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Abstract
CXCR1 (CKR-1), a receptor of IL-8, is expressed in various cells including neutrophils and monocytes, both of which play a
major role in proliferating glomerular diseases. We investigated time-dependent expression of CXCR1 and the effect of
single-dose cyclosporine A (CsA) treatment on this expression in experimental mesangioproliferative glomerulonephritis
induced by anti-thymocyte serum (ATS). Wistar rats were divided into three groups. Group 1 (control, n ¼ 24) received
non-immune serum. Group 2 (nephritis, n ¼ 24) received ATS. Group 3 (nephritis þ CsA, n ¼ 24) received ATS and CsA
concomitantly. Kidneys from six rats in each group were removed at sixth hour, 3 days, 5 days, and 7 days. ATS induced
proteinuria compared to controls (p < 0.001) and CsA precluded the development of proteinuria. Glomerular inflammation
and mesangial proliferation were significantly higher in ATS group than control and CsA-treated rats (p < 0.001). ATS
injection caused marked interstitial inflammation that was precluded by CsA (p < 0.001). CXCR1 was not expressed in
control kidneys. However, ATS induced expression of CXCR1 in both glomeruli and tubulointerstitium. CsA treatment
precluded CXCR1 expression in both glomeruli and tubulointerstitium only in the first 6 h. CXCR1 may contribute to
inflammation in experimental mesangioproliferative glomerulonephritis. CsA may be beneficial by inhibiting CXCR1
expression and corresponding inflammation.
Keywords: anti-thymocyte serum, experimental mesangioproliferative glomerulonephritis, cytokine, chemokine, CXCR1,
CKR-1, cyclosporine A

various cells including neutrophils and monocytes.12
However, renal expression of CXCR1 in experimental
model of mesangioproliferative glomerulonephritis has not
been investigated yet.
Injection of anti-thymocyte serum (ATS) is a widely
accepted model for mesangial proliferative glomerulonephritis.13,14 Injection of ATS to experimental animals
produces complement dependent, selective injury to
mesangial cells, which subsequently leads to mesangioproliferative glomerulonephritis.15 Pathogenesis of this
disease is not fully understood, but mesangial cell injury
leads to infiltration of inflammatory cells (neutrophils and
mononuclear cells) into the glomeruli, which in turn produce several growth factors and cytokines leading to
mesangial proliferation.16
In the present study, we investigated time-dependent
expression of CXCR1 in experimental model of

INTRODUCTION
Proliferation of glomerular cells and infiltration of glomeruli
by inflammatory cells are hallmark of various forms of glomerulonephritis including mesangial proliferative glomerulonephritis.1 Chemokines are members of a family of
chemotactic cytokines that play central roles in the recruitment of specific leukocyte subsets to inflammation sites,
thereby contributing inflammation.2–6 Among them, IL-8
was the first leukocyte selective chemokine to be identified
and its corresponding receptors were the first chemokine
receptors to be defined.7–9 IL-8 is a highly specific cytokine
for neutrophils. We and others have shown its importance in
the pathogenesis of various forms of human glomerulonephritis.10,11 IL-8 signals through the chemokine receptors,
CXCR1 and CXCR2.7 Among them, CXCR1 (CKR-1) is
a G-protein-coupled chemokine receptor, expressed in
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mesangioproliferative glomerulonephritis and the effect
of a single-dose cyclosporin A (CsA) treatment on this
expression.

METHODS
Animals

infiltration of mononuclear cells into the respective
renal compartment.
CXCR1 antibody, PCNA antibody, and goat
ImmunoCruz Staining System were obtained from Santa
Cruz Biotechnology Incorporation. Immunostaining procedures were performed according to the manufacturer’s
instructions.
Statistical Analysis

Data were expressed as mean  SEM. All measurements
and calculations were analyzed with two-way ANOVA
and post-hoc Bonferroni multiple comparison test. For
all data sets, p < 0.05 was accepted to be statistically
significant.

