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Kidneys with bad ends
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Telomeres consist of tandem guanine-thymine(G-T) repeats in most eukaryotic chromosomes.
Human telomeres are predominantly linear, double stranded DNA as they ended in 30-200
nucleotides(bases,b) 3'-overhangs. In DNA replication, removal of the terminal RNA primer
from the lagging strand results in a 3’'-overhang of uncopied DNA. This is because of bidirec-
tional DNA replication and specificity of unidirectional DNA polymerase. After the replication,
parental and daughter DNA strands have unequal lengths due to a combination of the end-
replication problem and end-processing events. The gradual chromosome shortening is observ-
ed in most somatic cells and eventually leads to cellular senescence. Telomere shortening could
be a molecular clock that signals the replicative senescence. The shortening of telomeric ends
of human chromosomes, leading to sudden growth arrest, triggers DNA instability as biological
switches. In addition, telomere dysfunction may cause chronic allograft nephropathy or kidney
cancers. The renal cell carcinoma(RCC) in women may be less aggressive and have less geno-
mic instability than in man. Younger patients with telomere dysfunction are at a higher risk for
RCC than older patients. Thus, telomeres maintain the integrity of the genome and are involved
in cellular aging and cancer. By studying the telomeric DNA, we may characterize the genetic
determinants in diseases and discover the tools in molecular medicine. (J Korean Soc Pediatr

Nephrol 2008;12:11-22)

Key Words : Telomeres, Kidneys, Senescence

M =

A 7150 AFHQY 3K successful aging)
of 7JAe d&ol) disted A 20083 Samak F
o] w1l 93tH, A% 752 gAFHezE A
A =AE9 ASoE A2EE Cleystatin C)

HE&:2009 ¥ o, +9:200d9 2 o

ARAA:MNFE, B7% BEA BT okEE 222
TAFEdAGA R L g3t uy
Tel 1 031)725-8305 Fax : 031)725-8364
E-mail : dcsuh@hanmail.net

#dlo] o oy AW AL A o g}
F ATHY =35 FEA Zide AL Agd
A%, AFAS B RS EAAL HEFTTY 4L
ZA g =k 3 A S48 Az
T Ae gl AR FoM EdE 3iseav)
Hetel 8 Ydolel: 2008\ Bt A, ¢k
olX(sedentary) FE d3te AILEL Wy T

-

g 2 r)oi(telomere) 7t 3] Folrlotes S8 %
T

Bud JE&EL ZrEAE A5 Fd BE A
E3hQl AAES gl JoH2, 3). Alge X3¢

g FE AT A YT Dol 2o

_11_



NEHE  AF 753 2R

i

& AYT golibe ), ol vhx AHF
& 2% woltA e Zate Aed 2 48w

n

o me} 94 2RI} T A AE
AstEA HAH3] FHA wF
ot} ghe] "ol #Ae-d ¢ e AF fFARSIL
EUL AR AgAo wet gy L2"E B
AA REHA g1 Aol ghgo] §H7] H
A A ol Ag dolmgA € % JYrH4, 5]
duiy o Atgte] AAEE E2ZAY Yol mt
2 AT £4 55 AFsHA 59 d2vuort
FAEEA Zdol7t FopA A Ar) o) BAY x=
& (replicative senescence) @ #E2m 4he] 713
AZo] wE} HA 4-7 kb(base) BEA] FE
tta gl oH6-9]. 1997 Wilmut 51012
EAE E28(Dolly)E A& F AAMIA X
o s BRAREY, Aok vHFY on) F
ofzl dZmjo] wjFel ojn ‘Fojuiy o 4o
AA7E Ho ojd Yol EF3tn BH oA
Y =33 YEtWths AME d2ro9
715 AR RAFA HY FHAERA
7} =4|(senescence)2} oiE AT AAHS &
2E DNAZ QA HEA o]z 13 FfEA A
2 Ag AA, AFelAAR 5L BT "=
o]9] gro}z] Zolo} dge] o) AYFH =AY
g, Yol € Af, A% Z7171 FAA "goid 4
S d2ujo] ozt g% AstAl 2t &
A 9JtHil-16]. 25 "lEZ=gol FXAe
AhEHg Wolm dzu|o] Zolg dAAHY x43)
o w2 ARHHBAA A3 (neurodegenerative dis-
eases)& FIEA ETH17-20]. AFLE 2T
UM E A o HFEEHE= Yz o)E(telo-
merase)oll ¥k A3 A (inhibitors) HEe F3
A gl m@Por} g E Yeled 4
gle Aztol 2 4 soHo] olFAAE & &
BE R Bu JAE etk BEd U 2L
24 g=rjo] DNAY h# 477t He A=
A RP=lojot stelgt Bt olgk HEo] &7
g2wjo] Zolg &M FABIHEA 71&E9] o2 ¥

