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[ Abstract )

Human Klotho gene is localized in chromosome 13 12 with 50 kb in length. The expression of this gene

Klotho gene is a senescence associated gene initially discovered by Kuro et al in 1997.

involves multiple cellular physiological activities, including glycometabolism and calcium —phosphorus
metabolism. Silencing of Klotho gene is reported in various malignances, including breast cancer, pancreatic
cancer, ovarian cancer, lung cancer, colorectal cancer and malignant melanoma, hence exploring the mecha-
nism of Klotho gene and Klotho protein in tumor may be of great significance to the diagnosis, treatment and
prognosis of tumor. This review summarizes the current research progress of Klotho gene and Klotho protein
in gastrointestianl cancers.
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Klotho %5 R Fl Klotho 2 H #Jf8 & o —Klotho KX I 7).
Klotho 3N E— AR SF RN, ATEEAZ AR LK
B, PR A 2R BRI A 2], A Klotho (human Klotho,
hKL) % 2 A F A2 13q12, &K 50 kb, 5 PDSSB #:H |
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EAEANLR/NE PR 5 A2 Klotho 2 FZH 1012
A SR ALY R B B 1, Klotho 5 A& A 1AM H
10 /™82 LT 20 B A0 A P9 5 R 3, 1 A /DN 0 5 S 45 44 3
FINE A B2 R A3 00 1 AN AN SE RSk 20 i 1 2354
A 2 ANEEFH KL A KL2 48, 118 28% R 512741 [F
U5, TSR ER S A 5 B A W i R R 1) S S R 4
(32%~40% ) , (H AT B = B 5 285 0+ i A9 A= 9 TG PR o)
SR BF RS KL1 R KL2 A 40 It R0 36 3 1 A A
B A G R 7o) 43P Klotho 2R H Hi Klotho R —F
AR B R R BRI Ok | TT R KL &5 04 B i) — Fp T 15 0
3, IR A AT LATE A P9 RN A MR H s 0 B L A Klotho
ZE 1 AT g i T B U0 RO ML, 43 A T I A TR
PRI =10 2 5 Klotho £ [ H) B 1 2 [l 32 222 i 3R
&R HE AB 10 (a disintegrin and metalloprotease 10,
ADAM10)Fll ADAM17, ‘BAITAY T AE 7= 42 43 W 1 Klotho 25
M, ALG KL A K12 #4558 38 19 Klotho MIAME5#4 B | TR
R %M Klotho B, DL LAY KL1 A KL2 2K,
Klotho TEALIAR g vz iRk | Horb B 3z il /NS R K i ik
N IR K e 2, AN BIFSE K BRAEVE £ N o W
B RE ARSI B AR K R LA | AR B A e
1.2 Klotho H H AW *¥DJEE  Klotho HFHZE N2 IHE
EH, S5 T 204 g F R :Klotho 28 H 2 02T 4E 41 il
H: K B F (fibroblast growth factor , FGF ) 18 % 1% 5 B8 7
F . FGF23 75 8 5 i 25 4 40 i 4 K I F 32 K (fibroblast
growth factor receptor, FGFR) T L2 A 4 LA & % 0 Af 22 4
I, SR SRR A, T 2L Bh Al B B Klotho
EEHEAT WA, PR RS H TR KRN FeF23 5
FGFR1 .FGFR3 1 FGFR4 MIZEF1) [617:18) " Klotho & FH Al I
iR 5 BAHEA R B F-1 (insulin-like growth factor—1,IGF -
1) 38 % 041920 Klotho 7 3 i 45 & Wt Be A4 K 70 Wit
{55 M #1227 Klotho Z& [ FJ LUKF 85 25 F 8 i & 1 TRPV
SRR TR L 48 A A S s R

Klotho & FI7E AN I TIRE M A 58 A H , IF5E R
S vE R | R R B AR HDR A A e 1 B0
Klotho #& FH B9 3 A1 2 5 3T 0155 5% 530 I Ae W g
1 S A & S e R bl 35 B ME A Y, 98 R, Klotho
B TE A S IRE TP Y 26 3R KO3 E H A UREAIR T 5 g
AT I AR 3 3O A0 L 5 25 6 AH G | %ot P 1 10 ) LA 4
R 04151822371 o (14 R SR R 48R 1R 2 Ak
J& Klotho 35 FUTER 1 = BLHL A 112 23436 380] - Ak Klotho
FE A DTER IR 5 H 28 micro—RNA AR, W miR-504 miR-
10b Al miR-15b1> 421 G55 R W | Klotho 3 PR 1 FRLAZ
2 2 &% (single nuleotide polymorphisms, SNPs ) 5 JiJE 5
Bt C, BRI £ 1 SNPs A FS52V ,C370S . G395A
H1 C1818TI1S: 1631 43,441

