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Recent progress of aging research — Integration of systemic aging and cellular aging —

He B—

RSP EEA G EBEESHHERE
EmEBEAREEVY— twUY—E
REAZZEHT

BRI E SRR 5 —
(JST/CRDS) #E7T0O—

HRAF - 1—O44>0T) 2T 2ER
PR #%1E PO

Abstract

Aging can be generally defined as the functional deterioration
of physiological mechanisms which are strictly dependent on the
passage of time. Aging is the greatest risk factor for dysfunction
and disease onset and is extremely problematic in the world.
Indeed, functional decline constitutes the key risk for age-related
diseases such as cancer, cardiovascular diseases and
neurodegenerative disorders. Therefore, humankind has been
interested in understanding the processes of aging to achieve
healthy aging and long life since ancient times. Today, aging is
the biggest challenge that mankind has to deal with in this
century.

Aging has long been considered to be a process of
degradation occurring in a random fashion that would lead to the
accumulation of cellular damage in a stochastic fashion and,
consequently, tissue decline and death. However, it is now
known that aging can be modulated by genetic pathways and

biochemical processes which are evolutionarily conserved.

In this paper, recent progresses of aging and longevity
research are summarized. The first topic is A) the gene cascade
that delays in mortality and age-associated pathologies in
animals. This contains (1) caloric restriction, the first evidence
that delays disease onset and mortality in diverse species, (2)
the role of insulin/IGF-1 signaling in the longevity and aging
disease onset, (3) the role of sirtuins and NAD* in the longevity
and aging associated pathologies, and (4) the role of mTOR
signal in the longevity and aging disease onset. The second
topic is B) the role of cellular senescence in aging and SASP in
aging associated pathologies. This includes (1) the stimuli
which can provoke irreversible cell-cycle arrest, (2)
accumulation of senescent cells in various tissues and organs
with aging, (3) cell-cycle arrested cells have two fates;
Apoptosis and Senescence, (4) senescent cells secrete SASP
(senescence associated secretory phenotype) factors, and (5)
the accumulation of senescent cells drives age-related
pathology through the harmful effects of SASP factors. The third
topic is C) the methods for counteracting aging and
rejuvenation. This includes (1) the elimination of senescent cells
can prevent or delay tissue dysfunction and extend health span,
and (2) the effects of parabiosis suggest the presence of
unknown soluble factors involving rejuvenation and aging
acceleration.

The recent achievements of aging research created new
directions/goals that were (1) delaying aging; (2) realization of
the healthy longevity; and (3) suppression of dysfunctions
caused by aging. To achieve these goals, it is necessary to
elucidate the fundamental mechanisms of aging and longevity at
systemic and organ/tissue/cell levels.
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1) H. Fuijiki, E. Sueoka, A. Rawangkan and M. Suganuma, “Human cancer
stem cells are a target for cancer prevention using (-)-epigallocatechin

gallate”, J. Cancer Res. Clin. Oncol., 2017, 143, 2401-2412.

2) G. Bonuccelli, F. Sotgia and M. P. Lisanti, “Matcha green tea (MGT)
inhibits the propagation of cancer stem cells (CSCs), by targeting
mitochondrial metabolism glycolysis and multiple cell signaling pathways”,
Aging, 2018, 10, 1867-1883.
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DNA Damage Detection Kit - yH2AX Nucleolus Bright Green/ Nucleolus Bright Red
DNA % A —2 DOZE{t%ELHia TR BNMEDZ( L 2B LR TR
“yH2AX Z1E1BIC DNA 4 A — =TIk * RNA BRI G B3R Tz vz FIR1L
- HARRORGEZ3BES 1Ty - BE{CBRNOFNTSERETES

Nucleolus Bright Green Nucloolus Bright Red

DNA Damage Detection Kit - yH2AX
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DNA Damage Detection Kit - y H2AX- Deep Red 1 set 34,000 G267
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Anti H3K27me3 antibody - Green 1 set 42 000 H421 Red : Ex 488 nm / Em 564-604 nm Red : Ex 535 nm / Em 585-605 nm
Anti H3K27AC antibody - Green 1set 42,000 H422 & B8 FEMEEY) f-n-1-F
Anti H3K36me3 antibody - Green 1set 42,000 H423 JC-1 MitoMP Detection Kit 1set 23,000 MTO9
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= NIRRT

