BhpEs 1648

BB EDNEREKARNE, TV T7IVIR, BB &IE T 2O

AR, MR RS &

BEK®

VR AL IR AR Oy TR R SRR, 2 KPR R A TR B R R

B E SR ERFEETEAO EFETHY, ZOHRBAEBIZINT, RERENE EFICEDT7 V7RI
INEEREEE RIZLTODEBZLNTOLDN, MRIHIT AT Tho, FoffEREIX M EOBER FTHD, KER
RNERIE I BATAN AR THEL V2, e —h~— A —E U CRERRIERS DT V7 I EARIEL, oA

fif, FERIRAGE, BILBIE T LV COR(LEAREILI,

2 FEHOBE WA Z I, IARAE COT VT IV TR TERNATN S Iy I 2T~ AR L,
BET O EHROEEHDIHERFRDOHEREAT o1z, SUASDE S AFIIT VT IV R BALSEIRIN- 1278,
ARERIRA T V7 I & 3AFITIEINS Tz, Fo~v U ASORERIF BRI AT V7 I 8% 2 fFITHnsE e,
EALENRE 7 v LU GEALRME TOT V7 I BRI L 7o~ 7 A CHL A R 2A T LM s R 2R LT,

LUEXY, 555 A5 36 LOWE R PR RE TIISRERIRNEA L TODZEATRIRSHL, BLESH DRI
TR MR T SRERENER T2 B3 ZEBRHERES N TOLBURD T AR T A TR U TR E FRURILA #R L
Tz 1z, wilinE OHREERO KRR L CEALRME ORREAR b B X DU EDHLEE A BN,

1. IEEM

HEEE O L BB L UMMM N Y AR RAATFR
(ANP, BNP) DEREFEHICHE HL, BNP WEIF BN
VAV 2=y I AB LD, ANP/BNP ZREKTHD
guanylyl cyclase A DK~ A(GCA-KO) z2 VT, Il
JE < SRERRNE O FH - B IR E 21T 5T R Y LF R~
TFR/GCA ROEFRLMIAL, 05 EE)—RLTE

7203 Bt TIEB AR R A MR 72 GCA-KO Z/ESIL,

o+ 7 VR AT O AL DTN Y AT, & fE,
ARERENE EAA DB REFEOHRREIZIBVT, ANP OR
RYA MO EHAEH PN B IRE NI A R T ZEAFERL,
JREFIZ o 52 ANP DOZ R AEROFTLWZ—S v el
TARRYANEFREL TNDHES),
SRERIRNIE D RIS MEREG DopE RGO & DA
T59 BLEEE CHBIC RO N LB XN TVWDEN, £
OWE XD THLN =0, JHIE~DO BTV IT43121E
RIS AL TR, F R T L7 I PR B TR BRI
NEOYas —hv—h—LE 2L TEY, LilE A~

URETRITAEERRFFELTHIERSITNDO, L
MUIR DD RERIRE ARSI T V7 DR D3RR
I CTHRINEND T, JRP T A7 I Pe &Ik
EKIRNIED Z 7257, JRIE OMRE DR B %L TR
TLEIEVIREN D ~T7-02 1), 48], 1551k 28 Hifft
Z T 1) SR 231 BT LT S BRI A T
L, REKRZSBENTZT LTI O ~~THONR Ik
IND~IAEVERIL, SRERIKT V70 Al e B
WD EEZRE L,
BHEEIREILNEOHER T ThHHDTUO, K7t
T, BARERENEOSBUEE L L CGRERIET L7
A ERIZAE B L, S AT KO IR E 35
BEVT NEA LN T D, ZOHFIER, FREET L~
IS RECTHDI=0, WICITHERIFEBET T vzl
DT NT I HBEEZHASLINCT D, SHIT, RME O
WR I RE 2R L 7=~ A1, BABIC - TALH %M
DETFTNELEZSLNHO T 1 SR )N AL
BT VI KIET BT T2, DL EORFFRIZEY, K&



