matic assay, as were the U-1I levels. The creatinine clear-
ance rate (Ccr), the fractional excretion of sodium and
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the renal failure index were calculated using standard
methods. The Ccr was calculated using the following
formula: Ccr = UV/P/1440, where Ccr is the clearance
in mL/min, U is the 24-hour urinary concentration of cre-
atinine in mg/dL, V is the 24-hour urine volume in mL
and P is the plasma concentration of creatinine in mg/L.
Whole-blood CsA levels were measured using a Cloned
Enzyme Donor Immunoassay (CEDIA; Microgenics Cor-
poration, Fremont, USA) using an automatic analyzer (Hi-
tachi 912, Hitachi Ltd, Tokyo, Japan). Since the last dose
of CsA was given 24 h prior to sacrifice, all CsA levels
measured were trough concentrations (Co).

SDS-PAGE electrophoresis
and western blotting

The kidney tissue was homogenized in lysis buffer
(20 mM of Tris-HCI, pH 7.5, 2 mM of EGTA, 5 mM
of EDTA, 10 mM of dithiothreitol, 0.5 mg/mL of aprotinin,
0.001 mg/mL of pepstatin, 0.001 mg/mL of leupeptin,
and 0.5 mM of PMSF) on ice, then centrifuged at 14,000
rpm at 4°C for 30 min to remove the insoluble pellet.
Protein concentration in the supernatant was measured
spectrophotometrically using the Lowry method. Sixty
micrograms of protein were loaded on 8% SDS-PAGE
gel. The resolved proteins were transferred to 0.2-pm
nitrocellulose membranes and the blots were blocked
in 5% non-fat dried milk for 1 h at 25°C to saturate non-
specific protein binding. The membranes were incubated
with primary antibodies (anti U-II; 20 uL, anti-p-aktin;
1:20,000; Abcam, Cambridge, UK) overnight at 4°C. After
extensive washing, the blots were incubated in horse-
radish peroxidase-linked secondary antibodies (anti-
mouse IgG, 1:10,000 for actin; 1:3,000 for anti U-II) for
1 h at 25°C. The blots were covered with an ECL Plus®
chemiluminescence detection kit (Amersham Pharmacia,
Piscataway, USA) and then exposed to X-ray film. The au-
toradiographs were analyzed with scanning densitom-
etry with subtraction of the background counts measured
outside loaded lanes, and the intensity of the signal was
measured with image analysis software (Image Quant
TL v2003, Amersham Biosciences, Piscataway, USA).
The data is presented as the ratio of U-II band density
to B-actin band density.

Morphology

When the rats were sacrificed, the kidneys were removed,
dissected and immersed in 4% buffered paraformaldehyde
for 24 h at room temperature. The tissues were dehydrated
in a gradual alcohol series (80-95-100%) and embedded
in paraffin. For light microscopy, the paraffin sections were
cut into 5-pm thick slices in microtome (Leica RM 2145;
Leica Camera AG, Wetzlar, Germany) and stained with
hematoxylin and eosin (H&E) to characterize general cel-
lular patterns.