Jo

£

HAE FIg W FARHL FAAL F 99
AT HuB21-A) $EF & e A2
W 7HE 2A B,

O

°ll

=

rh

1. SMA =H|

Algrel QA 2 Bjdle dz2lolr}t &3t
WA 4F BHE 715 Y% 944 DNA
£ =&59 e M¥(linear)® FHE AY7)
dEoitt. olF =&d dAA T DNAQ €=
ujol7h AR F8 FAA A L e B
A&ta, A da7ge] §¥end-to-end fu-
sion)& AAAZIEA Yubed &4 DNA(da-
maged DNA)YY o5y A (double strand
breaks, DSB)# 7% + &= 9&S it
[11,22,23]. 574Xz dR2ulojo] ol At
BEE ZAA &1 o2 FFH dol2 &5t
e, AXEE 2 BA 5o et ZAH FopA
ulx] FAREE A Al(mitotic clock) 9% o] A1
9] AlgHlife span)& YERAtHFig. 1). AFge €
2rloje oy A3l 2~ E 8 ~(oxidative stress)
of oA 2 Holrt HAoigk FolAH MxZA
(proliferation)e] FHET) S4H o7 Algte] A
A A ¥ (human sperm) YEnfoje] 9 1 7ol
7F 9 kb olx A AAE HR2uol=the-
man somatic) 4 kb AEetn Fo7 8]. €2v]

T a2 20-30 bp¥ FotAA Hew BT 2
kbA =9 do|7t 2EHY AEREE HFu A
o] dAo JAEA €t olE nFolE o A
ge] o] gREnje] A&z vigdnts 7t
A3t BE 80-90d 7HFe] o FHo] d&d
th E3 A3 dolo] d2ujoje ¢ THE o
AstAet AR o) o)gtr Frotx gmmojrt
o 3 JiEtE EAEA HW, Jise] FAHEA
A GHEele] 7+ (capping) 98-S %A
o) gto) HurEy) FoH1L, 13). AR AE A4
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Fig. 1. Consequences of cellular senescence. Telomere is shortened by intrin-
sic and extrinsic factors. The critically shortened telomeres result in loss of
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cells and eventually organismal death.

oA zpzhe] "@Zmo] Zole s thakatA|
o 7 #e dE2vole dAAET ] S (fu-
siomAlA AEXAY(Karyotype)S THEA Atk
FAA7Z §EHE A2 (chromatid)®] B2
Hlojel A v EE R o|tH25, 26].

27F ouie] dzuo] B 3} 5
3 &4 (5" -exonuclease, 5'-exo0)e] F7 EI=
UZ o} golx= Ade d, §F ' -endVt &
oiAe FEEA F Jte F 50%7F 3 G-rich
overhang2 Rolof &=t AAZE 80% <|4
o] AEAM 3'-overhangg& XYL gt} 2 o)
¥ ¥ET 130-210 bases(b)ol™ ol Q7tg
(parent strand)F2] Apo] EAI-AFE(C-strand)
A E 5'-exool og EEAEE LeviE A
2 gelx AH27-30]. ol¢t #2 WA L<U(in-
trinsic factors) £-& £ 2 2l(extrinsic factors)
o 93 AE={cellular senescence)= 4|7}H
2 A A (irreversible growth arrest) & Al
F A} (apoptosis)E o]24 FrhFig. 1). ©]

