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SUBJECTS AND METHODS
Animals-1
The 6-week-old male C57BL/6J mice weighing 20+ 1 g were housed in a
temperature- and light-controlled room (22+1°C 12-h light day cycle)
with ad libitum access to tap water and a standard mouse chow. Animals
were fed a low fat diet (LFD, n=8; 10% lard; Research Diets Inc, New
Brunswick, NJ, USA) or a high fat diet (HFD, n = 8; 60% lard; Research Diets
Inc.), with the latter further randomized to either an MR inhibitor (eplerenone,
100 mg kg™ per day, via gavage, n= §; Pfizer Inc., Tokyo, Japan)-treated or
a vehicle-treated group (n = 8) during the 12-week experimental protocol.
Animals received daily gavage with either eplerenone or vehicle control until
being killed on week 12. Daily food intake was measured in each group.
We implanted a telemetry transmitter probe (model PA-C20; Data
Sciences Int, St Paul, MN, USA) into the 6-week-old male mice under
sodium pentobarbital anesthesia (50mgkg™" intraperitoneally), and the
flexible tip of the probe was positioned at the cervical arteries as described
previously.?” The mice were returned to their home cages and allowed to
recover for 2 weeks before the start of the measurements. We monitored
conscious blood pressure (BP), heart rate and the activity in unrestricted
and untethered mice with the Dataquest IV system (Data Sciences Int.).2
After 12-week treatment with eplerenone, body weight was recorded.
Mice were then anesthetized with ether and the abdomen was opened
through a mid-line incision. Blood and urine were drawn for measuring
biochemical assays. Kidneys were harvested and sliced sagitally. The half
was snap frozen in liquid nitrogen and stored at —80 °C and the remaining
was immersed in 10% neutral-buffered formalin and embedded in paraffin.
The study protocol was performed in accordance with the animal
experimentation guideline of Keio University School of Medicine.

Animals-2

To evaluate the renoprotective effects of the Rho-kinase inhibition, animals
were fed an LFD (n = 8; 10% lard; Research Diets Inc.,) or an HFD (n =8; 60%
lard; Research Diets Inc) in the same way, with the latter further
randomized to either a Rho-kinase inhibitor (fasudil, 30 mgkg™" per day,
via gavage, n=38; Asahi Kasei Co., Tokyo, Japan)-treated or a vehicle-
treated group (n=28) during the experimental protocol. After 12-week
treatment with fasudil, the mice were killed and the collection of blood,
urine and tissues were performed in the same way as in Animal-1.

Morphological examination

Nuclei within a single glomerulus were counted in 50 hilar glomeruli in
each animal. Diameters of glomeruli were measured by photographing at
high magnification for image analysis.>* These morphological evaluations
were conducted by two independent observers in a blinded manner.

Immunohistochemistry

Kidney sections (4 um) were stained with periodic acid-Schiff's, monoclonal
mouse macrophage marker F4/80 (1:300 dilution) and Masson’s modified
trichrome to demonstrate collagen matrix.2>2* The accumulation of matrix,
and the extent of histochemical and immunohistochemical staining
were quantified using computer-assisted image analysis. The number of
macrophages was assessed by counting F4/80-positive nuclei (brown) per
mm? with the use of image analysis software.”® Sections incubated with
normal goat serum instead of the primary antiserum served as the
negative control.

Tissue aldosterone and immunoblotting

Tissue aldosterone was measured by liquid chromatography-electrospray
ionization tandem mass spectrometry.” Western blotting was performed
as described previously.”® To examine the effects of aldosterone on
Rho/Rho-kinase pathway, phosphorylated levels of myosin phosphatase
target subunit-1 (MYPT1; Upstate Biochemistry, Lake Placid, NY, USA),
one of the substrates of Rho kinase, were examined in the kidney and
aldosterone-stimulated human mesangial cells (HMCs), with the use
of phospho-MYPT1 levels at the inhibitory site (Thr696) as a marker
for Rho-kinase activity. Immunoblotting was performed using specific
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antibodies against phospho-MYPT1 and mitogen-activated protein kinases,
including extracellular signal-regulated kinases (ERK1/2) and p38.2%%

We prepared the nuclear extracts with commercially available kits
(Panomics Inc, Fremont, CA, USA)?® MR (Perseus Proteomics, Tokyo,
Japan) protein levels in the nuclear fraction of the kidney were examined.
Immunoreactive bands were detected using an ECL detection kit
(Amersham Biosciences, Uppsala, Sweden).

Measurement of MCP-1 and TNF-at protein levels

Tissue monocyte chemoattractant protein-1 (MCP-1) and tumor necrosis
factor-a (TNF-o)) were measured using a commercially available enzyme-
linked immunosorbent assay kit (Westang Bio-tech, Shanghai, China).?®
Briefly, kidney samples were homogenized separately in 0.1 m NaCl, 0.05m
Tris-Cl and 2% (vv™") Triton X-100 together with protease inhibitors (Roche
Diagnostics, Melbourne, Australia). After centrifugation, the supernatants
were collected and stored at —80 °C until assayed. The TNF-o. and MCP-1
levels were measured using an enzyme-linked immunosorbent assay kit.
All samples were assayed in duplicate. The results of TNF-a. and MCP-1
were calculated as concentration per wet weight of the tissue (picograms
per gram).

Cell culture and experimental protocols

Experiment-1. Aldosterone was obtained from Sigma (St Louis, MO, USA).
An aldosterone receptor blocker, eplerenone, was kindly provided by Pfizer
Inc.. HMCs in primary culture were purchased from Cambrex Bioproducts
(Takara Bio Inc, Otsu, Shiga, Japan). The cells were cultured in SmBM
medium (Clonetics Co., Walkersville, MD, USA) supplemented with 10%
fetal bovine serum. For all experiments, early passaged (passages 3-6)
HMCs were grown at 60-70% confluence and made quiescent by serum
starvation for 48 h. Cells were incubated with various concentration of
aldosterone (10°"" to 10" ®mol1™") for 1h and were also treated with
eplerenone for 30min before the addition of aldosterone (1 nmoli™").
HMCs were harvested in 100 pl lysis buffer containing 20 mmoli™" of Tris-
HCl, 250 mmol 1" of sucrose and phenylmethylsulfonyl fluoride, as well as
aprotinin and leupeptin (10pgmi™" each) 5min after the aldosterone
treatment. After three cycles of freeze and thaw, samples were centrifuged
at 250g at 4°C for 5min. The supernatant was then centrifuged at
100000g for 30 min at 4°C. The supernatant was saved and the protein
was subjected to immunoblotting.

Experiment-2. Cells were further supplemented with 100nm human
insulin (Sigma) in 2% fetal bovine serum, to mimic hyperinsulinemia, or
incubated with standard 1nm or 10nm insulin in Dulbecco’s modified
Eagle’s medium with 20% fetal bovine serum over 48-h period. Cells were
cultured in 75-cm? flasks (90-95% confluency) for RNA isolation.