NHTIF. S POV R THRARRZZRBRUEIATNEY, ‘
FRBOAEFARTO S TIUIZDNTIE, N HP ICTTEV TS,

hIRU B BiC EEEEA

111

# (Il) DR YA TP I— DR JIVA—ZREFVH

Mito-FerroGreen Mitophagy Detection Kit Gl Assay-Kit-WST-

TRVERRRD BRI —RZER L. M2
JIWA—ZHBBRERETES.

IPAVRITAD 2 fHREEERAIC
RIHCES,

—SEIRBEDRE

Si-DMA for Mitochondrial
Singlet Oxygen Imaging

UV irradiation
B =

BEA AR LY DR | EEAIE S

MitoPeDPP S ; e Udctate Assay Kit-WST
N

E 2
g
Iis
Zo:

RRROKBEN THABEEE
TRIENTED:

BEBLOBRE
JC:1 MitoMP DetectioniKit

IOV R 7 BEDEL MitoBright Series (Green, Red, DeepRed)
MitoBright Green ' MitoBright Red MitoBright Deep Red

SZE: 1)

DI LIV R T ERSENICRETED R HAERDIEIRD ATHE

mE B8 BEMAER(¥) F=p=1-F

Mitophagy Detection Kit 1 set 36,000 MDO1
Mito-FerroGreen 50ugXx2 25,000 M489
MitoPeDPP 5ugXx3 18,600 M466
Si-DMA for Mitochondrial Singlet Oxygen Imaging 219 20,000 MTO05
MitoBright Green 50ug X3 9,800 MTO06
MitoBright Red 50ug X3 9,800 MTO7
MitoBright Deep Red 50ug X3 9,800 MTO8

. 50 tests 29,000
Lactate Assay Kit-WST L256

200 tests 68,000

. 50 tests 18,000
Glucose Assay Kit-WST G264

200 tests 38,000
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A—hT72—

DAPGreen-Autophagy Detection
DALGreen-Autophagy Detection

F—RT772—3. HERNDOAERL Y V/INJE - H/NEESOBBORHEDI-ODNEHBE L TDHFR L BERENDESHRIE
INTLVE Y, DAPGreen, DALGreen |J5 A EEMBAIFMNT DIETTHEBICA— N T 7O —EBHTEDEAHAETT,

DAPGreen (34— N7 70V —LABICERURAFNENEHE LT, —FH. DALGreen IIBREY /N VBEIDRINDA— MY
V—LBETEEAEFRLET T, TOKIC DAPGreen, DALGreen 3. “F— 77 JV—LFERP LI VY —LEDRE - NBEYDD
2 DBREREODRNEITCEZY) VITBIENTEDHAETT,

<EFEIHFEORMENT >
BEBEFEAIRETY, MIRICHEZRMTDLITOBRIRETELA XA -V IICKOBRNAEETT,
EERE

DAPGreen or DALGreen
Working Solution 70

F— b7 I—EH

301 vFIN— b

<@BHHEOME>
R y ﬂ .
wonem 72716 7t SR SR/ GREMOER  BHERLE
Ex. 425-475 5nmolx 1/ LC3-GFP
DAPGreen O O @) Em. 500-560 35 mm dish: 25 %> MDC
3 SR IR g & 5
. fmﬂvj‘;ﬂfﬁ;g% (0.1 pmol/l TEREF ) Cyto-ID &
Ex. 350-450 20 nmol x 1/
DALGreen @) (@) X Em. 500-560 35 mm dish: 10#%%)  LC3-GFP-RFP
o (1.0 mol/l T He
XS - BT NVRI/NE HP ICTZBV T E T,
% DAPGreen & DALGreen DHFEA XA —I 0 JIITEE B Ao
< FERE TOREH >
DAPGreen X DALGreen DAPGreen X DALGreen DAPGreen
BCERMER Z0—YA b A-5— TL—hU—5—
@ Control @ Starved | — Control (0 h) ‘
1 — Starvation (3 h) 35 I I I
” !| — Starvation (6 h) s |
3 1 . H NI
° J
2 2 2 —
: ! 2
3 | | N EE =
J
_ |\ . N ]
/ 5
IR | Ex. 488 nm/ Em. 500-563 nm i A\ oo — S
24 —)L/N— 120 um Tt T TH T T T T o |
Control Starvation Starvation Starvation