1395

Immunohistochemistry

Immunocytochemical staining was performed on 5-um
sections of the formaldehyde-fixed, paraffin-embedded
renal tissue. The sections were stained at the same time
to avoid possible variation over time. After deparaffiniza-
tion in xylol and rehydration with distilled water, the sec-
tions were kept in a citrate buffer (0.3% citrate, pH 6.0)
in a microwave oven at 90 W for 5 min and at 360 W for
15 min. After washing the sections in phosphate-buffered
saline (PBS), they were exposed to normal horse serum for
30 min to block nonspecific immunoglobulin transfer, fol-
lowed by overnight incubation with anti-U-II primary anti-
body (dilution 1:1000) at 4°C in a humidified chamber (Ab-
cam, KIMERA Medical, Istanbul). Endogenous peroxidase
activity in the rat kidney was blocked with H,O, (3% in H,O
for 10 min). The sections were then incubated with a bio-
tinylated horse-antimouse secondary antibody (1:200) for
30 min at room temperature and washed with horseradish
peroxidase conjugated streptavidin for 30 min. All sections
were visualized with 3,3"-diaminobenzidine tetrahydro-
chloride/H,0,. Finally, the sections were counterstained
with Mayer’s hemotoxylin, dehydrated in an increasing
series of alcohol (95% for 2 min and 100%, for 2 min x3)
and kept in xylol for 2 min 3 times just before being mount-
ed in Entellan. The stained sections were scanned with
an Olympus BX-51 microscope (Olympus Corp., Tokyo,
USA) and images were taken with an Olympus C-5050
digital camera (Olympus Corp.). The images were analyzed
in Image-Pro Express v. 4.5.1.3 software (Media Cybernet-
ics Inc., Cambridge, UK). All digital quantification (Image-
Pro Plus, v. 6.0, Media Cybernetics Inc.) and assessments
were performed in a blinded manner. Tubular injury was
graded (0-3) based on the presence of tubular atrophy and
the presence/degree of isometric tubular vacuolization:
0 — no changes present, grade 1 — <25% to 50% and grade
3 — >50% tubular injury involvement. Interstitial fibrosis
was scored as a sign of architectural destruction: 0 — no
changes present, grade 1 — 25%, grade 2 — 26% to 50% and
grade 3 — >50% tubular injury involvement.*

Drugs and reagents

The CsA (Sandimmune-parenteral®) was a kind gift from
Novartis (Istanbul, Turkey). The palosuran was obtained
from Actelion Pharmaceutical (Allschwil, Switzerland).
All reagents used for western blotting and immunohisto-
chemistry were of analytical grade.

Data analysis

The results are expressed as mean * standard error of
the mean (SEM) of the groups. The differences between
the means of the groups were assessed by one-way analysis
of variance (ANOVA) with a subsequent Tukey’s test. As-
sociations between different variables were determined
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with linear regression analysis and Spearman’s correlation
coefficient was calculated between these variables. Results
were considered significantly significant when p < 0.05.

Results

Effects of CsA and palosuran on urine
and serum output

The biochemical parameters of all experimental groups
are summarized in Table 1. Injection of CsA at a dose
of 15 mg/kg/day for 21 days resulted in a whole-blood
trough CsA concentration of 1,022.00 +97.10 ng/mL.
Palosuran treatment in the rats decreased the CsA con-
centration significantly (822.08 +115.72 ng/mL; p < 0.05).
However, both concentrations were markedly higher
than the targeted therapeutic concentration of CsA
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Fig. 1. Correlation between serum urotensin-Il (U-Il) and cyclosporine-A

(CsA) levels. Spearman’s rank correlation test revealed a correlation
between serum U-Il levels and CsA levels (R?= 0.428)
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(250-400 ng/mL), indicating that the dosage used in our
study maintained toxic trough concentrations.?* Cyclo-
sporine-A administration caused a marked deterioration
of renal function in the rats, characterized by a significant
decline in Ccr with a concomitant increase in serum cre-
atinine levels. Fractional sodium excretion (FEy,) tended
to increase in the CsA-treated rats; however, the differ-
ence was not statistically significant. No effect of CsA was
found on the other renal functional parameters compared
to the control group. The vehicle of CsA did not signifi-
cantly alter any of the parameters, either.

Administration of palosuran along with CsA led to anim-
provement in renal function, manifested as a significant
decrease in serum creatinine levels and a significant in-
crease in urine creatinine levels, resulting in a marked in-
crease in Ccr. However, FEy, showed a noteworthy decrease
in these animals.

Palosuran caused no significant changes in the param-
eters tested when given to the control rats. The serum and
urine levels of Na and K were comparable among all groups.

Plasma U-II levels were significantly lower in the CsA-
treated rats in comparison to the control rats (Table 1).
However, there was no correlation between the mea-
sured serum levels of CsA and the plasma levels of U-II
in the CsA-treated rats (Fig. 1). Concomitant administra-
tion of palosuran and CsA did not further lower the U-II
levels. The palosuran-treated control rats also revealed no
significant differences in terms of U-II levels when com-
pared to the naive controls.

When the correlation of serum U-II levels with each
parameter used to validate renal function was calculated,
only a negative correlation with serum creatinine level
was found (Fig. 2).