Experimental Protocol

RESULTS

Animals were divided into three groups. Group 1 (control,
n ¼ 24) rats received 5 mL/kg non-immune serum intravenously. Group 2 (nephritis, n ¼ 24) rats received 5 mL/kg
anti-thymocyte serum (ATS, Dako Corporation) intravenously to induce mesangioproliferative glomerulonephritis.
Group 3 (nephritis þ CsA, n ¼ 24) rats received 5 mL/kg
ATS intravenously and concomitantly injected with
25 mg/ kg CsA (Sigma–Aldrich Chemical Company) intravenously. Group 1 and 2 rats received intravenous saline
treatment in equal volume (,0.1 mL) with CsA administered in group 3. Six hours, 3 days, 5 days, and 7 days after
ATS or non-immune serum injection, kidneys of six rats
from each group were removed under diethyl ether
anesthesia for histopathological and immunohistochemical
studies. Twenty-four-hour urine was started to be collected
in each rat 24 h before the day of kidney removal to assess
proteinuria by means of urinary protein and creatinine
ratio.

Urinary protein to creatinine ratio of control, nephritis
and nephritis þ CsA groups was presented in Figure 1.
ATS injection resulted in significant proteinuria compared to controls (p < 0.001), which persisted during
the experiments. CsA treatment precluded the development of proteinuria in ATS injected rats (p < 0.001)
during the experimental period. In parallel with proteinuria, glomerular inflammatory cells were significantly
increased in nephritis (ATS) group compared to controls
(Figure 2, p < 0.001) and CsA treatment completely
precluded infiltration of glomerular inflammatory cells
in ATS-treated rats (p < 0.001).
ATS resulted in severe mesangial proliferation starting in the first day after injection, reaching maximum
around the fifth and seventh day (p < 0.001). CsA
treatment had no effect on the development of mesangial proliferation (Figure 3).
ATS injection caused marked renal interstitial inflammation, which started in the first day of post-injection
period (Figure 4, p < 0.05) and increased gradually
(p < 0.001). CsA precluded the development of interstitial inflammation in the first day of post-injection period

Immunohistochemical and Histopathological Studies

Kidneys of the rats were removed at the determined
time points and fixed in 10% formalin. Tissues were
embedded in paraffin wax and 5-μm sections were
stained with hematoxylin and eosin for assessment of
severity of glomerulonephritis. Expression of CXCR1,
PCNA, and degree of glomerular inflammation, mesangial proliferation, and interstitial inflammation were
evaluated by a pathologist (ZA) without prior knowledge of the treatment group. CXCR1 staining was
graded semiquantitatively as 0 ¼ no staining,
1 ¼ staining in 1–25% of cells, 2 ¼ staining in 26–50%
of cells, 3 ¼ staining in 51–75% of cells, and 4 ¼ staining
in 76–100% of cells. PCNA staining was calculated as
percentage of all cells either in the glomeruli or tubulointerstitium. Kidney sections were examined for glomerular inflammation, mesangial proliferation, and
interstitial inflammation and each individual section
was graded as 0 ¼ negative, 1 ¼ minimal, 2 ¼ mild,
3 ¼ moderate, and 4 ¼ severe for respective histopathological parameter. Inflammation was evaluated as
© 2013 Informa Healthcare USA, Inc.

Control
Urinary protein/creatinine
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Male Wistar rats weighing 100–200 g, obtained from
Animal Laboratory of Hacettepe University, were used
in this study. Animals were housed in communal cages
with food and water available ad libitum, and exposed to
a 12-h light/dark cycle with the room temperature maintained at 21 C. The procedures in this study were
approved by Hacettepe University Animal Care and
Use Ethics Committee.
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Figure 1. Twenty-four hour urinary protein/creatinine ratio (mg/dL
vs. mg/dL) of rats during the experimental period. Values are
expressed as mean  SEM. n ¼ 6 at each time point, for each group.
Notes: Denotes p < 0.001 against control and nephritis þ CsA
groups. CsA, cyclosporine A.
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Figure 2. Glomerular inflammation in rat kidneys during the experimental period and histological appearances of kidneys in control (grade 0,
at sixth hour), nephritis (grade 3, at sixth hour), and nephritis þ CsA (grade 0, at sixth hour) groups. Values are expresed as
mean  SEM. n ¼ 6 at each time point for each group.
Notes: Denotes p < 0.001 against control and nephritis þ CsA groups. CsA, cyclosporine A.
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Figure 3. Mesangial proliferation in rat kidneys during the experimental period and histological appearances of kidneys in control (grade 0,
on fifth day), nephritis (grade 4, on fifth day) and nephritis þ CsA (grade 3, on fifth day) groups. Values are expressed as mean  SEM. n ¼ 6 at
each time point for each group.
Notes: Denotes p < 0.001 against control group. ns, not significant against control group. CsA, cyclosporine A.
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Figure 4. Interstitial inflammation in rat kidneys during the experimental period and histological appearances of kidneys in control (grade 0,
at sixth hour), nephritis (grade 4, on seventh day), and nephritis þ CsA (grade 0, at sixth hour) groups. Values are expressed as
mean  SEM. n ¼ 6 at each time point for each group.
Notes: Denotes p < 0.05 against control group, denotes p < 0.001 against control group. ns, not significant against control group. CsA,
cyclosporine A.
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Figure 5. PCNA expression in tubulointerstitium of rat kidneys during the experimental period and histological appearances of kidneys in
control (at sixth hour), nephritis (at sixth hour), and nephritis þ CsA (at sixth hour) groups. Values are expressed as mean  SEM. n ¼ 6 at
each time point for each group.
Notes: Denotes p < 0.001 against control group. ns, not significant against control group. CsA, cyclosporine A.

