Geriatric Rehabilitation 2022;12(1):6-20 Review Article

o O o "
4
QUM Q| atTjor SR 2] L ZH|CHAH R SO IR RJ&folatolla

Clinical Rationale for Anti-aging Treatment

Jeong-hyun Park, M.D., Ph.D.

Division of Endocrinology and Metabolism, Department of Internal Medicine, College of Medicine, Paik Institute for Clinical

Research, Inje University, Busan 47392, Korea

Abstract

Aging is a biological process driven by the many numbers of biological and genetic pathways,

which are closely related to lifespan, and are a very strong risk factor for all age-related

diseases. Human life expectancy has greatly increased, but this has not been accompanied by

a similar increase in their healthspan. Aging is a driving factor of various age-related diseases,

including neurodegenerative diseases, cardiovascular diseases, cancer, immune system

disorders, and musculoskeletal disorders. Current advances in the preventive and therapeutic

strategies for these age-related degenerative diseases are still incomplete, partially because of

the aging process itself. Modification of aging process itself might have profound impact on the

development and progression of age-related diseases. Researches to find out medications and

strategies that improve the healthspan by targeting the aging itself have now become a very hot

topic in the medical researches. In this review, the status of aging research and the efforts for

the development of potential pharmacological interventions for the age-related diseases, such

as metformin, rapamycin, resveratrol, senolytics, as well as caloric restriction, will be briefly

summarized. The feasibility, side effects, and future potential of these treatments will be also AR SN - 202214 38 222

discussed, which will provide a basis to develop novel anti-aging therapeutics for improving the LR - g

healthspan and preventing aging-related diseases. T PO BT =XI= 75
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(1) W E &7 (metformin) | EZ10S AMPKE 2H4J3}511, mTOR A2 E A5},
HEZTLE §7 Ao oju] £ HEE] AE 2F  HY & A&UI} IGF-19] FEE W3 T3} Qlck obe
Eol YR 28 T X8 AFHEE o] g Eloltk 2] ROS9| A4HS A5l DNAS] &44g WAl a3te
= Aol =, HEETE 28 o] 25l gloj thE B Qlth C.eleganstt FE 5ol thet AolA] HIEZTL 1
€ FAERT 29402 BE MHEEE Hol gl 7] & AT ABAIE TSt o] 223} 7|o| A ksle}
9] 2|7 oFEo]7|& &t} W EZRI2 UKPDS (United £ 54

o
[
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OIIIIN
N,
52
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Kingdom Prospective Diabetes Study)S Zsrsl @ 7}x] <

& AtollA vITreE 23 Tt 2SO0 AN E S A I 2o Tolshs FE oleof|, Fe] WS AAlst
T ol SHE] Qlok ob&2] HIEZUE oHdE + e HEZTS F23F 83} F9f shto|t}. XF71A]
A AAlotar, A=A A9 PR AAlsi, ohd o] w2 AE2 HEZRo] AAFQt(rectal cancer)2} p53
Kk 52(PCOS, polycystic ovary syndroma)ol| = A2 S0l 7h3] thahare] uhyg olxlsh AL HojRglo
2IPL Qe Ao g defA 9l o, AR QA E HEZNE Fof vk TiH S}
Metformin
_—
© v \ s
IGF-1 Insulin | Inflammatory cytokine
\
IGF-1 | Insulin ‘I Cytokine
Receptor Ll, ol m«pm!‘ Receptor

Mitochondria

|
-

a4” .
Inhibit =---=

Fig. 1. Metformin targets the major signaling pathways related with aging process. Metformin reduces insulin/IGF-1 signaling
and influences multiple cytokines, which help to promote anti-aging processes. Metformin reduces ROS production by inhibiting
mitochondrial complex I in the electron transport chain, activates AMPK, inhibits mTOR signaling, and activates SIRT1, which can
enable longer life-span; Metformin also shows certain roles in inflammations, cellular stress responses, and autophagy responses.
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oA Sk, Slok Tl et o] uhyo] Gelap 5 w2 AL T glon, Eat A4 (renal cell
ZatETh AT 51, HEZTS Fof vk HAker cancer), lymphovascular smooth muscle tumor, thF3st 2}
At 0| A&7l Fol5H ATk = gkt 7VASGARE, 183 W AR E FPEE GEER
717kl AR wEENS] Fol= FIl & vlEl B9 4 Abgol HaL glovt ofg] 71| FAHE-E wZof ui-¢- 245l
& 2T 4 ek s L A e E AT S A AHE-& Bliof sk oF=ol7l e itk S5] 7|zt 2%
A ¢ US AL AR AL oy m, ml=of o] AR X gl Fol= 958 AP &Y S JEA R TaA
710l EA7F = A A4S (lactic acidosis) HA] @A £l 4 = Qlgol A Q7] wiiel, oA Aot HEZT
M 2 AL EA ¢ Ao 2 AFEj7t Hof Qlok HEET + HIA S S Qe AR oFEolekal Hofok ol k% o
o] Fofof ofsf 7t Ast] Aoll7h A o Lo, A4 W& A AabES 7ok Hotofp & Zo|th
O 2 AZe A= e =2, AlTko] Ay A-§-0] Hof
S7do] ol 97t tiEZolot AbdAY 2 FAH-2 A (3) HlAH|2HE E(resveratrol)

