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Role of Ketone body metabolism in diabetic kidney disease
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SGLT2 inhibitors, an important class of anti-diabetes drugs, have been found
to offer potent protection from kidney disease, a critical comorbidity of diabetes. But how they
offer such protection has not been clear. The present study showed that SGLT2 inhibitors promote the
elevation of ketone bodies by enhancing ketogenesis. The ketone bodies, in turn, were shown to act
on kidney cells where they inhibit the excess activation of an important energy-sensing
intracellular pathway, allowing better function of the organ. Such an effect could be replicated by
exogenous supplementation with ketone bodies, even in non-diabetic mouse models of kidney disease.
Thus, these findings have broad implications for the potential treatment of kidney pathologies.

mTORC1



B X C—19, F—19—1. Z—19 (Gm)

1. BFEBRBYMIOER
FERIFMERE (BYE) 13D EOBHEANFIEES 1L CTH Y . BIE 7% OUEIL 2GS et
MThod, BIEEXT VT I VROMBUIGE D | Z D% ORMERE DR & LITEERENME T
THEITHEDORB L SNTE7, Lzl IEORKIFZE T, Bk fbl - mEZHICEY, —
EROFEFITIX, TAT I VIRNE « BIRET 5 2 ENHRESHTWD, 2D KD RIGROAFDINE
DRIND—H T IREORILIZLED LT, OREOT AT IVREZE L, BHIZEARARICE
Z5ER (Rapid decliner) @IEH & 5 WIZHHI T L7 I LR & BEERE DMK T4 5 5 (Early
decliner) MFET D Z ENHLMNZEND 72 E, BIEDRED AL &\ 9 FiTo 72N A L
TEY ., ZHHEEMERIEICRT T DIREOMEIR, IBEEOBIRENRS HEN TV 5,

T, IR RO BRI 2 BN &% SGLT2 FHAESEASHrllbE RIFE & L CHRISH S D X
TRV TAT X UROFECHRIE ORI &9, ASAI 51T X v B BRE OB hE
KFHEENLET D Z L, ZTOREIMOMBPERE FIREICH LIBD TERL TV D Z ERHE S
-, Z ORI, SCLT2 FHZEZEA Rapid decliner X2 Early decliner &\ o 7Bl O MG
JEICH L CHAZTH Y, thoIERNILARVWIE OBEEER 2 AT 2 TREtE2 RI2 L TR,
Ltk OB IERRICRK X 2R TFE LN TV D, L UARIEANTIE, Bk, REEEY, TRk
P ORWER bHE S TWA, £ 2T, SOLT2 PHEMROBLHEMELTEY . FOHIWER T %
P UT=HTHRIGRIEDORRZITH) Z 20N, 5% O L0 BOBIEIRIFIC RN b e E 21BN 5,

ATOWILEMIIL, 7 RokE JBUIRE. 7 RO WFNEIRIC ATP 2EA L, 044
IEBENZHERE L TV D, ZOFRIHEIL, BEREIRSFEICKGE L, HRICHB SN TWh DR, 2
NG 3 ODREROMPEEIL, @B LT, A4 AU OB LY 23D T 5, Lo
T, BERFABEICBIT 23LRIET OBE A AU MERIL, 3RBELETCOMPEELEL
AT s, HERMBEOHEM, EmTHRoElEZ G763, BEBREWE|Z, SCGLT2 FHEHK XA
VAU AR TS BEDO S N RRE LR EZ LT 6T L i, TIVE TORERIETREIEIC
TN R ~DOEENH Y . ZOMBERE FICNX 77 b AR ER DRI D72
Dol bERIN TS, ZHETIZ, MRORICBWTIE. 7 b ARRIHOTCHER, TAd
MBS RIER L R D ATREME AV R EN T WD A, BIgICBIT 57 RO TEIC X 5
AN = L X — R OUED . BIETRIRICEN D NIREARHTH Y . ZOMHIT I 0 B
WA MEBETREDOBRRIC RN D Z LA SN 5,

2. DB

AR ClE, AR R 70B  FWE ~ 7 AR 2 & eEi £ E2 A, Blgickir 57 b
BFEEIC L D2 =V F— RO dE . HEIRMERE O FHEEIREIZEN & 72 0 1525 2R
AFET 5, ARFZECIZEMAMICLLTO Z & 2t Lz,

