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Synergistic protective effects of mizoribine and angiotensin Il
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BACKGROUND: Chronic cyclosporine A (CsA) nephrotoxicity
is manifested by renal dysfunction, progressive histopathologi-
cal kidney lesions characterized by afferent arteriolopathy, and
tubulointerstitial fibrosis. In addition to the direct toxic effect
of CsA, many other etiological factors such as angiotensin I,
transforming growth factor (TGF)-B, and macrophage infiltra-
tion are involved in this pathogenesis. This study investigated
the hypothesis that concomitant administration of mizoribine
(MZR) and angiotensin Il receptor blockade (ARB) may prevent
CsA nephrotoxicity in rats.

METHODS: Sprague-Dawley male rats were divided into
the following seven groups: group 1, treated with CsA; group
2, treated with CsA + MZR; group 3, treated with CsA + val-
sartan (Val); group 4, treated with CsA + MZR + Val; group
5, treated with MZR; group 6, treated with Val; and group 7,
controls (n = 5 each). Renal histopathology and the effect
of CsA-induced nephrotoxicity on inflammatory mediators
were evaluated.

RESULTS: Results of this study demonstrated that ARB admin-
istration significantly decreased arteriolopathy and that in
comparison with monotherapy, concomitant administration
of MZR and ARB further decreased arteriolopathy, fibrosis,
macrophage infiltration, and TGF-31 mRNA expression associ-
ated with CsA nephrotoxicity.

CONCLUSION: These findings indicate that MZR and ARB
combination treatment provides synergistic protective effects
against chronic CsA nephrotoxicity.

cYclosporine A (CsA), a fungal cyclic polypeptide, is an
immunosuppressant widely used in cases of organ trans-
plantation and autoimmune diseases. CsA administration
has been extended to the treatment of nephrotic syndrome
in children, particularly in those with steroid dependency
and resistant nephrotic syndrome due to steroid toxicity (1).
However, the therapeutic benefits of CsA are often limited
by chronic nephrotoxicity developing from long-term use of
this drug. Chronic CsA nephrotoxicity is manifested by renal
dysfunction and progressive histopathological kidney lesions
characterized by afferent arteriolopathy, tubular vacuolization,
tubular atrophy, and interstitial fibrosis (2).

Mizoribine (MZR) is a purine nucleotide analog isolated
from Eupenicillium brefeldianum (3) and has been clinically
used as an immunosuppressant following renal transplantation
and for lupus nephritis and for nephrotic syndrome. Recent
studies have demonstrated that MZR suppresses infiltration
of macrophages, which play an important role in the develop-
ment of interstitial fibrosis and obstructive nephropathy in rats
and proliferation of rat glomerular epithelial cells (4,5). Recent
reports stated that concomitant administration of MZR sig-
nificantly improved CsA-induced interstitial fibrosis and mac-
rophage infiltration in CsA-treated rats. However, no decrease
in arteriolopathy or expression of transforming growth factor
(TGF)-P1 was observed after additional MZR administration
in a model of CsA nephropathy (6).

On the other hand, activation of the renin-angiotensin-aldo-
sterone system (RAS) influences the pathogenesis of chronic
CsA nephropathy (7,8). Several studies have proved that
blocking the RAS with either angiotensin-converting enzyme
inhibitors or an angiotensin II receptor blockade (ARB) ame-
liorates arteriolopathy and slows the decline of chronic renal
allograft dysfunction with chronic CsA nephropathy (9,10).

Based on these reports, we hypothesize that concomitant
administration of MZR and ARB may prevent chronic CsA
nephrotoxicity. In this study, the synergistic protective effect of
MZR and ARB on the development of CsA nephropathy was
investigated.

RESULTS

Body Weight and Biochemical Analysis

Body weight and values for blood creatinine/blood urea nitro-
gen are summarized in Table 1. At week 4, mean body weight
of the rats in the groups treated with CsA, MZR, CsA + MZR,
CsA + valsartan (Val), and CsA + MZR + Val was signifi-
cantly lower than that in the controls (P < 0.01). The reduced
body weight with nondiarrheal anorexia was observed in the
CsA-treated group in comparison with the control group.
CsA administration significantly increased the serum creati-
nine and blood urea nitrogen levels (P < 0.01). No improve-
ment in the creatinine and blood urea nitrogen levels was
observed with the addition of MZR or Val, but concomitant
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administration of MZR and Val improved levels of these sub-
stances in comparison with those in the CsA group (P < 0.01).
Diarrhea was observed in two rats in the CsA + MZR-treated
group, one rat in the CsA + MZR + Val-treated group and one
rat in the MZR-treated group. No deaths occurred during the
study period.