ERIAPNE - 70 7 PR - BALB RO s S oy R R
LR E ORI HRILL TS,

2. AR AE
2. 1. REKARNEDIBIEELTREAFTILIIVABE
HEHRIT B AEDRRE

SRR LM RME TOAT VAR T VT I
WAL CED ATV ) B < R ERILT, £
D722 megalin floxed mice (9% Ndrgl-CreERT2 mice
UDEAZF/L, 6 WA THEXFT 72 %2851 (150 mg/kg
body weight, ip, 3 H [#f]; Sigma-Aldrich), Eh=7/e8E s 1
FA A Z ZAT 7208, <07 20D JRAE BN B2 # At 4
D HEDO— o2&l Tt ik (Alexa546, Life
Technologies) L 7= retinol binding protein (RBP) % . #/lk
JUEE L7 (1 pg/g body weight) , RBP D431 &3 7 /L
TIVD 13 THY, REREENRIGEEL, FTALRAE
(CTHRINS T,

2. 2. BOBSEREOZEOFHE

BHOEAED 0.03% (IKH7), 0.8% GEH), 6% (5
Wy DREEZEEALIZ(RAZLT ), ZhHD RN~
D ADYE 5y RN BB IC K IAE T R B O RRET CIT R A H
DEUTEAMIO 3 ARNCHE B LTS, 7 HRICITERRTE
IRHEMESNIZ, BIRMATRAZIE, v~V A& — L DX
W —IIEL, AFEORNTEOLINAEETo7, KT
7 V7 0% Sandwich ELISA (Z CHfll & L 7= (Lbis,
Shibayagi) , Il 13 tail cuff % (MK-2000ST, Muromachi
Kikai) Z FHWTHIEL, it 6 [RIOBTED V- 0

RO MEL LT,
2. 3. ZILBRWET IVICHEITHIEDBRIND#EET

m R E CIXRIEMREOIR T, REHIR, BREOFE
i, IR R AMEZRE 2 IR LIRS, H55 O WL
NBMET L TCODIENRIBEFUTET=), 2D 55 1%
IR B3 Z N,

MBI, R EEOHEORIE I E R
—REEL TWTY, RS ORI RITIXEIE
B PEMLBEMAL LT 22 A ME L TRy, Atk
B E DB R H D T LB R~ LT EL
WAT =X BEAEIR L TVAIS 1D Z D 570 e Tl
PLRHE OFRIE N IR T T 2& TSNS, &
EENEDTT N ELTABY L o7 BT~ A BT L
77
2. 4. ERAEMEEETIILO®E

FEPRIB DAL DIZDIZARN- T I v 25 1LT
(100 mg/kg, ip, 3 H fi; Sigma-Aldrich) ?9,

3. MIEHER
3. 1. RERAETILTIUABEDETE
HIFFGNEAT Y ) B =T AITKILT, ZEF
V72 %3 HEHAWE S HETURHESHAWITE A E)
HARGETHE, BIRICBITAATVEHORBIIZEN
ZI 74%, 2% LIZ[R1], 2hbn~T A28, T
RETNTI, BONIIRMEEE A~ —H—Th
LIRFINGAL Z2JET 28, (KHEEEHEOZEXFT T
TG DORF BT, [RPTIVTIVN 16 1%, R

Low dose Tam

High dose Tam

Control KD

Mice :

ERADIORKRICESRERE,

High dose Tam 15

(1] AHV /9959 I ZADER

B BBEERPOAH) O EADImmunoblotl 2L S EE,
AEXL I (Tam)DIERAEHHVIETSHEHR EICIYEBE R E D #H(Segments 1-2)
HBENIB2ED(S1-S3)DAH ) EARBAGEELT=,

Protein
(Megalin/B-actin)

P<0.05 | P<0.05

o =
[3,] o
untreated H

Low dose :|-I

High dose|]




NGAL 7% 900 {FIZHIIIL, ZEFS 72l O GRELILT 4 REOT~TISH VTG EI 40 95 mmHg THY,
FEMETHI ThOLZEREN(R2), FATV EERDRD T,
DB ADFRAFT VT I PRI 400 mg/gCr T