O b ARDHERFABIE T T /L~ 7 A DB BEE I LIT T 2,

@SGLT2 PHESR DB RN R IT D7 b AR FH/- OB OfiRH,

@7 b AR L D BRSO oy T HEHE,

3. HFRDFE

OIMH 7 N ARDHEEF DN BIET T /L~ 7 A DB EE I R IT 78,

1,3 7 XA — i~ AR ARG ARETH Y | WU A > A U IR I b
UE(B-OMB) IZEME S NA, v T RICKTAH 1,3 T XA —NEABIZLY A TV R—
ANZTR BIROEREE (1. 5mmol /L /%) DIH 7 b AKEE OMERF N BETH D, 1,3 T X UF
— VBT X ARG N ARIERE D F R SEEREN R A R T ARG LT,

@SGLT2 FLEH D BN T D7 b ARRE EH OB DM,

HMGCS2-Mutant ~ 7 A& FHW N, 7 b UREAK FOABIEIC RIFTEZ R Lz, BIEET L~
7 AR5 SGLT2 FHEIMDOBMEH#HN R 2R LI-0 b, FOhE 2 IMGCS2-Mutant <7 AT
HET DDENEHER LT,

@ b UARIT X D B HESD R D oy 1R,
AN ARIC & B BRI R A AN Y VT VICER LIRS EIT/ 572, FFIZ mTORCL & 77
Jb & OBE AR LT,



4.

1) %ﬁ?’éﬁ%ﬁ@%m ATP jEA:  EMEMREEHN B & h o 5B AL FRARE KA
W7 MR ESBEL LTV,

Rk & A R D I O — O UT L R A
MR, Joske. ATP BEAEICARNGEE 2 FIH
T5EEINTWE LR, AR
T, FERFVEBISR €T L~ 7 2D
NEPRAE A CIINRRARR S D ATP FE
ENEEIND T, 7 b UREEK
D ATP BEANHERT 5 & ) FERS
S, FEESOEIRCIE ATP EEAD @1, ER0BEGREEMIETOATPEE (ZIEIB RS IZ k7
REWABRIKAE DN O 7 b AMARKAFIZEL T LTndA, BRETEESA-BRTEY b ARBITK
LI EMHALMNERSTZ (K1), FTHLIITHY, TRILF—RETEHBEL S,

2) 1,3-FZ VANt AERFEEBIBR P WE SRS,

PERIFMER BN © 7 L~ 0 A2 N ARRIBEE Ch D 1,3- T X A= m R ET5H 2 LT,
BN ATP EEAEDEIE, BfEEORENMR I (K2), ZNHOMEENG, ATP FEEAJR E LT
TR EERT HEETICH L, PR ERET D 2 8, E SICBEROUGEIC DR N D
AREME AR & 72,

= P<0.01 , —
£ P<0.01 P<0.01 +1,38D
w500 1 — . — : -
£ fio §
O 400 . ot
A W g
{R 300 { ot I@
1|3<\200 ] i
N 100 <
£ o g2
g g2 K k0 ¥
KiK. KK BRY 2 :
gl g gp® 9= . . <
#* T o

anp

®2. BERBETITLERUICEH

BERZRIMBEYRYFVCOLR () DRSS (B)
(34 b ikREEE (1,375 Vi1

U 1,3-BD) DBRSICKDAET D,

N

3) 7 b UROEAREEIC LY SCGLT2 FLERIC L 2 BIBMREDRIIITHHEIN S,

SGLT2 FHE DO RIAEIER 7 N RN 2 0 ENERGET D721, NIRMES N U REE
\Z L7 R SR Hmges2 & KR ST BEIRIGIER I 7 L~ o A 2 /EfL L | SGLT2 PR (=
RN TuTy) OMMRERRELIZE Z A, BV U ATV T, SCGLT2 PHEIED B LRGEN R
DEE L7z (B3), ZAUT KV | SCLT2 PHEFK DO BNRIRFE N RIZNIENED &7 N ARFEA DR AR
THDHZENFEHE N,

T 600 - P05 P<0.05 _ Hmgcs2R18
= BRETTIV  BRETEFI
& 500 1 BRBETIL +SGLT2EEE +SGLT2RZE R
N 400 A ! D R G 8 N A
/ | ﬂll[] y
& 300 LLI& g
K 200 1 T
P ] g
e 100 ﬂﬁ
8 97N S mawm

Ik IR0 KRB0 S

W g Npg 89

g &N fgN @

£ Bd Ekg 2%

o TTo &

3. RERBETILCEFULCBHERETZRIMEYRAIFV/COHOLS () WifiEs (B)
[FSCGLT2ABZRICEIDWET DN ZOMRIET b VEENTEE<BE D EHMEgCs2RIEVI R
[CBNTEXT D,