Kidney Morphology

Characteristic morphological findings were observed in
the CsA-treated rats. These features were usually evident
at 4wk and were similar to those in chronic human CsA
renal lesions. Focal interstitial fibrosis, tubular atrophy, and
mononuclear inflammatory cell infiltration were observed.
Histological analysis of the CsA-treated rats revealed typical
arteriolopathy. Smooth muscle cells in the media of the vas
afferens were replaced by periodic acid-Schift-positive mate-
rial and visualized as a typical circumferential lesion (Figure
1). Arteriolopathy was significantly higher in the CsA group
than that in the control group (40.4+3.6 vs. 0.2+£0.3; P <
0.01; Figure 2). Arteriolopathy significantly decreased with
the addition of MZR (24.6+1.8) or Val (11 £2.1) in compari-
son with the CsA group (P < 0.01 for each drug), and con-
comitant administration of MZR and Val (3.3+1.9) further
decreased arteriolopathy in comparison with each drug alone
(P < 0.01). A significant increase was evident in the amount
of fibrosis in the renal cortex in the CsA group in compari-
son with the control group (0.35+0.02 vs. 0.002+0.001; P <
0.01; Figures 3,4a). The addition of MZR (0.17 £0.03) or Val
(0.16+0.01) decreased the extent of fibrosis in comparison

Table 1. Body weight gain and biochemical parametersin all groups

with the CsA group (P < 0.01 for each drug). In addition, con-
comitant administration of MZR and Val (0.06 +0.01) further
decreased the extent of fibrosis in comparison with mono-
therapy (P < 0.01).

Immunohistochemistry of ED-1

Quantitative analysis revealed that the number of ED-1-
positive cells significantly increased in the CsA group than
that in the control group (110+18.4 vs. 8.8+ 1.6; P < 0.01). The
addition of MZR (44.2+7.4) or Val (65.0+7.2) significantly
decreased the number of ED-1-positive cells in comparison
with the CsA group (P < 0.01 for each drug). In addition, con-
comitant administration of MZR and Val (24.9+4.1) further
decreased the number of ED-1-positive cells in comparison
with monotherapy (P < 0.01; Figure 4b).

RT-PCR for TGF-B1 and OPN
Increased TGF-B1 mRNA expression was noted in the
CsA group than that in the control group (1.77£0.45 vs.
0.98+0.13; P < 0.01); this expression remained unchanged
with the addition of MZR (1.65+0.42) or Val (1.56+0.31)
in comparison with the CsA group. However, a significant
decrease in the TGF-1 mRNA expression was observed after
concomitant administration of MZR and Val (1.16+0.27) in
comparison with the CsA and monotherapy groups (P < 0.05;
Figure 4c).

Osteopontin (OPN) mRNA expression was increased in
the CsA group than that in the control group (13.49+8.59 vs.
1.19+0.53; P < 0.01). However, it remained unchanged with

Clinical parameter Control CsA CsA + MZR CsA +Val CsA + MZR + Val MZR Val

BW (q) 348.6+15.8** 281.8+17.3* 263.2+9.6* 281.4+14.8* 257.0+11.5* 320.8+27.0%** 352.2+19.2**
Serum creatinine (mg/dl) 0.21+£0.02** 0.66+0.13* 0.65+0.38* 0.54+0.11* 0.40+0.08** 0.26+0.02** 0.20+0.02**
Serum BUN (mg/dl) 17.3£2.2%* 60.7 +12.6* 70.8+21.3* 59.3%£11.2% 43.7 £7.5%%% 15.1£1.2%* 19.5+£2.2%%

BUN, blood urea nitrogen; BW, birth weight; CsA, chronic cyclosporine A; MZR, mizoribine; Val, valsartan.

Data are reported as means + SEM.
*P < 0.01 vs. control group. **P < 0.01 vs. CsA group.

