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Implication and Prospect of AMPK in Translational Medical Research

Yang Zichu'*, Liao Junling’
(‘Department of Thoracic and Cardiovascular Surgery, the Second Affiliated Hospital, Kunming Medical University, Kunming 650101,
China;*Center for Reproduction and Fertility, the Second Affiliated Hospital, Kunming Medical University, Kunming 650101, China)

Abstract 5'-Adenosine monophosphate-activated protein kinase (AMPK) is an important en-
zyme in energy homeostasis. It is also a pivotal protein involved in many cellular signaling cascades. It is
now considered as a key regulator not only in metabolic disorders but also in many other pathological conditions
including cardiovascular disease and reproductive disorders. In addition, it plays a significant role in human malig-
nancy. However, the property of AMPK in terms of clinical significance is not yet fully characterised. In this
review, we covered current advances in AMPK research from the molecular basis to its clinical relevance.
We also concluded that AMPK is a hot research spot in translational medicine. As a consequence, the out-
come of AMPK research could be used as molecular therapeutic target in personalised medicine.

Key words AMPK; cancer; cardiovascular disease; cell signaling; metabolic disorder; personalised

medicine; reproductive disorder; translational medicine
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1 AMPKHIST FEIFEA
1.1 AMPKMZEMSRIE

AMPK o, B y =AM AL AL AR, 1X =N F
A7 FH 74 J2 PR 4 B (1) £ )5 3 28 (protein isoforms)ZH
B, 2 Aldeals a2 Bl P24 yl. y2AIy3R, Hid o
WA T — N EAEAEH N2 Z R AR
P S A A, Py SV A DU A P, AN
W HYAE AN R H 23 (1) 43 A1 5 Z B AN AR [
1.2 AMPKHJIET

TE 40 H 7K, B 2 1 (adenosine monophos-
phate, AMP) 5 AMPK [y ¥4 45 4 7] DL G AM-
P ) 44 i 751, AMPEL & — 1 IR It 1 (adenosine
diphosphate, ADP) 5y VB4 (1) 45 5t AT LARH 1EAM-
PK ] 2 ER L, AT FH IEAMPK R3S, T =R AR
¥ (adenosine triphosphate, ATP) I wJ LA iz A H .,

H 87N, ol 5847172457 I3 2 BR (Thrl 72) ) 1
AL & AMPK G ) £ ZEHLH (& ). EIRAMPK
(RO T g HH 22 AN B R 4, (H 3 B A
A, BB 1 (liver kinase B1, LKB1)A14% /45 i &
1 ¥4 i ¥4 5 B(calcium/calmodulin-dependent protein
kinase kinase beta, CaMKKPB)"'. Thr172 [ FR {4 i
A S T RoE, e LKB1R I N RREE S
ARAS T CaMKK B 5 K 45 18 8 A s B

AMPK complex \

Phosphorylation
o — o
—_—
Dephosphorylation

@

AMPKZ —A R =R E AV, S AE ol FALHE Thel 7285 BRAL T
T, AMP 5y A7 454517 51 RS A0S, AMPEL S ADPS5y il 8147
4525 IR Re A i) AMPK ¥ 2 BERR 1L«

AMPK is a heterotrimeric complex. It is activated at the alpha subunit
by phosphorylation of Thr172. Binding of AMP to the y subunit initiates
allosteric activation. Binding of AMP or ADP to the y subunit also
inhibits the dephosphorylation of AMPK.

Bl SRERREE RO MEAMPK) WL 58T
Fig.1 Structure and regulation of AMPK

SR AMPK ) 25 B B A AL i 3 o 5 4= 1) B, 1B H i)
B B, 4 )8 1M B 1 19 R 15 B9 (metal-dependent
protein phosphatase, PPM)Z¢ Ji% 7E ff ft. AMPK ] 25 fik
R AR ke 3 E M.