Quantitative real-time reverse transcription-polymerase chain
reaction

Total RNA was extracted from the mouse kidneys using Trizol solution
(Invitrogen, Carlsbad, CA, USA). Total RNA was subjected to reverse
transcription in a 20 pl reaction mixture containing random primers and
Superscript Il enzyme (Invitrogen). Quantitative real-time polymerase chain
reaction was performed with an ABI Prism 7700 Sequence Detection
System using SYBR Green PCR Master Mix Reagent Kit (Applied Biosystems,
Foster City, CA, USA)3® Primers used were as follows: serum- and
glucocorticoid-induced kinase 1 (SGK1): sense-5'-TGTCTTGGGGCTGTCC
TGTATG-3', antisense-5'-GCTTCTGCTGCTTCCTTCACAC-3'; platelet-derived
growth factor subunit B (PDGF-B): sense-5"-CGAGTGCAAGACGCGTACA-3/,
antisense-5'-GGCATTGGTGCGATCGA-3’; TNF-o: sense-5-GGTGATCGGTCC
CAACAAGGA-3/, antisense-5"-CACGCTGGCTCAGCCACTC-3'; MCP-1: sense~
5'-TAGGCTGGAGAGCTACAAGAGGAT-3', antisense-5'-AGACCTCTCTCTTGAG
CTTGGTGA-3'; CYP11B1: sense-5"-ACTCCGTGGCCTGAGACG-3/, antisense—
5'-CTCTGCCAGTTCGCGATA-3'; CYP11B2: sense-5'-ACTCCGTGGCCTGAGA
CG-3’, antisense-5'-GAGAGCTGCCGAGTCTGA-3'; 3B-hydroxysteroid dehydro-
genase (3B-HSD): sense-5"-GCAGACCATCCTAGATGTCAATCTG-3/, antisense-
5'-CAAGTGGCTCATAGCCCAGATCTC-3'; and CYP21 hydroxylase: sense-5-CA
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AGAAACTCTCTCGCTCAGCCCT-3/, antisense-5'-CAACGTGCTGTCCTTGTCTCCA
AA-3'. Polymerase chain reaction-amplified products were also electropho-
resed on agarose gels to confirm that single bands were amplified. Levels of
mRNA were normalized to those of B-actin (primers commercially available
from Applied Biosystems).

Statistics

Results are expressed as meanzxsem. Statistical significance was
evaluated with the analysis of variance with a least significant difference
post-hoc comparison using the SPSS software package (SPSS Inc,, Chicago,
IL, USA). Histological results were analyzed by Kruskal-Wallis non-
parametric test. P-values <0.05 were considered statistically significant.

RESULTS

Effects of eplerenone on systemic blood pressure, renal function
and metabolic parameters

Systolic BP, mean BP and heart rate were unaltered by an HFD.
Systolic and mean BP tended to be reduced by eplerenone,
but did not attain statistical significance (P>0.1; Figure 1a-c).
Albuminuria was markedly increased in mice on HFD compared
with those on an LFD (P<0.01; Figure 1d). The treatment with
eplerenone reduced albuminuria nearly to the level of mice
on LFD. Serum creatinine was not changed in mice on HFD
nor was altered by eplerenone (LFD, 0.13 £0.02mg di~" HFD,
0.18+006mgdl~'; HFD with eplerenone, 0.14+0.02mgdl™";
P>0.1). Body weights and kidney weights of mice on HFD were
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markedly greater than those of mice on LFD (P<0.05; Figure 1e
and f). HFD-induced obesity was ameliorated by the treatment
with eplerenone. Eplerenone did not affect the amount of food
intake (LFD, 1.9+ 0.1 g per day; HFD, 1.9 £ 0.1 g per day; HFD with
eplerenone, 2.0 £ 0.1 g per day).

HFD had no significant effect on blood glucose levels (LFD,
175+5mgdl™"; HFD, 196+ 41mgdl~"; HFD with eplerenone,
206+ 14mgdi~") or triglycerides (LFD, 69+ 10mgdi™; HFD,
95+32mgdi~"; HFD with eplerenone, 76 +17mgdl™"), but
caused increases in serum insulin (LFD, 0.72+0.175ngml™";
HFD, 7.56 +2.35ngml™"; P<0.05 vs LFD), as well as free fatty
acid (FFA) (LFD, 0.65+0.09mgdl™"; HFD, 1.25+0.16 mgdl™};
P<005 vs LFD) and total cholesterol (LFD, 107 +6mgdi™’;
HFD, 191+ 34mgdl™"; P<0.05 vs LFD). Elevated levels of insulin
and FFA were ameliorated by the treatment with eplerenone
(insulin: HFD + eplerenone, 2.04 +0.34ngml™", P<0.05 vs HFD;
FFA: HFD -+ eplerenone, 0.71 £ 0.1 ngml™', P<0.05 vs HFD).

Effects of eplerenone on renal morphological changes and renal
expression of inflammatory chemokines

In kidneys from mice on HFD, marked mesangial hypercellularity
and enlarged glomerular size were noted (Figure 2a). As shown in
Figure 2¢, glomerular size was increased in mice on HFD
compared with that in mice on LFD (P<0.01). Similarly, when
assessed by the number of the nucleus, glomerular cellularity was
increased in mice on HFD compared with that in mice on LFD
(66.7+3.0 vs 323%25 nuclei per glomerular cross-section,

o

0.2 4

0.15 4

0.1 |

0.05

Urine albumin mg/gCr

HFD

LFD HFD+

eplerenone

604 0 LFD

o—0 HFD
50 1 e—e HFD + eplerenone

40

30 1

Body weight (g)

20 1

10

ow aw 8w 12w

=
»*

0.3 4

0.2 4

0.1 1

Kidney weight (g)

LFD HFD

HFD+
eplerenone

Effects of eplerenone on animal phenotype. (a-¢) Systolic BP, mean BP and heart rate were neither unaltered by HFD nor was

reduced by eplerenone. (d) Albuminuria was markedly increased in mice on HFD compared with those on LFD. Eplerenone reduced
albuminuria. (e, f) Body weights and kidney weights of mice on HFD were markedly greater than those of mice on LFD. The diet-induced
obesity was ameliorated by the treatment with eplerenone. Data were expressed as mean + s.e.m. Cr, creatinine. *P <0.05, **P<0.01 vs mice

on LFD; TP<0.05 vs untreated mice on HFD.
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Figure 2. The effects of eplerenone on the HFD-induced renal damages, and renal expression of inflammatory chemokines. (a) Histology of

F4/80-stained kidney section from mice on LFD, HFD and HFD with eplerenone. Magnification, x 400. Compared with mice on LFD, untreated
mice showed marked glomerular hypercellularity and enlarged glomerular size. Eplerenone-treated mice showed near-normal glomerular
histology. (b) Histology of Masson's modified trichrome-stained kidney section from mice on LFD, HFD and HFD with eplerenone. HFD showed
no significant fibrotic changes. Alternatively, the stain-negative round spots are increased in tubules in obese mice and were reduced by
eplerenone. (¢) Glomeruli were markedly enlarged in mice on HFD, which change was reduced by eplerenone. (d) Glomerular cellularity was
assessed by the number of nuclei per glomerular cross-section (GCS) in 50 hilar glomeruli per animal. (e) Macrophages were markedly
infiltrated in the renal tissue of mice on HFD, which was improved by the treatment with eplerenone. (f) The stain-negative round spots are
increased in obese mice and were reduced by eplerenone. HFD-fed mice showed increases in renal expressions of MCP-1 (g, h), TNF-« (i, j) and
PDGF-B (k), all of which were attenuated by eplerenone. Data were expressed as the ratio of mRNA levels of MCP-1 (h), TNF-« (j) and PDGF-B
(k) to that of B-actin in arbitrary units (a.u.), relative to controls assigned as a value of 1. Data were expressed as mean + s.em. **P<0.01 vs

C57BL mice on LFD; TP<0.05 vs untreated mice on HFD.

P<0.01; Figure 2d). The HFD-induced changes in glomerular size
and cellularity were nearly completely abolished by the treatment
with eplerenone.