SR

e E3A dAHE(cancer cells)22 WE 71e
AL 3o JAZAY ¢Horganismal cancer)
UG AAse ERE Btk AR Aggs
e A8S 3= ‘Hayflick factors’'st £8&= &
g dRulo] FAMEEA AxEde o), &
AA ##E FHA 4d 5 INK4a/ARF 849 5
7} &9 DNAS] $7F 522 A3 =23 AlE

(senescent cells)7t Z713tal 2l (stem cells)
¢ 71 AstE WA =8Horganismal aging)&
FEAT 2 A3 AE AARE AFEAITE A
Al MEALE O] Ao} ¢F BN FEG EFE
E27E H5HEA Al & =3 g A4
o2 APArky A IH31-33]. Fig. 1614
£ A 2E# 2 dE20joj Holg A
o] x4](senescence) o] dolvA He, £
AR AHNE EAZ Fold dmnjojr} B
A 4-2}(replicative senescence)® ojojd x=3&
oI\ HA S AHEkal 34, 35]. A 9
A BAA FRE

l

& A(semiconservative repli-
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cation) ° 2J&] Fo}7 3'-end 9ol 5'-end S F
7}2 AR S A2 (exonuclease)7t Aadte %
% 7}e(strand)2 257 @A EH(Fig. 2).
Atzre) gzmjoj a#A 35-600 bp 271} 3'-
overhang & ZA 51 5’ -end= 4HEE] F i
o] F712 Eal=o] FolAA @rH34-37]

2. 7wHA otdd

Hojgle] 2 golA dite AEFTo] 35
3 "2nje] 4AdE fFaddivie vigiz Wy e
gdaujo] Zo|x o7} A7 AAEFS S5
g F£3] #old =38 =& FE vk, 2008
d 5 A7 Bue(2 3] o A $-gelA
vl7b Ao =23 S48 g4 AdS F
& 72 2] A $Hcaloric restriction, CR) ¥3<& 4
X F(rodents) & Ul oz AAF Ay} oz B
714 B4 &AM DNAE 744412 £ 9o
A =3 a9E HE 4 Utk AR AEY
HEZ= ol E EFd4A

A AVskE

(reactive oxygen

species, ROS) A4 ASIAIA CRel 9% WE
Zogol 14 AALAE FHANE 5 Avkn &
A UTH38-40]. FFAH 2 to]o wE DNA
&4 2 Ho|7t AN x3idd AL F
A71A Hed o] DNA &40 Ax=s] 9
AA gl g AW {EHE A5 AAEH] )
£ Aolth. §3] Al A 225 AUHAH
(Werner syndrome, WRN)9A 2 2}7F DNA
B-(repair), DNA #]Z & (recombination), E&
n|o} 7|5 f*|(telomere maintenance) % DNA
tAHmetabolism)oll #dchE R el
DNA A3t &4 oxidative damage), B 219
¢H3 A (telomere stability), DNA B+ 7143 =
3} d/dHaging)Te] #HAY A7V WS- F8AH
o AekFig. 1). =413} AL 473H E(growth
arrest)?] §ET FFoZA o] AL A&Ho]
AN AEe FejH Was FEA AT =g 2
EXH3]8 A~(senescence associated-B-galacto-
sidase, SA-P-galactosidase) &4o] F7l¥ 1 F

DNA replication of linear,
chromosomal DNA

Lagging strand

Leading strand

> 3" RNA primer removed
and fragments ligated

Degradation of newly synthesized 5 '-strand

a3
|
( ...............................
3 €
{
> 3’
remeeensesnnsacamnennns
3 & \
-....................-.-.-uuu.) 3, 4 ........