1.3 AMPKHIHTERI

1T B8 4% 5 BLAMP:ATP LV 5 20748 (1R 45,
B BRI, I B AR ok Z 55 R U0
AMPK!",

50, 2 K -4 - FE G Jl2 4% 1 R (S-amino-4-imida-
zolecarboxamide-riboside, AICAR)&Z — A~ i i H
I AMPKEUE 7, BELE 20 A e i 9 AMPIRAUA A
H-BERATAY)5-aminoimidazole-4-carboxamide-1-B-D-
ribofuranosyl-5-monophate(ZMP), M 1] # iFAMPK ™,
oA AMPZEAUY) HIWS0701174, FL A7 BiE AMPK )
FHM, HEHRIE, RIEAT I E A F-6(interleukin-6, 1L-6)
W] DU AIAMPHIIK FE, AT T s AMP:ATPLEEAE A
B AMPK!,

73— EE P AMPKEIE /2 AT69662, ‘& AA
5 AICARZE & A [F H/E L. A76966272 — >
IR I AMPK U 71, £ EHEH0E AMPK () [F] I ik
R Thr1 721 L BERR Mk, HAZ/EHAZAMPK Lijf
PRI PR REAEAS — SRR, AT696621 A H]
TR AL, [k R 745 B2 F 24 ) AMPK A B 4 H
S, T L T AR 50% 47 240K FE (half maximal
effect concentration, ECs), A769662 1] DA £ AH X} F
BB A IS AMPK !,

PT1, —ANRE 22 15 e KILE /D 70 5 B0
Yy, W] LA i 40 I AMPK ol 847 ) E 0 (auto-
inhibition) ] L #2 #iE AMPK !, Il B& % FH T 16972
R PRI B P o 245 ) — FR RSOGO S A 2514 1)
(WEMEIE — i)t T AR AMPK, BAR AT 2 3
“AE F A 58 4 2 HAMPKAT S (12020, 5538 1)
FLUESE, KGRI WA Wi AMPK AR FH, AL
FATO9662FAU s BEAk, 53— Z AL A AT 36
Y REEIEAMPK ™. R 12, fER A EIER
WA FEAMPK /R P, — 268 1 5Tt m] DU
AMPK, fn—Hfra] DLAr 37 5 R G R IREIR wh 22 57 A
“F(ciliary neurotrophic factor, CNTF)i#l LA 1% 1E P,
14 H¥FER

TN RE BB 3, AMPKGE I /& AN 41 i Py AMP:
ATP LB 28 A SRR 42 2 LA (R D RE, AT 4 5 e
EREAL, FH K AMP:ATPEXADP:ATPLY. {f 4 4>
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fEAMPKIE, IS 3 75 fE AR B AS 5 28, [F]
I A AR B 15 5l K, 2 = 4 M ATPK -2,
AMPK R 0E ANME AT DLEG 5 e RLAR R A1 & k. 48
L B W S 2 A B R, T HL e d i B IR Ak 2 AR
T P 77 A a1 X 248 e A R 398 B A G i S ) R M
BRGR KR ME R H il =88 & IR S
BE IR A B R BEARRNAS AN, 1% LA i Bl L 5 24
T 4t I AR AL I8 1 (acetyl-CoA carboxylase 1, ACC1).
HMG-CoAif 5 F(HMG-CoA reductase, HMGCR).
W o 0l R T S A A% Wl W LA L RN AZE & i1
s PR 112, AMPKGE ] DLIE it 1 4% i R A4 g 1Y) 7
X, B E A R A, 51 10, AMPK ] DAk
A e g 00 1) i PR p S 3T R ok 4 B R RO 5 — A
P19 5 K p 2 74 7] LARE AMPKE 17 Je 2, 33k i #f1
MM AR, HAh, AMPKIE 5 40 B 5 14 (polarity )
YEFE AN B R A A kP