Marked infiltration of macrophages was observed in the renal
tissue of mice on HFD (Figure 2e). The treatment with eplerenone
pronouncedly abrogated the changes induced by HFD. We
examined whether renal fibrotic changes were induced by obesity
with Masson trichrome staining. HFD showed no significant
fibrotic changes (Figure 2b). Alternatively, the stain-negative
round spots were increased in obese mice and were reduced by
eplerenone (Figure 2b and f). HFD-fed mice showed the
upregulated renal expressions of MCP-1 (3.5-fold; Figure 2h),
TNF-a (3.3-fold; Figure 2j) and PDGF-B (2.0-fold; Figure 2k). Protein
levels of MCP-1 and TNF-o were similarly overexpressed in mice
on HFD (Figure 2g and i). All of these changes were abolished by
the treatment with eplerenone.
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MR and SGK1 expression and aldosterone synthesis enzyme
expression in kidneys from HFD-fed mice

Whether the aldosterone signaling pathway was augmented
in kidneys from obese mice was examined. In kidneys of
HFD-fed mice, MR protein levels in the nuclear fraction were
increased (2.3-fold, P<0.05; Figure 3a). Similarly, SGK1, a
transcriptionally regulated serine-threonine kinase and consid-
ered as one of the main effectors of MR-mediated signal
transduction, was pronouncedly upregulated (5.5-fold, P<0.01;
Figure 3b). The treatment with eplerenone suppressed the
MR protein level in the nuclear fraction and downregulated the
SGK1 expression.

We further evaluated whether enhanced aldosterone signaling
involved aldosterone production per se or the modification of MR
function.?” Plasma aldosterone levels were unaltered in mice on
HFD (Figure 3c). In contrast, renal aldosterone contents were
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Figure 3. MR and SGK1 expression and aldosterone synthesis enzyme expression in kidneys from HFD-fed mice. (a) The protein in the nuclear
fraction representing the MR was increased in HFD, suggesting that MR was enhanced with obesity. (b) HFD-fed mice showed increases

in renal expressions of SGK1, which was attenuated by eplerenone, Data were expressed as the ratio of mRNA level of SGK1 to that of
B-actin in arbitrary units (a.u.), relative to controls assigned as a value of 1. (¢, left) Serum aldosterone levels did not differ between mice
on LFD and those on HFD. (g, right) Tissue aldosterone in the kidneys was markedly increased. (d) HFD-fed mice showed increases in renal
expressions of 38-HSD, when compared with mice on LFD. Other aldosterone-synthesizing enzyme CYP21 hydroxylase (e), CYP11B1 (f)

or B2 (g) was unchanged in mice on HFD. Data were expressed as the ratio of mRNA levels of 38-HSD (d), CYP21 hydroxylase (e), CYP11B1 (f)
and CYP11B2 (g) to that of B-actin in arbitrary units (a.u.), relative to controls assigned as a value of 1. Data were expressed as mean *s.em.

i

*P<0.05, ¥*P<0.01 vs mice on LFD; TP<0.05 vs untreated mice on HFD.

increased by threefold in mice on HFD (P<0.05). The effects of
HFD on the enzymes of aldosterone synthesis in renal tissues were
evaluated. In HFD-fed mice, mRNA of 3B-HSD was upregulated
(8.0-fold, P<0.05; Figure 3d). Other enzymes of aldosterone
synthesis, including 21 hydroxylase, CYP11B1 and B2, were
unaltered in mice on HFD (Figure 3e-g).

Rho-kinase activity in the kidney

Whether obesity enhanced the renal Rho/Rho-kinase pathway was
examined. HFD significantly increased the level of Thr696-
phosphorylated MYPT1 in renal tissues (2.0-fold induction,
P<0.05 vs LFD; Figure 4a). The enhanced Rho-kinase activity
was nearly completely abolished by the treatment with epler-
enone (P<0.05 vs HFD). In contrast, neither p42/44 nor p38 was
changed in mice on HFD (Figure 4b and c).

Activation of Rho/Rho-kinase pathway by aldosterone in an
MR-dependent manner

Whether the MR activation enhanced Rho kinase was examined in
cultured HMCs, using aldosterone as an MR agonist. Increasing
concentrations of aldosterone elevated the phosphorylation levels
of MYPT1, with a 2.2-fold elevation observed at 1 nmoll™" (P<0.05
vs quiescent; Figure 4d). Stimulation with aldosterone (1 nmol I™")
increased the phospho-MYPT1 levels at 90min (1.9 % 0.2-fold
induction) and 3h (1.4+0.1fold induction; Figure 4e). Pre-
incubation with eplerenone (10 umol1™") attenuated the aldoster-
one-induced increase in MYPT-1 phosphorylation in a dose-
dependent manner (Figure 4f).

© 2011 Macmillan Publishers Limited

Effects of insulin on MR signaling pathway

. SGK1 was upregulated with high concentration of insulin, but not

with low concentration of insulin (2.5-fold, P<0.05; Figure 4qg).

Effects of fasudil on systemic blood pressure, renal function and
metabolic parameters

Systolic BP, mean BP and heart rate were unaltered by fasudil
(P>0.5; Figure 5a-c). Serum creatinine levels in obese mice
did not differ (LFD, 0.13+0.02mgdl™"; HFD, 0.17 £ 0.05mgdi™;
HFD with fasudil, 0.13+0.03mgdl™"; P>0.1). Albuminuria was
markedly increased in mice on HFD, which was reduced by the
treatment with fasudil (P<0.01; Figure 5d). HFD-induced obesity
and enlarged kidneys were ameliorated by the treatment with
fasudil (P<0.05; Figure 5e and f). Fasudil did not affect the amount
of food intake (food intake, LFD, 20%0.1g per day, HFD,
2.0+0.1g per day, HFD with fasudil, 2.1 £ 0.1 g per day).

Effects of fasudil on renal morphological changes and renal
expression of inflammatory chemokines

Marked infiltration of macrophages was observed in mice on HFD
(Figure 6a and f). The HFD-induced changes in glomerular size and
cellularity were nearly completely abolished by the treatment with
fasudil (Figure 6b, d and e). The stain-negative round spots were
increased in obese mice and were reduced by fasudil (Figure 6c
and g).

Furthermore, the upregulated renal expressions, mRNAs (Figure
6i, k and I) and protein levels (Figure 6h and j) of MCP-1, TNF-a: and
PDGF-B in HFD-fed mice were abolished by the treatment with
fasudil.

International Journal of Obesity (2011), 1-10
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(Upper) Rho-kinase activity in the kidney of mice on HFD and the effects of eplerenone on the Rho-kinase activation. (a) Phospho-

rylation of MYPT was significantly increased in mice on HFD. The activation of Rho kinase was completely blocked by eplerenone treatment.
(b, €) p42/44 or p38 in the kidney was unchanged in mice on HFD. Data were expressed as mean + s.e.m. *P < 0.05 vs mice on LFD; 'P<0.05 vs
untreated mice on HFD. (Lower) Effects of aldosterone on Rho/Rho-kinase activity and effects of insulin on MR signaling pathway in primary
mesangial cells. The stimulation with aldosterone increased Rho-kinase activity in a dose- (d, n=4) and a time-dependent manner (e, n=4).

(d) Mesangial cells were incubated with various concentration of aldosterone for 1h and the activation of Rho kinase was assayed

by immunoblotting. Densitometric analysis of immunoblots is shown
*P<0.05 vs quiescent cells. (e) Stimulation with aldosterone (1 nmol I~

as values normalized by the expression levels of total MYPT1.

