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Regulation of Klotho Expression in the Experimental Ischemic-Reperfusion Renal Injury Model

Hidekazu SUGIURA, Takumi YOSHIDA, Ken TSUCHIY A, Michihiro MITOBE and Hiroshi NIHEI
Department of Medicine IV, Tokyo Women's Medical University, School of Medicine

A new gene, klotho, is associated with the suppression of several aging phenotypes. High expression of the
klotho gene was detected in the kidney and several studies have reported the alternation of its expression level
in some animal models and stressful conditions, so we explored the physiological relevance of the klotho expres-
sion in the kidney following ischemic-reperfusion renal injury (IRI). Male Wistar rats underwent bilateral renal
ischemia or sham operation, followed by reperfusion for 1, 3 and 10 days. The expression of renal klotho mRNA
and protein was assessed with real-time PCR or Western blotting. Creatinine levels were determined for func-
tional parameters. Immunohistochemical and morphological studies were performed. Apoptotic cells were deter-
mined by TUNEL staining. Renal klotho mRNA and protein expression was significantly reduced in IRI rats the
first day after ischemia. The number of klotho positive cells in the kidney 3 days after IRI was less than that in
the sham-operated kidney. In addition, both TUNEL and klotho staining showed co-localization. The data indi-
cated that the klotho gene is implicated in the pathophysiology associated with IRI. Downregulation of the renal
klotho gene plays a role in the aggravation of ischemic acute renal failure.
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Insertional mutation 1 & 0 A4 U7-% 4y, BhREEAL
hE, EOHLERAE, B AR, MiSHE, IR AIKIL,
B X OVERRAERRECT 7 &AL & A 5 KT
ZETLIIANS, TORRNBETIHESR
klotho & dy % S 72V, S8R 7% 213, klotho 25
Mgk, PR RRICHEET AL, £72, mRNA DA
TIA4 Y & o THBIER A L BRI 0 AE
THIELETHBY. LALeM5, klotho BH
DERSRIERA I 2 XL W R B8 E . B,
Fil e A N VAT OEWET VIZBWTEBTO
klotho ZEHHHI SN, F72, v FOBHEELRE
BRSO BEPHH SN TWE I ERRES AT
57, INLOIMBFIXA ML AT L S klotho B
BT &, BOEMUORAR 2 /RHAL - MR
ENEET LI EZRBLTWA.
SEFE A, BHRIZBIT S klotho BHOFAE %,
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BBE 2 BILA L AOERET IV TH LB EME
HEEEE (IRD) I2BWVTHET L7, IRI TR
A bV ADHBOES, EEREECHEEL WL
EPRBINTBYY, ThLHICIRIERMRERE
SESUS2SBS- L2, MREES 7R b — ¥ 212w
725 25 L-BRICBIT S klotho BHL & MIlE
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200~250 g (7~8 k%) MM Wistar v v & H
Wiz, EiR25C OFBTICHHEE, foke L.
DYERIIRE L FERKRFEYERGEZER
DARFRZZT No03-7), NIH OEEREN O »
A FI4 IZERL THITL72. £ TOEWIE pen-
tobarbital & V> THRREE T (2P 2 5T L 72,
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Ty MIRDIDDT N — T IEMERHITTHL
7z.

(D) ERmaERiEE IRD # (1, 3, 10HHE,
% n=5~6) . Eh&ORIMEERE 7 IV IEEER & [k
DOFMETIER L7229, FREF T THRARIL Y5 L
FREOEER, #RkrZEHSE, Bk v T
AW CHiBE gk 7 5 7 L7z, 60 5% Ek 7
Yoy T EIET UEER L.

(2) Sham # (1, 3, 10 HH, % n=5~6) @ JikMk
T CREERIE YR LA M B 2 BEik, &
kzEH S, BEERO 2 7 v 72T THE
L7z

(3) Control # (n=6) : W, Flr% T3, B
RIRETORBOa Y tu—& L.

Fik 1, 3, 10 HE I, MEHER, B L
fio7:, BiExoE L, MASRTSERME, L
{IE15% F =) ¥ & 4% paraformaldehyde O\
TP L o TREEL .