PI3K/Akt/mTORE 5 38 % FEmRNARH 13 & % b
A G b B B AR AP, T AMPKE i 3 R
.25 AL 2 5 W02 (tuberous sclerosis complex 2,
TSC2)ME H%5 2 58 H 45 2 541 (target of rapamycin
complex 1, TORC1)fJRaptor V. #.457, BEBEHIH]Z(E 5
I8 RO AT ) 2 5 S R # g Une-51-28
B4 1(Unc-51-like kinase 1, ULK1){IfE2 1L, AMPK
5mTORIL [7] 2 5 40 s | Wi 1) v 455 i ik
IR, AMPKR] DATE 1L~ T8 JUL 40 o 5 3 =] 95
T 12 l—5K /1 &% [ (phosphatase and tensin homolog,
PTEN){ % ik, iX %f AMPK7EPI3K/Akt/mTORIE %
HHERAE THRE R

A 5L TR th, AMPKGE fe W 28 25 P i 7
TEFHRFIE R G0, AMPKAE B A B B A B S 3, W
TE T e K 30E AMPKA 130 £ AR =5 44 5111
ERPS, BT Edigh, AT 5 B IR % (nucleus
tractus solitaries, NTS)[F £ 17T &AL I/ER, AM-
PKAENTS 0t n] AR g Ak, {8 F 2R R BOR
S RIS T AR s, X AW FEAN A4
21, AN A AR B B FURAS N AMPK SR 25 80 FE R ik
2R, FEdE— 25 [ B AMPK I A=W 22 E 3R AL T
BT Bre ViolletZ5E X A [A] i) AMPK 5l ) 4 2 4
T VRAAZEIR o
1.5 5AMPKAXHMMESEIE

5 AMPKAF 1E #H HAE H (crosstalk) ) {5 5 i
AMEALHET LR MPIBK/AKT/mTORE #%, 1 H sk

T 12 1k B-3% 34 B (1 (B-catenin), AMPK AJ DL i 2 3%
WntidH 4%, 3t 42 0 17 26 R

AT, A K 1-B(transforming grow-
th factor beta, TGF-B)¥J ¥if [ ¥ B-1(TGF-B-activated
kinase-1, TAK-1)5 AMPK [ i 2 1kt 4 Bk R, 5
TAK-172 75 & AMPK H) I i id R e 0.
BB A (protein kinase A, PKA)H #{ 1IF 52 ] DATE 22 5
2 173(Ser173)f7 s i Rt AMPK ol ME Y, AT BHL 1E
AMPK ofEThr1 72 BERR K, XA crosstalk B\ v 2
AMPK 1 S 5 L4

AMPK [0 AT AR 1 83 45 B8 Rl - o tumour
necrosis factor-alpha, TNF-a)/1 3 ) 1 41 i 3 Bt (leu-
kocyte adhesion)*, [N 7 —4H AL & & BB (endothelial
NO synthase, eNOS), X /™% 4E £ 0 1L 8 A £ 254K
HELZRNE T EAWME A0 L AMPKEUE 1
il 1461,

HikiETa H, AMPKIEZ 5 TR 5iEiE A
P (mitogen-activated protein kinase, MAPK)Z {5 5
T R T2 (] 2), EHAH L v A [ BT,

2 AMPKHEFEWEFFHEN

AL R 5 1 8 SO R R R B 5 A5 B
FrEIIRS LA BT AR R A 2155095 LT
W51 IT B & AB B, AT s R i =Y. H
H 12 B 52 P M S 56 == 1| K 5% (bench-to-bedside)”
(1) % 22 R AL, 2R T AN [F] I N BRAEAS R 96 97
T35 Ak, TR i PR v UL R0 A A g s
51 S 1A 7T (facts-driven research)”HIME S, [ HEHIH
{180 T3 WL A 2 e e I 2 1Y) B LA g V)

AMPK 5 FERH AN PR 2= 2 (1 25 VI B R 2908 1 H
PR A = 2 v 1) B S SR N R A, B AMEA ]
R A A e i R 4 4 B 2 1) 2 1 (R FE 2 L i R
s ARURZRAE. B0k o R A0 A T i i V6 7
ST R B WP AE A Bl T8 1 4%
R ITEY,
2.1 AMPK5RgFER