") significantly increased the level of phospho-MYPT1 at 90 min and 3 h.

*#P<0.01, *P<0.05 vs time 0. (f) Pre-incubation with eplerenone (10 pmol I-") attenuated the aldosterone-induced increase in MYPT-1
phosphorylation in a dose-dependent manner. **P <0.01 vs quiescent; ''P<0.01, P <0.05 vs aldosterone stimulation without pre-treatment.
(@) mRNA levels of SGK1 with high insulin treatment. *P<0.05 vs 1 nM, 10 nM of insulin. Results are presented as mean = s.e.m.

DISCUSSION

Obesity and metabolic syndrome are important risk factors not
only for cardiovascular complications, but also for the develop-
ment of proteinuria and CKD. Multiple factors are assumed to
contribute to the development of CKD in obesity, including
systemic hypertension and dyslipidemia. In this study, we have
demonstrated that HFD-induced obesity causes marked renal
pathological changes, including glomerular hypercellularity, infil-
tration of macrophages and stain-negative round spots, which
may represent increases in lipid droplets in kidneys from obesity
(Figures 2 and 6). Furthermore, these alterations were prevented
by the blockade of MR with eplerenone without alterations in
systolic and mean BP. In the previous dog study, eplerenone
actually lowered BP in obese animals3' In contrast to the
dog studies, blood pressure tended to be reduced with
eplerenone, but did not attain statistical significance in this
study. Because systolic and mean BP were not changed by HFD,
the effect of eplerenone might be small. it can be concluded
that BP-independent effects of eplerenone are responsible
for the reduction in renal injuries. Concomitantly, both nuclear
MR protein levels and SGK1 expression in the kidney were
elevated in HFD-fed mice, and these actions were abrogated

International Journal of Obesity (2011), 1-10

by eplerenone (Figure 3). These observations suggest that the
aldosterone/MR pathway constitutes a determinant of the devel-
opment of CKD in obesity-related nephropathy. Alternatively, the
intervention in the aldosterone/MR pathway would provide a
clue to the novel therapeutic strategy in obesity-associated
nephropathy.

Aldosterone is a potent mineralocorticoid that promotes renal
sodium retention and induces hypertension. Several lines of
studies have shown that increased serum aldosterone levels are
linked to the development of obesity-associated hypertension.>?
Furthermore, accumulating evidence suggests that the excess
aldosterone/MR activity provokes proteinuria and podocyte
injury® In rats with remnant kidney models, aldosterone
administration increases proteinuria during the blockade of
angiotensin 1l action with an angiotensin receptor blocker.3?
Increases in multiple factors, including mitogen-activated protein
kinase,’® plasminogen activator inhibitor-1,>***> transforming
growth factor-B1,2% MCP-1¢% 1429 and reactive oxygen species,'>*°
have also been observed in renal tissues of aldosterone-infused
animal models. Furthermore, SGK1 is considered as one of the
main effectors of aldosterone.>” Conversely, the blockade of MR
with eplerenone substantially suppresses these parameters, and
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Effects of fasudil on animal phenotype. (a-¢) Systolic B, mean BP and heart rate were unaltered by fasudil. (d) Increased albuminuria

in mice on HFD was reduced by fasudil. (e, f) The diet-induced obesity and enlarged kidneys were ameliorated by the treatment with fasudil.
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alleviates the renal injury induced by aldosterone’®*° In this
study, we have demonstrated that the blockade of MR with
eplerenone ameliorates the obesity-induced renal injury and
abrogates the upregulated expression of MCP-1, TNF-o and
PDGF-B (Figure 2), as well as SGK1 (Figure 3) in the kidney. These
results suggest that obesity-associated renal injury involves the
aldosterone/MR-mediated signaling pathway and renal inflamma-
tory process. Although BP and serum aldosterone levels are not
changed in this study, the renal arterioles tone may be changed
by the reduced afferent arteriolar tone® and the elevated renal
tissue aldosterone.*’ The observed findings (that is, enlarged
glomeruli and glomerular hypercellularity) may be induced not
by only the overexpression of inflammatory cytokines, but by
hyperfiltration of the glomeruli.

Of note, our current study shows the elevation in renal tissue
aldosterone contents and the activation of the MR-mediated
signaling pathway in obese mice, despite unaltered serum
aldosterone levels (Figure 3). Several lines of studies demonstrate
that the MR signaling pathway is activated by a variety of factors,
including insulin,** renal sympathetic nerve activation”® and
Rac1.%® Aldosterone biosynthesis is mediated by several enzymatic
pathways, including 38-HSD, CYP11B2, CYP11A1 and 21-hydro-
xylase in the adrenal cortex. A recent study has reported that
mesangial cells express the mRNA of 3B-HSD, CYP11B2 and
21-hydroxylase.** Mesangial cells are an aldosterone-producing
tissue, in which LDL plays a major regulatory role in the expression
of 3B-HSD and aldosterone production.* In this study, elevated
renal tissue aldosterone contents but not serum aldosterone are
supposed to account, at least in part, for the activation of the MR

© 2011 Macmillan Publishers Limited

pathway in obesity. Of note, in in vitro study, high concentration of
insulin induced the overexpression of SGK1 (Figure 4). These
results show the link between metabolic disorders and MR
signaling pathway in obesity.

Our study raises the possibility that tissue aldosterone is locally
produced through the upregulation of 38-HSD in obesity and
contribute to effects in the renal glomerulus independently of the
systemic renin-angiotensin-aldosterone system. In this regard,
the transcription of these genes is regulated through the
activation of signaling cascades that could be affected by
adipocytokines.*> Whether tissue aldosterone could be produced
under the condition that aldosterone synthases other than
3B-HSD were not changed is not clear. Alternative explanations
include increased aldosterone tissue uptake or decreased
degradation within tissues. The precise mechanisms for the
activation of the MR pathway and the enhanced renal aldosterone
production in kidneys from obesity warrant further investigations.

This study has demonstrated the crucial role of Rho/Rho-kinase
pathway in the development of nephropathy of non-genetic and
HFD-induced obesity in C57BL/6J mice, a mouse model of
metabolic syndrome. Evidence has been accumulated that Rho
kinase is activated by several stimuli*® and is involved in the
pathogenesis or aggravation of renal damage in several renal
injury and hgpertensive models, including subtotally nephrecto-
mized SHR,'> Dahl salt-sensitive rats* and aldosterone-infused
rats.®® In this study, we have demonstrated that HFD-induced
obesity causes enhanced Rho-kinase activity in the kidney tissue
(Figure 4). We also showed the renoprotective effects of the Rho-
kinase inhibition (Figures 5 and 6). Furthermore, the activation of
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Figure 6. Effects of fasudil on renal morphological changes and renal expression of inflammatory chemokines. (a) Histology of F4/80-stained
kidney section from mice on HFD and HFD with fasudil. (b) Periodic acid-Schiff’s-stained kidney section. (c) Masson’s modified trichrome-
stained kidney section. (d, e) The HFD-induced changes in glomerular size and cellularity were nearly completely abolished by the treatment
with fasudil. (f) Macrophages were markedly infiltrated in the renal tissue of mice on HFD, which was improved by the treatment with fasudil.
(@) The stain-negative round spots are increased in obese mice and were reduced by fasudil. HFD-fed mice showed increases in renal
expressions of MCP-1 (h, i), TNF-a (j, k) and PDGF-B (f), all of which were attenuated by fasudil. Data were expressed as the ratio of mRNA levels
of MCP-1 (i), TNF-u (k) and PDGF-B (f) to that of B-actin in arbitrary units (a.u.), relative to controls assigned as a value of 1. Data were expressed
as mean *s.e.m. P<0.05 vs untreated C57BL/6J mice with HFD.

