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Homozygous mutant klotho (KL**) mice exhibit multiple phenotypes resembling human aging. In the present study, we focused
on examining the pathology of the lungs of klotho mice and found that it closely resembled pulmonary emphysema in humans
both histologically and functionally. Histology of the lung of KL~ mice was indistinguishable from those of wild-type littermates
up to 2 wk of age. The first histological changes appeared at 4 wk of age, showing enlargement of the air spaces accompanied by
destruction of the alveolar walls, and progressed gradually with age. In addition to these changes, we observed calcium deposits in
type I collagen fibers in alveolar septa and degeneration of type II pneumocytes in 8- to 10-week-old KL~ mice. Pulmonary function
tests revealed prolonged expiration time in KL~ mice, which is comparable with the pathophysiology of pulmonary emphysema.
The expression level of messenger RNA for type IV collagen, surfactant protein-A was significantly increased in KL~ mice, which
may represent a compensatory response to alveolar destruction. The starvation of human lung fibroblast cells (MRC-5) for 96
hours decreased their “H-thymidine uptake up to 75%. The transfection of the klotho gene into MRC-5 cells using adenovirus vector,
however, prevented their decline in *H-thymidine uptake. These results implied that connective tissue including fibroblasts played
an important role in the pathogensis of pulmonary emphysema in KL lung.

1 #

HE, HRGEEHASNEBHITERLo0H 5, MK
DAL ORI, BN O AL & THIFEMICORD
HELHEOOED L 5TV, BEDELIZ. 8D
IEA B BRI YT V= a vk bEZLNS
B a0 H L HE, SR EEbETH#EITT L0
VEETH D, Z Olissn i OBALD FIREEST P IEAS Ak
WRCHEGLTWwEEEZONSL, 8% 6, SR
I LD LT ARG, EFEEFIESFEL. B
RBOMFFZN ) T, WERE. . Al HEREZ
ElZBWTHO REEZ R LTSI N6 Thb, LTz
Mo T EREER ORI IZ, #ERALo %Lz
Ja AW IRT 5 2 E AR TH 5o

T ZHE - MBS LHFET, MRBICEEICED S
klotho &\ ) FH#LEMLE T2 FER L7 Vs klotho BT
&AW 14kDa T, B-glucosidase & 40% DHET TV —
ERTIREHF 23S WEHE I— N3 5. klotho 5T
REREYT A (DT KL L) (& Favosis, B
WRAEAL, SPTEEAIRAL, ERUERAE, B E B2 8 o 3k AL,
RETFRIEoONI, MELREL FELICRONL LB LRE

il

Biological Role of Klotho Protein in
Ageing of Connective Tissue and Its
Therapeutic Application to Skin Diseases
Ryozo Nagai 1) , Tatsuo Suga 2) ,

Yoshichika Sando 2) |,
Masahiko Kurabayashi 2)

1) The Department of Cardiovascular
Medicine, Graduate School of Medicine,
University of Tokyo

2) The Second Department of Internal
Medicine, Gunma University, School of
Medicine

b2 RN EHT 5,

BZRZ R & RIS, AR EEL, L b Riako%
Lshlifamass (W%E) & L CIRRER - BERERICHURIC K
LS Bl CTH Do F 2Ty KT klotho Eiz
TR~ AT BT B OZEALE AN, BEAICE
FHIET L7z RIS, BB MM T 7/ 7 4 W AR
75 —%MHWT klotho BInT-%E AL, EARHZOMIL
BREDEALZ BT L 72,

2 £ B
2.1 klotho BIEFXRIEY ) A OEEAE

Jifi S TR B L 2 M S| 53k 5 elastic recoil ®J)
AT B 7280 EN DI HE NS 70 B ARG LS &8 L Ak e -
PHZELCLE Do D7 air trapping 252 &, i3
EITRZRET 5, 2Ty klotho BIET- KA~ 7 2 DRz
EWE L. @RI YRS 5 1B &2 e L7z,

512 6 — 8 A D klotho BIZTREXRIE~ Y A (KL"),
klotho IR T ~T X7 A (LLF KL L), %
AR Z (LT KLY i) 2 v/ xv 2% o L
v CHER, BIMBER L7z KA 4% 755 7 4 )V A
TNT e F&20 cm KAEEO—EE T 24 FEfEA L. Mz
JEREE L7, MEREEHEOMZ KESE, MRz IEL
720

2.2 klotho E&InF I~ 7 A Bl DIEREFRIIRES
WHIZ2, 4. 8 — 10 BH5D KL~ KLV THb, 2.1 &
AR LTl O AR E 24T > 720 MR E L 724
385 7 4 IZEE L. 4 um DIEZ Y/ EER. ~< b
FIVY I XTIV LT, o, I IcT Y
FGgef i, AIKALRE 2R L7z, Mile OB o
DOFEETH % Destructive index (D) % Saetta H D Jjjk:(2)

