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Replicative Senescence in Cellular Aging and Oxidative Stress
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ABSTRACTS. Explanted mammalian cells perform a limited number of cell division in vitro and than
are arrested in a state known as replicative senescence. Such cells are irreversibly blocked, mostly in
the G1 phase of cell cycle, and are no longer sensitive to growth factor stimulation. Thus replicative
senescence is defined as a permanent and irreversible loss of replicative potential of cells. For this
characteristic, replicative senescence seems to evolve to protect mammalian organism from cancer.
However, senescence also contributes to aging. It seems to decrease with age of the cell donor and,
as a form of cell senescence, is thought to underlie the aging process. Extensive evidence supports
the idea that progressive telomere loss contributes to the phenomenon of cell senescence. Telom-
eres are repetitive structures of the sequence (TTAGGG), at the ends of linear chromosomes. It has
been shown that the average length of telomere repeats in human somatic cells decreases by 30~
200 bp with each cell division. It is generally believed that when telomeres reach a critical length, a
signal is activated to initiate the senescent program. This has given rise to the hypothesis that telom-
eres act as mitotic clocks to regulate lifespan. One proposes that cumulative oxidative stress, mainty
reactive oxygen species generated from mitochondria, may mainly cause telomere shortening, accel-
erating aging. Here, the biological importance and mechanism of replicative senescence were briefly
reviewed. Also it was summarized that how oxidative stress affects replicative senescence and telom-
ere shortening.
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7t AT A dAT s BE & AHEde A
ojt}. olgdt AgtE Zlol] =EEH T o) PDE T
F gle= A2 dZo] "Replicative Senescence(MEE-
A A2 @A olah Aldlz)olakal 31 irreversible
growth arrest(P1713 8 NEZEA FA )2} Fe= L vt
HZ X AXE A" S BAME ol FY
o] &Y e 53] HA| JF o} Al Ekste] 1Y
A7t vjEFolges Aol ERI=UTH

B JZoEe AX FEoMe 3] @l g o)
£ g8 Az EA AdAls @4E ARy 53] =
3le] F23 sHde] shiel Arsld AEH 2] J3l o
& =3hs Zo] Aot

s =2
[ e

SH| MuldA #alel M=y SY

"Hayflick &Al(Hayflick limit)2l2% dZA+= AUl
ikl lojA EEAR = dAFeR BE FHE AE
(quiescent cell), HZ ¥-3Hterminal differentiations)el]
o3t B AHRE AT 53 AEEH SHNN AR
wou v 22 A VA oE EA4E Zet

AR, AL AEE FAREE E30A (mitogen)e] ]
3 NEF7)0) vhge] glom 53] G¢] DNA ZHIZ &
4 AR =E Ao] FIHATHStein 5, 1991). =3+ Al
A2 AETAAN BEFA = G, A7 olvzt DNA &
A4 F AR G, A7IME BiZtdH o2 dAlslE A
o] gl=ArHGonos &, 1996; Dubrez 5, 2001). Al
EF7)9 AsHGA A AH3I epidermal growth
factor(EGF), insulin-ike growth factor(IGF) =23
platelet-derived growth factor(PDGF) & A3%&71Q1A}
of thgh ukgo] Myl AHEoA HAS] AH3l= At
(Goldstein 5, 1991; Reenstra 5; 1996). 53], G, A|
719) 233 BEse= AARIAHtranscription factor)ql
AP1ol} E2F9] &Ado] A= FAlol cyclin-depen-
dent kinase{cdk) AlA¢l p21olut p16e] &4do] 7t
HhRiabowol 5, 1992; Yang 5, 1995; Reznikoff 5,
1996; Weinberg 5, 2002). W&k Auldle HEZE ¢
b Ao AEFrIe BEE AadgAAe] Yol A
23] Zpol7t th.

= 9, AEF R ol oAl B 7152 S0
A A A2 AZs aed dd el glojA] x|zt Sl
A ZE2] 7+(extracellular matrix)3] ZepARs &2 (colla-
genase), ZEZHE]4l(Stromelysin) 283 FE2ME
(fibronectin) 5] FAdo] AME Ryl AAL A
A A2 E7HEYrHWest 5, 1989; Kumazaki 5,

1991; Millis -, 1992; Zeng &, 1996; Mawal-Dewan
5. 2002). A ZHoA thE MEEF HlwEtd o
A 2o YAk BolANk Al AEE o715 &4
Hol Q& 7|7+Et ol A& rHBayreuther 5,
1988). &3] MU|Adl2 MEoM B-galactosidases] &
o] & Ao IIHUEH ol YAFoE FE FA
H3 AE T AT Eo o5 2E AAE AE 53
THsRs AEEY AR g4 Ex B ol&H3 I}
(Dimri &, 1995).