o] 9= obAs} ok 2 o] slLtal= Zolc) Y AH|ZFEE (3,5 4-trihydroxystilbene) & L &= W 18]
A, Arhol] et Fie s} 2 5E aEFel Rlol 7HE 7S I H7] T8 TR U2 AlEollA 7 phytoalexin & 2
do] & k9| shrt HEE HEERIo|th ofn] o] oF &2 Q1 &4, M7, 2 zpeAd RAL Fofl HE-galA
100 FA Abgholl Al Foi7} Hof $ia1, 7o) BAY 53t 7] o] = ook YlAMEtEE L sirtuin family S 2
F FolE e HHE BARR Ol AlEo] A o= Jeleto 24 5 9} C. elegans®] 1S QAAITAL oF
Ao g Z oA Qlok. 18a, HEEYS 28 I A8 A7 It Eot g AHZREE 2 AL Al SEiPE7 1A
Ao AT, Fito] gls AAelEe] B8-S sl HuE & (hUC-MSCs)¢] FAlS &5 Rh-g- Aol whe} 2p=otn, =
2ol gl mi% kRt oFEo)71= stk A4 Aol 3h5 AllokaL SIRT1O] HWedE 5o}k, p533} plo o] el
W7ke] FEAGAE SR8 Pt Gl lgol F & AAgha Stk vl glamElER o] AFiAtEle] 2
Srgol =of JAITE A Abgroll A Fles) Bt ojwRix e TS QYsHAE Eobe A2 BEAEANE of
L obd wslsbl ot o2 Fuse) QAL otk H2El 2 Aol thatel] olAfe] Gl REEBEY Sue 4
- 1= 8.9] Albert Einstein College of Medicineo]| 4] B EZ Sk 4 918 o] & Utk HAHTIES L TR AXE
& ARERE titR e s} TS At Q7] wWie sk FlollA ofE 7 AR e SRR 2R A
ol (TAME, Targeting Aging with Metformin) 7}7}-$- ZFefjo]] 23S 31%Lt ZHAA R AL, Ldxstolmy Tdl FHof|A] A=A
o] oF=9] st FIHE Hrt o Hels] o 4 A E Ao cytokine59] A/4d-& AAsto] QX759 AotE Zotrtal
2 o Aksict S} 464 I3l g AeFEE-LS blood-brain barrierS o]

