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Analysis of Klotho Expression in the Mouse Kidney Cell Line

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

Defects in klotho gene expression in the mouse result in a syndrome that resembles human aging. However,
the precise properties of klotho protein, the mechanism regulating its expression, etc., have not been clarified.
First, using specific antibody we identified klotho expression in mouse kidney as mainly localizing in the distal
and collecting duct cells. Based on this information we examined the expression of klotho in a murine inner me-
dullary collecting duct cell line (nIMCD3). We then explored the physiological relevance of regulation of klotho
expression under oxidative stress condition. Expression of klotho in mIMCD3 cells was identified by real-time
PCR, immunoprecipitation-Western blotting, and immunocytochemical staining. Cells were transfected with re-
combinant klotho adenovirus and overexpression of klotho gene was induced to confirm the expression of inter-
nal klotho. Oxidative stress injury produced by adding hydrogen peroxide to the culture medium dose-
dependently reduced klotho expression maximally 24 hours, and it also diminished klotho staining. The results of
this study demonstrated that klotho expressed in cultured mIMCD3 cells and that the klotho gene may be in-

volved in the process of oxidative stress injury in these cells.
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FAZRICX Y EUEa, BREILE, BHR
i, [EREEME, MEMER &Rk S EHDT 2R
BMERETHIADPL, TORERNEBERFIFESN
klotho & 4% & fu7zY. BIREE W 1, klotho & fx
TR, BRI EMICEBL, £/, mRNA®
splicing 12 & o THWMER L REERAPELA SN
T, BICoWEEAIC L ) RO ORI S
252 TwBEHBMENTHELIETHE. L
P L7%AS, klotho BIEFRIMOEBERRFEX I =
AXFWELZIIAHR BB, ZORICE LTI,
klotho D#F AU HE 72 cell line 2SBH S TR L, in
vivo TORIHEASL SHE/ VI LD, —DDRE
HRERTH 5.
Dz, SEFE AL, BB S klotho FEH
DRFEZBEL, BHIMICHAET S cellline TD
FEROFBHZBR L. SHICZORBREICEL

i

T, 50k, FHRWEA MLVATOEYWETVICE
W C BB T @ klotho BAZ T EBLAIHI S 1, &
72, & M OBUEAERIC S BHASHH S LTS
TEMFMEENTNEY. TNOLOHEHEIZA LA
\2 & % klotho EfRFFEOET &, ZILEBORHK
Rl g Al - MR E R 5 2 & 2k
LTwa.

— ¥, reactive oxygen species (ROS) % & Il %
toxin, RERFICL HZMBEEEO A T4 —F &
LTCOBREPHLPIIENTED?™, ZOBRILA
ML RIZE, BIELORERTFE L THRBMSINT
Wb, Z07H, EHRZHER LY AFHKOH:
#=e T & A mouse inner medullary collecting duct
cell (mIMCD3 #ifd) IZBWTEILA ML AT X 5%
B~ORBE BT L7z,
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MHERbBLUFE

1. XM&,

7~8 Bk, HEMED Balb/c %7 A% 5 pentbarbital
ZHOWTHRBTICEBAZRHE L, MRFNKR%
1o/, ETOBYWERIIEELTERKEEHE
WL B R OKE L/ T (No03-7) , NIH OFEER
BMOERATA K54 V8L CTRiT L7,

B, <7 ABESE FEMIE (mouse in-
ner medullary collecting duct cell: mIMCD3 cell),
(ATCC number: CRL-2123) # A v» 7z. mIMCD3
HifgorEEI121E, FBS(Invitrogen, Carlsbad, CA,
&R B 1 10%), penicillin-streptmycin  (Invitro-
gen, HiXIEE 100units/ml penicillin, 100pg/ml
streptmycin) % #1 L 72 DMEM/F12 (Invitrogen)
WAz H, 37C, 5% CO: DT THREL
7. AR 18~22 i % SEER IR L 72,