A WA, AvlAle A FE apoptosisell thal =& A&
e ZH=tHWang &, 1994). Aldldl2s 4ol vi7ted A
o8 BE YA FHEo 8 ZA] FEHA] e the
Zolth. Apoptosisel Wt =& Aagdel] tizt 71He
2XE anti-apoptosis F-AAI Bel2g] Wdo] F713t
' AcE IF AuH AT 4[] g AUt o
2ojAop & FREo|tWang %, 1995; Crescenzi %,
2003).

oldz} 7ol AUl e AEe dA FAE &L
A XS H)FE3le HE Bl 93 AX FAE AExEF
ge] o FAHNA HEG AolE HRl ole AEF
71914 DNA $4 2 MX Ex9 #dd o] 24 oy
Aol wd zAd UYHS DA dod HA] Avjalx
ako] AT Tes AESHY 9og Fysked F
83 B4l

X MuldA sHio| MBEHE FZ2M

AUz d@del AESHE Fade AEEA 359
fratdolgle BAGAM & & iRl wslat ] B
Aol AFH o] B A7} o] FoiF Tt

X Mu[Hdla a2 A =sh: A A B
o] walele] AANE Avsted] T FAZ 7P W
A Hayflickol]l oJ3ll AN E 3 ohd 2& A7 2HE
E3) 9292 AtHHayflick, 1965; Hayflick, 1976). &
A, AFge] Ztzt g dE TN BelE AXE ekt
A}, AEe] A FAH(replicative potentialjel]l 31014
Z} M EFLL Zo)E B tHBierman, 1978; Rohme &,
1981; Stanulis-Praeger %-, 1989, Campisi & 1996).
Z gote} AdfobM Rl A9 60~80 PD, 52 20~
40 PD, @32 10~20 PD & Al HeEl2 248}
Atk ol AlZ7F PDE AF3sHH A4l == Hayflick
Ao} Agtthe Ag onsi)
A, gkt SEERE 29 2k AlEs A
|12 A7) M2 TE PD 348 B30 53] ol 3
229 Hu} 3 v AA AA ArHRohme,
81). d& &9, FHulFEo] 3dd w20 A-fotA
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¥ 10~156 PD ¥bdol] o] oF 1009z da
7 AFol= 100 PD o449 Hi EA o] Iy
Rk F FHol 71 T AEE HL FRU U 2 3
F¢] PD 5 A2 el 2 X9kt AL ojv]sict
Al A, Al ddate] w3t ARAZL {HE A
71918ty dHAEHE 22521 Werner's syndrome(WS)
SM= 2 A9 ok WS x4e] ¢, old de
22 FAE Holx] ZANt FApgez dAvo] Frigle
o AR 4ge] e 2E @44s Bl o
tEo] WS 3xollA Eeld diohEte 5U3 I
o] Al MR F4 W] Al el =EEid
tHMurano &, 1991). ol& AMHez {14 A% =
WSEAE 8 FAA p12 B Azle] Eddolr) ¥gl
o2 FRIFUTHOshima &, 1994). et HIele
WSe] €9l #-HxHgene responsible for WS; WRN)7}
1432709 opr=Ato 2 FgES Sl DNA R4
(helicase)e} FAFSE Ao g dh A THYu, 1996; Gray %
1997; Mohaghegh %, 2001). DNA Y84 E Al3ze]
EAE 23] DNA o5 7tehe Eo] 2824 Ax 54
o] 7FsHe S AEFT]| oM F8F d Fholrt
WS x| AlA DNA a4 e] §22F 47148 3
oJx HEAWo)(point mutation)t B1HAUTHGray &,
1997). ol& WS &l 3lelx DNA F4(repair) 2%
2 BA §Hzke] EdHo] F7te) Ao & sl b
ol gt £ A Fole 8%l E A
APk WS 911§ 2732 Adjals a4
o] ofg] 3o} FEE AP FESeY 8
g AAE M-S A eE Algdr)
x| MUl diA AR of: AT T E BASe
Szt Fekgl Sjeltt, o]#g BAdddle AF o= A
o] BEA(immortality)e] Ag =™ (Newbold 5, 1982),
I B384 Al xRy - Bo3ks B A A
oy 7159 Wsle] 7RISk Pereira-Smith 5, 1988;
Sager, 1991). Aot ZolA fFefjd Audls A}
SV40 T i) o) Edste Axete) §3Hfusion) 3
3}, o]E9] dlo|Ham AT DNA o] Asie
gk ol B3Ado] EE Aoz ERIEHUTHGonos
., 1996; Goletz 5, 1994; Lumpkin %, 1986). &3]
A o] PDE Agtsiths AME EEA R At A
A27b SAAYS BHFL Yt o]ol tigh Y&st 7]
WaA A AR A EF7E 2 ONE Y
o] A3 7ol zlol7t = AL=Z FAHT pb3
Rbe MEF7E Z™3hke F938 AR ot} Al
A= AZoA Rb wdAe] qlist Axrt ZAhwe
| EelEAcHStein %5, 1990; Thomas &, 2003).
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g 1. A9} p53-dependent pathway: p53s+ pRb: Al
EF7E 28T 8% 2AURe ek AWAlE Al ZdA Rb
iAo} 43}t ATt AEw Aol FRIFUE Rb gzl
QI Ak8HE= tanscription factorgl E2F2| Hb2-8 fXsle] AlEF7|
£ F3A7Ich Rb whiA ] QI4IS) 74 E2F9 £843E
fr=sle] DNA 343 A ZF71E G, Al7]0lA 9 AAE Fr =g
oh. AldlAls AlEolA] Rb ThiAe] QI4ks) Zhaw ol /4sh-Als|
Al p163F GAIFAAR] ps3e Fall AAkEE p210d] ¢
3} cycling} cyclin-dependent kinase(cdk) &3 849 74
£ 53l ol Fo%Iet