Histopathological changes of kidneys

The photomicrographs of kidneys from all groups are
shown in Fig. 3. The microscopic findings of vehicle-treated

Table 1. Biochemical parameters of experimental groups. Data is expressed as mean +SEM; n = 6 in each group

Parameters Control

Palosuran +

Vehicle
control

‘ CsA + palosuran ‘

Urine volume [mL/day] 515 £1.25 4.27 £0.85 3.36 £0.49 511 £1.23 6.11 £1.31
Urine creatinine [mg/dL] 8730 £13.20 68.58 £9.39 152.60 +£19.25% 78.87 +11.72 7210 +£11.40
Urine Na [mEq/L] 104.62 +£16.75 7294 £1995 63.00 £8.26 100.04 +£25.48 86.60 +£14.51
Urine K [mEg/L] 165.86 £22.70 140.05 £9.10 189.13 £28.68 145.20 £17.87 180.51 £22.91
Serum creatinine [mg/dL] 0.62 £0.03 1.06 +£0.18% 0.65 +£0.03* 0.54 £0.03 0.56 +£0.02
Serum Na [mEq/L] 139.70 £0.52 141.53 +0.46 140.70 +£0.65 14043 +0.63 142.0 £0.86
Serum K [mEqg/L] 541 £0.14 5.84 £0.22 4.87 £0.17 546 £0.12 5.50 £0.03
Ccr [mL/min/100 g body weight] 045 +0.02 0.19 £0.03* 0.50 £0.04* 043 £0.06 043 £0.05
FEna [%] 0.53 £0.05 0.71 £0.12 0.19 £0.01%# 0.51 £0.10 1.64 +£0.12*
Plasma urotensin level [ng/mL] 0.57 £0.04 0.30 +0.04* 0.29 +0.06 0.50 £0.04 0.59 +£0.04

*p < 0.05 when compared to the control group; # p < 0.05 when compared to the CsA group. CsA - cyclosporine; Ccr — creatinine clearance; FEy,

- fractional sodium excretion.
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Fig. 2. Correlation between serum urotensin-II (U-1l) and creatinine (Cr)
levels. Spearman’s rank correlation test revealed a correlation between

serum U-ll levels and Cr levels (R2= 0.133)

rats showed essentially normal architecture. Cyclosporine-
A treatment resulted in a marked deterioration in renal
histology. The sections from the CsA-treated rat kidneys
revealed derangements in both glomerular and tubular
structures. Extensive mononuclear cell infiltration was ob-
served in both perivascular and peritubular areas, mostly
in the mid-cortex and the corticomedullary junctions.
The cortical areas were characterized by diffuse peritubular
capillary congestion and hemorrhagic foci. Vacuolization
signs compatible with dilatation were observed in Bow-
man’s space and the glomeruli. A foamy and vacuolated
appearance of the parenchymal cell cytoplasm was noted
in the distal and — more prominently — in the proximal
tubules, and pyknotic nuclei were found in the tubular cells.
Examination of the medullar sections revealed dilatation
and tubular disintegration in all parts of the loop of Henle.

Simultaneous administration of CsA and palosuran pro-
duced a significant normalization of the kidney histology.
Hemorrhagic foci and peritubular capillary congestion
were seen less in the cortex and areas of mononuclear cell
infiltration were sporadically found in the corticomedul-
lary junction. The glomerular structures did not reveal
signs of dilatation and the diameter of the glomerulus re-
mained normal.

Fig. 3. Representative photomicrographs of histopathological findings in rat kidneys stained with H&E, showing structural renal injury induced with
cyclosporine-A (CsA) and the effect of palosuran treatment: (A) control, (B) CsA, (C) CsA + palosuran, (D) vehicle, and (E) palosuran-treated. Extensive
mononuclear cell infiltration is visible in both the perivascular and peritubular areas. Peritubular capillary congestion and hemorrhagic foci are visible

in the cortex, as well as signs of vacuolization compatible with dilatation in Bowman's space and glomeruli. The foamy appearance characteristic

of vacuolated parenchymal cell cytoplasm is visible in the distal and proximal tubules. Pyknotic nuclei were characteristic in tubular cells. The simultaneous
administration of palosuran and CsA produced a significant normalization of the kidney histology (C). Minimal hemorrhagic foci and peritubular capillary
congestion are visible in the cortex, and scattered areas of mononuclear cell infiltration are present in the corticomedullary junction. The glomerular
structures do not reveal signs of dilatation and the diameter of the glomerulus is normal. The scale bar is 50 p for X100 and 125 p for x40 magnification;