Figure 1. The morphological findings in the chronic cyclosporine A (CsA)-treated rats. (a) Elastica—Masson trichrome (original magnification: x200): CsA
treatment for 4wk induced typical interstitial fibrosis, inflammatory cell infiltration, and tubular atrophy. Scale bar: 100 pm. (b) Periodic acid-Schiff (PAS)
(original magnification: x400): smooth muscle cells in the media of the vas afferens were replaced by PAS-positive material and visualized as a typical cir-
cumferential lesion (black arrow). Scale bar: 50 pm. (c) Immunohistochemistry of ED-1 (original magnification: x400): ED-1-positive cells were significantly

increased in the CsA-treated rats. Scale bar: 100 um.
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the addition of MZR (13.15+5.87) or Val (10.24+4.71) or
MZR + Val (9.24+4.21) in comparison with the CsA group
(Figure 4d).
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Figure 2. The percentage of arteriolopathy. The quantitatively of arterio-
lopathy estimated by counting the number of arterioles with arteriolopa-
thy per total number of arterioles available for examination under x200
magnification. A minimum of 100 arterioles were assessed per biopsy
sample. Arteriolopathy was significantly higher in the chronic cyclospo-
rine A (CsA) group than in the control group (**P < 0.01). The addition of
mizoribine (MZR) or valsartan (Val) significantly decreased arteriolopathy
in comparison with the CsA group (P < 0.01 for each drug), and concomi-
tant administration of MZR and Val further decreased arteriolopathy in
comparison with monotherapy (P < 0.01).

Correlations

Significant positive correlations were found between area of
fibrosis and the number of tubulointerstitial ED-1-positive
cells/TGE-B1 (r = 0.948; r = 0.723). Moreover, a significant
correlation was also found between ED-1-positive cells and
TGF-1 mRNA expression (r = 0.712) (Figure 5).

DISCUSSION

In this study, concomitant administration of MZR and ARB
significantly improved the histopathological severity and renal
dysfunction of chronic CsA-related renal damage more than
monotherapy with MZR or ARB. These findings suggest that
concomitant administration of MZR and ARB can provide
beneficial effects against chronic CsA nephrotoxicity.

In recent years, the safety of tacrolimus is being expected,
in particular, for organ transplantation and autoimmune dis-
eases. However, calcineurin inhibitor toxicity remains a very
important problem for several renal diseases such as steroid
dependent and steroid resistant nephrotic syndrome. Many
investigators have attempted to elucidate the pathogenesis
of CsA nephropathy. Histopathological characteristics of
CsA nephrotoxicity include arteriolopathy and fibrosis.
Based on these vascular alternations, several vasoconstric-
tive mechanisms, including activation of the tissue RAS, have
been reported to increase endothelin production, which is

Figure 3. Elastica—Masson trichrome-stained interstitial fibrosis (a) treated with CsA; (b) treated with CsA + MZR; (c) treated with CsA + Val; (d) treated
with CsA + MZR + Val; (e) treated with MZR; (f) treated with Val; and (g) controls (original magnification: x10; scale bar: 200 pm). CsA, chronic cyclosporine

A; MZR, mizoribine; Val, valsartan.
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Figure 4. (a) Quantitive analysis on tubulointerstitial fibrosis. The quantification of interstitial fibrosis was evaluated by color image analyzer on blue staining
area of elastica—-Masson trichrome. The extent of interstitial fibrosis was significantly increased in the renal cortex in the chronic cyclosporine A (CsA) group

in comparison with the control group (**P < 0.01). The addition of mizoribine (MZR) or valsartan (Val) decreased the extent of fibrosis in comparison with the
CsA group (P < 0.01 for each drug). In addition, concomitant administration of MZR and Val further decreased the extent of fibrosis in comparison with mono-
therapy (P < 0.01). (b) Immunohistochemistry of ED-1. Macrophage infiltration was determined by the number of cells in the cortex that stained positively
with the ED-1 antibody. The number of ED-1-positive cells was counted in at least 10 fields of cortex per section under X200 magnification. A quantitative
analysis revealed a significant increase in the number of ED-1-positive cells in the CsA group in comparison with the control group (**P < 0.01). The addition
of MZR or Val significantly decreased the number of ED-1-positive cells in comparison with the CsA group (P < 0.01 for each drug). In addition, concomitant
administration of MZR and Val further decreased the number of ED-1-positive cells in comparison with monotherapy (P < 0.01). (c) Real-time PCR for TGF-f31.
In the CsA group, TGF-B1 mRNA expression was increased in comparison with the control group (**P < 0.01). No decrease in the TGF-$1 mRNA expression
was observed with the addition of MZR or Val in comparison with the CsA group, but concomitant administration of MZR and Val significantly decreased TGF-
31 mRNA expression in comparison with the CsA and monotherapy group (*P < 0.05). (d) Real-time PCR for osteopontin (OPN). In the CsA group, OPN mRNA

expression was increased in comparison with the control group (**P < 0.01). No decrease in the OPN mRNA expression was observed with the addition of