HY, EFH T AORKELIERSNDT LT I DR
FEIXEhOBET VT U RO ERR (300 mg/gCr) 22T, Urinary Na/Cr Ratio (mEq/gCr)
BHET L7 L RICH Y F B BT DT LS HIBAE - 50007
72, SEREIIBATLS NGAL ORIEIEIE 80 mg/eCr, 40 O ot et
ug/ml FRIECTHY, B NCITRUMIEIZ L2 f EAE D 2VER 30009 Z* Cont + High Salt
T PUH B T T, 20001
3. 2. BOEHERESARET LI HBEICEE 10007 2o T
FTRE ’ Day0 Day1 Day2 Day3
AV 797 F G TGARLVA PR AT T AILE (R3] AU /o8RRI B BB LT L
RO N B ORUER ) P | SORISO S se ar
WO EIIETT5E, [AEROHEE TRERFIIZIR o Na HE
HMeASHEOL, 3 H ™ 300 mEq/gCr 2352 D 10 {52380 Urinary Albumin Excretion (pg/day)
LIE3], 14 B#ECTREEOL L Thore, IITRTT %0 <© -+ High sat
N7 \/ﬂrsrrt_rmm%e I I B AN ERRY B 0
B G2 TG AIE T VT U HREEDS 3 RISl R %00
ﬂ?ﬁilj\?}f@hﬂ%}iﬂﬁ%bfb VHObDEE zHTZ[H4], 0L KD + Normal Salt,
ayha— =R S AREZLTH, BT VTR 1o ’ I Cont + High Salt
RORINE DI T, P Towo  owr omz ows
AHYL S92 Y ABEOAV PR ARIRE | G ot hsommoe R b oA v ok
TR RIS Py B B B O ME AL b m s, | TVIS B nUAREBRARE £L T BEER BT,
REB7ILIZY (ug/mgCr) FRENGAL (ug/mgCr)
W‘Qm 120 ———=—1 p<001
400 . _\
o p < 0.01
- I
200 ]
40 -
0 — 0
Tam | ERR i Tam | E@AE B i
Mice WT KD KD Mice WT KO KO
[R2] ARV /99T T HRIZEITHRBPTIVIZIUEKLUNGALEE
REX LTI (Tam)DERAEHIVNIBARRSICKYRBTILII V1665,
NGALIZ900fFIZIEMML . COENRKKBBINILEICHATLHEEZONT=,




3. 3. ZILBRETIVICHITDIENBRINDRE

ABV I 7B = AT R AR T ORI
RRAMETL, BREEMROET VEEZLND, REH
19 NaCl % 0.8%2>5 0.03%IZHIBRT2E, AHVY /vy
F vy ABLNarha—/LwyAEHIZ 3 HIZIZR
Na PEHEAS 173 128D L7223, 1 BEOEESCIEATI L/
VI ADPRH Na HEfH I R e 2 R LT
Y, Na OFRINAA - EIHIEROIRENFIET DB %
bivle,
3. 4. BERFEMEETT L O&E

AR R 10 38 0 -84 T B I R 1
159411 mg/dl 75 619484 mg/dl £T LF- L7z, £7-HE R
FRRRE TIRARERIR T V7 A BI3H 2 5L,
RERIENED EH P REENT,

4. B

s BT E FAWT, T IR A HIL
ATV )P B = AEAERR UTZ, 2D~ A5y
ARHDWITHEIRFRERLZITHE, SRERIRIERS LT v
TIARENENTIN I EHHT 2 HITHEINL, SRERIK
NIED ERAZ BT DR REE 2 DL, ZHVETHRER
RNEOFZRN D CTREECTh o703, RIFFEICID
07—k — A —OEEN U CE Bl fl e S e o
77

Alal, Y ARIZR P T LTI PR R E A L N
SERVEIPAN ThH- Th, SRERIKT LTI Al &% 1
IMEELHZEDNREN, B AMITRERIEORE, L<I2
RV A MK U CTELI 2R AR 2% B 2 ot T B 2 3
PSHTe, ORI S ME, A PRI <18 1 s 2
THEEIZRBWTESHIREITIZEN, TV TIVIR-
R HREBHSE DLW REIRIFIECORLBATO T AR T A
AHELEO 2200 FfE R ERR LD — D L7252 E 2 BT,