n=4ineach group. Representative experiments are

shown
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Treatment of the rats with palosuran alone did not
significantly affect kidney histology when compared
to the untreated control kidneys; only minimal struc-
tural derangements were observed. The kidneys from
the paloruran-treated rats revealed rare foci of congestion
in perivascular and peritubular areas and sporadic areas
of mononuclear cell infiltration in the corticomedullary
junction. Minimal signs of dilatation and vacuolization
in Bowman’s capsules were observed.

Immunohistochemical findings
of the kidneys

Incubation of kidney sections with an antibody against
Urotensin II caused staining in different regions of the kid-
ney. In control preparations, immunoreactivity was de-
tected predominantly in the proximal tubules and it gradu-
ally decreased in the distal sections (Fig. 4), whereas no
immunostaining was detected in the glomerular struc-
ture. Medullary collecting tubules and the loop of Henle
were stained positively for U-IL. Figure 4B shows that
U-II immunoreactivity was greatest in the CsA-treated
rat kidneys. U-II immunostaining was most remarkable
in the distal and proximal tubules, but also appeared
in the glomerular region. Immunostaining of kidneys
from both palosuran- and vehicle-treated control kidneys
also showed staining in the tubular sections and slight

staining in the glomerular sections, but immunoreactivity
was considerably less when compared to the CsA group.
The expression of U-II decreased dramatically with con-
comitant palosuran and CsA treatment in rat kidneys.
The proximal and distal tubular sections from these rats
showed a staining pattern similar to the control kidneys
except for the minimal staining in the glomeruli.

Effects of palosuran on U-Il protein
expression in renal tissue

Cyclosporine-A treatment resulted in a significant in-
crease in the expression of U-II protein in the kidneys
(p < 0.05, Fig. 5). The addition of palosuran to CsA treat-
ment significantly prevented the increase in U-II ex-
pression (p < 0.05). The administration of a CsA vehicle
or palosuran alone to the rats did not change U-II protein
expression.

Discussion

In the current study, the CsA-treated animals showed
amarked decline in creatinine clearance along with an el-
evation of serum creatinine levels. Histological examina-
tion of the kidneys from these rats revealed derangements
in both the glomerular and tubular structures. These

Fig. 4. Immunohistochemical localization of U-Il in kidney sections of the experimental groups as follows: (A) control, (B) CsA, (C) CsA + palosuran,

(D) vehicle, and (E) palosuran-treated. The CsA-treated animals show remarkable immunostaining in the distal and proximal tubules and in the glomerular
region when compared to controls. The expression of U-Il decreased abundantly with concomitant palosuran treatment in CsA-administered rat

kidneys. The proximal and distal tubular sections from these rats showed a similar staining pattern with the control kidneys except for minimal staining

in the glomerules. Immunostaining of kidneys from both palosuran- and vehicle-treated control kidneys also showed staining in the tubular area and
faintly in the glomerular sections, though immunoreactivity was considerably less when compared to the CsA group. The scale bar is 50 p for X100 and
125 p for x40 magnification; n = 4 in each group. Representative experiments are shown
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Fig. 5. Expression of urotensin Il (U-1l) protein in the kidneys of rats treated
with cyclosporine (CsA) alone and in combination with palosuran for 21 days.
The control group was composed of healthy rats receiving daily intraperito-
neal (i.p.) injections of saline solution for 21 days. The vehicle group received
i.p. injections of 40 mg of Cremophor EL dissolved in 33% alcohol

at volumes equivalent to corresponding CsA doses for 21 days; *p < 0.05
when compared to controls and #p < 0.05 when compared to CsA; n =4

findings are in agreement with the well-known pattern
of acute CsA nephrotoxicity and they support previous
reports on CsA-induced renal dysfunction and morpho-
logical changes.?? Alterations in renal hemodynamics
and glomerular and/or tubular structures play important
roles in CsA-induced renal dysfunction.?” Cyclosporine-
A-induced nephrotoxicity is characterized by a marked
reduction in renal blood flow and a reduction in glomeru-
lar filtration rate, which in turn leads to elevated serum
creatinine levels and decreased serum Ccr.2® Consistent
with these reports, our findings mimicked the initial phase
of CsA-induced renal complications.