3 Klotho 5l &5z

3.1 Klotho 5E&& ¥ &EMEER/KE WhHZ—,

KEZHA FEEENeRERZ - RELFETEE
BRI R IR R RAET R 5 T s (AR, 52t R
2 D) s X I A R R A AL A 5 6 I B
A R A L O 2 v XU AR I TS e A e Y
AT R AR ENE X, Tang FYEIKUESL T Klotho
B 7E B SR A0 i P IR R A R 52 e B R
Ja ARG . B AIFSE 40 19 £ A8 IR 4 M g 8 3 1 i e
HBURAS , Z W5 K I Klotho 5 1A £ 8 SRR 41 ML 95 Hh 19
bV BN TRFHLOFRA G2 L, HHERSE
5 TNM 431 RV G EE W ARG L% ELISA 5 5E SR
£ IR 40 9 S8 4 Klotho 85 FA /K- B 35 /5 T Xt B 41
AN AEFE RV T Klotho F H 5 B-4% 5 H (B-catenin) 7£
£ R A M 2Rk AR S I R I R A K
A E PN P A SRR A M A i AR R AR
YEA , WL Klotho 25 W] 4 £ 48 S Ik 241 i 95 T s B 40112
Wr RN FiU B FI W bR, H 5 B—catenin BYAH TR FIHLHI
HA 05T,

3.2 Klotho 5 8 Wi FEE 4 (0% W FET R HE
H53 LB A TR E R R R RS T R R =0 e
Wang 55 1075z HI 48 1 T 50 % B0 376 2 A 0 1 22 4] 15 Jia 20
2 K HLE 55 21 AR AR P Klotho 5 IR K | & B 4L
TZAR Rk R W AR, DA R A B e A R
' Klotho 2 1 AR5 T [, 53 51 BURL % LR & Klotho 2
R FRIBKE, B AL Kol &2 8 B g, Fek
fF 5% 38 ok R o it 6 0 BT AR R b R S 0 SR B R T
(methylmion specific PCR, MSP) & ¥l & J& 41 il & h 1Y
Klotho 2 R Ji 2038 i 2 A= b HH B4k HLF 528 —2 -1t
AN (5-azacytidine, 5-AZA) 2 W 34U 5 Klotho i H 3
REE LW, MR, FE 22 PIE AL Klotho 3 E
BT F AL LU ) 3 R TR SR A8, HL Klotho FE IR Y 5
5 TE AR BB BAK R R T Klotho 3P 7T fE &
B K A WV R IR L 2 — | Klotho FE R (45 3 F 48
AT BESE Klotho % P 77 5 98 40 v 2% 36 1 = 22 AL HL
X5 BLA — 2 B4R R AR A SR R R A e £ Y
BUIFIAE 5 5% S0 B AT R B B W], it Xie 550030 33 2454
2 HEAL A Klotho 2K 5% 34K 2 5 5 41 ML &R (1 Klotho &
AREBFEAEDERERKEF -1 ZI& (insulin-like
growth factor—1 receptor, IGF—1R ) B2 fk. 32 B 0l | fiff IRS-
1/PI3K/Akt/mTOR 15 5% T, 51k B 409 I8 =/
B W, LU T Klotho 25 190 5 98 & A2 R0k R (1 7] R
B, 5350 He SR T8 HH T U RNA % Rk S
Klotho 3EFUTER IS F . miR-199a-5p 1 H 2R H e
I Frh Rk BET S S BRNREMER A G, M
4 Klotho S ik R 2 A B AR PO H Y
miR-199a-5p FiEKF KR LM, miR-199a-5p BY T %
IEA] I 2N Klotho £ MH 387K miR-199a-5p A REMH 41
1l Klotho KA 35 T BUH w8 1 K LE AR . 7T UL Klotho
B FHAT BOA AN AU B R AR R R RB Y , 3 b B
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BITRYT B TR RORE AT,