— 05, ARV I I H T AR R DOFERE LT
LB DOET L ELTELXTGAITIL, o HIIRIHCE
DET I~ ATHIEE RO RBINE R LT, ZOZE K
v, BB DHEEHE A OJR R LT, AR
TN BIF AT AR AT ar DVERREDB25F, I
PEIRABAE D Na BRI B 32 Al REME D H 2 L2 1
SN UTZ, AWFFEDOIRREL TiE, BEFEREZ BB IC
aha— L L TCWRW 2D, ATV Iy B =T Ak

2 b= LT AD R B RS S R D AT HE
PEITATECTEAR,

Llal, AHVY oI B~ Abar ha— < AD
BT, SKRERRIEET V7 & B IR ERN
RV DEHEESNDD, WAL R 7B TOT VT IV
W a9 5L, w7 e NEE CTERET DR
HOTNTIVEIFADN S oI X~ ATliEarba
— LR AD 16 fFIZETHML Tz, —fRIZr7e—
ECIXRERE, SR Roh, TOMFLELT
under filling (I PN/ IZ L DAAERY Na B IOTHE) &
over filling (IMATEYEE, L =2 T LU T - TILRA
TR SRIEMEABIZ D720 Na BRI O [ HEMIEEE) Ol
FH ORGP EESILTNDE 2, L8], AV )72
VR ASDBPEDIE Sy Fi Tl Na HRIHIEZF T RS
N2 OO HI R Tl EIE R OFE R bz oTe, &
BROFELEL T, 2O L8572 Na NURUZ OFRFEIZEEL
T, BT Na B CEEREEEZ RI-T o AR—
B —RECTHHUINLRAIE D Slc9a3 (NHE3), ~> L 4T
> Sle12al (NKCC2), izl &A% Sle12a3 (NCC),
AL 71 Sennlb (ENaCB) 72X DI BLZEAL LHEREIC
DNTIHRFTT DU ERHD,

5. # &

AW E AT DICHTZY, LRI EEZHELTA
EEATHYE N VR e DA = ZRFZE AN D D SR R L
EFET,

6. 5|k

1. Kasahara, M., Mukoyama, M., Sugawara, A., Makino,
H., Suganami, T., Ogawa, Y., Nakagawa, M., Yahata, K.,
Goto, M., Ishibashi, R., Tamura, N., Tanaka, 1., and
Nakao, K. (2000) Ameliorated glomerular injury in
mice overexpressing brain natriuretic peptide with renal
ablation. J Am Soc Nephrol 11, 1691-1701

2. Suganami, T., Mukoyama, M., Sugawara, A., Mori, K.,
Nagae, T., Kasahara, M., Yahata, K., Makino, H.,
Fujinaga, Y., Ogawa, Y., Tanaka, 1., and Nakao, K.
(2001) Overexpression of brain natriuretic peptide in

mice ameliorates immune-mediated renal injury. J Am



Soc Nephrol 12, 2652-2663

. Makino, H., Mukoyama, M., Mori, K., Suganami, T.,
Kasahara, M., Yahata, K., Nagae, T., Yokoi, H., Sawai,
K., Ogawa, Y., Suga, S., Yoshimasa, Y., Sugawara, A.,
Tanaka, 1., and Nakao, K. (2006) Transgenic
overexpression of brain natriuretic peptide prevents the
progression of diabetic mice.
Diabetologia 49, 2514-2524

. Ogawa, Y., Mukoyama, M., Yokoi, H., Kasahara, M.,
Mori, K., Kato, Y., Kuwabara, T., Imamaki, H.,
Kawanishi, T., Koga, K., Ishii, A., Tokudome, T,

Kishimoto, I., Sugawara, A., and Nakao, K. (2012)

nephropathy  in

Natriuretic peptide receptor guanylyl cyclase-A protects
podocytes from aldosterone-induced glomerular injury.
J Am Soc Nephrol 23, 1198-1209