The vasoconstrictor effect of CsA on renal vasculature
is involved in chronic CsA nephrotoxicity as well.?” The ma-
jor mechanism of CsA action on GFR is vasoconstriction
in afferent arterioles through the mediation of contractile
factors (i.e., angiotensin II and endothelin).26 We have hy-
pothesized that a newly identified modulator, U-II, may also
contribute to CsA-induced nephrotoxicity and, if so, the se-
lective UTR antagonist palosuran may be useful in prevent-
ing CsA-induced nephrotoxicity. Indeed, palosuran treat-
ment showed a significant improvement in both functional
and structural changes induced by CsA. It prevented a CsA-
induced decrease in Ccr, leading to a concomitant decrease
in serum creatinine. Moreover, the morphological derange-
ments in both the glomerular and tubular structures in-
duced by CsA were attenuated by palosuran treatment.

This data agrees in part with previous data reporting
the possible renoprotective potential of palosuran with
beneficial effects on both glomerular and tubulointer-
stitial damage in renal ischemia/reperfusion?® and dia-
betes-induced renal injury.?! Palosuran increases renal
blood flow without changing the filtration fraction, has
a pre- and post-glomerular vasodilatator effect and delays
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the development of proteinuria and renal damage in dia-
betic rats, thus suggesting a possible role as a U-II receptor
antagonist.?!

Although the impact of U-II on the kidneys is mainly
mediated by its effects on vascular smooth muscle cells,
its direct effect on the renal tubular cells and collecting
ducts should also be considered. The immunolocalization
of UTR in renal tubular cells suggests that U-II may act
as an autocrine or paracrine regulator of the water and elec-
trolyte transport in the tubular cells.!® Our immunohisto-
logical studies revealed increased U-II immunoreactivity
in the CsA-treated rat kidneys. Urotensin Il immunostain-
ing was most notable in the distal and proximal tubules,
though sporadic staining was noticed in the glomerular
region as well. The expression of U-II decreased markedly
in the rat kidneys treated concomitantly with palosuran
and CsA. This finding also suggests a possible relation-
ship between the increased U-1I expression in kidneys and
renal dysfunction. Hence, the expression of U-II mRNA
in the kidney was enhanced in a model of chronic renal
failure in rats.!® The principal site of U-II receptor expres-
sion in a rat kidney is the medulla, especially the tubular
component of the kidney. Urotensin II was found mostly
in the epithelial cells of tubules and ducts, with a greater
density in the distal convoluted tubules in normal human
kidneys; only focal immunoreactivity, however, was found
in the endothelial cells of the glomeruli.!®

Taken together, these findings suggest the possibility
that although glomerular hemodynamic responses appear
to dominate the effect of U-II on renal structures, the renal
U-II system may also play a role in renal tubular function
and electrolyte handling. In our study, palosuran caused
a significant decrease in FEy,, considering the natriuretic
effect of U-II in CsA-treated rats at first glance. However,
the studies on the role of U-1I on renal electrolyte handling
have provided conflicting results depending on the study
protocols and rat species. For example, bolus injections
of rat U-II in low concentrations leads to dose-related re-
ductions in both GFR and sodium excretion rate, but only
amodest reduction in GFR and no change in sodium excre-
tion has been reported.?® Contrarily, U-II infusion caused
a profound reduction in GFR accompanied by antidiuresis
and antinatriuresis.?® Urotensin-II changes urinary elec-
trolytes in a dose-dependent manner: at lower infusion
rates it reduces electrolyte reabsorption. However, the frac-
tional excretion of electrolytes was not altered by a UTR
antagonist, urantide, suggesting that endogenous U-II may
have little influence on tubular function in different rat
strains.3°

This last observation suggests the possibility that the ef-
fects of exogenously administered U-II do not necessarily
mimic the exact effects of endogenously elevated levels
of the mediator. The same might be true for antagonists
as well, since different UTR antagonists exert different
effects on the functional parameters of tubules regard-
less of the antagonistic capacity.?! For example, palosuran
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treatment caused an increase in sodium excretion in cir-
rhotic bile duct-ligated rats compared with untreated
counterparts.?? This natriuretic effect was accompanied
by an increase in urine volume, an effect that was not ob-
served in our study.