Rho kinase is prevented by the treatment with eplerenone. In vitro are anticipated to contribute importantly to the development of
study shows that MR stimulation activates Rho kinase in HMCs, obesity-induced nephropathy as factors linking between aldoster-
which is inhibited by pre-treatment with eplerenone (Figure 4). one/Rho/Rho-kinase pathway and renal injury. The inhibition of
Since Rho-kinase activation was observed with a peak at 90 min Rho kinase by eplerenone may thus offer beneficial action on
after aldosterone stimulation, non-genomic mechanisms appear obesity-related nephropathy through the modification of these
to be involved in obesity-induced MR stimulation and the cytokines. We have demonstrated that HFD-induced obesity
subsequent activation of Rho kinase. Of interest, a previous study showed the round-shape stain-free spots in tubules, which may
shows that in rats treated chronically with aldosterone and salt, be a reminiscence of lipid accumulation areas. Of note, the degree
renal injury is associated with the activation of mitogen-activated of stain-free areas parallels the levels of several inflammatory
protein kinase, including ERK1/2.%° In our study, however, markers, including MCP-1, TNF-o and macrophage infiltration,
mitogen-activated protein kinase, ERK1/2 or p38, is not activated consistent with direct inflammatory changes by lipid accumulation
in obese mice (Figure 4). Thus, our findings suggest that the in renal cells. In addition to MR/Rho-kinase pathway, this lipid
enhanced aldosterone/MR signaling pathway plays a key role in accumulation may directly cause the overexpression of inflamma-

renal injury in obesity through the activation of Rho kinase. tory cytokines, leading to the infiltration of inflammatory cells and
Although this study demonstrates activation of MR and Rho renal injury.
kinase in kidneys from obese mice, the subsequent mechanisms Finally, the treatment with eplerenone partly prevented all the

for mesangial cell proliferation and macrophage infiltration remain metabolic changes, including weight gain and hyperinsulinemia,
undetermined. Rho kinase is reported to be linked to multiple in this study. Thus, it is difficult to discern which effects are due to
factors that facilitate inflammation and tissue fibrosis.*® Further- normalization of obesity and which are due to direct action on the
more, our study shows that a Rho-kinase inhibitor (fasudil) kidney. As we have shown in this study, direct action by the
abolishes the HFD-induced overexpression of MCP-1, TNF-o and inhibition of MR/Rho/Rho-kinase pathway on the kidney accounts
PDGF-B (Figure 6). In this study, we have found that the at least for the amelioration of the pathological changes and
overexpression of MCP-1, TNF-o and PDGF-B in the renal tissue proteinuria in obesity-induced renal injuries. Moreover, the
of obese mice is abrogated by the blockade of the aldosterone/MR normalization of obesity itself could be due to the inhibition of
pathway (Figure 2). As eplerenone suppresses the upregulated MR/Rho/Rho-kinase pathway. This study has unveiled a novel
Rho kinase in kidneys of obese mice (Figure 4a), these cytokines observation showing a possible role of aldosterone in the
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aggravation of obesity. Thus, we demonstrate that HFD-fed obese
mice manifest a smaller body weight gain when treated with
eplerenone (Figure Te). In this regard, we previously reported that
the inhibition of Rho kinase with fasudil alleviated the increase in
body weight in Zucker obese rats, a genetic model of obese
animals.”® Of note, we have recently demonstrated that in
cultured adipocytes, lipid accumulation after the differentiation
elicits Rho-kinase activation. Furthermore, mechanical stretch of
adipocytes elicits enhancement in Rho-kinase activity.*® it is
surmised therefore that hypertrophic process during lipid
accumulation in adipocytes involves Rho-kinase activation
through mechanical stretch as well as MR signaling pathway
stimulation, and subsequently induces obesity. The intervention of
Rho/Rho kinase and the MR pathway may constitute a novel
strategy disrupting vicious circles aggravating obesity.
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T AL, NEMBICEEERTISREITIE

BHI SN TWB, ThiFEHIZBIT 5 lipotoxicity
L. BENC BT S NIRRT O BRI
FgoMAd L XVE ERSE5. ZoOHEEERL
IR TI Py FYTICERDATH, B
BALICFA S NS, BBV TidTnI b

Y R TITET B ERIEDIERORLY AKRSPET
T 5. Z07zH, MERICERT LEHRE X

U # oY (diacylglycerol, fatty acy CoA,

ceramide) 7z & #%protein kinase C, NF-xB#% &
P, ZESCHBELZTIZE I 3. Levib D 7
V— FIZPER R 2 L X 7 0 — VA Dmas-
ter gene T3 HSREBP (sterol-regulatory ele-
ment binding protein) O FHEAIITTHEL T 5B =
& B3R O B Dlipotoxicity DIRRTH B & L
T3, SREBPIZ#EE HF TSREBP-1a, SREBP-
1c, SREBP-2 (24348 & "SREBP-1 (XN D g
WhEEA T, SREBP-2 32 L AF 0 — VAL
B59%. BEOERTIIINSE®EERTO3
HASTOHE L, MEPClipid2YE/ L, MIREEC
B EEHELTVES., ELICBREEDOY
FEERIC AT R DWW TGltriglyceride)-rich
lipoprotein® B HEME B E N Tw b, VLDL
(very low density lipoprotein) ¥ & UO'LDL (low
density lipoprotein) &R X T AHIE
WEBELTBY AT Iy AMBOHEE, TGE-
BOFBTLELFIESEI T EVHES N TS,

-~
X

~

FATNVTIVICHEEL TR
(albumin-saturated free fatty acid) RS
FIRELIEHINTVS., P73 VRBIICE

FE£¥ %albumin-saturated free fatty acididfg#&
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HThYMREELEEL, MREERCKEZTI
ERITIEARES N TV B,

3) BMTEMEOEE

LA OMATE RS FELFI SR §—>2
DHEF L 7% o TS RRMEIVREEN TV S,
R O BB I RRIE DT, Na (7Y
v L) BFIRILOITHE, RAS (renin angiotensin
system) DILHEEIZ L D EBEOBMES & 72
LTV, COBMEINFRERELT SR,
S BRI O BRI NEE D FIREETOBBRE T
Lo Twad., ZTOERERE L TRASRDILHE,
279 YEOART DUF 2 Pl AR B Rk
PO BFEEOEENIET oL (H 1), AERIE
FE oI seR @ adipocytokine DFEIHBEHIZ D
B4 % 78, BT, eGFR (estimated glomeru-
lar filtration rate) {ZBMIX ¥ d NEEIEIEE 3 7%
B waist-hip ratio, EFZEIC L (BT H I &
PIRENT D, FTLIZABIRIED 2 TH 5
W REBEORBHEGEOERIEE LTS, DL
B & W NIBIERE OBREICE D 5 v POHERIERE
VRDLNDE Z EPHESN TS, BHEBNE
B D B2 HS AR B BHE D BT 12D R A 5 A
ZEF LT3,

4) 1) CEMMEES A XY MHE
B EERRREE LTL Y AU VEHE,
BWA Y AY VFESEBIT SN, B TIEER
DA YR YEEEPRI-NTBY, AR
> ONaFRAEALTLE UL S RO RKE &
B EFHMLNTVWS, 724 VA VIEE
PERIMENEARICBWTR—BILEZDAERK
DETZIEEI LEREILORERE 25.
NOMBHLEEREATA YA Y VM, &1~
A YIEREREELZTIEEIT. —FHf VR
VD UVOBEBEHALEETHA. RV A MER