Rb wtizle] olxksl= tanscription factor?l E2FQ]
&5 frEdtd AEF7)E S0 Rb 2] 14t
3l e E2FY] E8ASE =3t DNA A AlE
F715 G, A171M Y AAE F =g tHReznicoff, 1996;
Li B, 1994; Nevins %, 1992). A4z A XA Rb
Tl Z o QlAtsl ZhAE QARsk-A S ER] p163t 4
AFAAA ps3E Bl HAMEE p21ol @ cyclindd
cdk B3A &9 7AE Bl olFoZtHHarper 5.
1993; Reznicoff & 1996; Mawal-Dewan &, 2003)
(28 1). °]&3 pBE3 dependent-pathwayol] 2|3+ A X
o] AjAlA e pb3 FAte] Bl HfoM
o] AYAE FE7t AA e Addvks 97 A3l
Ax FIEATHBond 5, 1995, Wyllie &, 2003). L
Bt p219] 93 F=7F WH=A] ps3oll SJESHA] A
A2 ool o|FoXAl= Fete 234 Yo o B2
A7t Fastts ALREtHZeng 5, 1996).

AR wEA Mz Al 84 Role WS
e FeH Al xEdolge AMAls §AL st
H ¢he] WAo] wololglol e Bt =& 8
A4 HQItHGoto &, 2000; Thweatt, 5 1992). ©]
A4 Aotz AuAdlL MERTE
A ZoA el del c-fose] W&ol HA
s JrHOshima 5, 1995). o9} 7o) &
zZ82 3 AM Rb TE pb3 FAAle) EdHol9}
A4 BHe Adldlaze) e 5T
A 7150] AstEe] dEE ot S AHs)Er
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Telomere shortening & Telomere damage
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Telomeric loop: open

P N

Cell cycle Defective Genomic instability
Checkpoint response  Checkpoint response
1 l Telomeric fusion:
p53/Rb pathway p53 Active telomerase
Senescence Apoptosis Cancer

38! 2. Telomere®] w33 Aafioll oI5t Al uh-3-: AEEY =
£ Aol 25 "terminal telomeric structure(t loop)"7} s3] &=
£ =2Hd AlEE AEFVS AHE check point & p53/Rb
dependent-pathwayoll ¥H-33le] ALY 2k 22
checkpointell £47} lcls AEE= p53-dependent apoptosis
£ Eall Ser}. ps3oiut RovlE Ediolell ol AAA 755
&t telomere fusione] A5 telomerase 285 &3
A Z2| 437t F1g=lt.

