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(57) Abstract: The present invention relates to a method for inducing age-reversing in which aged cells are reversed to a young cell state
by using a specific molecular target, and, more specifically, to a composition for inducing age-reversing, containing a phosphoinosi-
tide-dependent kinase-1 (PDK1) inhibitor or to a method for inducing age-reversing, comprising a step of performing treatment with
a PDK1 inhibitor. According to the present invention, PDK1 is a protein simultaneously regulating MTOR and NF-kB, from among
major signaling proteins involved in cell aging, and is a key protein determining the growth, division and aging-associated secretion
phenotypes of cells, and it has been ascertained that when PDK1 is temporarily inhibited, some aged cells are effectively reversed to
normal young cells, and in these cells, no more aged-cell phenotypes are observed. Therefore, PDK1 presents a novel possibility to

current aging treatment strategies focused on strategies of inducing aged-cell death, and can be effectively used in the development of
anti-aging substances and agents for treating aging-associated diseases.
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[77] ol at, ¥ Wg 2 A A ool ofaf] FAls] A el &, 8] A= B IS
dAleh= A & 2 g o] Wfg-o] skl Aol dHY ¥ = S ol th

[78]

[79] AN 1L = JEHIT =D 75

[30] NELA QARE 7R 41709 w28 FAE w3 Y EYa vdS

3l o) & X 19 YERH AT
[81] HE AT AE =315 do7]= A 7HA] T AT AG A2 A E o] A}

4 S P d3H= IGF1-PI3K-mTOR 21 & A&7 & 9}, DNA damage-P53-RB
NEAGH 2 W SASPE G35} NFkB A3 HG A 2 & £33 a0
TEe oM, viES el 239 774 WA 7E wd A R= 8] 13
2t

[82] [3 1]

[83]
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From Regtt;:?;i on To Mechanism PMID
AKT1 - CDKN1A phosphorylation | 11463845
AKT1 - FOXO3 phosphorylation | 12517744
AKT1 + IKBKB phosphorylation | 11259436
AKT1 + MDM2 phosphorylation | 11923280
AKT1 + MTOR phosphorylation | 16027121
AKT1 - PTEN ubiquitination | 26183061
AKT1 - TSC2 phosphorylation | 12172553
AMPK + FOXO3 phosphorylation | 22186033
AMPK - MTOR phosphorylation | 22186033
AMPK + NAD metabolism | 19262508
AMPK + PPARGC1A transcription | 23963743
AMPK + TP53 phosphorylation | 22186033
AMPK + TSC2 phosphorylation | 22186033
AMPK + ULK1 phosphorylation | 22186033

ATM/ATR + TP53 phosphorylation | 9925639
CDK2/4/6 - RB1 phosphorylation | 24089445
CDKN1A - CDK2/4/6 binding 24089445
CDKN2A - CDK2/4/6 binding 24089445
CDKN2A - MDM2 binding 9724636
DNAdamage + ATM/ATR
DNAdamage + MAP2K3/MAP2K6
DNAdamage + ROS
FOXO3 + ATM/ATR phosphorylation | 22893124
FOX03 + CDKN1A transcription | 28808415
FOXO3 + SOD2 transcription | 26184557
IGF1 + IGF1R
IGF1R + IRS1 phosphorylation | 26474286
IGFIR + KRAS GTP—GPP 23658296
conversion
IKBKB - IRS1 phosphorylation | 22982470
IKBKB - NFKBIE phosphorylation | 10602459
IKBKB - PTEN transcription | 14729949

