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Molecular mechanisms of anti-inflammatory action of AMPK
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Abstract: AMP-activated protein kinase (AMPK), an evolutionarily conserved serine/threonine protein kinase, is known as the “cel-
lular energy regulator” and a key molecule to maintain the energy balance of cells and organism. Recent studies have shown that
AMPK exerts anti-inflammatory effects mainly through activating SIRT1, PGC-1a, p53, FoxO3a and p300, and down-regulating the
activity of various inflammatory related proteins such as NF-kB and AP-1. This article reviews the molecular mechanisms of the anti-
inflammatory effects of AMPK, and provides some clues for the development of AMPK-targeted therapeutics to treat inflammation
and related diseases.
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Fig. 1. AMPK plays the anti-inflammatory action through SIRT1 signaling pathway. SIRT1 is activated by AMPK to exert an anti-

inflammatory effect mainly through two ways. (1) SIRT1 can directly inhibit the Lys310 deacetylation of p65 subunits to inhibit the

transcriptional activity of NF-kB. SIRT1 reduces the activity of various protein kinases, such as IkB and IKK, and inhibits the phos-
phorylation of NF-kB. (2) SIRT1 can reduce the acetylation of AP-1 (c-Jun, c-fos) and inhibit the phosphorylation of MAPK pathway
proteins, such as JNK, p38 and ERK1/2. AMPK: AMP-activated protein kinase; SIRT1: silent information regulator 1; AP-1: activator

protein 1; IkB: inhibitor of kB; IKK: IkB kinase.
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. WEFUREY, SIRT1 —J7 [ v i it EL4E%F p65
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2 AMPK@EEHAEPGC-10iE R ZIEMAIER

PGC-1 iy AMPK #7198 1 73 — N E B4
PGC-1 J&— B AHE IR 1, WiEd 5 2 fhik N
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CIRTEA 28 87 I NP NVES Al ) ok e g P
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M1 24, il M2 B 2L TR 9T 5 98 0E A DGR I
TETE T % Eisele 55 Fr i 1 i 1k G 72 W Bt 2 56 285 SR
B, ST, PGC-la it FE LM/ R ULA
MLt 2 1t 40 B K1 TGFB F1 CCL1 & & 1 . 1
B, M1 B SREDE 7 TL-12 (2 & 53 K P, Yang
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iNOs. IL-1p 1 IL-6 R, {2t M2 B4 58 41 i
[H-F- Arg. Yml £ TGFB1 [FREAL, ik /N 40 i
M1 e M2 B AL, XA VE R B PGC-la 11
R S35 TR, B PGC-1a RS 3E 2 7 M1
RGN 1) 470 4 P M2 B4 AR Ak ok R 4 B A VR Y
2.3 PGC-10{gi#PPARY/SMRT /NcoRHyFRIX

PGC-1o thA[ @2 3E PPARy FI4#BHIEY) SMRT.
NcoR {5k, hnxt 2 MR R 1 X pHiE, LK
FEFURAEH . PPARy ST H bRt R R IE MR A 32
Il RRERE T, BARERARME. 25
HEAR T2 T BE, PGC-la & PPARY it 5 5 (1) 4 B
ETFZ—. WIS xR, PGC-la 7E A 2 E A0 N i K
AR} 1 % i R b AT _E O PPARYy [ %745, PPARy
ST E A S NF-xB 5 AP-1 [k, #]
X PR A S R 7 5408 6 AH SGBE TR )3 30 7 X AR A R A7
A, AR RER L FEE, A, —2ht
RIER M FIEE 5 PPARy [3EMEA 5 P22, Jiao %%
FIRE T &5 SR B oR, 7E LPS % S/ R 21 9 1
MAERIG, ERik PGC-1a (4141 PPARY & & i
FTtE, RYER T IL-1B. IL-6. TNF-a mRNA & &
AR PR, B AR BE ks,  FLiAE I nI 4 PPARy
FESF PR PUR GW9662 Friskss, K BH PGC-la ]l
it PPARY 42 KAEHL R VEH P, Eisele 254} TNF-a
755 19/ UL B A 380 R 0l BEL & 4 1 2
SEEATHN, &I PGC-la 7] {2 i# 41 iz PPARY.
SMRT #1 NcoR HJ# FH/KF, HH PPARy [ i &
g,