S5 Ml M2 s 20[0]

d20]0] B AAlS ddol tigh Fa% 71d
2 "telomere shortening" ©]&°] At
7} 28, )42, apoptosis 223
237 Aol Y 2). R nole Estd O
Aol o8 et e GAA T F9d fAEH
TTAGGG" &7 Mg &2 vz 4= it
d2ujols FAA §8L RS /A HEsiel
QoI 28 88 gtHBlackburn &, 1991). Harley
(199001 2)5ted AMxe] PD 3o wet d=wjo] 2
o|7} FotAl= Ao] Abg AdfoMEe] in vitro AlZ=Hell
A ERE =3 dR2ole] ol o] MlEe] A
A BA YL AT F UL B ope} dF FUtet
tEo] Zol7t HoAe Aol FIFUrtHlLanza F,
2000; Whikehart 5, 2000; Allsopp %, 1992). £3] &
Zuljo] Zolo] vdEe Al dfotdxe] Zfole AA
g 3 T °F 2,000~3,000 bp(base pairsfdx
48P $hH PDult}h oF 30~200 bp¥ #ddhes AL

gtelE)dtHHastie 5; 1990; Counter %, 1992). ©]
= "lzZnjo] Zolrt A PD 39t gulgsls Alxe
A Az} AR xslete) FAPE HAFE F9T &
T4S Ay o

A2 f=9t #APES MEZREF gEo] Folrl
dzojole] B4 ol Ui AdFT AEFVIY F83t
ZAAQl  ph3/Rb-dependent pathways A8k
AERDL vrtdgos AXA7)A DrHAllsopp 5.
1996; Carson &, 1995). 22y} p53olyt Rb F-2 =}l

L e 4

Germ cells

Telomerase active
Somatic cells
Telomerase inactive Immortalized cells
Loss of 30-200 bp/PD Tumor cells

Telomerase re-activated

.

Telomere length

/-

Cell senescence

IERRRETE T " Apoptosis
Hayfiick limit ~ Telomere Crisis
Population doublings(PD)

8 3. Telomere Zolot AFEEAze] Il AAAEZE
telomerase?] B4-& S8 2719 telomere Zol& FAISkc}.
#u 2E AEE telomerase B4 o] §l7] wigol] AExEEH
tlEo] telomere Zo|7} Fobich %3 £74 telomere Aol
AZEF719 check pointl] A &S ¥l AELEE 9FAlste]
senescence® AEE {§EFH(Hayflick limit or Threshold).
Euisly] AlES QAEQ A, FAAEE 53l telomerase’t
MBS XA ATRGE g} AAETF senescence®
2984 g3 BdS slH telomere crisisoll E%8bA =i
chromosome fusion 5-l] 2}3l apoptosis’t -f-==t}

[

17 il , A2 dARe wAElR] oF
o MEe AEHQ EEE 3 ol dEnold 7T
< sl dilundberg . 2000). £¥3 tEo
dzujoirt of ol Fold ¢ fle AA ol2A He
gl o] "2 u]o] ¢7)(telomere crisis)'® ¥HHL Q)
thzd 3). & d2r)o grl'e A5 AEF7|9 #He
F A e o] F o E <lsle] dEnlofe] B ol s
pb3/Rb-dependent pathway’l ¥H-8-8 1A & A}
ojt}, "lzmlo] 97)'e] =g A|lEE FXA|] EHbd
A3 BEA B5ZHS DNA A A Fo& ph3-
dependent apoptosise 53 St Zoe=E ERIHUGY
(Counter 5, 1992; Allsopp &, 1995; Karlseder &,
1999).