Klotho B Z B BB S B 2 BAEH %, BRE
SR OI% Klotho 3 M) 81 F X G395A MR 4 4 F X Y
CISIST 5 B a2 /B E W C R AT A B, G-395A BB
SAT R T R B R R I A ) A 0kt
6T G-395A ,C1818T Al C2298T F: K M 5 8 9 & I 1 |6
W C R IR T AR S5 . G395A f T+ IX, H 5
7 ] BE X PR S = AR R ) AR T X — BT e B — 4
WFFEIESE
3.3 Klotho & 1 5T J & M T 4 L %8 (hepatocellular
carcinoma, HCC) &8 7 WL B9+ KO Bl 2 — | o2 i %
FEARRNLE S 6 On, IR AH A8 T ANBURSE 2 47, Horp
— 2 [T & 9 B RN FE T 1) L AR T Y Xie A8
i 4 BT 64 B HCC 8 35 i 98 45 4% & # Klotho mRNA F
Klotho 5 [ 7 T 200 i 98 v i1 22 35 7K 7 i 31K o 5 41 21
FRW Klotho #:F R FE & HCC RIME RN 2 — HHRIA T
[ 1 HR AR K RS AN BBH B A0 2C , ZEMFSE Klotho 351
FRAGHLHIRT, ZAF RS 5L PCR Rl &3 HCC 1 Klotoh
FER G shF PR W S T s ), B P by
)b T A 1 R BE 5E 4K 2 HCC 41 & Klotho RNA ik
KV, GBI, KRR OB IR A 32
AL HCC W H Klotho R TG SE WA, AR SIT
HILARAN , A CBALTR I Klotho 5EITE HCC 2R T
MIBLH 2 — X — R IRNIRYT HCC - 4L T 3 i J7 | SR i
Klotho FFRAMH HCC RYHLEI RIS K 1915 5 18 B AT A B B
Kt Shu 25 BIHF5E & B, H Klotho 3£ ik 3 4& T A HCC
2 ZR 5 e B2 BRI A 1 S O T AR AR R A DG R
FEsE 3- 1/ Rk &4 B, IeAMNER INEYE Klotho
FHFIAR HCC 40HE R P IGF-1R Akt 1 p70S6K F#5 2
e BEFEAE, $27R Klotho 2 7l AEiE 4l IGF-1R
W R AL 3 15 IGF— 1R/Akt/mTOR 15 53 32 230, T
e r= 4 p70S6K iR fb />, M 51& HCC M- [
W, GESE T Klotho £ 1138 2 #1113 — 38 B& X HCC K AE
JEVEF . Sun FEH FES AT Klotho FiEH M HCC
4 il &R ', Wnt/ catenin - # T JiF FEHET B —catenin
C-myc FIAIIEE BI85 E D1 (cyelin D1) R KB KF B ZE L
FxIIRA, HZT 10 d 8537 2 )5 HoAi i v B 5os 8 3% D
TR, R Klotho & AT & ¥ Wnt/B -catenin 15
5 TE R AW AR A S ), BRI T
Klotho & #£ HCC AR SRy 4198 3 B 338 3~ oW 2 8 19 15
Sl B R AR AR, SR Chen Z51597E 52 AT A Y
BE TS | K& B Klotho K 1A Ha i 414k 4 €6 /K F- 5 T A
b iR 22 e SRR W 96 e Ik A= A0 AH 56 | 2R 77 i 28 43 #7 Fe BR
Klotho £ i 61k B F- £ 77 R 8 KT Klotho ZH I
FKiKH, R Klotho & A MR XL S HCC B &, Ik
A, 7E Klotho 2 F 155 2% 35 19 98 41 25 A, 100785 P9 B2 4 g
H K F 3K 1 (vascular endothelial growth factor receptor 1,
VEGRF1) Hl P21 & H ¥ P 1 (p21 - activated kinase 1,

PAK1) /K8 L 38 @B Klotho % I 5 (# A
VEGRF2 1 il 57 B 75 45 J& F1 PAK 1 S5 44 490 11 75) 1PA3 #5 7]
FIZF HCC 40/ R W R L T-HEHT  (anoikis resistance, AR)
H1IE # 2 HK 3814 K B8 T (anchorage —independent growth,
AIG) , UEBA Klotho 7 M 7 838 i 0% VEGRF2/PAK1 i i
HCC AHMIARAT AR FI AIG BIBE S, N TIfE HEAIRI 54675, 3X—
RN R HAAT 5T R GE Y Klotho 2 H A HCC 1E
AR, AT RE S HAH M2 5E s Z a6, mil
Klotho 25 FI/E HCC 14 % A 4 Je v i 62 1y ELAZ A 1 ¥ A Bk
SEA B | S5 e NI AR Klotho 2 FIVE R PRIHIME: ,