_59_



WCHEUCRME L7z S 5100, BT 2 MiBui o3y i ©
% % Mean linear intercept ##HHl L. Wil ko fE
JE &G L 72 3,

2.3 klotho BT XIE~Y ) ADETFIEMEEIC & 51kt
8WHFD KL & KLY mxtg e Lize v 7Vl 4
CO2%ZNF— VT IVFL FTHIEER, S 1 %+
A I LB THRBEEZITo 2o B CHEER, =5 /) —
VTHAL, TRFI LY VICEM L. HEE 60nm O
WU R L, BB 9 v & 7 T U BERC o Em Yt L
TeRICTEE T MR TBlg L 72,

2.4 klotho BIZFRE Y7 A DMKEERE

6 - 8M45D KL KLY KL**%#xt%t L, L%
v (1.5g/kg) & HEWEPIESS L 72 RRERTE © H 2SI T 1S
Witk 2 e Lz bbb, BRI FL v#llFa2—
TRZENIHEAL, LileyM=2—F¥a7 57 (HA
FBALE TV-241T & TP-602T) % M\ TR AT % 3
L7720 MENIEIE FEEENTE 2R L, EfFEa >
Ca— 2Tt e BRMWICHAE LR (45, %
B o< Z4KEIE 37CO—E I H . MFIRIREES 10 45
DRSO % 5> T WmEL, —Bsm, 7Rk
Lo, MBEEL, BIa Y 7540 7 v A, RIS E E
L 720 BRI A7 A 53HT & P8 CTAT - 726

2.5 klotho EIZFXRIE~ ) AffilCH (T 2 SRR &

EIEFORBKRDIRES

7-9#A5D KL . KLY, KLY BB 5T 0=
ToFEBE ) —F 7oy MECXIORE Lz, 2Thbid
WIENHMAERE L BT 5 L EZ N TWEEIETT
H5b . <4V superoxide dismutase (Mn-SOD). 7V
§FF I XRNVEFFTF—¥, ¥ TF—E, transforming
growth factor-beta 1 (TGF-B1). Early growth resonse-1
(Egr-1). VEIas—7, y—772%  MEHA (SP-A).,
specificity protein 1 (Spl)e T b b, FEARM X Y4
RNA (ribonucleic acid) Z##iiL. 1L —r&H720) 20ug
DRNAZKRVAT VT F=1%T7 Ha—A7 )V THR
wEIL, 4 ar x> 7L (Hybond-N; Amersham,Arlington
Heights, IL) (ZHB L. SAMRERE L7z, 18S & BS ARV —2A4
RNA %# X F L 70 —THf L, RNA O & B2 5Hi L7
A7V iE50% R0V AT I R, 5Xsaline sodium

phosphate ethylenediaminetetraacetic acid, 10 X

Denhardt's solution. 1 % sodium dodecyl sulfate (SDS).

0.1mg/mL herring sperm DNA #&HiTT LA 7Y
¥ A4 X L7, [*P]deoxycytidine triphosphate (dCTP)
(Amersham) TI NV L72DNA 70 —7T42CT20
FERINA T ¥4 X L7z AV 7L 2% 2 Xsaline sodium

citrate (SSC) (0.15M NaCl and 0.015 M sodium citrate,
pH7.0) /0.1% SDS T EE =R T 10 2 M 2L L 7= 4.

0.1 x SSC/0.1% SDS T 42°C T 10 43 ik L. Kodak
XRilm 12- 80C T4 WA= TV F 7T 7 4 —%4To 72

2.6 MO klotho BIZFEAIC & 5 ifaiEENOZE L

klotho & 5T HSHRMESE ML O B AR IC T3 HEIZO W
THE L7zo Rlotho & fn T ORI TFOMRINTWAH L
MlARAESEME (MRC-5) (2. adenovirus vector % fv»
T klotho 15T 721 LacZ a2 EA - BEZEH S
Too BAAWEM £ X D HLARIRAE & L. 96 I ] £ 12
SH-Thymidine B ) sAA %52 L. klotho fn T35 AR,
LacZ a8 AR, 3 ¥ bu— VHETHIEKL 72,

2.7 HEtniE

FUEMIZ, T = BEEFEEOETRB L. F7-
FER DA EAEOKBIIZIE analysis of variance (ANOVA)
ST & V72,