2) RNA #iiHi, reverse transcription (RT), real-
time PCR

ZOHHD, BEE FEDOHETITo 72", Total
RNA &, TRIZOL (Invitrogen, CA, USA) z M\
THB L b il L7z, cDNA X 5ug @ total RNA
& oligo (dT) %M L, SuperScript kit (Invitro-
gen) |2 & o THE# L /2. Real-time PCR i Prism
7700 (Sequence Detection Systems 1. 6.3, Applied
Biosystems, ) % B\ T#7 L7z, Klotho ®
Ty MERRT T4 < —125 CGT GAA TGA GGC
TCT GAA AGC 3'(forward), 5 CGG TCA CTA
AGC GAA TACG 3'(reverse) ¥ Fiv 7z, 7o M &
L T rodent glyceraldehydes-3-phosphate dehydro-
genase (GAPDH) c¢DNA % Hw7z.

3) Western blotting

A % 1%, lysis buffer (20 mM Tris buffer, pH
75, 1 mM phenylmethylsulfonyl fluoride, 10 pg/
ml aprotinin from bovine lung, 2 mM DL-
dithiothreitol, 1% polyoxythylene sorbitan mono-
laurate, 1 mM ethylenediamine tetra-acetate) 12i&
LAEY R — ME, 5000 rpm 10 =0 L %L
SrHEL 72,

10% polyacrylamide gel % Hvy, &% 7 b
1L—2I22&300pug DEAXERKEL, =t
VU —AENEG L EE 3% AFLINVIT
4C —Hg7ua vy 7 L, —Xk¥iff& LT recombinant
human klotho EH X3 % € / 7 1 — F Vi,

25

KM 2076 (B#I5RELE L O t5, #H) % 3,000
BIZHR L, 4C — B s & &, washing buffer
(0.3% Tween 20 in PBS) T 10 -/ 2 [ali L 7z,
Z R4k & L T horseradish peroxidase-conjugated
rabbit anti-rat immunoglobulins (DAKO, iR #%
FRTIBREKE SE72. Z0#, ECL Western
blotting system (Amersham Biosciences, NJ,
USA) TRIGEH, X7 4 VAIZHEZ L.

¥ 8L Image ] 2 F V> TAHHSH Y 22 36 BE I 5 12
Lo Tirot.

4) B R R

% % 4% paraformaldehyde T 4°C16 RFR[EE L,
10, 15, 20% sucrose W24 4C12 KR L, £
D OCT compound (2D IAALHKE L7z, SR
MR, —KRPUfRE LTKM 2076 B LUK
Ptk & LT Alexa Fluor 488 goat anti-rat IgG (H+L)
(Molecular Probes, OR, USA) %\ 7.

R BRAREA1X, BIRT 60 4 goat serum (10%
goat serum, 20 mM Tris, 225 mM NaCl, 1%
BSA) ©7uv 7 L7 WE, antiratIgG (H+
L) (Vector Laboratories, CA, USA) TEI{Z7 O v
7 L7

—RPULT 4T 16 BEB FUD 28, ZRPUEATEIR
60 4 BUG & 42, P4, VectaShield (Vector Labo-
ratories) ZHWT<o ¥ hL7.

5) 739 7 14 v RERRY G

B IS 4T 16 BRfE, 4% paraformaldehyde THEE
L, 28574 V@B L7z 3um D85 7 4 Yk
xhisg 74 L, 03% HO, AF VT NVI— VT
30 4 BOMG & & 7z, SR ALK 4k 112 13X Vectastain
ABC Kit Rat IgG (Vector Laboratories) % v, 20
/3 Frabbit serum (20 mM Tris, 225 mM NaCl,
0.15% rabbit serum) T7 ® v 7 L, KIZ 154
antitat IgG (H+L) T7a vy 7 L7z, —RPifkE L
T KM 2076 C 30 45 [ JUL &8, Peidig, ¥4 F 1L
ZORPUART 30 o B RS & &, Vectastain ABC Re-
agent T 30 4 It L 72. % @ %% peroxidase sub-
strate solution DAB substrate kit (Vector Laborato-
ries) THEBIEL.