3.4 Klotho ¥ H 5 45 HE Wi 45 H W (colorectal
carcinoma, CRC) Y & RN AL T BRI N 4 BR T = s =5l
BT EEE 2 — R A 2 W RaT BA
HRE X, Pan 55 DU 36 7% 55 A B 6% I (reverse
transcriptase—polymerase chain reaction , RT-PCR ) & # Klotho
FER mRNA 7245 B 88 40 i 2 b A R et sl 2D
HLAE 25 4125 1 i 20 23 b 1 38 7K P B0 5 2H 4 1 35
%, 3K Klotho HEFK KA T A CRC AL R P&,
HMIEAE Klotho R K AT CRC 20 i 5 9 14 58 52 3 W]
WA, SRR Klotho RS2 45 ELI7 VA2 A 40 26 1R, XoF
40 0125 H R bR A HEAT MSP & 3 34 5 B Klotho A
JasiFH I, X CRC 4U R 5-AZA KW EALET]
RS Klotho HEP Y mRNA (925K AESE T Klotho F£[H
Jit 8 7 B AL i Klotho 5 11 3 3% N I [ B 4778 T CRC
T, WERR Klotho FEFAE CRC AL | Li 5505 ]
18758 1E R Klotho B BN CRC 408 F #1756 44 5
RT-PCR FIEE [5G 95 BN 1 EA T 73 B A B Klotho HEH Y
mRNA 7K-F- %4 1M p-IGFIR . p-PI3K F1 p—AKT 7K°F
T RE, $&7R Klotho 17T i 1 410 ] IGFIR-PI3K/AKT 3 #%
M CRC A & A 0K )8 5 EAM A58 IGFIR-PI3K/AKT i
B =, A BE 20 B A BT (proliferating cell nuclear antigen
PCNA) I ot 42 i 45 1 BiE -2 23 5102 CRC 40 i 4 1538 5
FIAR A ) AR (R 22 B B 1Y IV BL I SR 1 il |, ok 27 1)
IRAE Klotho HE R 33K CRC 240 5 b & AR AH I T B |
— 48R T Klotho £ M1l 4 IGFIR-PI3K/AKT it H 4 il 45
BRI VEFIPLED , SR Klotho R 1 7E 1238 % rh B A 4
TR BRI, 53 —Jri, Li A Klotho  H 7T
H Ao A0 T 445 L 9 2 P ) AT SRR W IR AR I
FLil kX CRC B FEAT AR RT PET-CT A A F1A 5 i 8 A
A Klotho 2 FI 2 4146 & B, CRC LALLM R E 5
Klotho £ F R IAFEE 2 MG, HAER TS T B9 Klotho
H R RIL CRC 40M & b M BE S FLIR A A ATP
77 AR O BT R i AR A R T R L E R
[+ —1a (hypoxia inducible factor—1a, HIF-1a ) ¥ CRC #fi 2
F YK & S Klotho £ 3R IA 5 UM G, H R A
WY A ZE E 1 (glucose transporter type 1,
GLUT1) | CHH i 2 (hexokinase 2, HK2) 7L 2 it &L/ A
(lactate dehydrogenase A , LDHA ) 7Rk Klotho & [ 1Y # K M
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TBE, IESE Klotho & FAXT CRC IR 4N M A A S B iR LA
dER , B Klotho 2 1 7] fg i@ #3981y HIF-1a #75 CRC
AR B AR T A0 AN R T R B BB (extracellular
regulated protein kinases , ERK) [ 3% Xt 48 4% HIF-1a B A
\EEH, #%E S ERK-MARK (microtubule affinity -
regulating kinase, W04 % R A 5 S B OBORE ) B
ERK2E332K i &35 ff Klotho & 1 X i J88 20 ML AT 48005 1 f
B AT A AS B0 58, $2 7R Klotho 2 H 3 43 1 ] ERK/
HIF1a BEX] CRC A 4208 B A 09 7P 381 L R 3138 28 1 R b
(unfolded protein response, UPR ) A8 I 17 T fif7 /i J8 4 B i) A=
KAZ N | Arbel 25506 Klotho J P #2154 A3 A CRC
AL FR J5 0 € &, UPR AH X3 Hl CHOP (HERP . DNA JB9
1 GRP78 #3k ¥, H UPR MAREY XBP1 ) mRNA 7K
T, 0 R AT FR ) T AR O AL e AN Y, A
6 UPR 40 1 5510 4 % A8 2% IR 2 s i crHoP UL BR 1Y
shRNA W AT 3% % Klotho 3 K%+ CRC A9 #1HI RC hy | $27R
Klotho FEH 1T g3 i i 7% UPR #0h] CRC 4 A=K, X H
JBIT CRC 3R T — S5 (55 B ) Klotho &R X 45