[84]
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INSR + IRS1 binding 20966354
INSR + KRAS GTP'GPP 20966354
conversion
1RS1 + PIK3CA binding 20966354
KRAS + MAPK1 phosphorylation | 11942415
KRAS + PIK3CA binding 21779497
lowNutrition + AMPK
lowNutrition - INSR
MAP2K3/MAP2K6 + MAPK14 phosphorylation | 11942415
MAPK1 - FOXO3 phosphorylation | 18204439
MAPK14 + CDKN2A transcription | 19619499
MAPK14 + FOXO3 phosphorylation | 22128155
MAPK14 + TP53 phosphorylation | 17481747
MDM?2 - FOXO3 ubiquitination | 21238503
MDM2 - RB1 ubiquitination | 15577944
MDM2 - TP53 ubiquitination | 23885265
MTOR - EIF4EBP1 phosphorylation | 12080086
MTOR + PPARGC1A transcription | 18046414
MTOR + S6K1 phosphorylation | 12080086
MTOR - ULK1 phosphorylation | 21258367
NAD+ + SIRT1 chem.icaf 22106091
reaction
NFKB1 + ILt1B transcription | 22182507
NFKB1 + IL6 transcription | 22182507
NFKB1 + MAPK1 indirect 16644866
NFKBIE - NFKB1 binding 10602459
PDK1 + AKT1 phosphorylation | 25295225
PDK1 + IKBKB indirect 15802604
PDK1 + SGK1 phosphorylation | 28236975
PIK3CA + PDK1 binding 25295225
PTEN - PDK1 indirect 25295225
RB1 - E2F1 transcription | 24089445
RHEB + MTOR binding 15854902
ROS + MAP2K3/MAP2K6 indirect 20112989
SGK1 - FOXO3 phosphorylation | 11154281

[85]
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[86]
[87]
[88]

[89]

[90]
[91]

SIRT1 + FOXO3 deacetylation | 14976264
SIRT1 - NFKB1 deacetylation | 23029496
SIRT1 + PPARGCIA deacetylation | 21396404
SIRT1 - TP53 deacetylation | 12220851
SIRT1 + TSC2 deacetylation | 20169165
SoD2 - ROS chem.ical 22302046
reaction
P53 + CDKN1A transcription | 24089445
TP53 - IGF1R indirect 29273484
TP53 + MDM2 transcription | 14707283
TP53 + PTEN transcription | 11545734
TSC2 - RHEB binding 12842888
E2F1 - IKBKB binding 27185527
TP53 + AMPK indirect 27454290

AAG 2. Y7 E g 54 Ay AH #4

AfrobMl el thate] 2 bl A A9S Falete] 1 AR E
sl Ef o2 el ol o] & 52 20 YERASITE FAl A a2, 5 20 A= #A A
A E D A EF7] A EE ZF F- 2 2o o83 A Al 2 RPPA(Reverse Phase
Protein Assay) Bl o] B &] A H o] ofeff HA & Vel Aolar, M32F7] AH &
DA # Zet 4 el (Quiescence), T2 & 43 Bl (Senescence) = ¥4
A} El (Proliferation) & 7-+-3F3 T} &= 22 Bi= AH ofdl WA 4203 12
ol ¢-3slet A& YEld sloR ol & Yl A= 73 Bl 2 & (weighted
sum Boolean logic) =22 A28t} 7] 2l ZF & 7] A4 4h&
PHA 3L 7 e} 71 B E 7 Slo] ol & Fafel wrel ez 0 i
12 e B onlan, ol Bl ] eldl A ol e

wi¥x-wo¥x,twaxy+ By, 7HoX.TF =9 1, 05 1 2 2E o 00] H Tk

</

mlo
of
ol
__I-gl
HN
A

( x w,

(%) —wri (x)
s o g
T W

<X3/ ’

A 4

wtebA vl ES] Ao 23 =] FE0 = )= UE =EE S A0 £
Dol uhebd "skA "k 9ol WS o] g5t Y EA HA 9] mEE
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[92]
[93]
[94]

[95]

[96]

[97]

[98]
[99]

[100]
[101]

Astds o] & =250 FH7F(N+DH 74631 & v 2
o} Ao a4 E) °ﬂ E%ﬁ}oﬂv}ﬂ s, NH 72l eh 9l &
el 7}

Z
£
'
o
>,
of,
32
mlo
éi
L
ko
cln
"
r
il
1o,
_‘>L
u)
fo,

A717FMS 523 Eof ol E%}é}aiv}ﬂ oA ‘&EH . 1<M<N).

AA 3 =3l YEHT ED A EFHo|HS B3 A FA el o=

A} ke 58 Eohol 2000749 W =915 L AEL Sk Al7] L, o] 4]
AL 1ol A 53 w3} Y ES H B 83l tf 5 AlEd ol dstal
SR AT AUE FL AT AU A S 9 A9 A A
waskith o] wl, A7l g 5E A= g e Bakste] sk
23] 2w Bl S 4 BASAN AT A 429
eharg]sFol, & A Ao ol A= 57 v & 5 AL&sl it

cost:ii Hxq) — yi)?