8 pb3e) Aoz skl apoptosisdl] LJE FA
e MExE davjoje) APoR lete] GMA AA7F
AFs] Bebg A "l o3 AIEE telomeric fusion,
DNA break 59 EdWHolg J3 d=mjo] 3=
teloemease HHE FE3l] FMAE FFEAT= AL
2 FIHAHChiu &, 1997; Shay &, 1997; Dunham
%, 2000). =3} telomerase 84 glol= AES s &
Znjoie] Zdolg fAshz thE 71X % FIEHAHBrayan
5. 1997). 2= E dR2ulols ME X&F 2
< kst S 3l fresket 483U 98L 8t
A "ol 23y "d2oje] §7]elA A Ee Aol
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°f oW& 7|12 Tl AE frimshs Aol tisiA
o e A7t esit

rle o

oje} 7ho] HlRw|oje] BEX Zol= A} BEE A
AlAl(mitotic clocklEA] FEE 317 YL BofF3 )
o} d2n]ojo] o]efst - AjAlY HE8E IHE v, =
A dz2ujo] 97] ol MIAIAE F=sks "trigger”
A d2rojo] dolo] B A g (threshold) 7} &4}
=71 53] ol2jd AFA7F BE AE] Al f=
o 2olM 'trigger'® 42 F Ak YEE R)7)
HATE AR Ao Eot Adldlzel] =Edle u dg
oo} g Uo7} 156~20 kbl 4~7 kbe] 7= 24
At Harley 5, 1990; von Zglinicki %, 1995). 2.8
U OE F7Y AdfotlzdA e dEro] dolrt g
3] o]t e AR deF vHFigueroa &, 2000). ©]
23 A& d2vjo} M7t AlAlE Fdd dojr A
A AEL AN FHol wel Xojrt o sk
&2 7149 7¥sdE SAlgh. 53] AARE HEEk
2 ThE F2 d2Zu]oje] Zole} glel MudlL &
do] fEEE Aer dEFcHSher &, 2000; Wright
%, 2000). Z2Et AE7HA] dEvjoj7t Al £Ee] 4
FE Q1 /313 BA) A8 AlAkske 'replicometer
A SA7VEAM L] ATo] W A AFoA el
ATt

Telomerase: Y=Zrjo] FAHTHNAQL telomerases
riboncleoprotein®2A] AHolx= 37FA] &, RNA com-
ponent(hTERC), telomerase-associated protein(TEP1)
7} telomerase catalytic subunitthTERT)Z A5 o] 2}
tHFeng 5, 1995; Nakayama 5-. 1997; Meyerson &,
1997). o]&9l Aol &3P telomerase-negative A X
?l 7%, hTERCS} TEP19] & & HARF hTERTY &
Ho| =4 k= Aoz IIHIG o= telomerase?]
o] hTERT w8 ¢ A ke A& 9n)st
th 53] hTERT Z&o] WAt c-Mycell oJ3f olF
ojZth= 2L telomerase &0l &3} A} ojA
Z93 o8z g3l o Greenberg ¥ 1999; Wu

1

ot

E 1. Telomerase inhibitors

<. 1999).

Telomerasex= AJAME} B2 HAAEE A3 A}
o] AA 2 E40] glo BE dAHE] oF 70~
90% A=A Aol Yehbs Z1o2 ERIEITHDhaene
% 2000; Kim &, 1994). o]8ig AF= 1990dth 54t
R &H9l AE A7 9lo)A] telomerase 3ol 4
olglz 7Hdo] tFHAT. ol& Telomerase &4¢]
7HER AL MUAlE o] Mo A&HH AXE
Y FE& B3 &3l 7193 ok sl 7l
sicy, AAZ telomeraseE AFES] fibroblast, retinal
epithelial cells, endothelial cells oA F=3F A3,
d2ujo] Zo|7} #ole A& 9 Bl ol A4l
2 A8 g Aoz ERIFHtHVazir 5, 1998; Yang
5. 1999). Ty} EHHA rase] EdWol$t DNA-
damaging agentell &3} F=% MulAl2 M teloe-
merase $HE FEIAT Aujdls o] glojARl=
AATtHWei &, 1999). B3] o ME2) 7-$, telomerase
9] FEHoE B3lal AlE Al E=ddles A
oz FgolgtiSherr 5, 2000; Wright 5 2000). ©]
= WEA] da2o)jojvt Mo AAlAE fFEshs Ao
olla} telomere-independent senescence® 7]A0]
A5k AL )it} F2ol= telomere-dependent
senescence® 'replicative senescence’, telomere-