3 # R

3.1 klotho Bz FRIE~Y Y AMDEIE

6 — 8EAIBIFS KL KL KL OV EIZZ
nEN, 68.3+x4.7mm, 91.8+2.4mm, 91.5*1.0mm T,
KL 3 A EIREDEA -7 (p <0.05)0 KL\
KLY KL O¥¥i%ER 22 h, 703 =306 uL,
653 = 180 uL. 663 + 122uL T3 BEMICHEE I L h o 720
L7255 Cy KL & KL* KL** \ZH LR E A2
b0 L ITHIBRIIAE T, KL it BERRETH 5
EHER S N7z

3.2 klotho B FXRIE~V 7 AFDMEBEL

B 2 AT KL ol (Fig.1A) & KL Olii (Fig.1B)
EHRRENCE L RIATETH o 720 MilamEO R E % f
14 % Destructive index (DI) I2b &N o7 (KL~
1.70.8 vs. KL** 1.5+0.8)c L LAEK4ABEIIRS L
KL il (3 i e e oD 9K & Jii i B D i T WL ASRR 0 H i %
X912k 572 (Fig. 1C)e TOBAIZBITAH KL ® DL
(12.0+1.5) &, KL** (2.7%0.5) IZH~AEEIZKEDR
5720 & D7 SRR <2 [ DA b O P 7RO
TN 4BESD KL ORI & BT & 72,
8 — 10 B2 % & KL i o5 MEEZLIEEIZHELT L,
IEE D HIKALFT B B SN A X9k o7z (Fig.1D)o
BfaE DR DFRIETH S Mean linear intercept i3, 8
WA O KL Tl3104.8+28.1um TdH H. [[{HE 45 0
KL ®»583+242um & KL THBEIZKE 2> 72
KL ROk 3 AE#% 28, 48, 8 - 10 HOMTKRE
AL D > 72,

_60_



Z{LIHIE(EF klotho DIEERHMATEILIC S T 2REEIEFWESROMAA L AREFEANDICH

3.3 klotho BIZFXRIE~Y ) A DEFIEMFER
4D KL Wi T BMsEc X 2888 Cld. MlikakE
D 1T RBERMEAND IV 27 Dk =i 72 (Fig. 2).
Jiti el L JEC I 0 2 BERE B 53T d B IV B BB RAE L2 13 %
B hoTze Tl W Oho TR F R o2
A% 2072, 84 @ KL JliTIEW & H 7 BN R
WRBDE Do 12

Fig1 ASB2BOKL Fi(NT XSS -IA4T L %E)
BE®%2BDKL" i (N hExIUL - IAIEE)
CHEBABOKL i (NT XD UL - IHT %)
DABI1I0EDOKL B (NI hFI UL - IR,

A LEEAR G Kossa 8 (GEHK))
2HESTI KL, KLY &£ HHIROBIZILERD 5hA v, L
»LABSICEBE KL S 3 BHRaRE DREIE & RIEDHK
RO, 10 BBMO KL fild SEME/EHP B ISETHEL.
FhfREE DAL HERD /=0 (AIKIEIE Kossa B TEREBICH
BEh3)
(Scale bar=100 um)

Table 1

6~ 8BSDY I ADIHERERERTR

3.4 klotho EIEFRE~ 7 A DifiEE

6 ~ 8 MO~ 7 A DIiFREEFHTHE A % Tablel ICF &
B7zo KL TIZEER (Te) OERE (p<0.01) & Bfili
I 7547 A (Cth) ORMEI (p=0.09) ZiED72,
KL o—ifs& (TV) XKL O TV X ) /h&Ehotz
A (p<0.01). FEER, KEDH-) D5 RHRGE (Ve)
I KL~ & KLY ORICER RO RP o720 KL <Y
ADBIRIMA AT RIZTWT w7 R EEERDT, BES
JEDOET & “ALREGTED LA D RSNV, L2
Ty KL =7 AOBEEIEPRNIIFRA G L 13 FH 2120,

3.5 klotho BIZFRIE~Y Y A H T 3 iKEERE
BIZFOREBRKMR
FTICEW MDD 5N L 7T~ 9HiD KL~ <

Fig2 8BED KL FiDEFIEME E
ftfaEE D [ BEGHADHIL S I LB ERD 1=
(%%EN)
(Scale bar=1 um)

KL = X TIEMRERE (Te) DIERFFREEHHI> 774 7> X (Ctb) DIEHE

ﬂ%iﬂ&) 7(':0

Pulmonary function tests of klotho mice

l:()dy weight, R:esrplinl;lsory rate, 'f‘ildal volume, N iniy ::géc (Ii::/lc);‘ o l{cﬁ/}ig;l ek
KL/~ 84:10"T 209:45  130:30"T 35:06 141297 67235 s44:167
KL*- 163%21  258+28  260+30 41206 113x4 3126  502:152
WT 172222  238:26  240+70 3311 119:4 469  389:113

*KL - mice versus KL *- mice; TKL - mice versus WT mice. ANOVA, P <0.01.
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