MZR or/and Val in comparison with the CsA group.

involved in the development of CsA nephropathy (11-13).
Myers et al. (14) were the first to report that CsA not only is
associated with reversible alterations in renal vascular resis-
tance but also induces irreversible changes in the renal struc-
ture. More detailed histological analyses later demonstrated
all three processes of CSA nephrotoxicity—arteriolopathy
(afferent arteriolar hyalinosis), tubulointerstitial changes
(tubular atrophy and interstitial fibrosis), and glomerular
lesions (thickening of Bowman’s capsule and focal segmental
glomerular sclerosis) (15,16).

In cases of long-term CsA use, afferent arteriolopathy and
narrowing of the arteriolar lumen is likely to be a major con-
tributor to the progression of tubulointerstitial fibrosis. Local
hypoxia and ischemia of the tubulointerstitial area, resulting
from renal vasoconstrictive mechanisms induced by CsA, lead
to the formation of free radicals and reactive oxygen species

Copyright © 2014 International Pediatric Research Foundation, Inc.

(17,18). In addition to the direct toxic effect of CsA, many medi-
ators such as angiotensin II, TGF-f3, and OPN are involved in
the pathogenesis of CsA nephropathy (19,20). Upregulation of
TGF-f and inflammation with macrophage infiltration is con-
sidered an important etiological factor associated with inter-
stitial striped fibrosis in chronic CsA nephropathy (21,22). In
our study, CsA administration in salt-depleted rats resulted in
afferent arteriolopathy, interstitial fibrosis, macrophage infil-
tration, and TGF-B1/OPN expression. These findings were
consistent with those of previous reports regarding functional
and morphological changes in chronic CsA nephrotoxicity.
On the other hand, MZR is a selective inhibitor of inosine
monophosphate dehydrogenase, which is the key enzyme in
de novo synthesis of purine nucleotides (23). MZR is an immu-
nosuppressant that has a similar effect as that of azathioprine
and mycophenolate mofetil, and it has the advantage of very

Volume 75 | Number 1 | January 2014 Pediatric RESEARCH 41
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Figure 5. (a) Correlation between area of tubulointerstitial fibrosis and the number of ED-1-positive cells (r = 0.948; P < 0.0001). (b) Correlation between
area of tubulointerstitial fibrosis and TGF-1 mRNA expression (r = 0.723; P < 0.0001). (c) Correlation between TGF-$1 mRNA expression and area of tubu-

lointerstitial fibrosis (r = 0.712, P < 0.0001). TGF, transforming growth factor.

few side effects even with long-term administration. MZR has
been developed in Japan, and it has been used mainly in Asia.
In addition to its use after renal transplantation, recent studies
have demonstrated the efficacy and safety of MZR for treat-
ment of renal diseases, including lupus nephritis, IgA nephrop-
athy, and childhood nephrotic syndrome (24-26). Moreover,
MZR has been reported to decrease macrophage infiltration,
OPN secretion, and TGF-[3 expression; this decrease has been
associated with improved histopathology in an animal model
of unilateral ureteral obstruction (27). Recently, Matsui et al.
(28) reported that MZR attenuates inflammatory response
and macrophage infiltration against bleomycin-induced lung
injury in mice. Recent reports previously indicated significant
improvement in interstitial fibrosis and macrophage infiltra-
tion but no decrease in arteriolopathy and expression of TGF-
B1 in CsA-treated rats after administration of MZR (6).
Several studies have reported clinical improvement in his-
tological arteriolopathy and renal allograft dysfunction with
chronic CsA use as a result of the RAS blockade with either
angiotensin-converting enzyme inhibitors or ARB. For exam-
ple, in an experimental model of chronic CsA nephropathy,
ARB was reported to decrease the expression of TGF-§ and
upregulate the expression of Klotho, an antiaging gene (29,30).
On the basis of these previous studies, MZR and/or ARB
may have renoprotecitve effects on the development of CsA
nephropathy. Our results demonstrated that the addition of

42 Pediatric RESEARCH Volume 75 | Number 1 | January 2014

ARB significantly decreased arteriolopathy caused by CsA
nephropathy in rats and concomitant administration of MZR,
and ARB further decreased arteriolopathy, fibrosis, and TGF-
Bl mRNA expression in comparison with monotherapy.
Moreover, comparing the ARB and MZR monotherapy, MZR
had more capacity to suppress the number of ED-1-positive
cells, and ARB had more capacity to suppress arteriolopa-
thy. The precise mechanisms by which MZR prevented the
progression of CsA nephropathy are not known. However, it
could suppress the proliferation of macrophages. The positive
correlations between the number of interstitial ED-1-positive
cells and fibrosis in the kidneys may support this hypothesis.
We also found that the protein levels of TGF-B1 correlated
positively with the degree of fibrosis. These results suggest that
ED-1-positive cells might be upregulated via TGF-B1 in the
kidney and that these may play an important role in tubuloin-
terstitial fibrosis.

