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Comparison of Cellular Senescence Phenotype in Human Fibroblasts from New-born and Aged
Donors. Hye Won Yi and Eun Seong Hwang*. Department of Life Science, University of Seoul, Seoul
130-743, Republic of Korea - Normal somatic cells proliferate for a limited number of doublings in cul-
ture and then enter an irreversible growth-arrest state called replicative senescence. Replicative sen-
escence has been believed a reason for the limited cellular turnover and deterioration of tissue func-
tion in aged animals. However, there is no experimental evidence supporting this assumption.
Furthermore, cells from aged person have been poorly characterized with an exception of the cases
of T cells. In this study, we examined cell biological changes occurring in replicative senescence of
fibroblast strains originated from a new-born (NHF-NB) and a 87 year old man (NHF-87). NHF-87
(and the cells from a 75-year old) proliferated to smaller population doublings and with longer dou-
bling times than NHF-NB did. At early passages, NHF-87 exhibited a low senescence-associated -Gal
(SA B-Gal) activity and lipofuscin level, typical markers for cellular senescence. Furthermore, they
maintained low levels of lysosome and reactive oxygen species (ROS). All of these levels increased
dramatically in the late passage NHF-87 quite similarly as those in the late passaged NHF-NB did.
These results indicate that most cells originated from the aged maintain a phenotype of the cells origi-
nated from new-born donors and undergo replicative senescence with the same kinetics as that of the
cells from new-born. It is also indicated that not SA B-gal activity but cell proliferation rate may be
qualified as a biomarker for cells aged in vivo.

Key words : Senescence-associated p-galactosidase activity (SA B-Gal activity), replicative senescence,
aging, reactive oxygen species, lysosome
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257 ok AEo) AHFAEHLE FW pSd-growth in-
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ZZX"32]. 282 superoxide dismutase (SOD)1} cata-
lasest 2& B34 2AA 45 FLEATIE 25}
o] F7hehii[21,22], A7F A FobAlEo] SOD1& knock-
downA|71A MEx3}7} fEHTH3].
Senescence-associated f-galactosidase (SA -Gal) 42
cE EREL PR LR SRR EEEEETE
A g8 3 gtk o]= pH 6.09 4 p-galactoside A&
Bafste 84024 X-Galg 714Z o] &3 assayS T3
AZWNA in situ2 FA FAF 5 o11]. 29 I
oA SA B-Gal E4& 3@ AHEoA lysosomed] -
galactosidase 2] W& ko] Z7}5le] 24 pH7} ol pH 6.0
oM I &4o] AEHe Aol WA ul I8l AL
SA p-Gal $4& BI% =8JMT o] BAo] =3} AX &
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o] W&o SA p-Gal ZA ook L2 in vitro 9} in vivoS e}
ate A =3 F ARG HEE AF7A 1,007 9
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2 A3het 75419 87M19) ARG HA =19 R f
e d ol (42 NHF-75, NHF-872}F % 13 = A28t
i BsT A 5 wALZ e 2o} 10% fetal bo-
vine serum (Biowhitaker, Walkersville, MD, USA)o] ¥3+¥
Dulbecco’s modified Fagle’s medium (DMEM; Biowhitaker)
oA Tl o5 AEES 2098 Fotd AT 7t A
& =7 de AR =28 WX AL A sl
SHTAE AR g F AX9 population dou-
2 PD=(InF - Inl)/In28] 402 #2&}chF: o
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SA p-Gal #AM9| assay

6-well plated] MEXE FF3}1 3Y 3 PBSE Aol 5
10 £7F 37% formaldehyde® nAAIHT ©]F, 2 mM
MgCLE ¥¢3 PBS (pH 6.0)2 A oJd 5 SA p-Gal stain-
ing buffer [1 mg/ml 5-bromo-4-chloro-3-indolyl §-D-gal-
actopyranoside, 5 mM KsFe[CNJg, 5 mM KyFe[CN]s, 2 mM
MgChE ¥ 35k PBS (pH 6.0)]0ll A 37°Cell 4] overnight %t
SA A

MZL autofiuorescence 2 lysosome mass F&
£3

AEE 60 mm plated] EF3l 2443 Hol 50 yM
Lysotracker Red DND-99 (L7528, Invitrogen, Carlsbad, CA,
USA)S 7}star 3083 ub3-A)#th ©]% trypsine-EDTA
212 29 ML PBSe| A s FACSIHA H85
t}. Lysotracker 22 ¥ 4%+ 590 nm emissionS, %] 2] ¥ A
Zo A XE 530 nm emission o]-£3te] =X A3
go.H, A7+ Cell Quest 3.2 Software (Beckton Dickson) &
w485

