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mTOR Inhibitor as a Potential Drug of Age-related Disease
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mTOR (mammalian target of rapamycin) is a serine/threonine kinase belonging to the PI3K (phosphoino—
sitide 3—kinase)-related family kinase. mTOR is known to regulate cell growth, proliferation, autophagy
and protein synthesis in response to growth factor, nutrient, stress. mTOR inhibitor has been broadly
used as an immunosuppressant for kidney transplant patients. Clinical results of the data have showed
mTOR inhibitor as an anticancer agent to several kinds of cancers and many clinical trials are still
undergoing. Recently, mTOR signaling pathway has been studied with, not only metabolic disease,
neurodegenerative disease, cardiovascular disease, which are related to the ageing process, but also
the possibility of direct prolongation of human life. However, the studies of mTOR pathway with age—re—
lated disease are still in the early stage, we need more studies about increasing infectivity after im—
munosuppression and other adverse events of mTOR inhibitor. In this article, we will review age-related
disease with mTOR pathway and discuss mTOR inhibitor as a potential agent for extending healthy
life in the future.
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mTOR (mammalian target of rapamycin)x= PI3K-related family kinaseol] €33} serine/threonine kinase® A <1 A}
(growth facton)9} G F, 2E# 2 25 ofsto] Ao A3} T2, A7FE 2 (autophagy), T E FHE %
Aale 7)%0] I Aoz g4 4rh” mTORE mTOR complex 1 (mTORC1)Z} mTOR complex 2 (mTORC2)
o] F £F9 kinase B A E FAE o] ). Rapamycin®]] ¥F$-4 o] 91+ mTORC1E= mTOR, raptor (regulatory
associated protein of mTOR)™”, mLSTS/G SL (G-protein /3-subunit-like protem) , PRAS40 (proline-rich AKT substrate
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40 kDa)”, Deptor (DEP domain TOR-binding protein)é)i T = o] A9 (translation)?] &A1 3L, AF7FEA] oA,
gE£o I RNAS A3 9L gt} ¥vhH, mTORC2E mTOR, rictor (rapamycin-insensitive
companion of mTOR)”, mLST8/G SL, Sinl (stress activated protein kinase-interacting protein 1% and protor (protein
binding Rictor)”'?, Deptoré)i T E o] Ake®} SGK (serum/glucocorticoid regulated kinase), PKC (protein kinase C)2]
QIA3} W M| LF A A A (cytoskeletal reorganization)@} Al L5 o] Tedts Ao 2 AedA 9l 1L, rapamycin
ol WA o]l AT WA R rapamycing Fo & ol & mTORC2 A AAH & Aoz delA
9l th(Figure 1).*"”

Sirolimus (rapamycin)]4‘15)9]— everolimus'”2 ) X5 =mTORAA AL nAA oz AL BY FH A G1-S
A7 &9 A AAsa, -2 vzl TAIE 24 3 &35S Aidet
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Figure 1. The mTOR signaling pathway. mTOR regulates many cellular activities through two distinct complexes; mTORC1
and mTORC2. mTORCI is inhibited by the rapamycin-FKBP12 complex. mTORC2 is usually insensitive to rapamycin, but
prolonged treatment decreases the mTORC2 activity in some cells. Arrows and bars represent activation and inhibition,
respectively'”.
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1. &(Cancer)

Sirolimus= 27] A2 7HEH A 2, mTORCL1E] 3'1——‘5%1—1% AA = Qg 3&"‘}11}94 A v ol
gdA ZM = Ade] TeEa, Al FPERE s WY
Rapamycin A1 mTOR S A7} 48] ¢F A8 #d A3 ]
o ito| AgE 3 9l x| 8] 24 7]1H L& PI3K/Akt/mTOR pathway] <A mTOR«] HIF (hypoxla
induced factor)®} VEGF (vascular endothelial growth factor)®] &S E3F A HAIA A5 & ¢ JA| 0
mTOR AA| o] FLAIE Al Z 54 (cytotoxic) WHg-0] obd Al 52 & Al (cytostatic) Fh-g-o] eh= A 24 o]
oth HZ o]= ZFE3F}7] 93) dual PI3K/mTOR inhibitors> Zo] AEA MedE 1 o] & mTOR A A A7}t
gokA o] 2 4&e & Ao gEg?