These finding suggests that MZR is effective in preventing
the inflammatory process and interstitial fibrosis in chronic
CsA-induced nephropathy. On the other hand, the inhibi-
tion of vascular endothelial disorders and angiotensin II type
2 receptor-mediated signaling effect by the ARB may have
suppressed CsA nephropathy in the upstream of the process
of inflammation. Activation of the RAS, especially the intra-
renal RAS, mediates vasoconstriction hemodynamically and
thus leads to low-grade ischemia. Whereas, the RAS may also

Copyright © 2014 International Pediatric Research Foundation, Inc.
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induce renal injury nonhemodynamically via stimulation of
tubulointerstitial inflammation, the expression of TGF-B1/
OPN. Blocking this system with ARB mitigates all of these
parameters and confers a renoprotective effect.

In our study, the improvement of arteriolopathy indi-
cates that ARB ameriolate hemodynamical RAS activation.
Theoretically, ARB suppressed the activation of the RAS, in
which angiotensin II, through the activation of AT1 recep-
tors, not only participates in renal vasoconstriction but also
promotes fibrotic processes and the release of aldosterone.
On the other hand, MZR may suppress influx of intersti-
tial T lymphocytes by directly inhibiting the proliferation of
T lymphocytes in addition to macrophage attenuation. These
additional factors may affect the discrepancy between patho-
logical alternation and TGF-B1/OPN expression.

Our data suggest that concomitant administration of MZR
and ARB has synergistic protective effects. Combined treat-
ment with these agents may have suppressed infiltration of
inflammatory cells and inflammatory molecules associated
with CsA nephrotoxicity.

In summary, the results of this study demonstrated a protec-
tive effect of concomitant MZR and ARB administration and
synergistic effects of these agents on chronic CsA nephrotoxic-
ity. These beneficial effects were observed in several processes
that contribute to interstitial fibrogenesis. These results suggest
that combined treatment with MZR and ARB has the potential
for therapeutic use in patients with CsA nephropathy.

METHODS

Animals

Male Sprague-Dawley rats weighing 200-250 g were housed in cases
in a temperature- and light-controlled environment and fed a low-
salt diet (0.03% sodium; Test Diet, Richmond, IN) at the Juntendo
University Animal Care facility. The protocol used in this study
was approved by the Juntendo University Animal Care Committee
(Tokyo, Japan).

Drugs

CsA (ProSpec-Tany TechnoGene, East Brunswick, NJ) was diluted in
coconut oil (Miglyol 812; Dynamit Nobel AG, Troisdorf, Germany)
to a final concentration of 30 mg/ml. MZR (Bredinin; Asahi Chemical
Industry, Tokyo, Japan) was prepared in a physiological salt solution
to a final concentration of 3mg/ml. Val (Tokyo Chemical Industry,
Tokyo, Japan) was prepared in 0.5% carboxymethylcellulose sodium
(CMC-Na) to a final concentration of 0.5 mg/ml. CsA and MZR were
administered intraperitoneally to the rats before precipitation. The
solutions were freshly prepared and used on the same day.

Experimental Groups

The experiment comprised seven groups with five rats each. In the
CsA group, the rats received a daily intraperitoneal injection of CsA
(30mg/kg) and physiological salt solution (1ml/kg) as well as 0.5%
CMC-Na (1 ml/kg) orally for 4wk. In the CsA + MZR group, the rats
received a daily intraperitoneal injection of CsA (30 mg/kg) and MZR
(3mg/kg) as well as 0.5% CMC-Na (1ml/kg) orally for 4wk. In the
CsA + Val group, the rats received a daily intraperitoneal injection
of CsA (30mg/kg) and physiological salt solution (1ml/kg) as well
as Val (0.5mg/kg) orally for 4wk. In the CsA + MZR + Val group,
the rats received a daily intraperitoneal injection of CsA (30 mg/
kg) and MZR (3 mg/kg) as well as Val (0.5 mg/kg) orally for 4wk. In
the MZR group, the rats received a daily intraperitoneal injection of
MZR (3mg/kg) and Miglyol 812 (1 ml/kg) as well as 0.5% CMC-Na
(I ml/kg) orally for 4wk. In the Val group, the rats received a daily