¥ e A 0 9 R PR 1 D, AR LRI e T 2 4505 5 i =
i B AT BEAEAE 1Y o T A W LT AR R
1 E A A B a3k 26 {5 5 S B e 0 B 1 25 4 ()
i, BRI £ Klotho 2 BVAYTY 45 H W MIF 5 A B
KA AT

3.5 Klotho 5B 1Mo J2 A R R B A 55 1 0 A 3R
iR | K 5 SRR RN 7% , HoAE T A4 KB i
FREE A8 Abramovitz 2045 i3 Klotho #2358 K 5 A JH
Ji 9 A0 M 2R R & B, Klotho 2= PR A 2 38 0] ek /0 i fi 3 4 g
V14 5 B B30T 410 ) JHL A R K X it g R B
RUSEAT R RS 5 Klotho kPR ZARFN AT 7544 Klotho & F
A g A AR S8 8 /DN | BT UL Klotho 3 PR AA A FNEE R f
JER T g A0 B Y40 SRR, St — BRI Klotho & PRI
JBE R B VE LA, VR IGF-1 3 bFGF 2 AEH T3
WA TR Klotho SEH W RME AN R B HEA 4
PEEDE I AE IGF-1 F bFGF 3 B P U=k, &
OB T U RS R 2RI -1, & E G 81 A
ERK1/2 BT XA | 78 Klotho & F1 1] fE 1 1 411
il IGF—1 F1 bFGF 3 [ 9 38 16 22 35 100 <) Joke Je o 4 e %) 2
£, AR, FEXHT Klothe & H 45 #HE KL1 M5E#&
Klotho & 5% JB i i o SRS B i 7 AR I, 1EE R 3
KL1 % g A K i Ml s R 5 Klotho ZE H AR A S 5]
AR I 9 LT 1 RO P T R R OR KL AR
F Klotho ZEH . TI WL, Klotho £ FH % /138 B 9 A4 410 1 /E FH B
W, HAE iR T7 R - BEHAT BRI AT 5L,

4 NG

L5 EWESE, Klotho JEWAE N —Z INRESTU R ZHEINTE L
BOHACIE G e v 578 3Rk, $RR LR Vs I 1R
M., 25 2R E S B AR, 0 b 2R 50 R & A R

JEEETTEM, B ERICT Klotho R TEMH AL R GEHE
AR FE AR TEATY 5 2 A 15 i — D AR HAE AP, Klotho H
PR A4 I FH AT 55 AT U B 364K Klotho 2[R VE hy 540112 W A
LIS T 1) A= ) 2 AR b, R TR B G R i -l
0 R (RO R, (R T ARG 2, Bk fR Al
A M Klotho ZE [ il 45 8 T g A= Wy il 300 . SR T Klotho &
PRI 75 0 — A JE i L PR 5 T A 2R G 45 o e 1 L AR G
%, LI Klotho 8 1 RE A AR — e St 5 2 BURE B Ly
8D LV 27 2E b 35 0 D T T A R e g 1 R 0102 e, A0
1k 2 G 68 1= 22 5% % 1 B 16 B A S BRI 1 T TR A T
VR 2 ) YT SR AR ST . FATAAE , BEE X Klotho %
HBFFR A ZE LA, DR HAEHAL R G MR i &2k &
J& | LR R A A FIMLE G 3 — 25K Klotho FE R 644
FEMIRS W TR YT S H A S5 A5 20 Sz A R H

5% Uk

[1] TORRE L A, BRAY F, SIEGEL R L, et al. Global cancer
statistics, 2012[J ]. CA Cancer J Clin,2015,65(2):87-108.

[2] KURO-0O M, MATSUMURA Y, AIZAWA H, et al. Mutation of
the mouse klotho gene leads to a syndrome resembling ageing
[J]. Nature,1997,390( 6655 ):45-51.

[3] ITO S, FUJIMORI T, HAYASHIZAKI Y, et al. Identification of
a novel mouse membrane —bound family 1 glycosidase -like
protein, which carries an atypical active site structure [J].
Biochim Biophys Acta,2002,1576(3):341-345.