DALGreen THBED HelLa fifas. 73 /&
REBBICT 6 FFAIBEL, BAWMMIREICT
AA=DVIICEUBHLE Ui,

A LT TRBES HP LV TEBWVRITET,

102 10° 104 10°
DAPGreen

DAPGreen THBED Helaffifdz, 73 /8
AEEIZT O, 3. 6 BRBEL. 7O—Y
A MA=Z—=ZTRELZE LT

(0n) (2n) (4n) (6h)

DAPGreen CHBED HeLa fifa%s. 7 3 /B
REI/ICTO, 2. 4, 6 BSAITEEL. TL—
N)—F—ICTHRELE U,

REREFEA LR A —T T oIBY E LT,
SIS, N HP KW TBNEITE T,

A—bT7o— BIZ A

w3 BE  FEOMEY) A-n-1-F
DAPGreen-Autophagy Detection 5 nmol 36,000 D676
DALGreen-Autophagy Detection 20 nmol 28,000 D675

14
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(FA— b7 7 o—EDREEN)
A—hT7 - EBENRESNT D "HREWL". "HA - A" “BREX SR, "EBERH IOVWTHRSIBHHOZ
ABD@mXZBNTLE T,

/Y\

Zhenyi Su et al., Molecular Cancer, 2015, 14.

FA—bT77 =3 BAMBOTRE—2ZP2o0—-2

T. Yamamoto et al., Autophagy, 2016, 12, 801

F— i279—7\?%77%tiﬁb\f\ Ih3aVRY z@ 2H=FIEL. NABBESFRT DT —AEEIITRN—
WEERE P DNA BI85 SRR ELE BRORRERL RFF AN ARBDERE EICL DD AEBEMHT D
1= T=2hHD,
I RO2 R T, SA-B-gal, LC3, yH2AX YoOA—KT7—, ATGS, TIRA—2 R,
\ J \ *O— 2R J
T I
4 BEZ R LR N 2B 8
G Filomeni et al., CELL DEAT D. , 2015, 22, 377 Angelika S. Rambold et al., Dev Cell, 2015, 32,678
ROS ® RNS W'7F— h 77 o—DMHNIIBS L TH Y. AEIRRETIE, A— N7 7 O—ICKWUBBHBREREREICE
FrA—T7O—DREIT ROS ZEELAIHAXRZ Bt UN—BICKURBEREN OB NIRRT 2
H'DNA BT EEBEREZFET D, NIV RUTICT B-BIbI D,
ROS, RNS, DNA F X—2, 2 )N0EF7+—)1 BERRER BERRE, = O RU 77, HLEH

- AN J

UIRT 7 S—HRREDBN

DRI 79o—=3 A= bT72—D1BTHDIIVO0F— b T 7 o—ICnESN. MIERO/NEE THDEHBERNLIBREEE
LCERZEHTNE Y, HEEE/T%LJI*)I/:F Rz I\D—)b?éégf‘“réf%”) REBAAT RS . BHAREE1LAE & DRSEMEA
DMOTNET . KBTI URT 7 O—FRFICDONTHESR LIRS IAHHOZ S EREDIERIEBNLE I,

DT, A= N 77 S—BEUBEBEICHT SERNAEE TO—TERRIEL
R wming THY, URT7I—HRDSSBBRRICFES LTSN EEXTHUET,

TBESEHYELLD, MNRAFV—L—a BETTER LS (B
Wi T O—TICDLTIRARMT P16 & T8 < £ L)

PlIaK Cla 1
B UKD 7 S—HRHIDLE 1—& LT ESHEIBE TN BT, MEADE

. #bwikh BATHILF—EE L THRINBIEBERD )T U RiE, ThETERS
_ NTNE ) N— B BRI TR BRNA— NI 7 I—THBURT 7 I—
DEBENE L. ARNTEI KT 7 O—DEEEBET HEEE L THERAT.