MIZLY gdis oFEQ| £H

ALZE 60 mm &7)o] EF3aL 244 7F 3 5 pg/mie) 2,
7'-dichlorofluorescein-diacetate (DCF-DA; Sigma, St. Louis,
MS, USA)$} 2 uM dihydroethidium (DHE; Invitrogen)E ¥
3L 3083t HEEAAT. ol %, trypsine EDTAM 2 & T3 #
d89 NIE 2& 3 EDTA7E 28%¥ PBSE A dHst
FACS (Beckton Dickson FACScan)2 ¥ &3¢} t. DCF-DA
9] 3339 530 nm emissionS, DHE9] &332 650 nm emis-

siong o] &3le] =4, N5 Yt.
Zz & o3

ToIF2Hel MFOIMES] FSAZMT} life span

A, A4 oHNHF-NB) & 754 = )(NHF-75)7} 874 =
OJ(NHF-87)e| A} #-2f gt AfolAlE straing S 240-340¢ 7H
A& o 2 Av)u)d3tH =, NHF-NB= PD74, NHF-75=
PD33, NHF-87.& PD430] 0|28 Q¥4 2717t 93 o] A
AdA]l =348l (replicative senescence)of] A Y3 H G F
B8} 9 o (Fig. 1). Schineider S[26]& 21-364] ALo]¢] F o]
A FAF AfotAEe Hdf PD (life span)7} 634 ]3]

AEAN Fei g dfotdEe] Ad PDEY folstA 2
g BaE v, Maier $[20]& 904 el &N %

AFOALEE AW 5 $A5HE 2a 9o HIE

A U eY =
£9 Hdf PDe= ME 7t & zolE Bt BIE § u}



346 BB AULIX] 2008, Vol. 18. No. 3

NHF-NB {PD 74)

60

40;

NHF.75
(PD33)

Population doublings

0 0 100 156 200 260 300 380
Culture days
Doubling time
NHF-NB 2.08 days
NHF-75 4.34 days (Phase )
12.5 days (Phase I)
NHF-87 4,16 days

Fig. 1. Growth curves of NHF-NB, NHE-75 and NHF-87. Each
line was obtained at passage 4 for NHF-NB (-A-) and
NHF-75 (-@-), and 6 for NHF-87 (-@-), and thereafter
continuously passaged to PD75 (passage 33), PD33
(passage 21), and PD43 (passage 28), respectively, at
which point the cell number did not increase during
20-day period. At each passage, cell number was
counted from which the number of population dou-
blings was calculated. Growth rates were calculated
within the linear range in the growth curves and ex-
pressed as Doubling time in the table.

A=, o] H ZAPA e 7549} 874 =91fH AXE
9] ] PD]] 333} 432 =AM ETLY FojAde 2 HolF
2tk §4, o] & FXw Aol Axe] Hu PDY 754
e =7 %& Z0]o] A Schineider 5[26]9] B9} 747
A%2 Yete. 99, MESA0 Aoz 2 e
716 7} straing¢] doubling time2 7}z} 2.08Y (NHF-NB),
4349 (NHF-75), 4168)(NHF-87)] ©3teiA], % =9l §7)
AEEY 27 FAEES AY FUHA deidth =8, =
ol e MESY F44&5E NHENBY $4459 1/2 4
£2 Be Aoz vyt Eojats] NHF-75E PD19 o] 3
YFHE $4457 208 48 £(doubling time 12.5 day)
g3t 29A1 9 FAHE S BYTh o] FA =AY AHfol
7L Aok Ao g B FAEEE EEdge
Ade &3] 4Fste AAote Ada e =4 AlA
A B Eg fEFAe] dojd 7heA S Alakske Ao
2 st

0|39 AP 5 X= NHF-NBY £ 847t 4 8HA &
@ NHF-875 thito g2 zAlstg o, z2te] early pas-
sage (NHF-NB+= PD20~28, NHF-87-2 PD16~24)9} A £ x5}
Ao T3 late passage (NHF-NBe PD66~70, 874€

PD42)9] A EE 0] o]-&H ]t} Early passage HEZEL 54
o] ghitale] NHF-NB2] 79- 23% ¢ skl g3t vhd,
late passage MEEL 13 &g 253 F=7t L4 AUTh