Fig. 2. Telomere replication and maintenance. Telomere shortening is main-
tained by the conventional semiconservative replication and by degradation of
5' strand of the chromosome. After replication, the characteristic 3’ overhangs
that are conserved feature of eukaryotic chromosome ends are produced by nu-
clease activity. It has occurred at both ends to degrade 5’ ends of each strand

to leave long 3’ overhangs.
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A& (chromatin) 737} YA3}al INK4a/ARF
AAZE @49stdt. o]FolA INK4/ARFS 23
oz @EAlo]l JAHI = Foh. 2} Al Al
Aol e INK4a/ARF7E E48tHE =84S
e A4l 42]. °lE2 FU¥YA 7isE A
e 2o oldd &dA FHATT Aol ¢o)
HAE, FA =3 & FPEHE AR Bl
A S =3t BE 79 7lso] AR 3
Bt RS T3k, 559 AME glojA] A
HAZ A= EA x4 (replicative
senescence)# EE& H7HEH AEZF7)(cell
cycle) HE(arrest)e £33t} A X2 (cellular
senescence)’t 7IA] =8k}l 7| X& Fe 27|
o]¢] 7544 AdT/AFL, olo mE ER2u|of
9 7% (telomere dysfunction) w&<1d] ©]
€ 950l 59 IFF AFAEY d2no] AT
qME #FY Aoz gex YrH4l-43]

GAA fAxtel9e] e Fa% FHAAR
© HEZ=gol W9 olFuA, F¥(circular)
DNA® =z ZAdte WEZ=Fol a1z
(mitochondrial genome, mtDNA)o]t}. XAl X
g 1,000-10,0007] mtDNA 3 =Hcopy)”t &
oo F2 RAE B3 FHAETHL9, 20]. = A
o mtDNAR o= 7 A ZuoA] dojutar o]
€ mtDNA Wol& AXe] 35329 Zg4 ¢
T ok o]H 3§ AME mtDNA 42 ¥Hx
3he] WA AAAE 4E 3718 (Parkinso-
nian disease, PD)eIA¢] FAAHe w4
(neuron loss)® #&AHYTE AN He] FH
2AE s Bl Fx vigte] S A (substantia
nigra)lAe tE ¥ FHETY o L& H]&9
mtDNA ®o]l& Bt} ol AEAE Agas
(cytochrome c oxidase, cox) A3 FEolA =
oo 52 A AEES Bl Aoz
AEZZF mtDNA Aol Ay Jddddza <&
#2 QrH44-46]. PIEEZ=gel §AAe] w o}
2 7|9E dd UdF9 24L 9d 5 gdns
7

Aot} ‘Hol MA?, GzFe] WA sl £l

(proliferation)

et 4obal2srs] ] - A 128 A 13 20084

ZHA 3L ol Alde] FUEBL T ThEo
AV e FAAY7 & Aotk BEE AF
71 A71zA ofd FAX 7 e, sHEH
Al Mg T3 Aol HA ‘ARt R
=30 Ao £xgle =4 2AE =AZS
AA T Schwartz 9} Vissing[37]19) ¢]3HH of
ARkE BAM fAEE "EZ=dol DNA
(mtDNA)& A3 e] gho| X AXE9 Uz & A
A3le FF3E vlo]EZs=gol Yo FARE
A, Jgate £27F o= b2 AEY Yo {4
Ao w2k ok T3 mtDNAE Wake) A
A& FA A o AN DA Ao
HH, Y-94A9t o] DNAAME7Z|E TA|SHA
9ol (non-recombining), 243 BHFEo] £o]
sttt mtDNA S Bt 248 & 43, of= s}
A A= AHEY KA W7t A AREd,
o]Ao] vlZ A9 AZ7} ofZEFleA] HA]7]
A2tk ‘o] H(Eve) Mo Z7teln dAdl UF
9] 719 oF 209 d Ao FAHAG. ANWAF
o] 242 otz gt A HIRE T A o] o
Eo| 98 ZHYZ AXA HULo] v|EE=z o}
FHAE FaA B3 R TH47-50].

