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The pathophysiology and the treatment of obesity-related glomerullopathy

Shu Wakino, Hiroshi Ito
Division of Endocrinology, Metabolism and N ephrology Department of Internal Medicine Keio University,
School of Medicine

Chronic kidney disease (CKD) associated with obesity is categorized into two clinical entities;
one is renal damage due to diabetes and/or hypertension derived from obesity and the other
those specific for obesity itself which is called “obesity-related glomerulopathy (ORG). ORG is
characterized with glomerulomegaly and focal segmental sclerosis and its pathogenic mecha-
nisms include; 1, Renal hemodynamic alterations, 2; Renal damages due to adipocytokine, 3;
Renal damages due to insulin resistance and/or hyperinsulinemia, 4; Renal damages by lipotoxic-
ity. Although numerous epidemiological evidences supported the association between renal
insufficiency and obesity, direct evidences by the large intervention study against obesity have
been lacking. However, the global surveillance showing that the rise in the CKD population was
paralleled with that in the obese population suggested the importance of the weight control for
delaying the progression of CKD. The weight control and treatment against insulin resistance
and/or hyperinsulinemia are the promising novel therapeutic choices against CKD in addition to
the usual ones including blockade of renin-angiotensin aldosterone system, protein restriction
diet, blood glucose control, blood pressure control and diet salt restriction.

Key words

obesity-related glomerulopathy, chronic kidney disease, adipocytokine,

insulin resistance/hyperinsulinemia, lipotoxicity
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Role of mineralocorticoid receptor/Rho/Rho-kinase pathway

in obesity-related renal injury

H Tokuyama, S Wakino, Y Hara, N Washida, K Fujimura, K Hosoya, K Yoshioka, K Hasegawa, H Minakuchi, K Homma, K Hayashi

and H Itoh

OBJECTIVE: We examined whether aldosterone/Rho/Rho-kinase pathway contributed to obesity-associated nephropathy.
SUBJECTS: C57BL/6J mice were fed a high fat or low fat diet, and mice on a high fat diet were treated with a

mineralocorticoid receptor antagonist, eplerenone.

RESULTS: The mice on a high fat diet not only developed obesity, but also manifested renal histological changes, including
glomerular hypercellularity and increased mesangial matrix, which paralleled the increase in albuminuria. Furthermore,
enhanced Rho-kinase activity was noted in kidneys from high fat diet-fed mice, as well as increased expressions of
inflammatory chemokines. All of these changes were attenuated by eplerenone. In high fat diet-fed mice, mineralocorticoid
receptor protein levels in the nuclear fraction and SGK1, an effector of aldosterone, were upregulated in kidneys, although
serum aldosterone levels were unaltered. Furthermore, aldosterone and 3f-hydroxysteroid dehydrogenase in renal tissues were
upregulated in high fat diet-fed mice. Finally, in cultured mesangial cells, stimulation with aldosterone enhanced Rho-kinase
activity, and pre-incubation with eplerenone prevented the aldosterone-induced activation of Rho kinase.

CONCLUSION: Excess fat intake causes obesity and renal injury in C57BL/6J mice, and these changes are mediated by an
enhanced mineralocorticoid receptor/Rho/Rho-kinase pathway and inflammatory process. Mineralocorticoid receptor activation
in the kidney tissue and the subsequent Rho-kinase stimulation are likely to participate in the development of obesity-
associated nephropathy without elevation in serum aldosterone levels.

International Journal of Obesity advance online publication, 20 December 2011; doi:10.1038/ij0.2011.232

Keywords: metabolic syndrome; aldosterone; SGK1; MCP1; adipose tissue

INTRODUCTION

A growing body of evidence has suggested that obesity is causally
linked to various disorders, including dyslipidemia and hyper-
glycemia. Furthermore, obesity is recognized increasingly as a major
risk factor for chronic kidney disease (CKD)." It has been shown
that renal structural and functional changes develop early in the
course of obesity-initiated metabolic syndrome and apparently
mimic those observed in diabetic nephropathy.? Furthermore,
obesity causes glomerular hyperfiltration and alterations in several
humoral factors, including hyperinsulinemia and activated renin-
angiotensin system, all of which could precipitate in more severe
glomerular damage associated with obesity. Nevertheless, specific
factors contributing to the initiation and progression of obesity-
induced renal dysfunction have not been determined thus far.