-
—
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IBEERR | REIOES

AR DTTE

X

BE
~Na

/

RASHEIE(E

/ %Eﬁ@#§ o
N\ ERREETO
Naﬁn&:;(mﬁﬁ

# BN AROD IS

BRI

ERBE

¥
SAIREAEK
A4
REH
\ 4

RIRGEERIL

1. IEEECSIT 2 BIMITEIEE.
RAS, renin-angiotensin system

Bzt v A YERBEREBE< T ATIZER SR
TREBHBMEE 2D ATV 2 HBOHEA,
FEIRNEDOIEIE 7 EWE IR M B (S A R %
ETH5ZEPHFEINTHS. Thbbf X
U CIESIEAERICAEL, RS ML R
YUV FFNBANERL b L EEPREET S
ZEBEZOLNS., T/-HMBLARVTEAL VA
Y Y IMIEARASOEEZTLE S EH T LHED
NTHBY JRHIEICBITA A Y R U ZEED
HEHRIBIRMED AV F—H, HEORY
ABIEETH LW RBHEITRENS. Lo
TA YR VAU, &4 YR VIMEER
MEOTANF—REBHNCHEEL RIZTWERED
ZzoN5b.

4. CKDICH T3 KBEE

MetsB & IZDE T YK —% ¥ MICKDDOSK

BT
R
‘ SRR

BlEmE
RiRs
Renal dyslipidemia

/

2. Mets&CKDEDEDEREIR

SEERRT L2505, TOMOEDLFEL,
CKDZ2"MetsDFE I Y R—3 » b2 BEIE, £
NOREBREZPERT S LEVIRENELILND.
Z DEFEROER T EREE LERE 25 (K
2). COHETIECKDDOMetsD I ¥ K— 4 ¥ MZ
X HEEBIIDOVWTHRRS,
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IEMERRK | REDES

rEYHZ

1) BlEA > XU ARPUEEREE (renal insu-
lin resistance syndrome : RIRs)

CKDOREIIBNTH I TICA YR YT
TEABELTHDE LN ZEPMEINTV S,
Becker 5 1ZCKD®stage 1 DE T 4 HOMATR
BMCHE LA 2] VIRPUREBIC LR L
TWhHZEEZMELTBY, RIRs& i L Tw»
%9, F IBERAT T { & b eGFRAS50ml/43/1.73
mEUTIC A v A VP 5N s
CEBTNA—RT S TETIEHINTW 5.
ZDORIRSD A /1 = A LTV TIHHHERE & 3
YDORZ, EHEN, REXYWHEHPINE TH
HE3NTw5b, F/CKDOEZFIZTNFo (tumor
necrosis factor o), IL-6 (interleukin-6) &vi-o
ToA YR VERPUEERFIER T A A4 ¥
BEAL TR ZEPHEINTHSE., b
HA A4 YOMFLRLVTCOREIERTO
IV T Ty ADKT & & IR O
BEFNEETH LI LEBEH LT
59 T4 IRIRsDFFEMF & LT 1L ARMED
NO(—ME{bzER) EREEREEYWH TH 5 ADMA
(asymmetric dimethylarginine) o J§ AR
TOWRE R, 2. BREESICHES My 7L F
ATUVREEO LANEETHLH I LEHL D
2L Tnw5b.

2) BMIBEEEIE (renal dyslipidemia)

CKDIZIZR B X D A DIREREEV;FET
59 FOEEUIEHDL (high density lipoprotein)
oL A5 u—)) (HDL-C) M & & 4 BE i
(TG) MFETH Y, Metsk AL THABI LIIHE
BRiEV, RHDL-CILENEH & 2> TWab Dk
ApoA-IB X UApoA-IIL NNV T TH B,
DOMTG-richz ) REHTHAHVLDLDO LA, =2
LAFO— ViR RICBWTHDLIZI VAT
O — )V ERINT 583 Tdh 5 LCAT (lecithin cho-
lesterol acyltransferase) DFEEIMBET LTV 5
R EPHEEENTV S, —HETGILE DB
HeLTiEl ApoCIILXno k&, 2. B

 COWEEIEEED 2 ) 75 v ADET, 3. lipoly-
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SisiCEE 7 2 DDEERLPL (lipoprotein lipase)
K U'HL (hepatic lipase) DIEEDIKT, 4. TG-
rich72 ) REH T 5 VLDLZ AFIRICHL D A e 72
DDOVLDLZEMAERD LAV DIRT 7 &0 S h
TWw5b. Bl d X 5 ICadipocytokine D FEEH BLH
PCKDD R CIEFEL TWB I & &F 2
HE, PHEHOFEAE L L TOREBERLD
FEREREIRE S NS, Fr24 IR O Bk
FENZ OREEREZ T E# T Lrenal dyslipide-
mia®DJRH & 2 B REMEIC D EME LT 5.
3) EREFDHEIRR (reverse epidemiol-
ogy) & protein-energy wasting syndrome (PEW)
Mets TIEPESBACHS & 2688 & U O InE, Wi
RERE, IREREENSEHT 2 LICERMNE
WPNTBWMEEL o Twh., LA T,
e, BMIOIKT, M, BEO3 > ho—nps
CVDBIEDFR &2 5. LIANFNIVATU—
VORT2ED/OERNR VAT 770 5 —
DEBEHNCVDDIEAE, LTI HEIIEHT 53
BAVME SN TWE., INHPEHRNT O HEIRE
% (reverse epidemiology : RE) TH 1, #iFFE
FTEREB X OCKDIZBWTIZBMIOEKTACVD
BEDOY A2, BMIO LFITX BT
PETTHZEPHEENTVEY(E]D. 20
i, HMEFEE M FOENT BE TIHEME, KoL A5
O — VIE, EARETAFA VIEICBWTH
BIHETEIBWVW I EFHESI N TV BEY,
Kovesdy 5 X BT ETOCKD® 2k — b ZMET
4 BEIZTIE TR A R & A URIAIE 133
mmHgkRFHOEEL 2> Pa—: LT 133~154
mmHg, 155~170 mmHg, 170 mmHgD ZHFHD
FEILT- DN — VX & 4 061, 062,068 TH-o
72, S ERBOBITERI L AT O — VET
HHATL, L 25— LE 215 mg/dl % 8 2
LCKD#E# a2y bua—ib k3 5 L 153 mg/disk
i, 153~182 mg/dl, 183~215 mg/dlDEKED
WAL O N — REE 191, 1.36,1.10 TH o 72,
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BEBER | RIEDES
rEYIRX
& 1. CKDICBIFBDRE (k7 X v Hok)
bos = MEEE CKDBE BEA
BV 5 NISCVDDL A Koy Dis 26 a8,
N BMIBESIFNIEERR L | g /1008y 2is 40 - 805 coppy g FR2, 18
Bl | FI BB M ogs| L Am Soo Nephrol 147 | BV E000. e || EERID S elti=
70a, 20086).
= . -shapelR & 1 A 17 eGFR<30 TME & 477
gggi%i&vgwlgég EMEFEEFERHEL | (Nephrol Dial Transplant 21 |2 DB HZ A P & T 2
[E 8235 e _%297 (Kidney Int Suppl 55 : | 1257-1282, 20086). (Nephrol Dial Transplant
2001). '[8178-8174.1996).  |yEpMmEMEWVFESEFE (2] @ 1257-12862,
PEWL (U Am Soc Nephrol| 2008).
16:2170-2179, 2005).
fobazo L, D JURFO—ILEE ST
T I UBESS | wo 2 F0—UsEEE | QU RFO—)L, SRR | ZOBEEMCSBMIAE
BE | mnovDol 25 cag | FEDEN (Am J Kidney | EEFERFEMEL (J Am Soc| REICHVNCEET D (J
(N Engl J Med 322 Dis 15:458-482, 1990). | Nephro/ 18:304-311, 2007). | Am Soc Nephrol 18 :
1700-1707. 1990). 304-311, 2007).