[4] ITO S, KINOSHITA S, SHIRAISHI N, et al. Molecular cloning
and expression analyses of mouse betaklotho, which encodes a
novel Klotho family protein [J]. Mech Dev,2000,98 (1-2):115-
119.

[5] MATSUMURA Y, AIZAWA H, SHIRAKI -IIDA T, et al.
Identification of the human klotho gene and its two transcripts
encoding membrane and secreted klotho protein [J]. Biochem
Biophys Res Commun,1998,242(3):626-630.

[6] KUROSU H, OGAWA Y, MIYOSHI M, et al. Regulation of
fibroblast growth factor —23 signaling by klotho [J]. J Biol
Chem,2006,281(10):6120-6123.

[7] CHA S K, ORTEGA B, KUROSU H, et al. Removal of sialic
acid involving Klotho causes cell —surface retention of TRPVS
channel via binding to galectin—1 [J]. Proc Natl Acad Sci U S
A,2008,105(28):9805-9810.

[8] CHANG Q, HOEFS S, VAN DER KEMP A W, et al. The beta—
glucuronidase klotho hydrolyzes and activates the TRPVS
channel [ J ]. Science,2005,310(5747):490-493.

[9] TOHYAMA O, IMURA A, IWANO A, et al. Klotho is a novel
beta —glucuronidase capable of hydrolyzing steroid beta —
glucuronides[ J ]. J Biol Chem,2004,279(11):9777-9784.

[10] KATO Y, ARAKAWA E, KINOSHITA S, et al. Establishment
of the anti —Klotho monoclonal antibodies and detection of
Klotho protein in kidneys [J]. Biochem Biophys Res Commun,
2000,267(2):597-602.



174

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

GHEA IR e 3 (BB FIR) Y2020 42 9 A% 128 45 3 W] J Dig Oncol (Electronic Version) , September 2020, Vol 12, No.3

HU M C, SHI M, ZHANG J, et al. Klotho deficiency causes
vascular calcification in chronic kidney disease [J]. J Am Soc
Nephrol,2011,22(1):124-136.

IMURA A, IWANO A, TOHYAMA O, et al. Secreted Klotho
protein in sera and CSF: implication for post —translational
cleavage in release of Klotho protein from cell membrane [J].
FEBS Lett,2004,565(1-3):143-147.

YAMAZAKI Y, IMURA A, URAKAWA 1, et al. Establishment
of sandwich ELISA for soluble alpha —Klotho measurement:
Age —dependent change of soluble alpha —Klotho levels in
healthy subjects [J]. Biochem Biophys Res Commun,2010,398
(3):513-518.

ABRAMOVITZ 1, RUBINEK T, LIGUMSKY H, et al. KLI
internal repeat mediates klotho tumor suppressor activities and
inhibits bFGF and IGF -1 signaling in pancreatic cancer [J].
Clin Cancer Res,2011,17(13):4254-4266.

LOJKIN I, RUBINEK T, ORSULIC S, et al. Reduced expression
and growth inhibitory activity of the aging suppressor klotho in
epithelial ovarian cancer [J]. Cancer Lett,2015,362 (2):149-
157.

WOLF I, LAITMAN Y, RUBINEK T, et al. Functional variant
of KLOTHO: a breast cancer risk modifier among BRCA1
mutation carriers of Ashkenazi origin [J]. Oncogene,2010,29
(1):26-33.

CHEN G, LIU Y, GOETZ R, et al. alpha-Klotho is a non -
enzymatic molecular scaffold for FGF23 hormone signalling[J].
Nature,2018,553 (7689 ):461-466.

URAKAWA I, YAMAZAKI Y, SHIMADA T, et al. Klotho
converts canonical FGF receptor into a specific receptor for
FGF23[]]. Nature,2006,444(7120):770-774.

KUROSU H, YAMAMOTO M, CLARK J D, et al. Suppression
of aging in mice by the hormone Klotho [J]. Science,2005,309
(5742):1829-1833.

WOLF 1, LEVANON -COHEN S, BOSE S, et al. Klotho: a
tumor suppressor and a modulator of the IGF -1 and FGF
pathways in human breast cancer [J]. Oncogene,2008,27 (56):
7094-7105.

LIU H, FERGUSSON M M, CASTILHO R M, et al. Augmented
Wnt signaling in a mammalian model of accelerated aging[J].
Science,2007,317(5839):803-806.