BT AMPKE A A 72 40 M AR 0 AE L, B te
TENE PR~ AU ER A MIE S I P S5 A 1T B 5 322 0
HAAHEENE L. Zhang &P A [A] [ AMPKIEUE
FAEAR 538 b B FAE T IR A 258 . AMPK
A IE I /TR 2 Bl A2 2 5 0 R 18 21 AR 2
T, HBOE I v] DR o ) %) B 3% 12 B H4(glucose
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Cancer: Cardiovascular Inflammation: Metabolic Reproductive
* P27 disease: * JAK/STAT disorder: disorder:
e P53 * eNOS « MAPK * ACC * FSH

* Wnt « ACC * NF-xB « HMGR « GnRH
« ACC * HMGCR * ROS * Insulin ¢ Insulin
e IGF-1 * Leptin * Leptin ¢ Leptin
* Insulin * NF-«xB * NF-«xB

* JAK/STAT

 Leptin

« MAPK

* NF-xB

» PI3K/Akt/mTOR

AMPK P R AL & AN F IS LK B 1 FICaMKK BRI . BERZ 1L S 19 I AMPK (p-AMPK) AT BA 1 (2R €4) B T 8 (41 6 A7 7E TR i

CEBT . RAE ARG SR RS vh 1 2 A A5

Activation of AMPK is catalyzed by two upstream kinases: LKB1 and CaMKKJp. Upon activation, p-AMPK could either up-regulate (green) or down-

regulate (red) those cell signals involved in cancer, cardiovascular disease, inflammation, metabolic disorder and reproductive disorder.
E2 AMPKHUERIESETIENX
Fig.2 Implication of signals regulated by activation of AMPK

transporter type 4, GLUT4) M7 Jo 55190, Bif 51 3%
B, A R HOSUIICRT A0S 2 0% PR s i3 IR i 2 24
W IAMPK Y, AT UESE 45 H, AMPKIE % ¥ 1 1% 7
w5 AU 2R A AE % UTAE O, J@ I &) %/mTOR/
AMPKIE 4 1) 5:, AMPK 5 5 2 52 /i ) (insulin
receptor substrate, IRS)Z [A]IE A7 7E [ 15 1 15 LA,
EAT — 3R M2, W R4 A - AMPK 1 36 48 P 0E 7E
B PR 14 1 0 A8 v B LA AR R . g
AMPK a3 K i Bk (gene knockout)/)s BRI 72 & B,
PR AMPKE P T A3 3500 197 40 Jf A /N AR g AE F
(lipolysis) I35 e,

5 AR R 5 3 VA OC NS B AT AMPK A % )
HK &, T B VF 2 2590 1 B IE B 5 R B 2 18 ik AMPK
&5 AT A0, H T R [ I 2 1 12
J#i (chronic kidney disease, CKD)[] /& f& [Al 2, K It
CKD5AMPK A VI R,

HAFEERNE, RZHEEMBRAT S HH
AMPKE VE 32 ¢, (HAEA [ 23 Ho 454

R, F 224G M & /RS, X e s
(leptin). JIE ¢ % (adiponectin). &P % (resistin)« fil
% Bk (ghrelin). K bk 2 (cannabinoids). fifi & 25, &
f7 I BE 2 FF iK-1(glucagon-like peptide-1, GLP-1)#/1
B B 5T 3 . Lim&F 00 X S8R 7E N i 2H 24
NG T 023, 2 23 F0.00 I A X5 AMPK i #254F 1
LR RN, tEEERARERS T H
KA HEAEH, TE NG 0 40 M A, RS mT DA
LKB1 %% 55 T 4 AMPK F B BR A4, T MER 2% 200
HAMREERT, ZRBATE BB R
SEMBRERN AR LM EEH. TRIHUL, A
XFAMPKAE FABLET RN T A, 7 0 — B BT
TEAMPK I 254 0] LAFE TG I7 60 452 80 08 PR S JIE JjE
AU PRSP TR FE AR
2.2 AMPK5H4EMER