COPD : chronic obstructive pulmonary disease

Evans 5 1EBMUI DWW T DOMRE 21TV BMI 20.1~
25DFFay a—LET5E 20 DT, 251~
30, 30 B2 B EHORILT- DN — NI #
NN 149, 110, 096 TH Y, BMI>30 2% b
EFTHEVIHERLBTNSE. RPTHHEK
BITSEAOEZEREIZ LN, B 3 EDMmiEE
BB @ 2000 420> 5 2001 ED 1 FEF DAL
HFE5TLHRFEFHF LA, EWFIOME
VBEWEBEIZE, FABMIFEWIE LAEFEREH
BV EWHLPIIENT VA, REICBWTH
BREE VIS B IRREHE L 72 B Cld & o BRIR
SR L, BEPLEI VAT U — VI,
MEPFECR EAICFSTHILETHSL. I
#Zreversal of RE® L < IZback to normal phe-
nomenon & N T 5, BBH§PMets?DCKD
TIEWIE D CKD D H#EATRCVDRIEIZ BN TH 5
ZEbEZBE, CKDOBEED EZ 2 TREBERA
FOMEBRRPELTCWSEI L LR S, ZORE
DEFIHFETLDHPPEWTH 5.
PEWEIIZSy o2 ANF—93 bbbl
Wik 7 ) o — 2 > OB L, RHRBHRE

.
=
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| X IIRETDH D, protein-energy malnu-
trition (PEM) & b EbITW5. MEENRE
FHIT DWW TR E D BNTRETEITK & O G
TH L % B ILERLHH AR D TETEIL 238 K RE TR
ZHZEIL, PEWOEREZoTW5E. Th
!Zmalnutrition-inflammation complex (cachexia)
syndrome (MICS) ®°malnutrition-inflammation
atherosclerosis (MIA) syndrome& i T
W5, LA LBTREOEE TIE I OBRRIITH
LT, BEREZD DDV PEWHRIENTE RIHE
ELTWBEEZONTYS, FIZITRFRR
leptin® EAPEREZET &, REEET| &8
ZLTwb. UEXYCKDDATFT— I DEI D
TPEWRFEIE LREVSZE L TWwWBH EEZ ON, £
NI D W REBFOFHESLETH S & Bb
5. BB - MetsiZ £ ACKD T Z ORED
FREDVRAZ 77275 —% ZOM»EHET
AHZEPERIIZ-TLKBLEEBEbNA.
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BB

F2. PEWOBEFEED—HF] (TR 10 X )

s
inbiE=id=a
S mE7ILT7=2<3.8 g/dl
WEZUPILIZEY (S ATAUF) <30 me/dl GESFEREEDH)
MBIV F0—-)L<100 mg/dl|
AR
BMI<23 kg/m?
HERY GIBZET) 3ETE®, 6 ABT 10%
TRHRBBERFR < 10%
B2
BREOHY 3HMHET5HE% 6 18T 10%
TESHERRORY (B0 -t /FA/ILKD 10%DET)
DUTFFUELER
BHEHE
?%F%%% EE%N%RT%EEEEED‘ 0.8 g/keg/BH 2 HBLIE (EEinEE). 0.6 g/kg/H (RT—
y -
BEERZFE ULVWKRETIRIVF—EBREN2S5 keal/kg/ABWW L &8 2 ABLILE
5. RTEEELES 6. MetsiZf¥ 5 CKDOBEREE

B - MetsiZ & b %2 5 CKDORERIL:EE), &
HHIBRIZ X 2 IREHFEATH D, adipocytokine,
JehE M lipotoxicity 2 & DIE R F DRI % #
MIBEPEELEZONS. X DFBEHLR
WERFBRLLTA VYA YEELs®RESES
PPARy (peroxisome proliferator-activated re-
ceptory) UV 7Y K, REEE *%#HE I ¥ HPPARa
UHVYE, R¥FURELBEIToNBH, CKD
OEITIH VRS, BRGSO
5 OEHOBERHOBBIIERTRETH 5.
bariatric surgerylZ & 2 A&MBRIHERZ I3ERRER
BWEY, adipocytokineDEFEEZHETHI LA
MESINTVEY, REODREESLEEE LN
FTEEBIIONWTIIRMTH 5. MetsBEZ X
HL LTINS OEBEIEEIZET 2 X 0K
IREBLSHRUELREbNS.
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CKDIZBWTIIPEWHSELLET 5729, Mets
TOEFEITE 2 CKDAEA 7ZREIZB AT H £
DEFHRESETIVPEROAMID 5. re-
verse epidemiologyBlR & FE R/ L 7z, I 6%
RS LETE RV E BN S, Metsk P
CKDOEHO—Fl & L TEFREICIOXEERT
5. CKDOWBEBBORED—DE LTY 37
FIBRERBITONE. 20O—FT, MetsDifHE
wHoko—o bk LThu ) —HIREHS. L
72285 TMetslZ K 5 CKDDEEE LTUE ¥ o8
7BLUH ) —OHIBRIEZ 5B, CKD
DAF—IHPELITONPEWREHZEII 25 &,
Ay —HIRRIZ Y Y7 HIER T TIIPEWZ B E
T%. 7uY) —#RiEE LACKDDRX T — V%8
EAZZEFNTIRERTH VTSRO — %25
T HLVUETHD. ZLTHEROAETR
ETIHEE 20~25%Y CHRZ R ha ) —%
BET A PRI THS, EBRDLHIZ
CKDTIIPEW E & diceHan{ v A1) V&Pt
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PEFET 5. Fe 4 1ZCKD stage 5 D EEZ H.0M2
WHOMBE 27 4 —EWELTEY, CKD
BETIEBREIESBEST S L 2L T
LTW5h, A% MFEIRERRE B TR
EREORZ LT, HEECHERE 2 EOkk4

EPHE S OBEPHRESN TS, EHEOME
FERZZOERSMEZEFS I &I T
EEABRTNTER2EEICI 570 —#i7K
BT AEREELEDbNSL. FO—FTRILE
BT ANVF—RND—>TH 5. Facchini 51ZCR-
LIPEEE W) 74— 3 2 7 —BEHERHBEBEIC
#5- L7z, CRLIPE&IX KK HIBR, BBRiEC
HY, SR 7=/ —VILEARPEETH
B. TORER 4 EOREBBIET, FLURIMRL,
BREEORIFSTRETH - 72, FEEwers H I ML
BT BE 40 B IS EfEEED Y7 2 b
Z3AAREE L. ZORERE —HOBRAO
Y= ER L7 ODOIRARBIZIZEE I ED
Loz, NI4T x4 NTEHMlL-5%3E
REEIZ EA L, CRP (Creactive protein) D&
TARDLNIEHMEL TS, D EX WVPEW
BLURER ZE L72ME#H, MetsiZfE: ) CKDOE
FEEIL EY 37 KA ) — T I WAPEW
DHEEEZEZER L ANV —REOET=F — 52
BLBbhs, R2ICPEWE=Y —DOIRIEEZR
L7239 o X 5 I, Mets®CKDOREEH#E
BB ESEHOREBIZD LV SBROKREEET
H59.

w

B

LI EAEHE - Mets& CKDIZDWTRH L7 &
BB Ao E B IEWN ADOIFE D 7-0

EIZERIR LEE 2B

EEDL LR
ZD—F TCKDORBEDOMEN
#EHTE S, Mets, CKDD 2 KCVDY A7 7 7
7 F—FRIFICRBRZEENEE L 2 5TL
BHEBbhb.