DV VLI N

AESE. Mis|C K DHEEICDIVTERERL TINET,
B Rajat Singh and Ana Maria Cuervo, “Lipophagy: Connecting Autophagy and Lipid Metabolism”,
SRS ' i chBR R ' International Journal of Cell Biology, 2012, DOI:10.1155/2012/282041
g o= B2 mp1 X 1 FRICBIRA— N7 U—BLUURT 7O —ORBICIIAEEE N T
: ' BEE RU/N—E (ATGL) ZBEEL. FZNOIIRFETRFELTHOND SIRT1 A
R MALTNBZEERLTNET,
A=rT7IU—4 J Aishwarya Sathyanarayan, Mara T. Mashek and Douglas G. Mashek, “ATGL Promotes
.. ey C yy—L | Autophagy/Lipophagy via SIRT1 to Control Hepatic Lipid Droplet Catabolism.”, Cell Rep., 2017, 19
;&nﬂmn X (1), 1. doi: 10.1016/j.celrep.2017.03.026.
PI3K: Phosphoinositide 3-kinase AMPK: AMP-activated protein kinase
mTOR: Mechanistic target of rapamycin ULK1: Unc-51 Like Autophagy Activating Kinase 1

REDRERGTCOURT 72— (K FER)
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FER AR EEEE

Lipi ') — X (Blue, Green, Red)
Lipi &) =X, EBIFRMMEOSIMED FEXRETHY . BKMEREBETTEANERELE T, 20O, AEERNITDEIITE
RS S UEE RO EZRRICEREI DI ENTEL T,

<BERGRDORERF >
HelLa #fEIC7 L VBRZFNY S ETRIAZEZASE. Lpi &) —XDRFBRICTERELE L.

Lipi-Blue Lipi-Green Lipi-Red

<PRBRME>

Hela fRIDIZERFIC 200 pmol/l 7F L1 B & F
hn, —BRIEERICHREA PBS TH%L Lipi 1) —X
DEBFE 1 umol/l IZT 15 PREHRE LR,

IR >

Lipi-Blue : Ex. 405 nm / Em. 450 - 500 nm
Lipi-Green : Ex. 488 nm / Em. 500 - 550 nm
Lipi-Red : Ex. 561 nm / Em. 565 - 650 nm

< BERGFENDE L VERME>
7 LA VB %N L 7= Hela #lB3 % £ HIBIDIARE T Lipi-Green 5K U Nile Red [CTHBL & LT,
ZD#ER. Lipi-Green & Nile Red THET2B%E (HE) dHONZEDD. Nile Red TISEFEMADMRELREINE LT,

Lipi-Green Nile Red

Merged (FL)
<HBRMG>

LA B %N L 7= Hela #HB2% 100 nmol/I Lipi-
Green KU 100 nmol/l Nile Red [ THRE,

<IRHFEMH>

Lipi-Green: Ex. 488 nm / Em. 500-600 nm
Nile Red : Ex. 561 nm / Em. 565-650 nm
24 —=)U/N—:20 um

R —JVIN—: 20 pm

<R FE L DHERELLE >
Lipi &) — XT3, BEFDRERBREHTEDRE (BN, 7Ly —#ISH., HBM) ZXKIBICHELF L, FeBRSMFY
TOREICELY ., ZEREROBRERVBBICTADEDICKEUE LT,

BIZbZRMH miRm (T %)
Lipi-Blue Lipi-Green Lipi-Red | Oil Red O(tbkE8) | Nile Red HEB
ESiRIoESE) O O O X O O
EELHREDOFRE O O O O O O
AERRENDRIR M
{E/ w5555 K) © o O X x A
WA A LS — DB @) O O n/d % O
EHBEATOHEME O O X n/d X X
"GFP 7 4 L —ITRNAD
n/d : not applicable
R BE  REMERY) A-n-2-F
Lipi-Blue 10nmol 18,000 LDO PIUT— AT SN HP &Y TEVERETET,
Lipi-Green 10 nmol 18,000 LDO02 -
Lipi-Red 100 nmol 18,000 LDO3 BERRE B= %R

3 35 mm dish : 10 ~ 50 %
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DoJINDO MOLECULAR TECHNOLOGIES , INC.