% % Y B 25 4 {iF (polycystic ovarian syndrome,
PCOS)»2 B¢ H WL (1) 5] 2 A= 58 P 45 1 B R 22—,
PCOSHi N T ANZFAME 2 A FFAE M J g B 22 41K
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i, H5PCOSH FIAA B A4 T i () 38 A A= il
FERUMEBCR A SRR AR A, LA
STt E R R KA IR B R ARG, AR
e ERSSEEY M IAEAEEEZRRT. Ih
PRAEH 45 H U4, 5] I A = FEOSUNCYG 97 PCOS (G
R A TIPSR i 2 S R/ BRI ) R
HOEE S T HEOE R T REPE MR A I T & . X
JICXT AMPK ) 805 1 Y] 1 800 2R (activin) 142
4 B 8 2R B U8 3 (gonadotropin-releasing hormone,
GnRH)/" 5 1 {& P4 IR ¥ & 41 Bd(gonadotroph) {5 5
18 BRUN, £E R 20 £ A = B OISR AMPK
AE I H] T GnRHVE T 1 5 1K A4 B 2 (luteinizing
hormone, LH) /& {i¢ U} ¥{3 ¥ = (follicle-stimulating hor-
mone, FSH)73 w4, 1 HA0 I T 3#03% 255 5 OFSHE:
T FSHIFBIE B A mRNAZRIET, i FH — F UG
JYPCOS M e i F8 5 1 M IFLHIK B2 R 2777, Zh4)
S A REAIE S2 3 i EAMPK, — FEXUURTAICAR
B B W67 1) GnRHZ> W M T 46 55 %
1% J& W (oestrous cycle) I /E T, 1X &8 3 o A 4E
B i 1R R e Hvt 7 S it 1T, 455 AMPK
FEVEB A R R A, o] BAF L AMPKAHS 2 AE Bi
Rt i AL A L A R
2.3 AMPKSRAEFLME KRR

BT PO L 5 1R 25 DTG R, AN SCAE U
— I Pt . AMPK 2 58 AE /1 J5 K 9% 2 ATIL-63
i AMPK {1 F &% AMPK I TNF-aff)/F FH, (AR
SR RN EAER T2 . A AMPKEUEAEH 1)
CNTFAE BB B UL 24 b A ) 98 A 15 5 3 B
IR, 55— AN 28 1 B3 —— B4 i
1l K -7 (macrophage inhibitory factor, MIF)[] ¥ A
DATE O LGSR I 1) BN 4% 282 CD 74307 AMPK™, T MIF
FELRAP O LR ML P v 454 vh B4 FH 09 R 5 4K
W R PEAE T 2R REY, SaltFPIN AMPK 14T 4
(anti-inflammatory) Bl & 7 Fl #EAT T 2538, Jf4i5 th
A] fg FAL ) AL 55 0 1) 4% % 5% Bl F-xB(nuclear factor
kappa-light-chain-enhancer of activated B cells, NF-
kB)E 5. HIHIMAPKOE #1842 75 P A 2K (reactive
oxygen species, ROS). HIHIJAK-E 5 % 34 s B0
“F(Janus kinase and signal transducer and activator
of transcription, JAK-STAT)f 6. #11] [ 41 ff 12 i
(leukocyte infiltration). 4% 4 ffd X+ & i (cytokine
synthesis) LA A& Ui 2 I AT . AMPKAM ) IS 7 1R

H BRI IR [ B2 -5 B8 ) A FH A2 Y8 T 30 Rkooks A A Ak
JNEAA B Y, AR U AR A A UG
7 BB DR 7 L, T A & i i AMPK-
eNOS{E FI I/ F B, JLHAES — IR A2, 7Rk
IfIL 5 % ¥ (ischemia-reperfusion) 52 145 7, #i AMPK
DS S Tk (S P /B M g T M7 A
FEFRIAI T AMPK o2 2[R #1141 (gene knockdown)f]
/INBR A5 TR /0N SRR B B 7 B o LA A5

AMPK 18 4% 1% 0 JIE 05 th A3 B 2 fe i B &
TE 5 0 M U 25 A 1iE(Wolff-Parkinson-White syn-
drome) i 5 2 S0 I JEE e 0 LS 1A 3 v R0
AMPK [ R SR AZECST5X Rt6 1G5 T BB )
BRI Rt 7 AT REE