. Kato, Y., Mori, K., Kasahara, M., Osaki, K., Ishii, A.,
Mori, K. P, Toda, N., Ohno, S., Kuwabara, T,
Tokudome, T., Kishimoto, I., Saleem, M. A., Matsusaka,
T., Nakao, K., Mukoyama, M., Yanagita, M., and Yokoi,
H. (2017) Natriuretic peptide receptor guanylyl

cyclase-A pathway counteracts glomerular

injury
evoked by aldosterone through p38 mitogen-activated

protein kinase inhibition. Sci Rep 7, 46624

. Dworkin, L. D., Hostetter, T. H., Rennke, H. G., and

Brenner, B. M. (1984) Hemodynamic basis for
glomerular injury in rats with desoxycorticosterone-salt
hypertension. J Clin Invest 73, 1448-1461

. Bigazzi, R., Bianchi, S., Baldari, D., Sgherri, G,
Baldari, G., and Campese, V. M. (1994)
Microalbuminuria in salt-sensitive patients. A marker
for renal and cardiovascular risk factors. Hypertension
23,195-199

. Cooper, M. E. (2001) Interaction of metabolic and
haemodynamic factors
diabetic nephropathy. Diabetologia 44, 1957-1972

. Levey, A. S., Coresh, J., Balk, E., Kausz, A. T., Levin,
A., Steffes, M. W., Hogg, R. J., Perrone, R. D., Lau, J.,

Eknoyan, G., and National Kidney, F. (2003) National

in mediating experimental

Kidney Foundation practice guidelines for chronic

kidney disease: evaluation, classification, and

10.

11.

12.

13.

14.

stratification. Ann Intern Med 139, 137-147

Hillege, H. L., Fidler, V., Diercks, G. F., van Gilst, W.
H., de Zeeuw, D., van Veldhuisen, D. J., Gans, R. O.,
Janssen, W. M., Grobbee, D. E., de Jong, P. E.,
Prevention of, R., and Vascular End Stage Disease
Study, G. (2002) Urinary albumin excretion predicts
cardiovascular and noncardiovascular mortality in
general population. Circulation 106, 1777-1782

Ito, S., Nagasawa, T., Abe, M., and Mori, T. (2009)
Strain vessel hypothesis: a viewpoint for linkage of
albuminuria and cerebro-cardiovascular risk. Hypertens
Res 32, 115-121

Tojo, A., Onozato, M. L., Kurihara, H., Sakai, T., Goto,
A., and Fujita, T. (2003) Angiotensin II blockade
restores albumin reabsorption in the proximal tubules of
diabetic rats. Hypertens Res 26,413-419

Dickson, L. E., Wagner, M. C., Sandoval, R. M., and
Molitoris, B. A. (2014) The proximal tubule and
albuminuria: really! J Am Soc Nephrol 25, 443-453
Leheste, J. R., Melsen, F., Wellner, M., Jansen, P,
Schlichting, U., Renner-Muller, 1., Andreassen, T. T.,
Wolf, E., Bachmann, S., Nykjaer, A., and Willnow, T. E.
(2003) Hypocalcemia and osteopathy in mice with
kidney-specific megalin gene defect. FASEB J 17,
247-249

15.Endo, T., Nakamura, J., Sato, Y., Asada, M., Yamada, R.,

16.

17.

Takase, M., Takaori, K., Oguchi, A., Iguchi, T., Higashi,
A. Y., Ohbayashi, T., Nakamura, T., Muso, E., Kimura,
T., and Yanagita, M. (2015) Exploring the origin and
limitations of kidney regeneration. J Pathol 236,
251-263

Appel, L. J., Brands, M. W., Daniels, S. R., Karanja, N.,
Elmer, P. J., Sacks, F. M., and American Heart, A.
(2006) Dietary approaches to prevent and treat
hypertension: a scientific statement from the American
Heart Association. Hypertension 47,296-308

Takaori, K., Nakamura, J., Yamamoto, S., Nakata, H.,
Sato, Y., Takase, M., Nameta, M., Yamamoto, T,
Economides, A. N., Kohno, K., Haga, H., Sharma, K.,
and Yanagita, M. (2016) Severity and Frequency of



18.

19.

20.