2. H&

D 7857 4 vkt

BheiL, 4C 16 B, 4% paraformaldehyde TR
EL, T 74 ALz 3um DT T 4 4]
FaB/$7 7420, 03% H0: AF VTV IT— )
T30 MBS S 72, RIFMM G 12 Vectastain
ABC Kit Rat IgG (Vector Laboratories, CA,
USA) ZH\vy, 2041 0.15% rabbit serum (20mM
Tris, 225mM NaCl) T7a vy 7 L7z, —Xkbifk& L
TKM2076" (FIZERE & 0 f5) T 30 43 H G &
, WeiEtk, 30 s v A F AL RIUETRIS 4,
Vectastain ABC reagent T 30 R 6 & ¥ 72, #
Dk peroxidase substrate solution DAB substrate
kit (Vector Laboratories) T3&fh &7,

2) MR Yt

PP (poly-L-lysin) 2— FDAN—=HF A (HHH
A, A&, T3 I mIMCD3 Ml 552 L 7.
Rl % =I5 30 4, 4% paraformaldehyde T
B L7z, PBS CTU¥EEH, EHIEE L FMERICRE e E
AT o 7.

3) RNA i, reverse transcription (RT), real-
time PCR

FEARMIIZIE Yoshida 5V FEEIC#E U Tl 72
A, EH§ B &, total RNA t& TRIZOL (Invitrogen)
ZHCCHRB X DR U7 BEROMED X OHx
W= DER 7D, realtime, one step
reverse-transcriptase PCR % FHu 7.

real-time PCR & SYBER Green PCR & i 12 &
% Prism 7700 (Applied Biosystems, Foster City,

CA, Sequence Detection Systems 1.6.3) = Fi\>T4r
Fril7z. 10l RNA (100ng/pl) % H\W\T, 48T 30
S BB, #eld T PCR % 95C 10 43 o #3 I its
D%, 95C 15 M, 60T 1 41T 40 1 7 VhtidT
L72. mRNA &L ~X)ViE GAPDH 2 & 0 #§1E L 7-.

<7 AUEE 7% PCR primer iZPL T 2/ L 7.
klotho Tl forward primer : 5" -TCCATCTGGGA
CACTTTCAC-3, reverse primer : 5 -TAACTA
TCGCTGGCCA CATC-3" %, GAPDH T forward
primer : 5" -CATGGCCTCCAAGGAGTAAG-3,
reverse primer : 5 -CCTAGGCCCCTCCTGTTAT
T-3" % Fivi/z. F 7208 & L C rodent glyceraldehy-
de-3-phosphate dehydrogenase (GAPDH) c¢DNA
=7,

4) Immunoprecipitation-Western blotting

B % 3 >~ 7 v & LT, RIPA lysis buffer (50
mM Tris-HCI, 150mM NaCl, 1% NP 40, 05%
sodium deoxycholic acid, 01% SDS, 1mM
DTT, 1mM sodium orthovanadate) T7H&E Y = F
A X L72#%, 5000rpm 10 7 f#0 L RiE 2 58 L
7z, EERE 2 W% LT 100pg M4 & 15ul protein
A agarose (Roche Molecular Biochemicals) % J&Hl L
TV 7T —%47>72. F 72 klotho ¥ifk & 15ul pro-
tein A agarose % & & L, 4T overnight T A4 »~
FaN—hL7 Z0%, TLI2YT—LIEAE
klotho Lk Df}35 L 72 protein A agarose Z 2 C,
54T 1A Y F 2= L, 15000 HEE 1
g E L LT pellet #E# L 72. RIPA lysis buffer
T ¥% £, 10ul @ RIPA lysis buffer & 15ul @ 2
SDSH Y I NNy 7 7—%z, 96C 55014 ~
Fax—pL7%&. Z20#% 10000 [\lEx 1 5BEOL E
B %, 10% sodium dodecyl sulfate-polyacrylamide
gel (SDS-PAGE: Readygels J, BIO-RAD) T&ESk
Bj#1T o7, 7% PVDF BIZEER, — R
anti-klotho antibody % 2,000 f&#& R L CfEiH L 7-.
PBS T¥# %, /¥~ Fi3 ECL (Amerham Biosci-
ences, Piscataway, NJ) #H W CH#{L L, den-
sitometry % AW TCHBEHEEL L.

