
DEXþHF induced sex-specific alterations of protein profiles in offspring kidneys.
Application of the quantitative proteomics techniques described herein may provide
some candidate proteins for future studies. Identification of the underlying sex-specific
mechanisms could provide novel intervention to prevent hypertension in both sexes.
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INTRODUCTION AND AIMS: Excessive intake of fructose causes a variety of adverse
conditions including obesity, hepatic steatosis, insulin resistance, and uric acid over-
production. Hypertension is the most common and significant clinical concern related
to high fructose intake. Recent works revealed the activation of renal sodium-hydrogen
exchanger 3 (NHE3) causing sodium retention, which may be a result of fructose-
related ATP consumption; however, this has not been directly demonstrated. Here we
investigated the NHE3 activation and ATP consumption in rats fed a high-fructose
diet.

METHODS: Male SD rats were fed a diet containing 60% glucose (GLU) or 60% fruc-
tose (FRU) for 3, 6 or 12 weeks (n¼5, each group). We precisely adjusted the daily calo-
rie intake by measuring the ingested food amount. We evaluated the increased
extracellular fluid (ECF) by assessing glomerular hypertrophy or expansion. The
expressions of NHE3, GLUT5, and hexokinase were examined by immunohistochemis-
try, RT-PCR and Western blot analysis. The tissue ATP concentration was assayed by a
commercial kit.

RESULTS: The mean blood pressure in the FRU groups was significantly elevated (6w-
GLU: 85.9 6 1.2 mmHg, 6w-FRU: 90.1 6 1.4 mmHg, 12w-GLU: 94.8 6 3.4 mmHg,
12w-FRU: 103.7 6 1.2 mmHg), which is in accord with the observed increase in the
fractional sodium excretion (FENa) in the FRU rats at 6 and 12 weeks (6w-GLU:
0.10060.016, 6w-FRU: 0.04260.09, 12w-GLU: 0.08460.011, 12w-FRU:
0.05960.08%). These results were confirmed by the significant glomerular expansion
in the FRU rats (glomerular surface area in 12w-GLU: 74956181 mm2, 12w-FRU:
98316164 mm2). A semi-quantitative analysis of the NHE3 immunohistochemistry
showed a significant increase in the NHE3-positive area (12w-GLU: 5.3160.490%,
12w-FRU: 6.5560.369%), which was confirmed by the Western blot analysis. Finally,
the cortical ATP concentration in the FRU group was significantly low compared to the
GLU group (12w-GLU: 10.8161.99, 12w-FRU: 6.1561.11 nmol/mg protein).

CONCLUSIONS: Excess fructose intake may cause salt-sensitive and ECF volume-
related hypertension by the enhanced sodium reabsorption in the proximal tubules
through an upregulation of NHE3 in association with the significant ATP consump-
tion.
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INTRODUCTION AND AIMS: The role of salt intake in the development of hyperten-
sion is familiar, but the mechanism has not been revealed yet. We have previously
reported that the medial hypertrophy of the renal arterioles induced by transient salt
loading causes sustained elevation of blood pressure in spontaneous hypertensive rat
(SHR) even after the salt loading had completed [Oguchi et al. Hypertension 2014].
Epigenetic modification of gene expression has attracted attention as a possible mecha-
nism for sustained biological effects and onset of hypertension. The present study
investigated the significance of epigenetic modification in each segment of the kidney
in the induction of hypertension after transient salt loading.

METHODS: We implanted deoxycorticosterone acetate (DOCA) releasing pellets in
C57bl6 mice and gave them drinking water containing 1% NaCl for 2 weeks to induce
hypertension as DOCA-salt. The regimen was called as “short-loading model” of
DOCA-salt. As “long-loading model” of DOCA-salt, we implanted DOCA pellets in
hemi-nephrectomized mice and gave them water with 1% NaCl for 2 months. As con-
trol mice for both models, we gave tap water. We evaluated blood pressure, histological
findings and gene expressions of the kidney during the salt loading and after several
weeks from termination of the loading. The degree of histone acetylation was assessed
by immunostaining of acetylated H3 and H4 in each segment of the kidney including
renal arterioles, segmental arteries, glomeruli and tubules. Gene expressions were
examined in each segment of the kidney collected by laser capture microdissection
(LCM).

RESULTS: In the short-loading model, transient salt loading caused elevation in blood
pressure during and even after stopping salt loading associated with persistent medial
hypertrophy of renal arterioles. In the media of renal arterioles, histone acetylation was
enhanced during salt loading, and the enhanced histone acetylation persisted even after
stopping salt loading. The gene expression of MMPs in the renal arterioles collected by
LCM increased during salt loading, and did not decline even after stopping salt loading.
On the other hand, in the tubules, enhanced histone acetylation by the salt loading
returned to the initial level after completion. In the long-loading model, hyper-acetyla-
tion in the tubules was exacerbated and severe hypertension lasted long even after salt
loading.