=1j=1

A7IA, 1= 2 el (M 2527] A4 Sk A e, 4 S dH,

AEHE oul il ji= 74109 =5 MEE o] gttt . = i A oA 9

BA S oA iHA A Efell A o] jH A == 9] ZH0 =& D2 sk,
ol A o] -3} RPPA tl o] B 4L-& <]n] g}, 2 74 Oi LﬂE HdaEsr] &
29] A|7FA] A Efoll tf-g-8his e =8 23S Yo 5 raelhi= El7
o] 353 RPPA t]o] E| o} &1 %] ¥ 5 = 85 ¥
[3£2]
AH = DNAdamage lowNutrition IGF1
Proliferation 0 0 1
Quiscence 1 1 0
Senescence 1 0 1
A7 A3t dare] 58 E5Fe] sk E 2000712 2 Y E S A9 tise], 9 Y
w5 238 974 T AE (=3 dEhHE FolA =3 EU) AElE B e
A w2 GA G A A BE wro el A8 Al Eu o] A7 27)
w2 23] AE) Al Ewol AL Malsla 1 ARE 5 30 LERNY T & 39
Eb vhe} o], Al EhAle] 414 A4 5 PDKIo| wahl AE 4EE 5
AZ e b B A 2 9l A B ehale] 9 & 9 g el

A Ao 4. PDK1 Aol 1} E =315 M FoAe] AIEFEV] W3} 89l
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[102]  PDKI Aol wpe} bl A E7F A a2 A E=E 7F s =4] AR 5
gelsty] Ysle], w=3t8 Adf-olA el PDK1 A 3] A 91 BX-795(Selleckchem)&
] 2] 3Fal SA B-gal activity assay(senescence-associated Bkit), Wound healing assay
LY FANAYE el ato] MEF7] M Fds glskgith

[103] A 4 0.2, IGF1 100ng/ml, %5 A 5H] 2l (doxorubicin) 100ng/ml, 10% FBS,
= F A2 (glucose) 4.5g/Le 35l AlE Q] =315 Aoy =l 2719
AEES TAL mFAIA AlES =315 doZivt o] uff thitF-o A=
=3, o] & FA g i F £l A 741 PDK1 A &l Al & A & ek lvt. =
149 71] )7} E 2 ¥ IGF], %4 FH] A, PDK1 A 3|4l & ¥3614] 4o
Az Wt A ‘j/] shar, 12 HE aFF7F Ad Al A ol SA B-gal activity
assays T otal 1 A5 = 49 Aol YEM T & 271 2 =2 wound
healing assay & =3 &R 0™ A4 270 Wikl S T 7d0 A F 1 AR E
%= 48] Boll EFURITE A2 9] < 242 sty ¥ she] ki-67 WS
WA 1 AR E = 49] cof YERH ST

[104] 5 42] Ao YEF vl9} Zro], BX-7955 w3} 8 Al frobA ol A g 3131 S o)
58 A E o] 2 Ol SA B-gal7} A 3| Zol 5L et o}t & 4]
BRFE =3lH A f-olAl 3ol BX-7955 A 2]3t S ], w34 o] M E A A
s o] AAEE S glat g t). 1 49 Coll A= ki-67 M-S Edlo] oFE A )
79 A5 A 21 A At vl AE T AR EEsta

(o

o]
e FASY o, o5 o B A WA A A AEE] ThAl 4
2 ¥Age Bl

[105]

[106] T PDKI A 3A] A& Alol & &
PDK1 inhibitor 7-& AM-8-3}¢] & gk = SA B-gal activity assay & 3 5} 2L
=3hE A F 3= SA BogalE LAl FE A S e R Fordn] g o= SA
B-gal activity assay &3 {1 *F = 7| ‘?§ A w3 E N EFe; DA AEFE A o]A
woll Ao YRS WA 2 FASA ol w e, M EZ4 vl719l ki67e)
WA Talah AN LEE At A 2B 5ol heh et