5 77/ UA VAL EETEA

Adenovirus Expression Vector kit (Takara, K#)
TYER L7z, <7 X klotho #f5F (adKL) & 8id L
7-%1BR & LT beta-galactosidase (adLacZ, fI5sEE
P oMth) ZFEEBICH 2. 293 M2 BV T titra-
tion 417 721%, DNA-terminal protein complex £
\2& ) mIMCD3 Ml IC & IZFEA%2IT- 722,
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<7 A klotho §efa
A, B:EE#, C, D:BEH, A, C (x100), B, D (x200).

5 mIMCD3#iam /35 7 4 > FyRiik g
A, C:avbhu—J), B, D:HO. &mE, A, BIEMERE(x200), C, D!
KENZ et S /-

BAZFE AR HIC60mm ROREET 4 v ¥ 2l LT A v F 2 _— kL7 3.3%10° plaque form-
1.8x10° ffio> mIMCD3 fifa % #& %, 37C, 5% CO. ing units O 7 7/ 7 4 )V A % 500ul ® DMEM/F12
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AdKL IMCD

klotho >

AdKL

IMCD

2 mIMCD3 fifgiz B8} % klotho T DOFEE
AmIMCD3MIREB L U7 7/ ¥4 VA % E {5 T8 A
L7z comRNARE, B:mAlicB it 2
immunoprecipitation-Western blotting ®#& 3.

WARRHZRINL, 50% 2> 7 VLY NI o7z
mIMCD3 MlEDRERET 1 v ¥ 2 h HEEEW & 5|
BRE L, W PBS THIRZiEiE L, W—204iT 5
XML, BIETE AL 37C, 5% CO, &M F
TA Y Fax—FL, BETFEADDS 24 BE#EICE:
A2 BRI L 72, BRfomEu:, 74 v a
DIAREE % W5 B3 L PBS T, TRIzol (In-
vitrogen) ZMMA CTHEL BT 2 — 7 ICHEILL,
mRNA ZHIH 3 20 F T-80C THRIEL 7=,

6) WEALAKFEA NI L S mIMCD3H T o
klotho D%E3E

BERALAKFE (H0.) @INATH I 60mm 1% 0 5 %
T4 v 242 26 X 10° 1 @ mIMCD3 #i i % 1% X,
37C, 5% CO: &M TFTA ¥ Fa~x—|F L7 80~
90% 2 ¥ 7 v ¥+ ® mIMCD3 Ml 12 B0, (&
FIREL 100uM) ZRINL, BEMBEZO0, 3, 6B X
0245 FBRICERILL 72 (n=6) . T/, BEEIC

LB AT 5720, 0, 50, 100, 200uM i pE

DHO: AWM LT, 24 BEEBIZHRINL 72 (n=6).
BEMBB ORI, 71 v ¥ 2 NOWARE: % 155 |
B2 L PBS C#kif# s, TRIzol (Invitrogen) %z
THAE L 72849 2 — 71 2MIL L, mRNA 2 H#iH 3 %
¥ T—-80C THRAELZ.

>

1.2

1 %
0.8 T
0.6
0.4 =
0.2 -
0 . \
0

Time after H,0, treatment (hours)

Relative mRNA abundance ratio
(vs non-treated control )

B

2

8

8 1.2

£z |

_§§ 0.8
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e g 02 - g ¥

g = 0 ! | e
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Concentration of H,0, (UM)

B3 H.O0. &z klotho mRNA O #[]

A T mRNA ﬁ'ﬁﬂi@ﬁ‘ﬁfﬂﬁ”ﬁ B : mRNA &3l R g4k
FHEOME, *p<0.0513 time0d L ¢ i dose 0 & DIt
g,

7) HeEt
T Z P £ BEHERRE TR L 72, WA b
&, B OZEIZ unpaired t-test 2\, fREFNZE
B4 | W & 5 8 5 BT 3 (repeated measure
ANOVA)IZ Xk o7z, pfli<005 ZHat#micEE s
L7-.
®woR