Proximal Tubule Injury Determines Renal Prognosis. J
Am Soc Nephrol 27, 2393-2406

Yokoi, H., Kasahara, M., Mukoyama, M., Mori, K.,
Kuwahara, K., Fujikura, J., Arai, Y., Saito, Y., Ogawa,
Y., Kuwabara, T., Sugawara, A., and Nakao, K. (2010)
Podocyte-specific expression of tamoxifen-inducible
Cre recombinase in mice. Nephrol Dial Transplant 25,
2120-2124

Ishikawa, S., Fujita, N., Fujisawa, G., Tsuboi, Y.,
Sakuma, N., Okada, K., and Saito, T. (1996)
Involvement of arginine vasopressin and renal sodium
handling in pathogenesis of hyponatremia in elderly
patients. Endocr J 43, 101-108

Kuwabara, T., Mori, K., Mukoyama, M., Kasahara, M.,
Yokoi, H., H.,
Kawanishi, T., Ishii, A., Koga, K., Mori, K. P, Kato, Y.,
Sugawara, A., and Nakao, K. (2012) Exacerbation of

Saito, Y., Ogawa, Y., Imamaki,

diabetic nephropathy by hyperlipidaemia is mediated by
Toll-like
2256-2266

receptor 4 in mice. Diabetologia 55,

21.

22.

23.

24.

Esnault, V. L., Ekhlas, A., Delcroix, C., Moutel, M. G.,
and Nguyen, J. M. (2005) Diuretic and enhanced
sodium restriction results in improved antiproteinuric
response to RAS blocking agents. J Am Soc Nephrol 16,
474-481

Stevens, P. E., Levin, A., and Kidney Disease:
Improving Global Outcomes Chronic Kidney Disease
Guideline Development Work Group, M. (2013)
Evaluation and management of chronic kidney disease:
synopsis of the kidney disease: improving global
outcomes 2012 clinical practice guideline. Ann Intern
Med 158, 825-830

Humphreys, M. H. (1994) Mechanisms and
management of nephrotic edema. Kidney Int 45,
266-281

Vande Walle, J. G., Donckerwolcke, R. A., van Isselt, J.
W.,, Derkx, F. H., Joles, J. A., and Koomans, H. A.
(1995) Volume regulation in children with early relapse
with or without

of minimal-change nephrosis

hypovolaemic symptoms. Lancet 346, 148-152



No. 1648

Effects of Salt Intake upon Glomerular Blood Pressure,

Albuminuria and Aging Kidneys

Kiyoshi Mori!, Hideki Yokoi2, Keita Mori>

"Department of Molecular and Clinical Pharmacology, School of Pharmaceutical Sciences, University of Shizuoka

Department of Nephrology, Graduate School of Medicine, Kyoto University

Summary

Hypertension and diabetes are major causes of end-stage renal disease. Intraglomerular hypertension and
subsequent increase in albuminuria, presumably, play a pathophysiologically important role in such renal disorders.
However, detailed and quantitative analysis have remained elusive. Furthermore, salt intake is one of
determinants of blood pressure. Since measurement of intraglomerular pressure is technically quite difficult, total
amount of albumin filtered through glomeruli was measured as its surrogate marker. Changes in filtered albumin
were also investigated in response to salt loading, induction of diabetes and in a model of aging kidneys.

Two lines of genetically modified mice were mated and megalin knockdown mice were generated, in which
albumin reabsorption was potently suppressed at the proximal tubules. Salt intake was altered or diabetes was
induced in those mice. ~Salt loading did not alter urinary albumin excretion, but glomerular albumin filtration was
increased by 3-fold. Moreover, diabetic mice exhibited 2-fold larger amount of glomerular albumin filtration
compared to control mice. Salt restriction in megalin knockdown mice, as a model of aging kidneys with
impaired albumin reabsorption activity at proximal tubules, resulted in salt loosing phenotypes.

Through these findings, it was suggested that intraglomerular pressure is elevated by salt loading and
hyperglycemia. The present study in basic science provides a rationale for the current guidelines recommending
to aim reduction of systemic blood pressure and intraglomerular pressure among patients with hypertension or
diabetes. Furthermore, malfunctioning of proximal tubules seems to be a possible cause of salt loosing syndrome

in the elderly.