o o i mu

M

3. MELA 2 @

A E =2 (cellular senescence)ol Z|that 3k
< 7)A€ AT 2279 =Z(uncapping)$
TA7IA HE €2e|olg] o] gEy nEEZC
2o} DNA2] ROSH &3 &4oltkFig. 1). At
AEe] FHAE 23709 F fARe 23709 B
A7 A 46702349 AMAZ T =)
FAA S TRl HRsE dRujo)E= AXF
92707} € 4= Uvh51,52]. T dols Ad &
2 FolA & 3 Y 7 L E2uloj9] o
7t ARA (AR F HEA)AY, o8 A7 FA
of ofysi)oln, 593 T (sentry)dd A
Hof gl d&Enjo] Wyt BAN =48 fA
71E Bo] oy, oj= RAold g &L Aol
d2uolg Ad JAH7t Zhd 3 end-asso-
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ciation)& ¥o7|& T 7l
A G (mice)ol| M= BdA d 4]
#Qlol e gR2ulo] BxFoA 71 e H=
ujoj7} FAA kAo A Holgta &
t}53-55]. 2008\ Lansdorp[56]o 2)3tH E©=n|
of Zo)7} 7t ejold ojd ololdlA Lpo]E =<
o o|27|7A] 71y 71#el we} zholzt YT
o ololdlAME A1 volE nEA A F
ofx gdzmol yole} B GEEo] tte
FAHA) oje} 2 APEAE AP AU HY
FAE o] obd Q7] AMEANME AETE
45 AF & dvith Aot dxdtE A& 9

zah 8l

Zo] 3
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fe 20 o R xo

o tjahA oby nésw AgL 3
olol,]. o7} 7H;q]9,] = %
71e] F15AG}Z olojHE AL
ojv} @71l 71w A st AEJ-t—
x-]]gg] z;:uﬂ;r)r %]uﬂ ALE%}\:}L—_
ettt 27k ]9 e S
ot FEe AV de AeE HIA o
69 $90] 39 A= FHE 1

= Jir
> = N
5 2
e i
oE;E':Lﬁ,
O-Ll

o+

E
k1
X
21
M
m& —
o 3

AEe] A%e 1258 AuY AZprde dohn
A ey 5Ee Fidl mEAE ARdAsL
Qi ASE BAHR Yot mheas HAriegol
Q1zke] 1/300] AukA) A Y92 vk 2
=0l zke] Autt YAHeE Ak 1D
2 479 24 guh} Foln Aols 9ol
BHsmsh #opE 27 Brol YrhFig.
3). YA o AE thol7} Solgol wet W2
Hloje golAm JAA Auict 7 BIIY A%
o AEelNe dzulole] ol TEI o]}
ETR A4 28 A7 1Rel Az @
2rlelh 9EHO2 @AY BT % A
EE 804 AFANME FE AT Qsslole
ob7 o= AEe AEEAS dod & e 2

o7 ok g ¢ ATHFig. 3).

—_

4. MEEE g=0/0f

ST = Zo] SV Q3 oS &
A7t AZe A8E FolA] oo w32 AsiA
ANe T973 2 AZHE Ago] drnof9
Zo)ot AaAAAZ dokar o5, 6] AR A%
9 A(renal cortex) &2 z+e damjojes Azt

Telomere
length(bp) Germ cell line, cerebral cortex
s
-~ N (2960 bp/iyr)
! hd N Tumorigenesis
1 <
~
\ So o > Critically short length
" ~o Somatic tissues, of telomere
. ~ & _ liver, kidney, spleen !
. ~ -~
~
Premature aging Telomere
dysfunction
Age (yr) |

Genomic instability,
growth arrest,
apoptosis,
chromosomal fusions

Fig. 3. Telomere length and aging. In somatic and germ cells, telomeres show
the characteristics of length changes as a function of age. Accerelated telomere
shortening results in premature aging syndromes. As a function of time,

age-related diseases may occur.
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29-60 bp¥ 2EHHA HoA=H o2 AT F

719 71534dE =HsHA ErhFig. 3). Y
d2ujole 2 &A8EE7E Ua X7 oF 4
wa] 2EEttn BaEch g2ue] ol &