< AR R H T, 5299 T klotho DR 1E
ZRE L7z, 289 7 4 vpdElRRgets (0 1) 1R
IR EEARAAE & & bis, BEETHELR
ME G20 SN ARSI 12380 5,
I, BN ETOREIZTE Rh o7z SR, %
BRAK, ALRAE 7 S OMEMT I3 B S N h o
7z,

B THIB O &6 KM Bk & &2 mIMCD3
AL TOREMZ#ET L7z, mRNA LNV TIE, real
time PCR CTHHE B SN, F-MEEEOENT,
adKL % #f{= 78 A L 72Mll8 2> & & mRNA % H v
7z real time PCR T® [i] L% 4 X2 banding 23328
517z (A 2). klotho (233 A FFEMPLAE T
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klotho [P
control H,0,
@
«
B
= 1.5
£ o
g £
[ =
£ 8
s g
@ A
2
= £ control H,0,
g E

K4 HO, 8H#IC X% klotho BB O HIH
A : 31 % Western blotting, B : klotho @ HEHR D
FER.
klotho ZEHERIHIE, AEICEANECIBVTED L.
*p<005 \ZEMH & DILER, HMEIEFIME = EiERE,

immunoprecipitation-Western blotting & & ) & H
ZEABE L7275, 130kd 34 A D banding % =R
L7z, EHI2%D adKL % BA L7-MlaTIX, £0%
HEOBM»RO LN,

H.0, 87712 & % klotho mRNA OREHNDEEIC
SV, 100uM EBEANIC L 2REEEE 025
50, 100, 200uM DEZEALIC X 2 HEZIK 3 IR
L7z, 3, 6, 4R BORBLE L HIT, ThTh
70, 20, 5% LEBAHMI Sz (R3A). T/,
50, 100, 200uM DEEZEILE & BT, 23, 5, 2%
EREROKTHBIZE SN, (M3B).

Immunoprecipitation-Western blotting T %, 100
uM BB 24 BEEI AN T, BEHREBERHB% LT
KTLAE (M4).

BRI E W RmER e T, RHRES
I UBBIEAR TS s (M 5A, C). —7,
100uM B D H0, 24 B BARIZ LY, T OREME
WEEEH RIS RS bz (K58, D).

zZ B

HAZRIZL D)<Y 2 TR & N7 klotho BIR
T3, FOEBRMPEACOF RICEPT 22 &5,
ZALEEEET & LCER Sz, FICEEICER

21

WCEBRTAZE, 72, C NEAEZEREOETOR
BAZERIIHH SR TWEZ 206, BAZKRICE
R ERRERT 2 AHHEDER % 7% 3 W REE2SHER S
TWab., LeLEAS, Z0EYZEENE, Y
H®, WERELREAHLRESS L. Sk, 9L
2EEAPHLPIZLTH L BT, invivo DRI Z
T invitro TOMRFADB AR THHEEZHNS.

B2, klotho mRNA 23 EICHHT 5 2 L 0%H
WahTsh, LB, BHEBRORETIE, KER
MECRET S EPHESIN TS, SHOK
I3, BB D CRERMEICD klotho DFE
HEo, BRro&E&RMEZP.OL LRI
PRSI (FD . §FTIE, 794 — %M
FaRe 79 A3 PR EICX ) BRER S EMEsE
BIZEREINTE . WbWw5cellline Tl
3T3-LL B CORBPREINTVEDAT
H5HY, G0, ETORMRADORME, FIZESRAM
Bz gamrsBooniz2 e, s, FFEMEkRD
HERMIECH S mIMCD3MNBICER L2, 20
HifE % BT, klotho @3 %, mRNA LX)V Tl
real time PCR T, #&HId immunoprecipitation-
Western blotting THERE L 72, EHIICTTF/ 94NV
A T klotho B T2 BIEFEAT L E, LY A X
D ¥ 7 F VA real time PCR T % Western blotting
THBRE ORI RS N

RIZ, ZOFBEIERICAEERN 2B E B3
B55DTHHNEIPEME L. 4% T, BRI
BT 5 klotho mRNA OFEIUXTIE, HARZIE &I
JEZ v b, deoxy corticosterone acetate-salt i Ifil FE:
% v b, angiotensin I M 7 v F D X 9 ZEIMES)
WEFNVIZBWTHEShYY, 72, EERRHER
e, BUHEARLD L) RMEUNAD R P LR
AR T, klotho mRNA, EHANWEAT 5 2 & 2%
BEENTWD, &5, ZOX) LREHA LR
T T® klotho HBHK T2 2 T, lipopolysaccharids
BED LS REMA LA Lo T klotho F 31
BOELT A e mEINTWAY.