Hr oo &

independent senescence® ‘'cellular senescence'®
Tt AAlE 84S olsfglee ATl A EL
ALt Al 2o gk kst 71" TsdellE Ete)
3L telomerase E73°] thi=te] Mz AgA Lt
ARl 7)1zl B 19X AH E4S Assle AallE
A" N} gEe] YRFEA L] JFeAdel dig A+t Gt
8] 2193 vt

aeut telomerase®] HAA ST EEaL A
A AE2] telomerase F= WIS Fa) AExel PD
7t BTV Ae 95, THAEY FeAdel AAEAT
(Bodnar &, 1998; Zhu &, 1999). &= Ake) myoblast
Z o] &3 ¥ A telomerase BHL F=3F A}, A

Telomerase inhibitor SR gy
Cisplatin Human choroidal melanoma Cheng &, 2003
2,3,7-trichloro-5-nitroquinoaline Human cancer cell Kim &, 2003
BIBR 1532 Human cancer cell Barma &, 2003
Gossypol Gonadal cancer cell Mego &, 2002

3'-azido-3'-deoxythymidine
Distmycin derivative
3-(3,5-dichlorophenoxy)-nitrostyrene
Telomestatin

Pentacyclic acridine

Osteosarcoma

Human melanoma cell

Human cancer cell

Interaction with G-quadruplex structure of telomerase
Ovarian carcinoma cell

Mo 3, 2003
Zaffaroni 5, 2002
Kim -, 2003

Kim &, 2002
Gowan 5, 2001
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29 PDE S7HEHAAT dsle] ATAR] AE Edsk=
F=HA] 2 Aoz IEREHYHDonna 5 2003). 1
L} H]E ARA A F o)A telomerase B/4-& HolA vk A4
X telomerase 84 =7} /1A M 7 A7
9] 7FsA& AAIsH) l“ O B2 A €88 Ae=
ABET) 53] x3lo] 3t fHg FHIAN x8lE =
e o s 583 fxe EAEA oL ohekst
ARE 5o AAX &4 FHojgks 7S 7128 @
thA(Kirkwood %5, 2000) 1$1&9] telomerased] =
S R} dR2ujo]e] S48 AAAA FHEAe S
BAE= Aol o vl g W] obdrt AR ETh

LS AEY A 28 M| MA B4
2keld Ed= sRibeld o] 7)1He) EFgd o8 &
BE = AslE AEg 2 E AL fE9 Fa3 71
o2 Fasp AFEH fth 53] ofEold SHER
QR 2EFH AR A4H dAFE vES Wl
7108k 4kehd AEd 2o 9g A ‘_Z:t =3te] A
Mo 7] HaY EAE xRt PR Fo
sihal & 4 Qlot. olddr Mg a#HT o, AlEujelA
A kaF(reactive oxygen species: ROS)] 7134 &
o] AP=E vEE=Zole] respiratory system3t Al
Az tigh ojsirt vt=A] Hasdit) 53] glucose,
pyruvate 53 7+& o\Jx)7} EX3 7)o ATP A4
Mg fFEste] nEZZEoke] ROS A4 3t Ax
ZaAZIthE FL dA] tiakel ROS A4S F
2 sl Toussaint &, 1994). 74 2js}
W NADHAA AHAa2 AgHE & %iXM oF 1% HE7}
superoxide A4S 31 53] AYEH Toll o =
A FE ARk} ARPAGAI2] uncoupling reaction
I v EE=glole] 7% A= ROSY AL F7HIZ1
tHBoveris 5, 1977; Gredilla %, 2002). &< |7
o3hd mEZE=Eoly 7T Azl o3t 45ty 2Ed

N, ol

o Jft o

73
3

A

mlo o

k

H 2. ohefFgt 2Bdxell 27 in vivo$t in vitro AW

F=o A3k

2 7P dEnjold] g5 i AWAlAE FESE
Aoz FHATHLIU T, 2002). o= AEH AEY
29 Aeg YF7) 3] BAA 2ole] oF 40% REe
sl dekA 3Hcaloric restriction)® 2 wl A4l
2= o] Ad=le Aol FRI=UTH Warner 5. 1995).

2 Ao o3 40% EEFAIFRS E3) H,0,

Aol o 40% A% AT ol Helel 2l 413
4 zEdas AMALske] A48 BRYL T 24
o S A 2 w3k AL WS FFT F Ak
(Gredilla &, 2001).

9_10])\—] %700“ ]O]-(‘S]L: A]—ﬂ_;@ }\Eﬁﬂﬁo] 7(‘:)]_?_
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