AA 5 (replicative life span)® A= A=
g olo wet Au] @AM E(peripheral blood
celhWe] E&mlo] doj= oz} 734 v A3
ol 20053 Nordfjail S[12]0] 23] €=
of dole] FHA JFHL oo AA ofo] A
AgsE Ao] A dzujo] Holo AFA
S 713de= AEAHgender)d| wE FF=
BEaEAd. 2007 Shao §[13]2 & wat
ol ©=2no] 7]5A4(telomere dysfunc-
tion) 2. ojol A= FEZF(PBL)NA wid 48l 71k
o] whz] A1k (reanl cancer)] 3" 5 lojA
Agere] dF AARRA ] TheAdo] UTal Hi
sttt 53] W (sho) mE AFYe} d=21
of Aol AHBAE AdHRTE EANAA T
% d2ujo] doj7t wEA FhsteE ASRE e
Wl ol#lgk A aHgender)E oA RTIE dA
AN BREule] 7)5Adde] AU fio F o
ARAY F dd=d "]/‘}5}‘4 & g4 NS
gure UAe Aocute §
mic instability)ol ¥ 93-S E‘—_‘.Ti #7374 8l
o 9&& TEve RS Ve
IR R L %i“l‘-’ﬂ A2EE
FHtstAl ZobA Al
-galactosidase7}
LAE =Y ojuis AAo) 2z} 74—1—% AT

KR !

_~
)
8

[15,64]. A4 048 Ao 7)5= 454
ed F2 gzl iw Aol et 40
BEHYHFig. 4. A% =FHe o7 8w

)

NG o] xolghE 740] AdEo] Hol Z7] AlF
ZHorgan donors)ellAl gz AlFo)4 oAk §
ZHl Al Aef7t =3 QTH15, 58], A3 X}iﬂﬂ 7]
A 2 AFEEY e o] 2} A
Houkg, A 7r& A A

=)
T &)
o) wE =HEPE vehd £ Aok B g

>

HNEL

ﬂml

i

st rol et g @ A 129 A 135 20084

® UV, X-ray, H:O: 59 8459 ~Ed 2 o
& B (repair) 539 #F % AYHA HAR

Q% dR2ujojr} 2EHE AESo wak Afs W
Al FTH16,571. @2rjol o] &Fo) ojg Ym0
715 AT d8d FHA EAAS AHe vE
ZFF¥ A (tumorigenesis)®l %7] @A "ot
(Fig. 3). uo] 5041 o]/del 327 Alget #349
A-olA 60% 7heFell gl Ao "EZwlo] 4
o]7F @A 3] Fotxl o] |FHUIL ol R
of Zol7} Ay AfH drk= 7/4\8_ A AMEE
tH14,15]. ¥& H2ugo|=7} dFE ellA
43t HAA T d2nlo] &F 9 7|5 H4ES ¢
ul—-a:]g] Z7] dA A SR QAL AA 3§

= Ao pydan @x2vgelzr g4 &2AXv
S F2E AR dF dARZE AHEA EIvke
A3} tt& 7] (alternative mechanism, ALT)®]
gd2no] Zolg FAAAAN PSS IPAZ

= QtH14-16]. o]A(allograft)2 F/0Y w34
ZLQE Ho]g 5UE(species)oll e+ AE, ZA,
71#e] o|A& FAGT o|AAR g2 T cell
o] tt¥e Tl thH *é(polymorphlc)g AA
sHl Hol F2 dojdrh MAo|Ae] Fg R
A3 91&¥d 2% (insulin therapy)Eo] 7} %3]
H7| % shAT, Abge) dgulo] dojrt Fobx|A
v 3t 7)ol A & HRS o 5§
Z Aws e "t asER da2n|of Ao
AEFAAZ ] AREo] 7Hs et
™HFig. 4). AAZ FZF(peripheral blood lym-
phocytes, PBLs)2] 7-$- ]"1 dzuje] Ho|7} F

W 7 8K atherosclerosis), B AdE Ap
do] Zoh B3] A<, o”’éf" A 5o w34
o= PBLS] #& "d=zrjoj7} %zﬁf&u}{_ Zo] g

#7075 YckFig. 4). A5

2 £E8 294 g9 A¥S 0% w29
HRA S0 We5e B A%
Ar3 GeiA AeHET-60). 47 #(male rat)9
A4 Aol Gmviel WS HPL g Lus)
S, 93 Dol(e 1-4 kb) olahz Fol

%

(o]
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MEd 1 A% Tl 22

Rounds of cell division or oxidative damage

Born with smaller
kidneys or reduced
number of nephrons

l

Kidney telomere critically shortening ( 1 - 4 kb)

l

Renal diseases, kidney ablation,
l nephron loss, renal allograft rejection

Accelerated shortening

of kidney telomeres

}

Renal-cell senescence  ——  Kjqyney cancers

and early renal failure

|

Loss of renal function,

proteinuria

!