(p < 0.05), but on following days it had no effect on
interstitial inflammation.
The expression of proliferating cell nuclear antigen
(PCNA) in tubulointerstitium was significantly increased
in the nephritis group during the experimental period

compared to controls (Figure 5, 14% in nephritis group
vs. 3% in controls, p < 0.001). CsA treatment significantly
decreased expression of PCNA in ATS injected rats at sixth
hour (14% in nephritis group vs. 5% in nephritis þ CsA
group, p < 0.001) and 3rd day (14% in nephritis group vs.
Renal Failure
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Figure 6. PCNA expression in glomeruli of rat kidneys during the experimental period and histological appearances of kidneys in control
(at sixth hour), nephritis (at sixth hour), and nephritis þ CsA (at sixth hour) groups. Values are expressed as mean  SEM. n ¼ 6 at each time
point for each group.
Note: CsA, cyclosporine A.
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Figure 7. CXCR1 expression in glomeruli of rat kidneys during the experimental period and histological appearances of kidneys in control
(grade 0, at sixth hour), nephritis (grade 4, at sixth hour), and nephritis þ CsA (grade 0, at sixth hour) groups. Values are expressed as
mean  SEM. n ¼ 6 at each time point for each group.
Notes: Denotes p < 0.05 against control group, denotes p < 0.001 against control group. ns, not significant against control group. CsA,
cyclosporine A.
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Figure 8. CXCR1 expression in tubulointerstitium of rat kidneys during the experimental period and histological appearances of kidneys in
control (grade 0, at sixth hour), nephritis (grade 3, at sixth hour), and nephritis þ CsA (grade 1, at sixth hour) groups. Values are expressed as
mean  SEM. n ¼ 6 at each time point for each group.
Notes: Denotes p < 0.001 against control group. ns, not significant against control group. CsA, cyclosporine A.

4% in nephritis þ CsA group, p < 0.001), but on following
days PCNA expression was similar to ATS-treated rats.
Glomerular expression of PCNA was similar (15–20%)
among all groups (Figure 6).
CXCR1 was expressed in neither glomeruli nor tubulointerstitium of control rats. ATS injection resulted in
expression of CXCR1 in both glomeruli and tubulointerstitium, which started in early period after ATS injection and persisted during the experiments. CsA
treatment precluded CXCR1 expression in both glomeruli and tubulointerstitium (Figures 7 and 8,
p < 0.001 and p < 0.001 respectively) 6 h after ATS
injection, but had no effect on expression in the following days.
© 2013 Informa Healthcare USA, Inc.