WANG Y, SUN Z. Current understanding of klotho [J]. Ageing
Res Rev,2009,8(1):43-51.

ARKING D E, KREBSOVA A, MACEK M S, et al. Association
of human aging with a functional variant of klotho[J]. Proc Natl

Acad Sci U S A,2002,99(2):856-861.

KAMARI Y, FINGRUT O, SHAISH A, et al. The Effect of

Klotho Treatment on Atherogenesis, Blood Pressure, and
Metabolic Parameters in Experimental Rodent Models[J]. Horm
Metab Res,2016,48(3):196-200.

KOH N, FUJIMORI T, NISHIGUCHI S, et al. Severely reduced

production of klotho in human chronic renal failure kidney[J].

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

Biochem Biophys Res Commun,2001,280(4):1015-1020.
KUWAHARA N, SASAKI S, KOBARA M, et al. HMG -CoA
reductase inhibition improves anti —aging klotho protein
expression and arteriosclerosis in rats with chronic inhibition of
nitric oxide synthesis[J]. Int J Cardiol,2008,123(2):84-90.
OGURO R, KAMIDE K, KOKUBO Y, et al. Association of
carotid atherosclerosis with genetic polymorphisms of the klotho
gene in patients with hypertension [J]. Geriatr Gerontol Int,
2010,10(4):311-318.

SAITO Y, NAKAMURA T, OHYAMA Y, et al. In vivo klotho
endothelial dysfunction in

[J]. Biochem Biophys Res

gene delivery protects against
multiple risk factor syndrome
Commun,2000,276(2):767-772.
SEMBA R D, CAPPOLA A R, SUN K, et al. Plasma klotho and
mortality risk in older community —dwelling adults [J]. J
Gerontol A Biol Sci Med Sci,2011,66(7):794-800.

WANG Y, SUN Z. Klotho gene delivery prevents the progression
of  spontaneous renal damage [J].
Hypertension,2009,54 (4):810-817.

HANAHAN D, WEINBERG R A. Hallmarks of cancer: the next
generation[ J]. Cell,2011,144(5):646-674.

JIANG B, GU Y, CHEN Y. Identification of novel predictive

hypertension  and

markers for the prognosis of pancreatic ductal adenocarcinoma
[J]. Cancer Invest,2014,32(6):218-225.

PAN J, ZHONG J, GAN L H, et al. Klotho, an anti—senescence
related gene, is frequently inactivated through promoter
hypermethylation in colorectal cancer[J]. Tumour Biol,2011,32
(4):729-735.

RUBINEK T, SHULMAN M, ISRAELI S, et al. Epigenetic
silencing of the tumor suppressor klotho in human breast cancer
[J]. Breast Cancer Res Treat,2012,133(2):649-657.

TANG X, WANG Y, FAN Z, et al. Klotho: a tumor suppressor
and modulator of the Wnt/beta —catenin pathway in human
hepatocellular carcinomal ] ]. Lab Invest,2016,96(2):197-205.
WANG L, WANG X, WANG X, et al. Klotho is silenced
through promoter hypermethylation in gastric cancer [J]. Am J
Cancer Res,2011,1(1):111-119.

XIE B, ZHOU J, YUAN L, et al. Epigenetic silencing of Klotho
expression  correlates  with  poor  prognosis of  human
hepatocellular carcinoma [J]. Hum Pathol,2013,44 (5):795-
801.

LEE J, JEONG D J, KIM J, et al. The anti —aging gene
KLOTHO is a novel target for epigenetic silencing in human
cervical carcinoma[J]. Mol Cancer,2010,9:109.

SHARMA S, KELLY T K, JONES P A. Epigenetics in cancer
[J]. Carcinogenesis,2010,31(1):27-36.

XIE B, ZHOU ], SHU G, et al. Restoration of klotho gene
expression induces apoptosis and autophagy in gastric cancer
cells: tumor suppressive role of klotho in gastric cancer [J].

Cancer Cell Int,2013,13(1):18.
HUANG J, SUN C, WANG S, et al. microRNA miR -10 b



CIH AR 22 7 (B FRR) 92020 42 9 H5E 124 % 3 W] J Dig Oncol (Electronic Version) , September 2020, Vol 12, No.3 175

inhibition reduces cell proliferation and promotes apoptosis in 1% Gy RYE AR G ST (1], BEEMF A %31,2013,26(6):

non—small cell lung cancer (NSCLC) cells [J]. Mol Biosyst, 585-588.