6) 7R b— ¥ AKRE O

Terminal deoxyribonucleotide transferase (TdT)
mediated dUTP nick-end labeling (TUNEL) 3¢t& %
Mifr L7z, wigodefs e LT, 4', 6-diamidine-2'-
phenylindole , dihydrochloride ( DAPI ) dye
(Kirkegaard Perry Laboratories, MD, USA) % H
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W72, 4% paraformaldehyde THEE L 72 BAE T K
T, In Situ Cell Death Detection Kit, TMR red
(Roche, Penzberg, Germany) % i\ T4eth L 7.
F WY A1, 0.1% Triton X-100 in 0.1% sodium cit-
rate TIK |k 2 43 FUG & 2315 #%, TUNEL reaction
mixture T, WEAT 37°C60 4-H fiG S &7, ik,
DAPI % T 4 53F S &4, VectaShield % v T
<~y L7

7) AMRGE

gt 15% sv=Y) Y CTERIEL, /89 7 14 V24
B L7 3um®/¥5 7 14 ¥4 K 2 hematoxylin-
eosin (HE) ¥efs, B X UF periodic acid-Schiff (PAS)
et 24T o 7z,

8) HALFEDINT X — 5 DilE

I 4 > 7V i 5,000 rpm 10 45+ & 0 L M 5 %
PRELL 7-. Plasma creatinine (PCr) &3 H 84
# (SRL, ®) Tl L7,

9) #at

T = Z Pl ARHERR A TR L 72, METHI ST
(A ] O % B IZ unpaired t-test & W 72, p fE<
0.05 ZHATFIICAER L L7

B OR

PCr 2 IRIBEIZBWCAHEICER LA UHHE:
IRT ## 2.19+ 1.03 mg/dl vs sham # 0.21 +0.025 mg/
dl, p<0.001). PCr iMook E &b icgFELL
A, IRTBETIZ 10 HEICHD EE#HEICIRES 2o
7z (10 HH : IRI # 027 = 0017 mg/dl vs sham %
0.20%0.045 mg/dl, p<0.01) (B 1). Sham # & PCr
(& control # & ZIIFRO L ho 7z,

Klotho mRNA ZHHIZ IRIBIZBWTEL LRI
L7z (1 HE ! IRI # 0.16 £ 0.083 vs sham & 0.90 +
0.18, p<0.001). REEFAYIZL B IA SN 7-28, IRI
#£10 H B T klothomRNA B HEHE X HEE L %
»o72 (10 HE  IRI # 075 + 021 vs sham &
1.15+0.23, p<0.005). Sham # ® klotho mRNA %
BEIX control L FEETH-72 (K 2).

A 72 klotho 2% 4 @ Western blotting % [X] 3 a
2, BEML L7225 0%K3b IR L. IRIB 1 HE
2 klotho EHORBEEFEFEIETL UHB :
IRT #% 0.23 +0.12 vs sham #£ 0.78 0.19, p<0.005),
10 HHWC i3 Emz R L7 (10 HE : IRTE 0.76 =
0.12 vs sham # 0.93+0.096, p=007, EEE%L).

Klotho D &N TD /AL, control EETD /S5
74 YREMBEE (K 4a) \ORT & DI EM
PRAE & & B2, BEEET L IR IR0 S

PCr
(mg/dl)
47

3 sham

B IRI
2

10 (88)

control

1 I3 creatinine I#E D%k
PCr @ IRIBICEBWTHEIC LA L /. PCr: plasma
creatinine, mean=*SE, * ! p<0.01 vssham.

*k

Kiotho mRNA
1.5 r
sham
| Rl
1" I
%
|
05 1
0 1
control 1 3 10 (BE)

X2 B klotho mRNA R EOHTHEIL
g o klotho mRNA BEIZEEIZ IRIETRA L7,
Control #% 1 & L7=#HxXECHF R, mean+SE. # :p
<005, IRI# 3H Hvs10H H, *3% :p<001, IRI
# 1HBEvsI0HH, * :p<001, IRI % vssham %.

N7z, SREIK, BRI % E oIk e s h
Lhole, FAEREMGEE (K4b) T sham
#EIZB VT klotho EHE S B E MR - BEE IR
MEFICRET L ERENT.