dzstolmHo] Qle Q159 Hofl 215 2-8-5lo, amyloid
(2) epahatol 4l (rapamycin) O] 25 AL, plaqued] A% FAAIZHAL Shct 2T
gfutmtol 412 Streptomyces hygroscopicusof| 4] A4+ o] AFEoll oo, HAHTES S FYAIZY AFEALS
macrolide®2 S} #A|(anti-fungal agent) &5 EX & X 3510, ARG £7|8 24351, cyclooxygenaseQJ el
% 99k ghatabo]Al& mTOR (mechanistic target of AL A5t T2 AELZ AT O] AT oIx|5to] Foko] i
rapamycin) protein kinaseZE 2145} yeaste} C. elegans A Autd o 2 AAx|stclal 519 om, 93=A] A5k} é}f’é?_
09y RETo] Ang AP 4 QSO T AT, Ao st mapl gickm skick
JI7HS T3 BHEBolMe] FIE ol ML WEelA o Al AHEER S ofd] SEANSIME £L AVES B
ok elsiutoldle] 4 mRO] $HE AT, FFE WY oAU, Aol HEF AN A Bkl
S oAletH, 41734 BE a3t glof FEQ A& B QS ol WEE 3 meta-analysisofl A= HlAHEE
£ 4 Qg Gelgln, o] the st THE ge]  BO) Folrh 9.5 A W W & A1, 123 ik
EEEEDERS % 5ol ARmE] O 2L BNE 518 AR
A7 ehufutol Al FDA 5918 W obBE, A7lol4  SlGAT FUAR R ARl ol WAL hect
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T B U5kt G AHRIEE L u|7d obAsH EojE & quercetin, 18] 31 navitoclax (BCL-2 family inhibitor) 5<]
ol BAo|A|gk, bioavailability7} o Wi, TEHE Fol  oFBSo] Al ksl ARle] HLEL AgH o2 A
S1912 wl Aok el g Sol BAZEE 4 gtk ol Fom A walE oAska ksloh YT ARE
20| oslo] gt GIHE BT O e QAATES Ba) o AL FHAZ 4 Qgol miEl Ho] 913, ABT-737,
ghelo] Eojof g Zolrt. Al1331852, Z18]31 A1155463 S9] A3l 2AEL BCL-2
£ A5t S40) Qo A7 A% olFelw lnk
(4) Al=2] €]l A(senolytics) (Fig. 2)./9%°
13} Abefjo] 2SS Melz] o 2 7|75} senolytics Aol wslel L5l M7} ZefshHs SASP A4S, =
T AT NEE 7l&oln, healthspan®t 1 BFS I she ¥dd We ALES Hedol 2A oisiar 9l
A 4 Qe 7|48 225 v Qo L3l AHlo] AL t}. Dasatinib®} quercetin cocktail-& AFE-3F Ao A H]
2 o 1 7 e] expEAl 24E4 (anti-apoptotic regulators) TRt 9] ¥ &oflA k3Pt | AZES A, A
59 Wlo] $7ksh=t - PI3K/Akte} BCL2 - o] 52 EF 2 AR S SX616lAL, olF Sl AZAIEY ol
L3} e o] M7} ApE AR A gtslE S glth Dasatinib, A s& AT gk =3 MlmEg Al Abge
Reduced Mitochondrial Altered 1lul; Deregulated
telomere length dysfunction communication nutrient sensing
Epigenetic alterations Stem cell exhaustion Cellular senescence Genomic instability Proteostasis loss
| )
Senolytics: 7 )
- a(,%;:‘ }1”\0 Senolytics:
® Navitoclax B@\ AN M, O
® Dasatinib ) *}:‘ ‘@ )ﬂ o O ® Curcumin
® Quercetin ‘@ i O oy ® Naringenin
® HSP90  ~ et o © g@ (SPQ)OCPOQ ® Asprin
inhibitors S~ O o O o _ === " ® Apigenin
® Bcl-2 family | ® Ctechin
inhibitors | SASP | ® NAD+
® Panobinostat ® JAK
® Tocotrienols inhibitors
-
Activate ————>
Inhibit = = =>