DISCUSSION
In ATS-induced mesangioproliferative glomerulonephritis model, we observed that CXCR1 was highly expressed
in both glomeruli and tubulointerstitium starting on the
first day of experimental protocol and this high level was
maintained in tubulointerstitium until the end of the first
week. In addition, CXCR1 expression correlated with
interstitial inflammation and mesangial proliferation.
These observations may suggest a role of CXCR1 on
leukocyte recruitment to inflammation site in experimental mesangioproliferative glomerulonephritis.
Several groups found an accumulation of neutrophils
within glomerulus and tubulointerstitium of human
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kidneys very similar to the general distribution of
CXCR1 staining demonstrated in the present
study.17,18 The highest numbers of glomerular
CXCR1-positive cells, which are consistent with polymorphonuclear leukocytes (PMNs) have been found
to be present in biopsies of patients with membranoproliferative glomerulonephritis, followed by lupus
nephritis
and
crescentic
glomerulonephritis.17
Expression of IL-8 and CXCR1 mRNA in glomeruli
with crescentic glomerulonephritis and lupus nephritis has also been demonstrated.17 A pathogenic role of
CXCR1-positive PMNs can easily be appreciated as
these cells are a rich source for proteases, reactive
oxygen species, and cytokines that promote cellular
activation and further recruitment of inflammatory
cells. Infiltration of glomeruli and other renal compartments by inflammatory cells, which correlates
with prognosis, is hallmark of various forms of glomerulonephritis.19 In recent years, growing evidence
regarding their roles in inflammation, chemokines
and their receptors have been proposed to be
regarded as attractive therapeutic targets for treatment of inflammatory renal diseases such as glomerulonephritis.19,20 Indeed, in vivo treatment with an
IL-8-blocking antibody reduced glomerular neutrophil accumulation and proteinuria in an acute
immune complex glomerulonephritis in rabbits.21
CXCR1, a receptor of IL-8, has been shown to be
expressed on podocytes in vitro and in vivo during
membranous glomerulonephritis,22 as well as on neutrophils in membranoproliferative glomerulonephritis,
lupus nephritis, and crescentic glomerulonephritis.17
Polymorphisms in IL-8 and CXCR2 genes are associated with disease progression in childhood IgA
nephropathy.23 Our group previously demonstrated
significantly increased urinary and serum IL-8 levels
in the acute phase of acute poststreptococcal glomerulonephritis when compared to resolution phase and
controls.10 The current study and the previous clinical studies underline the importance of IL-8 and
corresponding receptors in glomerular inflammation.
In the present study, CXCR1 expression in glomeruli started to decline at the end of first week, but
increased glomerular inflammation and mesangial proliferation persisted. It seems that CXCR1 is responsible
for initiation but not continuation of inflammation.
The recruitment of CXCR1-positive PMNs could be
an early event, and might promote downstream recruitment of macrophages and proliferation of other intrinsic renal cells both of which contribute to maintenance
of cellular accumulation as observed in human membranoproliferative glomerulonephritis.17
In the present study, we also showed that single-dose
CsA treatment efficiently but transiently decreased glomerular and tubulointerstitial CXCR1 expression and
corresponding inflammation and proteinuria. Whether
or not repetitive administrations might yield stable effect
remained undetermined. To the best of our knowledge,

the effect of CsA treatment on CXCR1 expression has not
been investigated previously, but Wakabayashi et al.
showed that calcineurin inhibitors (CsA and FK-506)
inhibit IL-8 expression in glioma cells induced by calcium
but not TNF-α.24 Although, the precise pathway is
unknown, a calcium–calcineurin–NF-κB pathway leads
to IL-8 expression in glioma cells. The early protective
effect of CsA demonstrated in our study might be a result
of decreased IL-8 expression and/or down-regulation of
CXCR1 expression secondary to decreased IL-8 expression driven by CsA. On the other hand, Huber et al.
demonstrated that stimulation of CXCR1 leads a
concentration-dependent increase in cytosolic-free Caþ2
concentration in cultured podocytes and that stimulation
of chemokine receptors leads to release of IL-8 in cultured
podocytes, which in turn down-regulates the expression of
CXCR1 on these cells via receptor internalization.22 Since
these two in vitro studies were performed in cultured
glioma cells and podocytes, further in vivo studies are
needed to elucidate the exact mechanisms.
In summary, this is the first study that demonstrates
expression of CXCR1 in both glomerular and tubulointerstitial renal compartments, and its relation with proteinuria and also effect of single-dose CsA on these
parameters in ATS-induced mesangioproliferative
glomerulonephritis. We showed that CXCR1 might
contribute to inflammation in both glomeruli and tubulointerstitium in this model. Single-dose CsA exerts a
temporary protective effect that is parallel to downregulation of CXCR1 expression. Long-term effects of
repetitive administrations as well as actions of CsA on the
chemokine receptors are subjects of further researches.
The pathogenic role of chemokines and their receptors is
still incompletely understood, but these systems may
represent novel therapeutic targets in humans.
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