CONCLUSIONS: In the short-loading model, the persistent medial hypertrophy along
with sustained histone hyper-acetylation and elevation in MMPs expressions in the
renal arterioles were suggested to cause partial elevation of blood pressure after transi-
ent salt loading. In the long-loading model, DOCA-salt seemed to alter the epigenetic
modification of gene expressions in not only the arterioles but also the tubules. The
strength of the stimulation may affect the focal epigenetic modification in each segment
of the kidney. The focal epigenetic modification in the kidney due to environmental
factors would participate in the onset of persistent hypertension.
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INTRODUCTION AND AIMS: High blood pressure (HBP) is a worldwide public
health issue. The pathophysiology of primary HBP - the most common form of HBP -
remains largely unknown. Recent observations in rodents and patients suggest that gut
microbiota (GM) may influence BP homeostasis, namely via carbohydrate fermenta-
tion end-products.

METHODS: After informed consent, male patients and volunteers were prospectively
recruited and categorized into 3 groups according to 2013 European Society of
Hypertension criteria based on 24-hour BP measurements (Spacelabs 90207) : (i)
hypertension (24-h BP#130 and/or#80 mmHg or in the presence of an antihyperten-
sive treatment); (ii) borderline (24-h BP<130-80 mmHg but with either an isolated
daytime hypertension (#135 and/or#85 mmHg) or a nocturnal hypertension (#120
and/or#70 mmHg)); (iii) normotension (24-h BP<130-80 mmHg and untreated).
Stool, urine and serum samples were systematically collected in fasting conditions. GM
characterization was performed by V1-V3 16S amplicon sequencing and metagenetics.
Metabolomics was conducted on the 3 types of samples using nuclear magnetic reso-
nance, and short chain fatty acids (SCFA) were quantified. Two-way ANOVA com-
bined with Tukey post-hoc test were statistically used.

RESULTS: The cohort included 55 males (mean age: 55.5 6 10.5 years): 39 with hyper-
tension (21 treated with antihypertensive medications), 7 with borderline BP, and 9
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with normotension (Table 1). No significant difference was observed between groups
concerning age, BMI, rate of smokers and weekly alcohol consumption. Eight partici-
pants had diabetes and all were in the hypertensive group. History of cardiovascular or
gastroenterological disease did not differ as well as the frequencies of antibiotic treat-
ment during the previous 3 months before data collection. GM from hypertensive and
borderline patients showed significantly increased abundance of Prevotella genus and
reduced presence of Bacteroides genus in comparison to controls. SCFA levels were sig-
nificantly different among groups, with stool levels of acetate, butyrate and propionate
reaching 63.2 6 5.6, 19.8 6 2.8 and 16.7 6 2.4 for untreated hypertensive patients ver-
sus 16.0 6 4.7, 4.4 6 1.4 and 3.6 6 1.3 for normotensive individuals, respectively. No
significant difference was observed in serum and urine metabolomes. By contrast,
regression lines for stool metabolomes of patients highlighted correlations with mean
(MBP), systolic (SBP) and diastolic (DBP) BP levels. Stool samples from untreated
hypertensive, borderline and controls patients correlated with MBP levels, with R2 coef-
ficients reaching 0.86, 0.94 and 0.94, respectively. Similar R2 values were obtained
regarding SBP and DBP linear regressions.

CONCLUSIONS: Our pilot study supports an association between GM composition
and BP levels, with significant impacts on stool abundance of fermentation-derived
SCFA.
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INTRODUCTION AND AIMS: High fructose intake has been reported to induce met-
abolic syndrome in laboratory animals and humans. Although it has been also reported
that the combination of fructose and high salt diet enhances sodium absorption and
causes the elevation of blood pressure (BP), its mechanism and the role of the fructose
metabolizing enzyme is unclear. The primary enzyme fructose metabolism is ketohexo-
kinase (KHK). Here, we examined whether fructose metabolism plays a role in the reg-
ulation of sodium absorption and BP by using KHK deficient (lacking both isoform A
and C, KHK-KO) mice and porcine kidney epithelial cell line (LLC-PK1).

METHODS: Male C57BL/6 background wild-type mice (WT) and littermate KHK-KO
mice were used (3 months of age, n¼6, Results 1 and Results 2). Study1; Both WT and
KHK-KO were assigned to four groups (CDþWa, CDþ Fr, HSDþWa, HSDþ Fr).
They were allowed ad libitum access to normal control diet (CD) or 4% high salt diet
(HSD), and had free access to water containing 10% (w/v) fructose (Fr) or tap water
(Wa) for 5 weeks. BP was measured every week by tail cuff method. After urine collec-
tion using metabolic cages, mice were sacrificed after 6 hours fasting and samples were
obtained. Renal histology was evaluated by immunohistochemistry for mouse KHK
and NHE3 (sodium-hydrogen exchanger 3). Gene expressions in kidney for mouse
KHK, NHE3 was assessed by real-time qPCR. Study 2; To investigate the effect of fruc-
tose intake on renal sodium reabsorption without intestinal absorption, WT and KHK-
KO mice fed CD plus Fr for 5 weeks were administered intraperitoneally (i.p.) with 1.5
ml of normal saline, then urine was collected 6 hours later. Study 3; To investigate the
mechanism of the relation of fructose metabolism by KHK to NHE3 activity, LLC-PK1
cells stimulated continuous fructose were knocked down by specific KHK siRNA and