A small GTP-binding protein, Rho, and its effector, Rho kinase,
have several physiological and pathological functions.® It has been

established that the activation of the Rho/Rho-kinase pathway

plays an important role not only in the enhanced systemic
vascular tone in several models of hypertensive animals,** but
also in cellular pathophysiological processes, including migration,
proliferation, epithelial-mesenchymal transdifferentiation and
matrix production.®” Moreover, in the kidney, the Rho/Rho-kinase
pathway regulates basal and angiotensin ll-induced tone of
afferent and efferent arterioles®® and is activated in hyper-
tensive glomerulosclerosis and interstitial fibrosis.'®'" Of note,
a recent study has demonstrated that activation of Rho/Rho-
kinase pathway interferes with insulin signaling through serine

phosphorylation of insulin receptor substrate-1 in cultured vascular
smooth muscle cells.”® Conversely, the blockade of the Rho/Rho-
kinase pathway has been shown to ameliorate insulin sensitivity
and impairment of endothelial dysfunction in Zucker obese rats."®
It can be surmised therefore that the Rho/Rho-kinase pathway
constitutes a critical mediator linking between metabolic and
hemodynamic abnormalities in insulin resistance and obesity.

Several lines of recent studies have documented a potential role
of aldosterone in the pathogenesis of renal injury. Severe
glomerular injury and interstitial fibrosis were observed in rats
treated with aldosterone and salt.'*'* In patients with CKD and
early diabetic nephropathy, the addition of mineralocorticoid
receptor (MR) antagonists to angiotensin-converting enzyme
inhibitors had no hemodynamic effects, but markedly reduced
proteinuria.'®"” Further studies also reported that monotherapy
with MR antagonists was more effective than angiotensin-
converting enzyme inhibitors in reducing proteinuria in hyperten-
sive patients.'®'® Furthermore, aldosterone-induced Rho-kinase
activation elicits myofibroblastic transformation in renal cells and
contributes to the progression of renal fibrosis.2%?" Little is known,
however, as to the role of Rho kinase as an effector of aldosterone
in obesity-associated renal injury.

In this study, we investigated whether the aldosterone/Rho/
Rho-kinase pathway was activated and contributed to the develop-
ment of renal injury in obese animals. Furthermore, the mechanisms
for the enhanced aldosterone/Rho/Rho-kinase pathway in mediating
the obesity-associated nephropathy were assessed.

Department of Internal Medicine, School of Medicine, Keio University, Tokyo, Japan. Correspondence: Dr S Wakino, Department of Internal Medicine, School of Medicine,

Keio University, 35 Shinanomachi, Shinjuku-ku, Tokyo 160-8582, Japan.
E-mail: swakino@sc.itc.keio.ac.jp
Received 29 March 2011; revised 25 October 2011; accepted 25 October 2011



Renal injury in obesity
H Tokuyama et af

N

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,
100mg kg™ per day, via gavage, n = 8; 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.).*?
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 mg kg‘1 per day,
via gavage, n=28; Asahi Kasei Co. Tokyo, Japan)-treated or a vehicle-
treated group (n=8) 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.*?* 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 p38.25%

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-a protein levels

Tissue monocyte chemoattractant protein-1 (MCP-1) and tumor necrosis
factor-o (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-o 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 (107" to 10" 8moll™") for 1h and were also treated with
eplerenone for 30 min before the addition of aldosterone (1 nmoll~").
HMCs were harvested in 100 pl lysis buffer containing 20 mmol 1™ of Tris-
HCl, 250 mmol I~ of sucrose and phenylmethylsulfonyl! fluoride, as well as
aprotinin and leupeptin (10pugml~" 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 ul 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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