It seems that the effects of UTR antagonists on renal func-
tion do not necessarily have to be attributable to their U-II
antagonistic properties alone, but the unintended effects
of these antagonists should also be taken into account.®
Although palosuran exerted profound effects on both
the functional and morphological parameters of the CsA-
treated kidneys in our study, it did not cause significant
changes on those parameters in the control rats. Thus,
it is highly likely that the protective effect of palosuran
in our model of CsA nephrotoxicity is independent of its
U-II receptor antagonism. Indeed, palosuran inhibits U-II
binding in membrane preparations with nearly equal po-
tency as native U-II; however, its antagonistic activity is sig-
nificantly less in intact cells.>® The dosing regimens used
in the previous nephropathy models in which palosuran
was reported to be effective?® were unable to inhibit rat U-II
in vitro and the data from these studies does not convinc-
ingly demonstrate selective in vivo UTR blockade by palo-
suran.'> Moreover, recent studies have revealed that several
actions of palosuran could not be replicated using another
UTR antagonist, SB-701411.3%3> These observations taken
together suggest a lack of UTR receptor affinity and an “off-
target” effect of palosuran in its renoprotective properties.

Cyclosporine-A treatment decreased mean serum U-II
levels significantly and U-II levels demonstrated a negative
correlation with serum creatinine levels, suggesting that
the U-II system was potentially downregulated in the CsA-
treated rats. However, the measured serum levels of CsA
did not show any correlation with the plasma levels of U-II.
On the other hand, although palosuran attenuated the de-
rangements in functional and morphological parameters
of CsA-induced renal dysfunction, it did not affect the de-
creased plasma U-II levels. These findings strengthen the hy-
pothesis that the beneficial effect of palosuran observed
in the present study was independent of its U-II receptor
antagonism. It is well-known that there are differences
in plasma U-II concentration between healthy subjects and
patients with renal'” and heart failure.?*3” However, it has
been controversial whether the U-II system in the kidney
acts protectively or harmfully in kidney diseases. Although
U-II levels are usually higher in patients than in controls,
higher levels can also be found in renal transplant patients3?
and they may correlate well with a decreased chance of ad-
verse outcome, suggesting a protective role of U-II against
cardiovascular events in renal disease states.33-49 Mosenkis
etal. observed that plasma U-II concentrations were higher
in controls than in subjects with end-stage renal disease un-
dergoing hemodialysis or those with chronic renal disease,
and that U-II correlated negatively with serum creatinine
and positively with Ccr, suggesting a positive correlation
between U-II concentration and renal function.®

M. Olukman, et al. Cyclosporine-A nephrotoxicity and urotensin

The kidney is a major source of U-II, and urinary concen-
trations of U-II are significantly higher with renal tubular
disease due to either reduced renal clearance or increased
renal production.® When acute symptoms arise, U-II
is temporarily upregulated in order to repair the damage
caused, but it later returns to its normal levels. This would
explain how the upregulation of U-Il is an inverse predictor
of adverse clinical outcome in patients with acute coronary
syndromes.?* Chronically high U-II levels, on the other
hand, can lead to the development of several diseases, in-
cluding cardiovascular disease and kidney disease.?!

Conclusions

The present study demonstrated that exposure of healthy
rats to toxic doses of CsA for 21 days resulted in a dete-
rioration of both renal glomerular and tubular functions
as well as a drop in Ccr. Cyclosporine-A-induced renal
impairment was accompanied by an increase in U-II ex-
pression in kidneys and a contrary decrease in systemic
U-IIlevels. The UTR antagonist palosuran mitigated renal
dysfunction by preventing the decrease in renal U-II ex-
pression without affecting systemic levels of U-IL. Its lack
of an effect on the U-II system suggests that local U-II
expression in the kidneys contributes to CsA-induced re-
nal impairment. The protective effect of palosuran in our
model of CsA nephrotoxicity is possibly independent of its
U-II receptor antagonism, meaning that further research
should be conducted to define the actual mechanisms
of palosuran’s action in various disease models.
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