1) 0|48 & (Metastatic renal cell carcinoma): mTOR A A] 5 FA}A| Q] Temsirolimus (Torisel) =
Aol Al Aee] 12} X B A| 2 20071 FDAS] 5918 Higly 24’25) EMEA (Europe, the Middle East and Africa)=
BE o 37} Bt Aol At Bx1el 13} X BEA 2 O HL2ZE Wit} 26) A Aol 22} x| BA ZH 2
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2) St % J|EF 1B (Breast cancer and other solid tumors): @A faket S oz
mTOR A A| 91 everolimus, temsirolimus, ridaforolimus® A 7}2] <k 7} Q1 4kA1 & Z=of] QlTh. 14, 24 9 AHA]
AL ol neondjuvancsh A4 Fol ] 22 AA EE Pk A5 mTOR AAS H AL W w5
2 ot Aol = 30136—40 A everolimus$} A HE Fo] 34 AAAHo] 23 Fo 319_@42)’ T
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3) gaet(Hematologic malignancy): Yz iy a3 ]Q}%?—E‘(myelodysplastic syndrome),

5]
O [¢)
g F5F 5 thdet Aol A mTOR signaling@d A7k A =o] $A WY mTOR A A=
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mTOR %4 9] 7391717 Ql PI3K/Akt pathway®] &4 3+5 2pekslA] 2ate] mTOR AA| Al e A7/ o] LAy et
B @AS Bolgt old HT PI3KS} mTORE ©]%F 9AIdtE mTOR kinase inhibitors™ (PI1-103”%,
NYPBEZ235")E 7fdate] dotol A 174 Aol daea geh”

2. MBEIY Y EEU(Neurodegenerative disease)

Al 73 A E(neuron)ol| Al mTORE axon®] A 47} dendrites®] FA &2 AWHA AZo] =& FU} ) mTORC1
& A2 PHa A ynapic platicio) & 283k h3r3t 7]l 2ol vt—p_— o] A =09, mTOR A5 7} 2713}
A 719 A 58 AsE 7ML H, npamycin®] Fol7t o] Z mAE E ¢ A& Ao HEt”
mTORS} A7 &34 2 3o 44-5'4”,_ rapamycin©] A}7}3E 2] 7]"01 Qo] o] ) - o2 Qg BYUA

(inclusion body) &S A8k 4= 2% ikt AAEPA A3 E0] mTOR A 5o 24 oS Holug,
rapamycin F 7} ©] & Q%’\]’Q -’F Atte 7heA ol 24T In vicro$} in vivod] ThEFE AP S A
rapamycin 2 A SFEE©] Alzheimer’s dlsease“"é@, Parkinson’s disease(ﬁ’ég) Huntington’s diseaseég’moﬂ A F3

Aol AnS Holm glon, T NALPA Agte] AgdEaN /iy 7t HoFn dn?
3. g8 &E(Ischemic cardiac disease)

94 AR mIOR & /AL obA7ba HaeA Fr’ A% QATNA mpamycin Fof & A5
YA ANF?F{F £ d(schemic/Reperfusion inury)e] B & T 37 FAE A1, mTORZ} 31 8A A A X (ischemic
preconditioning)?l] T# 912 Buatg oW, 9382 rapamycin F7} A AARA ] AHEZ FaAZ
e v o] A7 % AT mTORZF QA A] €] Ake-mTOR signaling & 41 2] 27} E 2] 282 24 38}
o FE4 44T, A¥AL L+ Unke F477 @A U Q7L 268 nTOR FHAI} A4

N8 BEATIEE 287 9FE FE Ac wuhw 97 mToRY

IS st A9 2
47 A % o= Aol A DB T AFL DAL Ao g AL FF A7k Y Ra
Aoz ARET?

4. X|Z2 iAHLipid metabolism)

# < mTOR signaling% A AhALe] %3} & L (anabolic pathway)%)iﬂr 0] 8} 2F-8-(catabolic pathway)®] 4 7]
o7 ZE uly .2 AL B mTORE B4 3hE o] AW Adipogenesis)S =311, &4 < g 7% mTOR
o 2437t 9‘111]5]7<] W A o2 FAGE 7L FA W mTORS] HEd G40 vwk Qe A
A 5o tAE g oS 2l Hok” A ATALe] F38 8o mTORE AR AKeranscripe factor)Q]
SREBP (Sterol Regulatory Element Binding Protein)*”, PPAR 7 (Peroxisome Proliferator-Activated Receptor-gamma, an
adipocyte specific nuclear receptor)’”, C/EBP (CCAAT-enhancer-binding proteins)™, S6K1 (6 Kinase 1)*¢l] 2}£&-3}o]
Acetyl CoAdl| ] §8] XS 48l 1, o] T mTORCLE lipin 1°79] Q14+ 2 E3) &8 x| Wite o ~ 2
3t A o] & JAtE mTOR2)” S FA B AR Weriglyceride) S FASHA @k £
rapamycing Folate] FAA A Fe| A AR, F21A BAFe A Aceryl CoAR ] A M-8l lipolysis)” <+
Broxidasion”e] FEHo] L% AFo|A] AT