MIREET Y b

Dojindo Ab-10 Labeling Kit ') —X|d. BFHFEO—RMEICEREELEEPBRLES CES2F Y MTT,

—REERR. UMTFOESBN=A B FT,

2TV ThED RERIG SICLAENTHNNRREMS fRRY D HREILRE
XFYT1 TJOvEy ZIRIRE —RIVEE ®REITOT) VD E% Ok
27VT2 —RAERIS BEQ—RAED  EEO— R —REE M
IR0 Bz ! SNTE
ZIRBARIGIE 000 BRDS 1 E
WEH)FTE A wEIOTY Oy ke PHERE
BB
Y 25,000 — A
(HEER=2ERas)

7%) I HiLyte Fluor™647 1%
: HiLyte Fluor™55!

B REEER L THEWNEN
—RHRICERBIZEE I D E T, BaENENHY F BT ORICIE
IhHL FURICE D TISEBRBIC K WINERHEENET I D Ab-10 ¥ —ZHs
ZENBIET, FITERICHHALBIFD 1T ~
BEEZHELF L .

Ab-10 Rapid Fluorescein & 7z |3 HiLyte Fluor 647 Labeling
Kt ZFWCTEXFEHL/CMI b2 ) P7HMEE. Ab-10
Rapid HilLyte Fluor 555 Labeling Kit % F§ L\ C 221258 L 7=
T OF AR U DAPI ZEE6ED Hela fMRISHM L %
FelFll

e BE BEMAER(¥) A=hn-1-F
Ab-10 Rapid Fluorescein Labeling Kit o ; :g;':s zgfooooo LK32
Ab-10 Rapid HiLyte Fluor™ 555 Labeling Kit o ; ::::g::s 29300000 LK35
Ab-10 Rapid HiLyte Fluor™ 647 Labeling Kit o ; ::gs:zs 29‘;?00000 LK36
Ab-10 Rapid R-Phycoerythrin Labeling Kit o ; ::r?g:zs 29500000 LK34
Ab-10 Rapid Perxidase Labeling Kit o ; ::::s::s 19;300000 LK33
Ab-10 Rapid Biotin Labeling Kit o ; ::n”:s:zs 198’?00000 LK37
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F2ETA—FL - 17 F—UUBEERE
(i & EFEDZLENE -HFZRIFERFICEND D -

WEHMERB D11 B22H, BEARRTILF Y X)L TE 29
BoA—5L A2 R=JUhEH Nz, BHRROEBEICH
WTRREBEAD—ATHDIREAKRZOEE—(ZHEN D, FE
BEORESG EFHEDDENRNC EORERENEEFYZE
TEZZEERT T—Y ERZIIBITDECHARDOEGEI BN =
nrz#. FaOshr Ry — ML,

BREREEBTHERBLIRERMR Y —DHEBERB—
£, BEE. FERBERRICETT2AHEPHR. BEEDERE
BT BEEBICBNTEIBIEOEHEAZREO M LIZNVE
WOBRDBRESHESDERRICTFS DL, RENSHBED
TW2EMUOTOERLREZERTZVREMICDNTHI SN,
ZD1E. o-Klotho ZEV I XDEREHN SELARDER. FH(C
K OMBALDATEEMN. EE LDEABEDEICETDIREICE
TEHNRATE. RRRZENZMAFMORAELLEIS. ZBELHR
TSN ZIED I THDZ & EMTEICBHEEBIUEL B Y.
DNATEZEERO—BCHERBOEZERIIHDNEN T EIENDHD
Z &L MNEMREISBIEDRRATHDENDEZICEDCEL
PR EEHEOATREME. MEEStt0o—_mE. RHBEEICLUE
LR ZRETEDHREMA RSN, BBRKZEREEZHTEAH
DOHEXEREL. MEEZICIDNT, o/ L. ZESY /LA
FOBEANSHEZLOD FHREBICDNTRNT SN/, ZOHT
IEYS )/ LADERIIAFIVETHDCEE, 2 MOV R T7HEEK
DORFMPHITES / LAEBIRPVICHAE T D &0 BIL#BEO I
OVRy7IEERLTHY ., BEBLRETCIXIILF—KHEHETD
TWBZ EREMBNA I N,