128 Z DIRE
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AARY w7y Fa—LItE9
DB DR

W Rl

-abstrack

B4 (MR) #REDPERTHS.

IEXRARY Y I RO—L (MS) &EBITDIMEBERR (cardiovascular disease : CVD)

DA ELTEEERER (chronic kidney disease : CKD) AEHENTHY, CKDACVD
DYAIERD>TWAZE&aDBEBREWND. £, MSIECKDZEZA#HTA I LicKY, &&IC
CVD%Z5|ZRBIY. MSECKDOIBEDEMBIRREICA VAU VRE, LY - 74720y
% (RAS) ODREDNDHD. £/ ODBEEOAT 1 IL—4&~—THsasymmetrical
dimethylarginine (ADMA) 7 RATAVE2DDREZDESYPEEEZZS5ND. MSH
KU CKDDBEERBICEWNTIEA AU VERMEORE (F7V ) 22 FEE) PRASOINF (7
DOFTIUIYNEBREERE, TUoOA T NEBREBHRAER), IXTILINFIALRE

EUBHIC

ARy vy Fa—2n (MS) IZPBREERHZ
AL L, Bk, WHEREE BEERHEERELZS
BLAERETHS. BERICBOTIEPRISEIZSIT
FEEAR SN, DMEFHD ) R 7 & LTHEMIC
HELAEE -7/ (K1), bhvbivd, MSHHER
JEW & D FIEL, OB, BEH L vo 2o OInE
#Z B (cardiovascular disease : CVD) ~E %
F—BORNELTELRAIAFR) v I VI )D
MEZRBL, MSEHLAVAZELLLZDDA
TEATTTHY, FhrRELIIREEEOEE
LREBHOEREELHRL TS (F2).

—F#H 72 2CVDDY A7 & L TEHERE
FENTWAE, BEECETRENIBRHOERRT
HoTdh BIZIHET VT I VROERK), §T

WCCVDD W AY & oTWnB I EDE L DFF
F—FTHEINE LR, BETEE
(chronic kidney disease : CKD) D#E&dvK E &
MH (national kidney foundation : NKF) X 0%
BEND i, AHMAEERE (glomerular
filtration rate : GFR) fEB X UK ¥ > 287 TCKD
AT VHEL, EEERIFMET A LNERS
nTwa,

DEEERIC, KFETIEFEICKDICVDDOY A
7 THBHI LR OLFEBICMSHE L) b b
PEHET S, WICMSB L UCKD & v ) ZRAER
BoOLBEBOIEBREIIOVWTHBL, BRIZIAS
DIFREZ B T 2 71ROV TR 5B,

* 1 BEEERAFEFTBRAS S AHNPISTREG
*2 EREBAFEFNBERAS SRR AR EER
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1. AGFY w7y NO—LOBEEE 2. BWBRE®” (CKD) 0%
s Bk e B " BE#=85cm <1P2DEL LD EHETHHE>
, ﬁﬂmﬁa%ﬁm VIA hEEE ZM=90cm 1. BMEE (kidney damage) #34 BLLERKET 5.
~-ERECEEROMENT BN REE
RRFEEER B4 & H2100cmliiY #5L, GFRETOHEHEEMDEL,
FREMALTOVThP2EELUE (BkED) ~BEEOBE,

BRUTURY FILE TG=150mg/dL Reatigedaliln =5 (-

BN A Nl SV 27217 3 Mt -BRET-H— &> TIFS. (COT—
{EHDL-D L X 7 O —JLMAE HDL-C<40mg/dL H—& LTRIMBE - RERE, -EE
o EBmE. poyE g | E130mmHg REWHIH3.)

. FRREIME - - - Z85mmHg 2. GFR<GOML/B/1.73m2"3h BRAL LT 5. 2D
| EERE Y =110mg/dL , BABEEOEREEL AW,

Bl A4FVv 72 FO-LDOBEELE

V

Point of No Return

B2 x&#KYyyRI/

WCITEBBRE TR 72, CORBRBMIAHENTT 512

BEBREAOU 2T LLTOMS SHTHREBRLIBIT S A2 BRI BT

— B 2B EARE D, 10,0064 O FERER A A
CKDHCVDD Y A7 TH 5B &) L EENTE M 57% Hatherosclerosis risk in communities
T 5—HT, MSHCKDDY X7 Thb L) study (ARIC) 1S3V TiE, VEDBENIR TMSD
F— I BWEESN TS, Isekid EBMIE RKEE FIE (NCEP-ATPI D EZIC L %) TCKDRE (HE

TREDFIEIZD X100,000A 0 B A A DB % 35 HGFRA60mL/73/1.73m?K i) D) R 7 71436

Current Therapy 2012 Vol.30 Ngég




MS
RIS BEAA AR

A 22V M

SImE

mhy A b HIDOER
TGF-8

L7F

iL-1, 16

CRP

feisfERaR e E
TT 4 DA L EETE
IL-1, IL-6, TNF-a
N RAE
RASDITHE
T4 RRFOBRERT

BBEROER
"PAI-
tPA

BHICH T HRASDITE
b2l

CKD
FIRMEBFEE
v MUy REGE
HEi1E
REEHERS
RINTR

LR L ADTDE

NOELEDET

=3
CKDDY X7 &L TDHDMS
(BECWE), 25) X 93 HEYZE)

EHEENTVE, ELKEMSOBRET® o7
CEIRWEZICESX, HF%1, 2, 3, 4, EEF
T 5 LDECKDREN ) A 7 BENFNLLS, 153,
1.75, 1.84, 24548 TH o729, F2, 7832% L 0%
ZREFEREDO IR P TOMEHROBEICILS
NHANEII#F% (the third National Health and
Nutrition Examination Survey) TIXMS%ET 5
BEIIMSE A S 2 WEFITHCKDERE (GFR
<60mL/%/173m?) BLUMWMET VT I VY REHE
DIERBEDVENEN260ME, 13METH-/2Y. D
&) BMSHCKDDY A7 THbHE V) BEF—F
PHPTEAIALELELT, SEFEFLRFHIFE
FENTWAE (B3I)Y. Flhd< L HIEFHIEHERE
BENFEREE 25 Z EPEHEN T (EikEE
BHE)., ZNXHLBLED—EHDOCKDIZBWT
BMSHBEDHEERE 5B L L HIZ, CKDIZLEF

EHZEUMSICBUIALMEAXRY PRED F 3
JEILOBHEESEMESELIRTLEZDDOLE
bbb,
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| EMERREMSD
‘ﬁd)gﬁf‘ e

TN LX) HEMSECKDE OMBIETHEIC R A S

DOEBOEBRBIFETHILIEESNS. F
T, A VR VEFEOFETHH. MSOERR
RBICA YA PN D B & LRI R0,

CKDOERHICBWTHT TS ¥ 2 Yk
ELTWREn) ZEFMHEINTYAEY. Becker
51ECKD?Dstage 1DEMTHHOMABRTHIEL
Fed YA YEPUREDEEIC ER L TwAH I LR
HFLTBY, BFHES R VEEEERE (Renal
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