AMPK 5.0 DI REAS A2 R 2 140 455 8] B A 90 Ok
BL, AMPK [ BR AL 7K T Bt 5 21240 o JIE I 27 2 (New
York Heart Association, NYHA)XJ U Th g 5324 (134 1
T 3G e Z g i s Ao = O REA 4 5 AMPK/
ACCE SN S RIIRANE BV KRR, NS
J B LR B A R T VR 7 O 3 FR 4L 130 AR
. AMPKAE /0> JJL JE J& (cardiac hypertrophy) [z 7r >
% 5 HJ(LV remodelling) 't & 2 /E H, Zaha%s®
XF F 3R AMPKAE LI H (0 PR 4 4 A 1 PR R R 2%
AR o I FH R R 0 ) B ) BRI, AMPK
5f B T O JR) v A 6 75 S5 SR T 800D W T
W O UAEE VLS A DhREAS 4 S M N S R
2 R AS L,

7 AR, LRI E 5% 1 AMPK TS 21
VEH EIAH . A BT 4R A2 UBER vh, 41 )
AMPKA M2 LR IER], FIIAMPK al )z AMPK a2
R I /N B — IR 52 T AMPK B30 X U R X
I8 R AS T S22 H o2 7 A 5] Y

AH [F] AMPKOIE. 2 7E A [7] 2H 2R Hh #8058 A 7] 1
FFT e -5 A [A] B 40 M S8 A 5%, AN [R5 IR A Th i
YRS I g S T RE S AR E- . BT
AMPKAE RAE 5O MUE RGEBR PRI ZHREA
[F{E A, 7 £ B AMPK 5 & 41 f 5 =58 2% 11
FH EAE P AL B 53795 B 2 lh, AT 56 4 S A
FLEE RAEE IR AR A IR IR RS
2.4 AMPK5SHEE

AMPK (05 5 BRI 58 I RAEIR 2 AR 1)
“H B Pk (cell line) 53 2 7 HESE, WA EHE T 1%
Wit FURRE . B . OREUE. B, CEMEE
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IR RE. BRSBTS AT
271 g &5 S AR i 988 (solid tumor) 4 i, 0 F0 45— 4
TR 5 G0 1t 2 0 ) A B, P ek A A i
Jpi~ & 21 o ¥k B2 9% (mantle cell lymphoma, MCL) LA
SRR Mt 1 st H TR AL, AMPKAS 5
M iK% 20 5 PN R I ILK B 1A TS C24 0,
A&, Z2MARNH 25 7 AMPKS 1
Jeb /RO, A5 F AN [B] 9 AMPKCB0S S IE B A FRAIG
68 41 A K P 1 FH, WnATCARAT BA W 12 % ik HeLa.
Du145 } HepG2 45 4H A 3 58 ) A 5 i) 1F 5 240 a7,
{H T AICAR B FEPEAE BRI 7 el R B P8, 44
AN SZEGIE B, = FEOSUNTRT LB S5 40 1) 2L B e 248 1
FEA, W RO FC R I, A A O XUIICE 97 R B PR
s KB 5 P LR B 24 1 S8 A B LR P R
g HE R0 A ] F B4R B (fonizing radiation, TR)WE
AMPK 4% F B AT DL e 4 i 1) 0 sk pE o
HHE AR, @IS AMPK, #E & fee #H0H]
¥ e 240 PR % (1 1 U0

SR T 0 AMPKAE 88 AE V6 T o BOAE AT 2R
Feil, IR EHE PR R, REA D IR H
WO AMPKA #1119 4 B AR K A 38 BE I AE L 22
— LU 5T A4S H A S S5 1B, 9 Gn B R R i
ERE R B Z MR 0, AMPK AT DL ik iff 42 0 19 %
JURMEEA — A% T R T TR (N ADPH) 1117 {2 328 Fih 8 400 it 1 47
UM, S A, I BT AE (angiogenesis) TE TR B 5K
R B B, AR N R A0 R i A AR R
FEAMPK 05, N MAMPK AT DL 1 Py Bz 41 i 1
TR AN FEN 100 {5, P AMPK B AR T DLAE A4
A0S0 A AT 8 ) L e A B AR G, (ELED AT RE IR R
HLAR A I S AR B4 T B gt