SA B-galactosidase 43t ME morphology? H|x

=91 fre) A Eo)A Q) SA p-Gal B4 Walr} Ao} f2)
o) Axze Afo HlE o¥A tEA Folr7y] A
NHF-879] SA B-Gal &4& ZASIA 7€) Ead vt
[17]9} 7to] NHE-NB= A} E=3lo] 4 8t late passageol Al
SA p-Gal ZAo] ¢35 bk a(Fig 2, NB(L) ML =
717} #A 1. morphologye. M@ 33 =3 A x9 B5E H
gith. NHF-87 N ¥ 58 NHF-NB#} 2+o] early passagedl A
SA p-Gal &Ao] A9 vteh}A] ¥kl late passageo] Aot
MEa o B0 BRIUGFig2 87(E) o 87(L). EF,
early passaged] A& A L9 Bpo] 7hex ZdojA 823
Z A8 Aol FHE Bo|tir} late passaged] A&
NHF-NB¢} vpd71A2 #2717} AA D BgE FASA W
313 thFig. 2). 34, ME7} =3lstd AZW e JA2H
L(granularity) = Z7}5te] FACSE #4314 side scatter-
ing (85C)0] §9l3tA Z7tath AA= NHFNBY 7%
early passage A ol H|3| late passaged| A& & SSCat&
e Z7} 433 Bolut Al (Fig 3, NB(L), NHF-87
AZEL early passageo] ®|3] late passagedl 4] SSC3Le] =
Al 748 Aol #AHAY. 2352 NHF-879] 7ol o+
& SSC e #e MEEC] ¥5 wol BA S ATHFig. 3.
87(L)). 3HH, o] ZAlA ML AV E U T+ forward
scattering (FSC)2 late passageo| X ZA F7FstA] sto.
u, early passage MEZES WS o, A TR

Fig. 2. SA B-Gal activity in the early- and late-passaged NHEF-
NB and NHF-87. NHF-NB at PD20 (NB (E)) and PD70
(NB (L)) and NHF-87 at PD16 (87 (E)) and PD42 (87
(L)) were cultured in 6 well plates and assayed for SA
B-Gal activity 3 days later.
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Fig. 3. Forward and side scattering patterns of the early and
late-passaged NHF-NB and NHF-87. 1x 104 NHF-NB
at PD20 (NB (E)) and PD70 (NB (L)) and NHF-87 at
PD16 (87 (E)) and PD42 (87 (L)) were applied to FACS,
and their forward (FSC-H) and side scattering (SSC-H)
patterns were analyzed.

© NHF-87HE7} tha 58 FSC 29478 Hoja), kol
g AETL Aot NERTE & A YLS 224 @
o 3, of Aol ALRE zhe] ol Ad] 7190 AT b
A 4 ¢t o)ate] Axp5L NHFE-87 A X7} in vitro =8
H4 X NHF-NB9} 59 sjd o) SA p-Gal &4 3} HE
e S WalE AUt AL BojFm gt Z,
874 =l R AMEe AAote] AE} 7Eo] in vitro o A
o wjdzTldle mM Y PAS Ho|A| ¢ AT 3
Ao A oF MEh =3 E AE AL g BS
o Stk whebA, o] Adts w0lo) Ao EAete AS
°W]3i—°ﬂh SA p-Gal &Ajo|u} sl 9] P A Ao
EAA F2 Ave AL dEA o o] ARe =
] 2HA M= in vitrod| A =3HE A Z e} 2 SA p-Gal
gAo] gltk= Ba[27]9) 4 skE Aolwtu AT

Lysosomez} autofluorescence $=9| B3}

S3td AEoME NEY et A4S e FE
&7} 5= lipofuscin®] Z2]] doju}ni[28], ofr}x o]
AEAEES AASV)E 229 sl lysosome
TEA G F#7F S ATH6,24]. =AA-Ehe) A Ed o] ¥
lysosome #H W3y} oju] A== ol H MEI} in vi-
o X AE=3tE oW o]HF W3y} dojpeAE ¢
o}®7] $18) NHF-NBS} NHF-87 | %5 ¢ lipofuscino] 4 &
T3 LysotrackerZ ©]-&3 lyso-
somal content® ZA}, vl w3t 71 stdd vl] 2 NHE-
NBi= A27} =3l elo] E0l7Fi A autofluorescence (Fig,

2 8}+= autofluorescence 2]
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Fig. 4. Analysis on the levels of autofluorescence, lysosomal
content, and ROS in the early and late-passaged
NHF-NB and NHE-87. (A) 1x 104 NHF-NB early-pas-
saged (black line) and late-passaged (dotted black line)
cells, and NHF-87 early-passaged (gray line) and
late-passaged (dotted gray line) cells were directly ap-
plied to FACS (with emission of 530 nm). (B, C, and
D) The same number of cells treated with either
Lysotracker Red DND-99 (B), DCFH-DA (C), or dihy-
droethidium and applied to FACS (with emission of
530 nm and 650 nm, respectively).