IRT I & A8k B & O klotho Fef DZEAL %
4b IR L7z, MRRREER, B R ERME D brush
border DIE, LIS S O LB, R
BEHIZE, RMEIRA HE BallBWTED 5h.
Sham AHIMBFAWRE LRSS, /2, IRIEIZS
V2 BEE IR E SR E IR 2 o TV 2R
ME BRI KE RBEEIIRD Rh o2, PAS
et Cl, IRIFE L sham B & D ISR BRKRE £ 1337
LM% o 72, Klotho DYt id, IRI# 1 HE Tl
AROGEMENPEE, HEHEDIETLTSEY,
IRI# 10 H B Cldgem i3Iz mEE L Twn e,

—316—



a
) IRI
sham
1HB 10HEB
1.5 h
b) i sham

1 LG =1=))

3 EWH klotho & H = DM ME1L
a . $FE M 7% Western blotting, b klotho &H 5 H D
FEE.
Klotho EHERBIZ 1 BB IRIBICBVWTHEIIWD
L72. mean=SE, * [ p<001, IRI ¥ vs sham #F,
# 1 p<005, IRIE 1HHvs10HH.

IRI 2B 5 klotho &EHEHE TR = 2D
BAEMA4c IR LA IRIEE 1 HEHOBEMMKTIZIZ S
o TUNEL FgPEM g 23580 & 17z 28, Wil 6e %
klotho B HEMIIBIZFRD SN o 7z (T — ¥ K%
). IRI B 3 H H OB MR T3 klotho FrlEMAL O
BIVHTH HIHFEL, & 51T klotho Bk DB IR
M4 TUNEL B e 25380 S, T# oGt
DRERR I LTz,

z =

Insertional mutation I & ) =7 A TR I 7
klotho EIZET1&, ZORBAAEALOFT RICEELS
B ENs, HILEEERTELTERSINZ. &
WEEICEBICEITA A, /2, L NEARAR
ZEOBTORMUPEZERIZIH SN TDH 205,
BRI TR EARER T A A HHE DR & 7§ R RE
PPN ENTWE, LeLARDS, TOAEWERN
WPE, AEEAEE, WEEE 2 SR RS V.

4% T, BIBICB T S klotho mRNA DFEBK T
X, HRBIESIME S v b, deoxy corticosterone
acetate-salt S IMJE < v », angiotensin II B Hf 7 v
PO AEMESYETVICE W THRE S

27

I F 7 FERRREIRRT, BEEALY O L)
ZIMELS DA DL ZARLEB TS, klotho mRNA,
BAPWYTHIEPESIN TS, S5, Z
DX FEFEA DL AT TO klotho KT IZ
Iz, lipopolysaccharids %5 & 9 %2R L
ZAZ & - T klotho EBLE DALY 5 Z & A3
ENTWAEY, ZZTHAE, AW LEFRO A L
AETFNVTH 5 ERMAERIRD 7V EHWT,
klotho DESHL & Z DFH % Mead L 7z.

1213, klotho mRNA 2SE IR T A 2 L3
MEVIFEHINTBY, BFHEE&TIRZERME R
FETHIEPRESINTVEY. SHOME T,
TRt CREE R 12 B klotho D3I % 38
B, FARORMEERLE LREDEN S e
(K 4a).

B 5 ZF D klotho PFHIE mRNA LX)V EB LW
ENBLANVIZBWT, IRIC L 0 EFHR 6 %52
JBZEDHAS I o7, IRLISBIT 5B EER
EDMITICHEMET S A H = X 4421, inflammatory
process, % #& 4 F O 3 Y, reactive oxygen
species (ROS) % nitric oxide (NO) D AN EE %
HE AR TEEZ SR TWBE2Y, SHOHRR
T, R ER MO klotho D FBLIE, TRI T
AL, BEfREAE & BSR4 ICmETAZ L LD,
INnS5DA ML A klotho FEHEWAIZE G LT
WwWrbEEzZbhAh.