H AT 2 2RI 8 I . B FidE H, AM-
PK ¥ b Y Pl CaMK K BE HiT 41 i Jees 41 JfL o T, e
) A& 7 ME 3 2% 52 A (androgen receptor, AR) ] 1 H
o PR, #H CaMKKB/AMPK I #% A] DA i1l 7if 41
JUR 5 41 i 1) AE K (growth)  IE #% (migration) & 12 28
(invasion)!", FUEHE R B, 75T H1 B 1)k it R
1, AR N2 CaMKK B[R] 4775 ) S At 19 42 1l 51 Jl e
AR EZHLHI, T AR(E 538 B AR 1T 51 R
JiRg A b Mk R v B 2 R R E RIAE A, i — 2
B AMPKGH 2% 5 AR 2% [ crosstalk A #2251 .

T AT AR L, AN TR T AMPKOIE 2 5 B £ 1)
Gy K, T H AR MR R 5 B B b B 3R A

—FF, Y E BRI AN [F 2R 5 G0 8 ) T
JEA RN, IR SRR IR, AN A LA 1 AMPKAE fif
R AT R E AN AERIVE T o RE ) 7 EEE Y
K&, TEIEH 4L A, AMPKIE 2% 1) V4508 3 1 P40
P AR Y, T 4 0 i s i A A FH PR AT
DRIk, A BELE AN [ PR T8 DA R S e AN [] B8 A e B
B i SC AMPKGE % (14 b3 A1 i e, 4 Ret —
2 [ W AT

U0 SR AMPK (1 350 B S A 28 TR 0E R 15, 84
ZHRACRK IR S 25 T IR A 2528000 T ikid
T JERE B 7 dn RaX A, AR 1 25 0E A
A B TR, IR B 2 iR AR a, AL
A LIRIRREIRTT R IEN 5T KRR AR T, 78
PRI T AL R AR LRI S . AN, AT IR
P& 1 tH AMPK ) B0 T e B AT e B 3 AR 37 1 H,
PR L AMPK AT 7R A8 52 3 T A5 N FH L ) e e 2
k2 1) W AMPKALE AN [R] it 88 K% 7] — firJed A ) 4 Jee
B Brb 1 R 9 T TE OR B AL SR B SO T
AMPK 5 BLFH T R AST £E A (8 42 B i T AR
A FIALA] 1 7 B — R, B AR
R R IR SR SR T T SR

3 AMPKE# UK EFHHREE
0 A0 I 2 1 5 B A A% BE R 92 05 SN % %2 2

Bl 280k, 2 RGHJ7 Aa 3k, BAET A R
B 55 ) SR BB SR AR o X AN T 1 0 B
FIINAR, T A 15 58T i JE b AfF 7T i R ] DU Pt
AL H TR S . R IEAE s M =
J7 (personalised medicine) 1) /5[] & Ji&, 1M #4022 5 1E
e ME ST A A 5 T B [FRE, XTIl R
FRRIT LEOR U, AEGM N S, 1L LI F
TR R BARR, ARSI 7 K e o R LG &
AV E. rTEYE. EE RS REAS.
AETREEL PERA. AjHE . AT Y. IRIREE S
2RISR Bk, EEITAE AR
FRNET(AI).

H1 T~ AMPKYE 4t i A 5 35 20 o i =1 22 0 45 4
R, A ARG R &SRR #5221 T & O, 0
FE O LA T8« AR AT o e AR g 55 5 o 1) B
PERANF M. RS S258 R PR RS © 4k B

L ) W0 70 1 B 2 R BE R b, O R RERSAE
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E3 AMPKAEHUEFZZFRFNENX
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