fructose induced NHE activity were studied by using BCECF, the NH4Cl pulse techni-
que and inverted confocal laser microscope. Data without indications were analyzed by
ANOVA, Tukey post hoc test. All data are presented as the mean 6 s.e.m. P< 0.05 was
regarded as statistically significant.

RESULTS: Study 1; Combination of fructose and high salt induced the elevation of BP
with decrease of sodium excretion and increase of mRNA expression of NHE3 in kid-
ney in WT mice, but not in KHK-KO mice. KHK-KO HSDþFr mice WT mice given
high salt diet without fructose did not induce the elevation of BP nevertheless of higher
sodium intake than WT mice with combination fructose and high salt. Study 2; WT
administered with Fr alone showed a decrease in urinary sodium excretion after sodium
loading via intraperitoneal administration Study 3: A significant increase in NHE activ-
ity was observed depending on the fructose concentration, and it was accompanied by a
significant decrease in intracellular cAMP. On the other hand, elevation of NHE activity
was significantly suppressed by knockdown of KHK.

CONCLUSIONS: These results suggest that fructose metabolism by KHK is involved in
the development of salt-sensitive hypertension through increases of renal sodium reab-
sorption by NHE3.
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INTRODUCTION AND AIMS: CG200745 is a novel inhibitor of histone deacetylases
(HDACs), initially developed for treatment of various hematological and solid cancer.
HDAC inhibitors also have known as blocking cardiac hypertrophy and fibrosis. This
study investigated the renoprotective effects of CG200745 and their molecular mecha-
nisms in deoxycorticosterone acetate (DOCA)-salt hypertensive (DSH) rats.

METHODS: DOCA strips (200 mg/kg) were implanted in rats 1 week after unilateral
nephrectomy. Two weeks after DOCA implantation, DOCA-salt rats were randomly
divided to receive CG200745 (5 mg$kg% 1day% 1) or not for another 2 weeks. Systolic
blood pressure (SBP) was measured by the tail cuff method, and the urinary albumin-
to-creatinine ratio (ACR) was calculated. The extent of glomerulosclerosis and tubu-
lointerstitial fibrosis was determined by Masson’s trichrome stain. Renal expression of
alpha smooth muscle (aSMA), transforming growth factor-b1 (TGF-b1), Bax, and Bcl-
2 were determined by semiquantitative immunoblotting, polymerase chain reaction
(PCR), and immunohistochemistry. TUNEL staining was used for detecting apoptotic
cells.

RESULTS: The increased SBP in DSH rats was attenuated by CG200745 treatment. The
decreased creatinine clearance and increased ACR in DSH rats, compared with control
animals, were attenuated by CG200745 treatment. Further, CG200745 treatment atte-
nuated glomerulosclerosis and tubulointerstitial fibrosis in DSH rats and counteracted
the increased expression of aSMA, TGF-b1, and Bax and the decreased expression of
Bcl-2 in the kidneys of these rats. The increase in the number of apoptotic cells in DSH
rats was attenuated by CG200745 treatment.

CONCLUSIONS: CG200745 effectively prevented the progression of renal injury in
DSH rats via its anti-inflammatory, antifibrotic, and antiapoptotic effects.
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INTRODUCTION AND AIMS: Chronic kidney disease caused by metabolic syndrome
(MetS) is characterized by proteinuria, sodium retention and hypertension. In the set-
ting of proteinuria, plasminogen/plasmin filtered through damaged glomeruli could
activate the epithelial sodium channel (ENaC) leading to hypertension, independently
of plasma aldosterone. In this study, we evaluated effects of a synthetic serine protease
(SP) inhibitor, camostat mesilate (CM) which inhibits the plasmin activity, on the uri-
nary serine protease activity and blood pressure in a rat model of MetS with high-salt
(HS) diet. In addition, we studied protective effects of CM against podocyte injury.

METHODS: Five-week-old spontaneously hypertensive rats (SHR) and control
Wistar-Kyoto rats (WKY) were divided into WKY, SHR and SHRþCM (Experiment
1); and 13-week-old SHR/ND mcr-cp (model rats for MetS) were divided into normal
chow (NS), HS (8.0% NaCl diet), and HSþCM (Experiment 2). After systolic BP meas-
urement and 24h urine collection were performed for 4 weeks, rats were sacrificed for
histological examination. The urinary plasmin activity was evaluated by zymography.
Cultured murine podocytes stimulated with high glucose or aldosterone were treated
with CM.
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