ZTHAE, BEHLHEROZA ML ZAEFHTH
5 H0, # W, klotho DFEREZEE L7z, fERE
L C, HO: (IR, #ERFATIC klotho DFEH
% mRNA LAVIZBWTH, EALAVIZBNT
HPH L, A& IC X % klotho @ down regula-
tion A S &N Ml TO R b L AERTIE,
B O viability DT %2 KB L 72 R RN 2 R H
BTFLHEETE LW, KD invivo TOFHER,

—677—



22

¥ 7z real time PCR # W2 820D A ML A BHH
DFBLEIET profile DL T, klotho DFEBLHH]
BHEETH ) CRERT— %), REAEMEZERN
HEP S 7.

—%, MR ToORBHICBNTD, MIEICYE
DHER BN, BRI FOLREEIMET L7 (K
5). & O, BT SN BB H oMM A H o
72%%, LLEI O in vivo DG TR E SO TH
D, BWHOEEMR CHICRaEIALNE L
DERIIFHTH 2. REERT—FLHS, 7
T A NVARF T klotho & % #BE B & ¥
72 IMCD #ifg % flowcytometry % F V> T & 11
2N 5L, MBIOMB O A S, MiLs
REDHEENREIN. D720, HO, B L
BHAARBAEIC & 1, WHE D turnover 2SEWC & — B
RWE LTIZZERZ SN, SHRORIADVPLETH 5,

M4 OW ML T, klotho 25HLA b L A/EH,
HRRIREVER 2 B9 2 W ReME 2 RIB L 7238503 5
MO ZOAMVATTORMEBERMETD
klotho BEDBEIEEDS, A7k B REAHIZE D 5 H
I LAY, DLET Ok 4 OB g i & i £ 7
Vi HW2RE T, 30 Bk klotho JHiiZ
KT L7z, klotho ZHARAZT 5 £ L ZHLiE
XD, BkeE, MBEEOREIRRIN, T2,
MBETIZ7R PV 2AORBLET LAY, &
M, HEREETIVTIE, COMGEEDBERIC, B
ERA P LADEE S5 L EMDOZ LT, il
DT R =V A LBRPARD 5N 59, klotho
DBFFEBICLY, ZOBBEFIHI SN LI,
klotho 25F&R{L A M L A2t L CREMIMTE R &2 35>
RS H 57, TNOOERIR, BILBA ML X
A% klotho B2~ A DAL B H R RIHEIZH
5L, LT, klotho &HMHEEILIER OFEICE
HLTWLZEZRBLTWVS,

klotho EH DAY FIEREIZOWTIE, WE 212
AR EBE . MERNEZMLTO NO BEADRSE
R HNTTLA, VDR EOREEELEAH
NDOBEb PO L, SRR RGN E o
PP S N, ZhDS, AEROEBILEL W KBRIZH
ELTwa 2 sl ans, BboBBRcix, i@
LA b U AAYRIBAICEE LR 2HE LT
ZEIEBHS T, PUER{EX M L AYEH L, klotho
EHD—DOERN R EHIERN TH 5 THEMEDS S
5,

#® W

ZALIDHIVE A 25 B & B klotho D3 % cell
line TH 5 mIMCD3 MIle CHERZ L 72, F 72, Z i
ZHE T D klotho D FHIE H.0, 12 & 0 EHF 4]
S, BRALA F L R & klotho F3H & D R# AR X
iz, 58, SFERRBEH~OBYS., MK
YITFNVOBE R ENOIRANURETHDL EEZS
nas.
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