MERICBWTIE, klotho 25, #LA + L AEH,
AL EEH 2 AT ARtk R L2HE D D
5705, ZdDA L AT TO klotho FBL OB REA
Wi 72 b BHR e FOPIIAWATH S, 72, TH b —
T AERIEA b L AREORREIC, EEEELTHKRE
< BS54 %%, Klotho d¢t & TUNEL %s i A3 [d] —
MR RAET A &k, klotho BHB TR —Y A
MR ZRBOFHICEHES LT REOH 2 2 %
RLTWA, B2, klotho i Z7 KM= AERETL
HHEBBE OB EE D, HAMBIETRE—2A
~NOMITHIHI S N, HLMBIET AP - ANE
H#EITT B 720, TTO klotho BptEMIIZ T R b —
VABHDNTWRWEEZ LN,

L OWE T, WREEILETLHDOAT, %
B, BRICOWTEPEL2 TR, EFIKE
T klotho 28583l L T\ % @7 5% O IR 13 IR IS
L AREENEE T, klotho 2% L TR Wik
ORMEZIRICE ZBENEETH S Z &I,
klotho 7% R ML 7 #E it i ISP IA/EA LT b
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H
HEZth

B2 #klotho

ki bt i

#i ' klotho
SRR AL S

sham 1HH 10H H

c)

Klotho7 ’H bR ) TUNEL¥}:

I
4 a: HIRMEIIBTS ﬂ%’QB’J 7 klotho 785 7 1 ¥ S Yt (control #) .

BEIZB

%;Jﬁv}/mlﬂ P& B RAIAE BT & R o> T B KENEEE klotho BRPERIG. SOEIZIRANE

ERICgB I T 5

h I HFHE o B L O klotho FAG MR G, B HE deft Gl IRT#E 1 B H 2R MeE
bm%} border DA, LB 6 0 LMo BE, KA I, RS IR D 5h b,
B2 8 klotho 5o Ak dett C 1 TRH*T 1 HHIZ klotho B PE28CTF L 10 HHICSEL Tw
5. HH klotho SR HIAR e th Tid sham #F TIRME S ARICk R X h, IRITEL HHY
klotho #= AL F L 10 H H d‘ﬁ: LTw3
c IRTHE3 HHOEEERME B A klotho L TUNEL & o “H i detn. klotho
& TUNEL (& ] —&BA67 TR RN 2 320 AR A d - 72, 4FE klotho BetEfile b L < i
TUNEL B4R,
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TR Z R LTWAEEZOND.

Klotho / v 7 7 b= ZAOHHE, EBHIZBWT
3, PR LB R O WA N L, TUNEL Fikiie 2
ZADON, SHLICBIHBILATDH % o
tocopherol D52 & - TT7 A b — ¥ AR A
L72Z ERMEINTVE?, ZhbofRIZ, B
LI A b L A A klotho BRE < 7 A DEALIRME 2 7
TEBAENCES L, ZL T, klotho EAMHIRILIE
AORBEICHELTWAZ LEREBLTWA.

b9 —#i, klotho DFEFIZOWTIE, Bk L7z &
31, mRNA T XYV FOBRBTATSIA ¥ v
7 &%, SWBAEASHFEL, WERFE LTE
HAARELTWwA I LN IR TN, T
® IRI TRAE, EARMAEMRIC EICEES LD
BRI HLNTWAED, ZD7h, REMME
et |2 X o THER S @A R M, RRERME S
ZE 3 L 72 klotho & H %% paracrine & L TYEH L,
klotho OHERALIER A%, IRI B o>, AL RANEE oMl
g, 7HRP-VARH LT EEL S 2 5k
PRBEND.

PER DL TIX, klotho BEHDAEYFMTEMIZD
Witz b DA R, MENOERIZOWTIL,
Jy 7w by AT, MENEMRO NO ELE
BMELZEOBEBEZME) ZEPHESLTY
B, F, BR#EEEGGANVYIL, ) VR EDR
HICEbAWREEEDBEH S TR, ZH Lk
BRE// 97T 7 FITATOEIE V) RBIED
SREEZHATLILOTH b Lk, LT,
KRR TR ENT:, BLBROFEO—HTH LR
LA P L ATOIERIZ, klotho &H D —DDIAR
HAEHVERTHAREYND 5.

#® =

BEMNEEREET, Y - SERME D klotho
mRNA, ZEHRBHEIBITE 2R L7 61T,
7AE M= AHH & klotho EHICHENRD LN
HEEEME AR S 7.

AR T B WP BEER TR E, 5
BT REICRSEH L ET.
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