4) RERHEM T 7 F )V mechanistic target of
rapamycin complex 1 (mTORC1) DM~ b AR &
% BB ESEOENTH B,
ﬁ@ I THIIRA D RFRIRIL DO BAL 28 U, HIfE 8%
R Z L0 T VAT AWM TED ., L*%
ﬁ%% 2 Uil AEMITEh 2 iR C& 2 L D1
STWET, ZFDRBEE S VT /L D—2/Z mTORC1 &
WO IBRE AT A S FANRFEEL TS, 20D
mTORC1 25 B IR 93 M P& g3 D BBl F Wy T L @r
fELTEBY, ZORFEIEMHEA, JRANE RS
%%F%%%%@:waézkﬁbmofméo%
BIOMFZE T, BN RA9IC mTORCL o 7L ANt 5
TLET DU RAET MK L, 1,3-T X Ud— L%
BHETHZLETRITET VYT ADRBENGEICK
BT LHREBENELNTZ, ZOREND, 7 bR
A7l LT mTORC 1 7" )L 23 L. BERYA
PR IEIR IC T 2 B #E L2 70T 2 E R L
Lotz (K4),

miRss

TRVELES

B TOMTORC1 DEREF ML
RESAE e
oiE &
N

#BHa5E

ﬁﬁﬂsﬁﬁﬁﬁ %KWEﬁ

RERBEBIRBDER

&4 BERBAETIBROREY T TIL
mTORC1DESEFMHIEAE L. BREE
HEES. REREESHIERIND.
SGLT2EZRICKDT F VK EFICK
D, BiETOMTORCT &S FMHEILHHNH
SN, BERHEUEBREROERDIGEISN
2.



3 2 0 1

Yasuda-Yamahara M, Kume S, Maegawa H. 10

Roles of mTOR in Diabetic Kidney Disease. 2021

Antioxidants (Basel). 321
DOl

10.3390/antiox10020321.

Tomita I, Kume S, Sugahara S, Osawa N, Yamahara K, Yasuda-Yamahara M, Takeda N, Chin-Kanasaki 32

M, Kaneko T, Mayoux E, Mark M, Yanagita M, Ogita H, Araki SI, Maegawa H.

SGLT2 Inhibition Mediates Protection from Diabetic Kidney Disease by Promoting Ketone Body- 2020

Induced mTORC1 Inhibition

Cell Metabolism 404-419
DOl

10.1016/j .cmet.2020.06.020.

Kume S, Maegawa H. 15

Lipotoxicity, Nutrient-Sensing Signals, and Autophagy in Diabetic Nephropathy 2020

JMA Journal 87-94

DOl
10.31662/jmaj . 2020-0005.

16 10 2

Shinji Kume

Renal Energy Metabolism, an Emerging Therapeutic Target to Combat Diabetic Kidney Disease

The 18th Asian Pacific Congress of Nephrology

2020




41

2021

SGLT2

85

2020

54

2020

35

2020




Ketone body metabolism in DKD and SGLT2 inhibitor-mediated organ protection

63

2020

Potential mechanisms behind SGLT2 inhibitor-mediated renoprotection

62

2019

(DKD)

92

2019

SGLT2

49

2019




34

2019

, , s s , Eric Mayoux, s s

SGLT2 ApoE

62

2019

s s s , , , , , Pieper Michael, ,

SGLT2 ApoE

34

2019

Issei Tomita, Shinji Kume, Kosuke Yamahara, Mako Yasuda-Yamahara, Naoko Takeda, Norihisa Osawa, Masami Chin-Kanasaki,
Tatsuroh Kaneko, Michael Pieper, Shin-ichi Araki, Hiroshi Maegawa

Role of ketone body metabolism in SGLT2 inhibitor-mediated renoprotection in high fat diet-fed ApoE-knockout mice

56th ERA-EDTA Congress

2019




Shinji Kume, Issei Tomita, Kosuke Yamahara, Mako Yasuda-Yamahara, Naoko Takeda, Norihisa Osawa, Masami Chin-Kanasaki,
Tatsuroh Kaneko, Michael Pieper, Shin-ichi Araki, Hiroshi Maegawa

Potential role for ketone body metabolism in an SGLT2 inhibitor-mediated anti-albuminuric effect in type 2 diabetic db/db
mice

56th ERA-EDTA Congress

2019

, , s s , Eric Mayoux, s s

ApoE

ApoE

2018

Tomita I, Kume S, Osawa N, Yamahara K, Yamahara M, Takeda N, Kanasaki M, Mayoux E, Kaneko T. Araki S, Maegawa H.

Possible Role of Ketone Body Metabolism in SGLT2 Inhibitor-Mediated Renoprotection in High Fat Diet-Fed ApoE-Knockout Mice

Kidney Week 2018 (American Society of Nephrology)

2018