[107] %59 A 2 Boll YER vk} o], PDKI inhibitor 72 =3} ¥ A -f-ol Al E
2] 3HH PDK1 #] 3} A ] Aelarel vl sl M E AETFF40% o) T A A o=
SelatAl 7t250] AlEe WAkt 848 Zol 5 Bl w, &
59] C ¥ Dol Yebdl vhe} o] ki-67 3 A& B3 & 331413 A9 PDKI
inhibitor 7 ] 2] of] wh2} ki-67 A M EL] 7} 20 =3

At} vhehizA] gelsts] Astel,
o

HU

R
s
0%
r-g{l
2
ol
N
N
)
: 3

aydo=z A& Gl

[108]

[109] A7 AR E Ehe], B o) 1 E PDK1-2 A E 3ol Ao]dtE T8
Al A Gl == mTOR I NF-kBE EA o] 24 5F= vhul 2 32 4] A 3£ 9]
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T4

P93k 1] PDK 1(Phosphoinositide-dependent kinase-1) % 8| 4| & 3 3}5}= & =&}
g 2A4E.

773 2] A1k glo} A, A7) PDK1 A 8] Al 3= PDK1 & 2}2] uka] o) 4 4] L=
PDK1 i of &4 O*xﬂxﬂﬂ A EH R 8=, w5 S
ZH =

747 3] ﬂzﬂ@ 1ol A, 4F7] PDK1 & #}2] 8H8] o 2 7= PDK1 -5 =} &=

PDK19] &8 &1 5k= f-d A S] mRNAoY A H 4 o2 A3el=
OFE] Al 2~ 28] 31575 9] L Bl =, siRNA(small interfering RNA),
shRNA(small hairpin RNA) = miRNA(microRNA)Z -4 ¥ - S 2 H- ¢
AEEE A8 5H 0 o, oldl FES 2HE

[ig?rLz‘soL 4] A28} 0101}\1 A}7] PDK1 @a8 2l o] A1 o | A 1= PDK 1 2l 2 o)
Solqew Agars ), ofol el AT WA, L, WL =, W=

Bl 2~ 9 QP (aptamen) E T H T O R HEH AEE = AL

= g}{_ o:h_§]r _n_1:_9_ ZH E’

ko]l 1o A, 471 PDK1 A 8| Al = mTOR(mammalian Target Of

amycin) 2 NF- KB(NuClear Factor Kappa B) 9] AA}L&A & A3l 5F=
ERo R I, Awd 58 FAE.

=

2,

im
O'U = oo &
lo 1

[7d -3} 5]

’;U

7/i
[T 6]  PDK1 ABNAE 2838tz Al X w38} = w3} 7 A 3ho] o 4=
g8 Oktﬂx% ZAE
713 7] Aleaell oA, % L@r I A "gE F 5, yAbS, EUEF,
F kel 2~ 74 9 (Rheumatoid Arthritis), 31 2] (Asthma), 3] 3 $3 (Dermititis),
71 (Psoriasis), ‘&4 -%-(Cystic Fibrosis), 213 47| o] 2] 7] & qkAd
7135 (Post transplantation late and chronic solid organ rejection), T}24]
7 3} 5 (Multiple Sclerosis), A A1 A ZHEA] F3F A (systemic lupus
erythematosus), 2= 19l Z2-"(Sjogren syndrome), SHA| B. 5
#7d (Hashimoto thyr01d1tls), thekA) 2 94 (polymyositis),
7 3] F(scleroderma), ©} U] <=5 (Addison disease), ¥ HFZ+(vitiligo),
o+ W1 & (pernicious anemia), A1~ A 21 ¥ (glomerulonephritis),
#| /4 7 (pulmonary fibrosis), 4 %-/d %42 2H(Inflammatory Bowel Dieseses),
A 7FAE A A & 3 (Autoimmune Diabetes), B 5 4<% (Diabetic retinopathy),
H] 1 (Rhinitis), & & -Al| &7 <=-J-(Ischemia-reperfusion injury),
%A 3= 2] & (Post-angioplasty restenosis), 773 | A 4] A%
2 2+ (Chronic obstructive pulmonary diseases; COPD), ~2¢| ©] ¥ % (Graves
disease), ?1°¢ ¥ ¢ X (Gastrointestinal allergies), 2 % %3 (Conjunctivitis),
=47 8} (Atherosclerosis), #4512 2H(Coronary artery disease),

(o)
4 S (Angina), ¢ (Cancer), A~ 2 3 2
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