FROEIS. RERZARZREREFREZHEROBERRBEL
EDTHEENOWBE DIz, KRENUIBETON-IINTILDEEE
B EASERALQUIERBNOZ. 7047 G T—ILENHH
RBEEAPEBILZ ML AMRBICHBN\TERI D E. Fio. T
VY — LB EDMBRANEOMEBEERENDBESYY., BLEeHEE
9BYVAIZORNADDAMFICEEREEZR-LTNDIE
RENco KRMIUKXRZRZREZMHAMORBBEFREIL.
Z1tHEED SASP (FEERZBILICHOREMY 1 NAOA V=D d
DIRR) BENVAICBSLTLDHEEDEHDZ & BEICELD
FAARERBICSITD2BRNMAERHMOBEBS. BMEED
SASP HIfHIDEEMICIN S-, RIBXZEAZRERELSH
REROTFNINEEDZHEETIE. HOY—FIE (CR) ICLDhE
TERBOMAN D, RESNLFHFGI NO—-ILTFIVAEE
922 E. CRICEDMEBMEEIEI FO R 7POMEERIH &
LTCEBRIDIENTEDZE, BINR. B2 1) VRE.
= DHEAS BEEISREHMLICEET DI LR ENRI N, BEXR
RERZRTERE, KEREDRZRAIO=IERFEEL.
NTHTNHFZX I DEBRECHEEBN SN, BANFERT
HERBELTNWDIZE, NABGRFHNERICEIVUEKELTINDZ
EC I OA-HBEND B W E, S MOV RYTLRIVTE
MHAE BEHBEN DB ERE, BLWVRBICHINT, &

- —sheAy E=TY
LA -HenFEaEcansy -]

Wil AECEINEE EadMEISARC

T e

DFIOFTREZMFIL TS Z EARS NI
HEADIURBERELEICLDHAZORE T, [T, BHZEIER
ERFITBDHIENTELTLLION? ] OBLDTDE. LA
EANMDEIRIEE - RMEEFRZSISERRRODL DEELDTHR
ERFEBZONTNEN DA BRELTRASNDLOICHED
foo BIEERDN TV I EARINEDBESNTINS, LR
KRO—DOMFRJELTRHS N, ZOBRBENTERIMEEEST
TLTWDONCHENBEOLEE DTS, BLHARIERL
T ZETAN DTN DT NDL] Efd<<ohif,

TH =S LBODIFT—ICEZBDHRICTSMN M

WELLEICIDIHREEGRMTDIEEDER., JA—JLEELES
MEEOBTERLBERZBEM TOhN I, WEXEDIFHEDH
T [BDOFBIFRSADHRICEEFZ DA RISAITTEEDI,
BDFIF120FETH S D] ENDBEO—HHBNS NIz, ZN
ICRED K DICRFEDERIL 120 FRETH DN ZORETHE
EDANIFEALESEST. BROFERFEZEDTOAEZI
B ABNFECDERZBECASRLESHRITDIEPEL
PREEADE. BAELTIEZPHE. RENBEEDHDH
BICEODTEECEMRDH DI ETHSD, SEDTH—SLhY
BREREHRICE DTN EODEONTO—DERD I EZH
FLEL TEES)

~ T ®2SEIA-ShL-AY
AR EMEiF DS LERSE _Hoi
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FEESICENSD-]

LFERA BRE S wrIOAEC
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URL : http://www.dojindo.co.jp/
E-mail : info@dojindo.co.jp
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