Fig 2. Senolytic therapeutics promote anti-aging processes. Large numbers of senescent cells accumulate in various tissues of important
organs, and are deeply associated with the patho-physiologies of various kinds of age-related degenerative diseases. Senolytics (selective
removal of senescent cells) can effectively retard the aging processes of the tissues and organs, thereby can reduce many age-related
diseases, and ultimately can extend the health-span. Uncontrolled activation of SASP can increase inflammations, tissue and organ
dysfunctions, accelerate aging processes, and finally leads to aggravation of aging and age-related degenerative diseases.
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Lolol TE hefst AR E, olE B0l 524 didRwE < olu] AR, &% T35 HEs] Yol Hols AATL =3}
(IPF, idiopathic pulmonary fibrosis), T-7t4Z(sarcopenia), ofl gl A= a] Agloll A ZAslof & HE S 0] glch Alo]
= ¥d Y (osteoarthritis), 12|31 A1%Fo] AFEAH 7 5L Fol7H =9 Al sHE0] AEEOER ofz] 717
(glomerulosclerosis) 5ollA] E27} QIiTkar g™ o2 A} A EH A gk A 58 E=3F AEE ol A=l
HE IO R T AT EL I 1R A= EARE A Al Jhof] shtets JoFAgel FRtEAl =W o 71A] 4t
Al9] &slot SR widet U ARt FollA a3t e A 0 2 A7 EAIE 0] WA 4 Qlck whEka], 2] Ag
© 2 B317}bE 5 Qo] - mRAolakar T 4= QL& A Zrk & o]gjgh Ll 5o disliAls, Ao FEEsHA AlgE oA =
AT XA AT A} Zro] AlEe] k8t BE SHoA Qo =3k Al EFA| 471 We-(BMI 21 kg/m? 0]5}) ARl
LHE 2Rk 9l Ao] obch E3] o] A 4FA 9] 5], M= 2] ARk 240k sk, 7390l thet F43H A
Te) a1 o Ede M-S AAlBHE FolAlE whe o3t = 9| A E 2T o 2N ofg] ThE 9T EAES 2
4 Qg ol A0 R Z dHfA itk et Alse|gas T 2k U] giEolth ZEe] Aghe] FHEL TAE 2
AHEAlA] BEOF LSl AdEfo]l 9l BE AIEES FE glol ot o R IS S ASAIA T AFel $7HE 4 A
AASH HE S ol FH it AleREA A7 S5 Bago] 9ok whahd Z2eE] AghE =515 L3
S 270l ZAES 2T & oke Aolw, olHg A gk A5 o 2 Hgslr] el ofe] 7] /R1E, & At
S FS o G2 AT ES Fol & aldo] Hojok & Aotk SAke] A A, o)A el - g4 55 Aldst
Al o 32s)A AlFslA ZsloFtt ghok FEEsH P
(5) ZF=2] 9] A|gH(caloric restriction) gl xzo] Wo 2 Zrae Aghe AlYsle A2 HHs5A|
Z2e] A Algk 4T slol 2R JAE Eole 5 #topyet 93] $HET Sk 9l
Roln, o]& 3l §71A9] &H& F3AP= 237} 9
ThHe Aol & defA Qo Z=Ee] A|gho] DNA &4 o] B4 (6) H}E H(melatonin)x} 1 9] A7} 218Y 21 525
o} telomere2] Zo] 2Hof| 315 B2 o]n] & e 9l HepedS o] Fabid(pineal gland)of|A] FH]= L]
3, FAPNA S TS AAEle] S AT 9 Aol ofsf| FHI7E FH o8 A EE T2 YFolch
S5 Hugo] 9ok Zrzale HHE Fole A we o 3} gre] FH|gFof| 2 xpo]7} §lou, vhof wo] Fu] k.
A ES] G285 FTMAIZIAL A2 EAE WA 4 9] HetEd o] = Yol7) F7hekel et AT ok
Ch> AR 7ok 7bellA H & Q1&dI} TETFS THAaA] Abgre] trol7h 50tE EA S ofke] Eu] 7= AL ¢l
7131, IGF-1 41549 25 AT 24 1S A%sto] oix|A Fc}*® Weted e HAZ o 2= galelte & sl
I, 53] XfF-FEolAE A2 Aghe] T2 X S aoln Alte] 7 Hof| EXffete RE RIS EHE F
o)A sirtuinge] TPy} L3-S XI5t oA P oA 71 Fesicha GeiA QIek* £35] Al G0l A ATP
5} gatel 71k gto] Qo wgh Zrze] o] Ajghe GSH £ AAkshs H|EZEEol oMol a7t AY =om, v
redox status@} NF-xB, SIRTI1, 712]3 FoxO 59| 24 S & EFctglolofx] BAFEZ AYAE = ROSES £3)6t= 714
3 slol T AT AEeUAFPNE £ 592 B 9%t Edo| % slct Welgd o] o]egh 7FEsh Fiks)
olw, ol2fgt 7|5 S Foll et AT kel hAYTt ZHE-2 Yo7t Eol kst XA 2RI 0 & Fof 7}
Yo £ g3t HIck Z=2e] Aght AR 2447 FAA FH = ASIAEHAERE WolE S|4 =35lo] o}
A& 7= GEES CR mimetics £-2 mimicker2}il 3} St Y EE QAT 5 QLS A2 2 7|7} = a1 Qlck E35]
|, A o &2 Qha gt Bl AHZE ST HEETIO] o] Lsle} 712 Hdo] Sl FFAEAIL] B9y AstEel
of| STk Abgtoll thgh Zr2a] Agh YA FEL oln] £ eIt £ 08 Hugo| B glon, Atk X<l
Aol ol s o] glom, AT Abgoll A A H U sk A HiE 2o g ABIAEYAS
ol 2] A F7I17E AlYsle 7 APy Ak i HA =3Pt 7hEEE A WEtEd S Foigo 24 g5
A& 30%7HA] A1 4= Qickar ghek o270 2 sl =315 AT 5 S iy’
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Fig 3. Strong anti-aging effects of anti-diabetic medication DPP-IV inhibitor. HUVEV (Human Umbilical Vein Endothelial Cell)
received severe oxidative stress from HGP (combined hyperglycemia induced glucotoxicity with palmitate induced lipotoxicity) and
H,0, (hydrogen peroxide). DPP-IV inhibitor strongly inhibits SIAS (Stress Induced Accelerated Senescence) in Fig. A (pl6 protein

expression, green color) and Fig. B (SA-B-Gal staining, green color).’
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