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Can we rejuvenate? Implications of biological aging research

Youlim Son, Jae—Ryong Kim

Department of Biochemistry and Molecular Biology, Smart-Aging Convergence Research Center,

Yeungnam University College of Medicine, Daegu, Korea

The life history of man is summarized as a birth-aging-disease-death. Man eventually ages and dies. How
long can humans live? What is aging? Why do we age? Is aging inevitable? Can we rejuvenate? Recent
researches on biological aging suggest that humans might overcome aging and rejuvenate. In this paper,
we review the biologic characteristics of aging and the latest results of biological aging research, implicating
that aging can be controlled, further treated, and that humans can ultimately be rejuvenated.
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Rejuvenation via biological aging research
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ZzARhes Adshet B2 ofzee] 7] diiel &
ZYARE G52 vEhd 5 Qe TRt 22 AR maer
(calorie restriction mimetics) S 7J&E]aL @itk 1 Sof &
2l Ro] ZEFR||IAS Afsh= 2-deoxyglucose, 3-bro-
mopyruvateSh Z-& OFE, Ql&wl/lEU R} s AR
£ JAIBIAY, AMPKE 2435}sh= M=, mTOR A3
ol gfaluto]Al, sirtuing A 3FSH= resveratrol, SRT1720,
2231 vlek G quercetindt Z-2 AISHA] Fo] SUTH63].
E3] glupto| 4l tr|dol A et A5 AF A, 4
RN =3HE YAstaL S Ede A e Ae
2 I SIHe4]. 22y FA-go= ety WA 7

CR/DR CR diet: Prolon FMD
Megr
IGF-1/insulin Metformin
IR AMPK
IRS
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l TOR Rapamycin
Akt
FOXO  Autophagy SeK

Fig. 1. Signal transduction pathways of calorie restriction (black) and putative calorie restriction
mimetics (red) affecting the signal transduction pathways of calorie restriction. CR, calorie restric-
tion; DR, dietary restriction; FMD, fasting mimicking diet; GSH, glutathione; Trx, thioredoxin;
NAD, nicotinamide adenine dinucleotide; NADH, reduced nicotinamide adenine dinucleotide;
NE-kB, nuclear factor kappa B; SIRT, sirtuin; S6K, ribosomal S6 kinase; TOR, mammalian target
of rapamycin; AMPK, AMP-dependent protein kinase; PGC-1a, peroxisome proliferator-activated
receptor gamma coactivator 1-a; PPAR, peroxisome proliferator-activated receptor; IGF-1, insulin-
like growth factor-1; ARBs, angiotensin receptor blockers; IRS, insulin receptor substrate; PI3K,
phosphoinositide 3-kinase; FOXO, forkhead box Oj; Nrf-2, nuclear factor like-2; AP-1, activator

protein-1; HIF-1, hypoxia inducible factor-1.
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3} Ber-Abl protein kinase #|8jA)| 9] dasatinibo] & H 115
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7} AAE, o2 Q&) B E7|M|2] F2o] F7Fk=
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T RSN 2E AASHH EREFol A=, UBX01019]
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o] Zxdgo] B EQIrH87]. T12)al HlZ=slagolA ps3
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O 25E, pS33 FOXO49] 232 AT 4= = FOXO4
DRI HE| =5 M| Zu S=0l|A Fofshd opA 27} A
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o] soldo] HilxirkFig. 2)[88].
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O Fol= ofE M ol9elE, 2 ARt H2 A
g o] Z2AstE ofE dAEC] k35 2ET o=
AJBlaL o] F HilA} k= A Bt o E sk
W2 F2 A @de 52 Al FARBIAW, d
WAk F2 e WS AL A= Eetsted, el
AE FHIEST FAAZIEA, 229 728} 75 HLE
WSz Zlolnh Ak -9, d2 el @y 4=

Factors inducing cellular senescence

» Telomere dysfunction/shortening
« DNA damage

& AT FARBH 3tz IRt 25 A AshE A
EH[89)], ¥ =20t 715 AstE ZHAAEJTHIOL 22]ar AR
o] A @S w2 AFoA Fofshd FA| & 7)ol 7
HATHI]. A= A2 eHparabiosis) A= F2 A7}
< AFE A2 2d3NA w21, 52 Al doiAH,
2 A= Foldoks Aotk & 2 7iAe o=
FAes FANA F= A7 e, = w2 7iAY
Yol 1o3hE S AP} 9SS AR o2y

= A7 Y Lol = wingless-type MMIV integra-
tion site family, member 3a [92], transforming growth factor
beta 1[93], C-C motif chemokine ligand 11 [94], £2-micro-
globulin [95] So] =315 AN, Fe W] B Lo
Sl growth differentiation factor 11 (GDF11)0] =3}2{A]|
7L & BEUAE ERIEUTHI6]. 22y GDF11E &2
A ] Holx 23] F7lshH, Witz ZS53E £71
sk Aoz BaEo] AA| 3]&QIARIA o ti] ='o] A
71=ATHI7]. webAl o8] F7HAQl A7t o 2ad A
© 2 AZFskcHFig. 3).

» Oncogene/tumor suppressor gene activation

* Oxidative stress

* Inflammation

» Chemotherapeutic agents

* UV irradiation and ionizing radiation

« Dasatinib + Quercetin

* BCL-2 inhibitors: ABT263 and ABT737
» UBX0101

* FOXO4-DRI

St )

Candidates inhibiting cellular senescence

* Telomerase activation: TA-65

« Sirtuin activators: resveratrol, SRT1720

« mTOR inhibitors: rapamycin

* AMPK activator: metformin

* PPARs activators

» Angiotensin receptor blockers

* ATM kinase inhibitor: KU-60019
* Stem cell-derieved factors: PDGF

« Plant extracts and single compounds: Epifriedelanol,
(-)-Loliolide, Quercetin-3-O-p-D-glucuronide, Juglanin

Fig. 2. Factors inducing cellular senescence, candidate molecules inhibiting cellular senescence, and
senolytics. TA-65, telomerase activator-65; PDGF, platelet-derived growth factor; FOXO4-DRI,

forkhead box O 4-D-retro-inverso peptide.
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Fig. 3. Rejuvenation factors identified by parabiosis experiments. Wnt3a, wingless-type MMTV
integration site family, member 3a; TGF- 81, transforming growth factor beta-1; CCL-11, C-C
motif chemokine ligand 11; B2M, B2-microglobulin; GDF11, growth differentiation factor 11.
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