Loss of cells, apoptosis

¢

Death of the organism

Fig. 4. Kidney aging and cellular senescence. Telomere attrition in renal cells
with a retarded growth or with cell divisions occurring in the kidney can cause

kidney ablation or dysfunction.

WA EErY J5ddd tEo AEEe] =4
(senescence)dHAl = o] M XEAFE (apoptosis)ol ©]
27 "} o9 22 27 AE NS ATEG
dA #gQ d=2ujo] 28 2 A & oxi-
dative damage)°o]l 8 Yo 2 F3HFig. 1).
53] Atgolu} F(rat)®] 7% Eio}7](neonatal)ol
A7 N7E Aokrt Boju Al HE e F37]9) A
TS ZA Ha okgy A " EQ d=g
(nephron)® &5 AA et dAZ 32 F
ol Aoz F7] Wi ol FEY AU
gznjojrt §43] 428HY AFAE = (re-
nal-cell senescence) R Z7] AA7)F
(failure)oll o]28 AL AFHE 5 glojA =7
AbgstAl AoH61-65]. diEe] AN A
35 'R0 o] Z(telomerase) FIAME 7%
4 RNAGMTR)THE Efg d2ujgol2e BE
ZA A AR Y, QA ERA R (reverse
transcriptase protein, h"TERT)7}A) A € =Z7]
o]z 234 5A dlolgerm line cells) A,
Ay zA 9 € A (proliferative  stem
cells) 28] EH9 FAXEANAT A EAdth

44

1= ]
2y

[56,66]. B3 o]4A7|dlA ut ofvel MHA
TroldFoM s dRrloje ado] FFHE
ol TERTY ®olo & Zolztm &4 Urk
[66-68).

5. MEe SE MER Al

7142 qgARA 7IHE BQd 429
o] Z(telomerase) A3l Al (inhibitors)2] &ge] =
Al e B&3AE X sk AuvkEd S
FUHNE JA A (antiproliferative agents) B
FoF £ HA £ ¥ R FEAEE AA
AV AFEAIA 5 Jov, AEA AledE 92
Hol= AHAEL FEE LYY B FY4
de T Al dojM ZE&AQ daTH
£ 737171 ol " eH21-24]. 28y o)l &5 A
H(lag phase)®= ¥z E2ujo] Lol wa} &
A A ot e AR A o= L d2u|or) 3
A ol g x| ST o] FTEAEE
7€ deAE FEgE & LIt A A
[21-24]. H2 V2L 200 #3H 22X

AYH 2EHLz A% QoY FEE 2
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AT =3} fﬂr% 2o} 28 EEo)HY
oF vjwh T T 2Ed#H2 gQlo] o449 3
£3] 2o} Adolg FA 3o 1 EE&
B = ke FHolt69, 70]. E2H|olE Fold
Q)& UE3ta e THEHQ HdEA, ol T
opd2 Abgl WhEo] FH okt AtstAd ZEHE
(oxidative stress)oll §3] 9173ttt dald QL
tH71-73]. E@E2noj7} AsA #olxA] ki
71 AFo] o IAEE HIAHEE Y
A S ps3e] o] AstEE A4S Hol7
T ¥k pd3E ¢olAl 7% wuARA "2l
Zolgte] AHBAE HALHT4, 5] AEx=3H7t
AYHAS Ax22 & BT & e 247 F
F BHlEVIE 3 23TR AAE AT
gt} ko] Mg 29 P27 w&AE @Y
7 ofe] FFe] AAE JUTH74-78]. A E1=
(senescence)’t =3te} ATE 2= AL =24 U
o =43 AEE] ZHHEAN AAHUE =8
A(stem cells)®] 7Fsd 715 F44717
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A 25 AFEEY 2 s s 2E v 9
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