5. H|2HObesity)

mTORE FF7|HolAE AFetite] A& zdd Bojstn’, Tx7BE 289 2st4 oA}
(oxidative metabolism), WA 2"} zzlo] B3}l olgel Bu|ol #Hol Qe Aow Id#A gt} PI3K/Aky
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mTORS] 319 F2Z 4 AHdownstream target gene)?l S6K10] A2k} ) 739 leptin© & Q13+ 2] &3 7)) 7} ¥HAY
S}, rapamycing Tl & 7 F leptin®] A &AA Az AdEA =AY E3 TORClIE leptin®] positive
regulator 2 leptin®] A= FAstE A2 I A AT Leed in vitro ATl <& TORC17} i AR
AN ] ket Ao BFAoln, Aol #3koh 3 S A= F8e SREBP1F PPARE ¥
dshizel mTOR1Y] E4do] Bade B3k #2 tdes & AFoA mTORCIS) W57t AW
g ZANA @, AR E A A Zadiposity) S 7 A 17Y, Ume] ¢1e] A mTORC1S] 73
A3z Qdd) WA PA L] FAo] dojum & Aol LA Ao Hol” mTORCIE] 2o
At 2 Hlgkel] Fed das dte A ARG F AW B2 GFAE oA FHXEA
2 rapamycing ARG A QlEed AL S diltste ZoR delA vt A5A R 7 E AR,
R A O & rapamycing TG ¢ AT FaskA| R, 29 = A a nA o] LAY,
gl 7

&F mTOR AAA A7) 7te} vl i#a fAYS A77F o 228 Aoz Algdg.'™"
6. M2%8 B'x(Type 2 diabetes)

mTORCI+ B-cell mass®] positive regulatoro] ¥, [-cell®] F213} Q&d &4, EH]|S Fr3lit) 101,109 32
In vivooll A &, mTORS] &4 317} B-cell massE 57} 2 3 (glucose tolerance)e YA 7] 711
Fa7} 93|8] L-cell®] F23}F A EAE (apoptosis) S A5t AEHEHE A 5le] TS A H A
O i 2 A8 Ao e B-cell] ol Al mTORCIZ}F WHA A o & 2hA] ﬁ]rlﬂ A& AF, e Aol
FAHE it 438 29t 1% 8k mTORC1 Wyt oly g} Anil®] ATl ¢ 0]"34“2) Rictor-ablation®+ Z] of]
A olad AgAT AU MAe 32 Ho], mTORC2E AR St 9lo] 203 9&S g8 o
F A} Metformine mTORClS Z3HAl At Aoz d#HA UA 11'”5’“4), o} 7k A metforminZ}
mTORC19] F&2tgo] gyt G35 Yepdthe &3 2A7F 53 eolth. mTORAA|A = T
ARAZA FeAE FEAAW, AR mao] B Juz 2oz FhAe QrEe] Aok &
Aelet

7. -%HAgeing)

, rapamycin

HZ AFAA mTOR A1 59 A7} yeast'", C. elegans'®, Drosophila' o] A W] &S F= Ao
BEG AE Aoz @ AFAE mTORCIS] B4 ¢art AR A Ao, seKIE 2
(deletion)A] 71 F | = Z 28] A hcaloric restriction)W] &} FAFSHA] =% A A} L age related pathology 22| 2
g o] 7+ttt Harrison®] & FlA w=3tE 28 Z7) A 3 (hematopoietic stem cel)E AF © 2 rapamycin
& ol F 22 Aol el kel A9 A S FAAG AL ok

o]B A mTOR A 357} w32 A& = =R that & /1A 9822 Zdkth AA71A] = mTOR
oAz 2 913 ArFEA < 5ﬂ PV ew gEE fAAte] 243 AYGA, EA4 A F(reactive oxygen
species) Akl 7HA7F FH I A#AEHAYE Ao F=38l1 Q)
3 2

mTOR JA A= A AddAe 9& wiof Mo]as v AASA de] ALgEa glor dF
ol A gekztgo] S FgaAZ AFEEAY oF TE A2 ddAde] de] HE gt F 2ol
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