4A)9} lysosomal content (Fig. 4B)7} B 5% f-ol&tAl &v}st
k. Autofluorescence= 2.24J, lysosomal content= 1.5
v F718lEth. NHF-87 A XEE early passageo] A
NHE-NB9} 79 FLsiAY 238 W& +F9 auto-
fluorescence9} lysosomal contentE X 991, late passaged]]
A& NHE-NBo| Ao} ZFo] o] £9] gtEo| Frtstde, 2
opgo] NHE-NBS] 4%} u)$ nlzahedeh o o6
o AE7F ulF 271 =& 59 lipofuscinyt lysosome
& 22 S GHE YEEE SO o] Lhee
o] AAd EAsIe AfFoNEE] & 539 hpofuscm
3} lysosomeS 2t1 QA= Ethe AS AAMEh %3 o
go] =apdzlel Sol7taA Aol freje] Mxe FUd
FFo2 AZW lipofuscin®] %3} lysosomed] F7} £}
gE AR 2 v gk

HEL 2as 239 wsf

AE7} =ghsbdaA] AEu SN e HAL FU1e
7], el e) AZANN B HAYEE shots
A G549 /7S o] F superoxide radical (02)3}
hydroxyl radical (-OH) 4o tja] o)&d] oja] Atzt=
DCF-DH¢} DHE®] 838 FACSE £3] 2Abshsth. NHF-
NB& 718 uke} 2] late passaged A} DCF-DH (Fig. 4C)
¢} DHE (Fig. 4D) 2+9] #go| @A F7ista] AATh &
H, NHF-87¢] A|¥E% NHF-NB$} H|£:3}74) early passage
A A BAstd F0] Yok, late passaged] E91714 7
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velgth o] A31= 3, NHF-87 4| £E0| in vitro W)k 2
Zldle AL g FYMRE 23 gide A, €4, 29
Y o]& AME7} =3}std A NHF-NBe| 3¢9 5U3A &
7HE FEY 84T SR EE AE BYFY. gaA,
874 =219} AA WelME 128 ¥A @& $£39 FAHNL
Zb B AT FAEY, 2Qlfee AEE in vitro =
A A Aot AMEG A9 FI A3A 233 &
& etde AS F48 5 Uk

2 %

o] =AM E Aot} =9l fElY HRGANEEY =
318 EAEE Hlwste] Abge] yol9} MO £ 2 AE
2o A 3 dFa.

£ a7 A HE A9 =AM ga) dojA
Aol7le AT & 2E A /1A 8% HsAE A
gk AR Z, 2N FHAS AFolHEY FAEET} A
Aol fref o] Aol wis|H =8 7baAe] ik ol % Ax
© AAZ =9 AA Y Exdte AE} AAote EAFHe
A v HE E22 FAY 75 E A AR
AN, =904 #REe 2AHF 9 1A 98 AYde A
B7F 2 AT EAE, =2 F AfolAEY early
passage M7} 2ol fele] HE 9 early passage A E o}
FTYEA B 39 SA p-Gal B4, autofluorescence, ly-
sosome ¥, 11 ML FES 23 ) o] HE,
early passage W 9| HZ7} Bole FHo] Ao £
AEL A8 A d24 g 713E 9, =9 459
Z3o EAste MEE0] Aoty I FAE A
EAE 7bs8E AR Aot &, =9 AAANE in
vitro :==SHA| XA UElh e FF9 HEx37) doji) YA
gt Aotk AlAl, =AM TV} =38 3& e AT
o B9t A9 FLE £ #4244, lysosome, SA B-Gal
activity $7F8 Holi e, ol =4 f#dY A}
in vitro W F Al Ao} feo AEHG o A3AY Ee
WE AshE EAolu MEEA HEE AAe dede A
F BAFE 02N, X7} B{E 287 7)50] =9
o] §HA ZA AFHAE F-TE AAEL Ut AEFHL
2 =9 i AEe AEZ4 £ A9shd Az A
Aol o] Feje} FUN ME ) AEE zx o &
e & .
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