Copyright © 2014 International Pediatric Research Foundation, Inc.

intraperitoneal injection of Miglyol 812 (1ml/kg) and physiological
salt solution (1 ml/kg) as well as Val (0.5mg/kg) orally for 4wk. In
the control group, the rats received a daily intraperitoneal injection of
Miglyol 812 (1 ml/kg) and physiological salt solution (1 ml/kg) as well
as 0.5% CMC-Na (1 ml/kg) orally for 4 wk.

Basic Protocol

Weight-matched rats were randomly assigned to the different treat-
ment groups, and their daily body weight was recorded. At the end of
the experiment, blood samples were obtained to evaluate the creati-
nine, blood urea nitrogen, and whole-blood CsA trough levels. The
rats were sacrificed, and their kidneys were removed.

Kidney Morphology

Tissue samples were fixed in 10% (vol/vol) formalin, processed by
conventional methods, and embedded in paraffin. Sections were
stained with hematoxylin-eosin, periodic acid-Schiff, periodic acid
silver-methenamine, and elastica-Masson trichrome reagents for
evaluation of interstitial lesions and arteriolopathy. Arteriolopathy
of afferent arterioles, especially in the vas afferens, was characterized
by expansion of the cell cytoplasm of the terminal arteriolar smooth
muscle cells by an eosinophilic argentaffin material and quantita-
tively estimated by counting the number of arterioles with arterio-
lopathy per total number of arterioles available for examination under
%200 magnification. A minimum of 100 arterioles were assessed per
biopsy sample. Interstitial fibrosis was evaluated by blue staining with
elastic-Masson trichrome. A color image analyzer (image J 1.46 for
Windows; National Institutes of Health, Bethesda, MD) was used for
quantification of the percentage of injured areas.

Immunohistochemistry of ED-1

Infiltrating macrophages were immunohistochemically detected as
follows. The deparaffinized sections from tissues fixed with methanol-
Carnoy’s solution were stained using the streptavidin-biotin method.
Mouse antirat ED-1 antibody (monocyte/macrophage marker, clone
ED-1; AbD Serotec, Kidlington, UK) was used as the primary mono-
clonal antibody. After treatment for 10 min with 3% hydrogen per-
oxide to quench endogenous peroxidase and further treatment for
30min with endogenous biotin-blocking agent (DAKO, Glostrup,
Denmark), the sections were incubated with the primary antibody
at room temperature for 60 min. Animal serum in which the pri-
mary antibody had been developed was used as a negative control.
Biotinylated goat antimouse immunoglobulin (Ig) G was then used
as a secondary antibody for 30 min. Final incubation was performed
for 30 min with peroxidase-streptavidin conjugate, and positive reac-
tions were visualized by a reaction with 3,3’-diaminobenzidine for
5min. The sections were finally counterstained with Meyer’s hema-
toxylin solution for 1 min. Macrophage infiltration was determined
by the number of cells in the cortex that stained positively with the
ED-1 antibody. The number of ED-1-positive cells was counted in at
least 10 fields of cortex per section under x200 magnification.

RT-PCR for TGF-B1 and OPN

Real-time polymerase chain reaction (RT-PCR) was performed to
detect expression of TGF-B1 and OPN in the renal cortex. TagMan
probe-based quantitative RT-PCR was performed using cDNA syn-
thesized from kidney biopsy RNA preparations (High Capacity cDNA
Reverse Transcription Kit; Applied Biosystems, Foster City, CA) ana-
lyzed using a 7500 Fast Real-Time PCR system (Applied Biosystems)
and the default protocols. The expression of each gene was normal-
ized to the expression of glyceraldehyde 3-phosphate dehydrogenase
using the standard curve method. Primers and probes for TGF-B1
(Rn00572010_m1) and OPN (Rn01449972_m1) were prepared using
TaqMan Gene Expression Assays (Applied Biosystems, Technologies,
Carlsbad, CA).

Statistical Analyses

Data are reported as means = SEM (SE). Multiple comparisons
among groups were performed by one-way ANOVA with the post hoc
Bonferroni/Dunn test, and a P value <0.05 was considered statistically
significant. Linear regression models were used to assess the correla-
tion between two variables.
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