2015,11(7):2051-2059. [51] MAZZANTI R, ARENA U, TASSI R. Hepatocellular carcinoma:
[42] LIJ, CHEN Y, GUO X, et al. Inhibition of miR-15 b decreases Where are we?[J]. World J Exp Med,2016,6(1):21-36.

cell migration and metastasis in colorectal cancer [J]. Tumour [52] SHU G, XIE B, REN F, et al. Restoration of klotho expression

Biol,2016,37(7):8765-8773. induces apoptosis and autophagy in hepatocellular carcinoma
[43] KIM H J, LEE J, LEE S Y, et al. The association between KL cells[J]. Cell Oncol (Dordr),2013,36(2):121-129.

polymorphism and prostate cancer risk in Korean patients [J]. [53] SUN H, GAO Y, LU K, et al. Overexpression of Klotho

Mol Biol Rep,2014,41(11):7595-7606. suppresses liver cancer progression and induces cell apoptosis
[44] LIU C, CUT W, WANG L, et al. Klotho gene polymorphisms are by negatively regulating wnt/beta—catenin signaling pathway[]].

related to colorectal cancer susceptibility [J]. Int J Clin Exp World J Surg Oncol,2015,13:307.

Pathol,2015,8(6):7446-7449. [54] CHEN L, LIU H, LIU J, et al. Klotho endows hepatoma cells
[45] CHEN W, ZHENG R, BAADE P D, et al. Cancer statistics in with resistance to anoikis via VEGFR2/PAKI1 activation in

China, 2015[J]. CA Cancer J Clin,2016,66(2):115-132. hepatocellular carcinoma[J]. PLoS One,2013,8(3):e58413.
[46] TODD A, GROUNDWATER P W, GILL J H. The Global [55] LI X X, HUANG L Y, PENG J J, et al. Klotho suppresses

Burden of Cancer[ M ]. John Wiley & Sons, Ltd,2017. growth and invasion of colon cancer cells through inhibition of
[47] TANG X, FAN Z, WANG Y, et al. Expression of klotho and IGF1R -mediated PI3K/AKT pathway [J]. Int J Oncol,2014,45

beta—catenin in esophageal squamous cell carcinoma, and their (2):611-618.

clinicopathological and prognostic ~significance [J]. Dis [56] LIQ,LIY, LIANG L, et al. Klotho negatively regulated aerobic

Esophagus,2016,29(3):207-214. glycolysis in colorectal cancer via ERK/HIF1 alpha axis [J].
[48] HEX J, MAY Y, YU S, et al. Up-regulated miR-199 a-5 p Cell Commun Signal,2018,16(1):26.

in gastric cancer functions as an oncogene and targets klotho [57] ARBEL R T, SHAHMOON S, ZIGMOND E, et al. Klotho

[J]. BMC Cancer,2014,14:218. suppresses colorectal cancer through modulation of the unfolded
[49] waR¥%, #EE ZFEEE 5. Klotho ZEE G-395A 1 C1818T protein response[J]. Oncogene,2019,38(6):794-807.

SN WAL 5y A RS [J]. B AT EE R R AR [58] RYAN D P, HONG T S, BARDEESY N. Pancreatic

(B #RBI2£0R),2008 , 28 (10):1258-1262. adenocarcinomal J ]. N Engl J Med,2014,371(11):1039-1049.

e

[50] #miy, BME  ZEE . Klotho 3E[H 3 ML AMEAL NS B ik

gl

S VEH - i

AT B HH MR & 1T 1% 5 15 A

AR IR 2= 5 (R P R) ) (T B v 3 252 1 B4 5 TSSN 1674-7402, N GE— & 22 5 CN 11-9301/R)J& E %
TR RS B N TR R A PR & J2 I A T Ak e &l L T2 R AR AR i) E AR o E R AL A R R
RN I8 SCGETHIR I Y P FEIAZ O30 ) (G2 ) 5080 2 ) b T 2 AR 300 TR D 1 46 2 L P ) (P SRR 300 T B P ) 4 SR
KPEIENT KES TAEERBE T —MEH WL e CERMIEH TG, AT EILS 52490 09 4 A XK
T2 AR 2 WGE 10 R, KA #E T 95 £k g 2% AR U 1) 28 0, RV HH R R AT K B Sy IR, A6 [ N B AT — 58 15 i)
1o WA R A PR R R 3T 1]