3 AMPKEIMEpSIZRAFEMRIER
P53 & — Bl =B IR AN SN T, A R SRS
EF, WIS S59uibs. 2. g0 EiRESE
HEFE . AMPK A% p53 Serl5. Ser20 fi7 g fifk
TR AL 1 58 pS3 s E Y H R RO RE T A5 R BOR,
P53 5 JREM K AEFNR A % . Mukhopadhyay S5
FEIR, pS3 BREEECE pS3 AR B 2R T
/N B DK AR AL, m) S i A R 22 A, 3G 4T 4
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M 5% 1 4 8 B (1 Bl MMP-2 60k, [R] I R 186 9
M1 4H R R AL 5 hAh, R p53 245 BB 7122 44
SEMAER TRERLS, RILE K AR LA pS3 AR 77
IR P pS3 Y ARE R 5 S i
SR 7 NF-xB #1951 S 3 5 M2 7Y 41 g 58 70 A 0%
KESLIUEIE R, RIEK 7 NF-«B Al p53 fF1EE
MBI FIEEER " Li &0 7R, p53 HERH
RKEVNR SEARUNRALL, HBU™E S5, A
U NF-xB FEPESE I, 1 40 6 1 Ui 2 1 I 1)
AU B KIS #7. Sutton W FTERI, pS3
i I PR BRI B 78 B 2R b5 Y AR RUAR LG, AR PR
M2 7 [ 20 i B A5 B S ks> B

4 AMPKIET#EFoxO3R R R IEMX/ER

FoxO3a 7E4H MM TE . 5340 S S 7 3 ke B 22
WHEH . AMPK £E 6 AN A (Thr179. Ser399.
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58 FoxO3a B 3e3m 1 . Wt Eon, EWHL T
FoxO3a (IR & Tt Mg 28 B 4121 ; FoxO3a
BB /N B, NF-kB #5535 M ] 155, 7F FoxO3a 3
DR R Bk /N B, TNF-o0 35 5 119 HT29 41 i A 42 58 [
TR E N *Y. Hwang 250 78RR, 162 A
55| LI/ BRI 2 FEAR Y rpr 5 0 i S 240 PR A
b, FoxO3 % fii EI4H fu#% + 5 NF-«B {EH, i34
NF-kB 5 DNA &5 & 8877, 5 8000 M 52 i) 1F
F ;s FoxO3a i fk /5, NF-«kB 5 DNA [)45 4 g /134
30 2, 96T p53 il FoxO3a it 48 A 52 o 42 1) H A%
HUHIEA Rt — 2B 5T

5 AMPKIBEHEpI00GERLIFRA(ER

LR, AMPK FE0E T 5- 22k -4- HE%
Ik M % B % 1 R (S-aminoimidazole-4-carboxamide
ribonucleotide, AICAR) fig & & 1 il A THP-1 i 4
R A HLAT N B K A R 40l HAECs H p300 1)1
W, FRAK NF-xB [ £ BEfL, 7855 NF-xB p65 5
DNA FI 45 &G, R 9808 3 IR 1 % sk BY,
HPr R AEFHHLH] S B p300 FIBFSE M, 2Em T
NF-kB p65 ()54 553 P2 UIAH ¢ .

6 #HiE

AMPK FEAEFFAH I ATDLAR RE B R HE 7 7,
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SERIARAE, R RIBHEIETT O MR 5,

faFEE NER SRR, BRTFAERH, AMPK &
Gt — N MMPLRE @, HAERERENK
Je i R k¥ AR R . AMPK 8 I B0E
SIRT1. PGC-la. p53. FoxO3a 1 p300 25 i& 4%,
T NF-kB. AP-1 %52 Ff J0EAH G & A BG4, 410
B RAE R &K . R PL AMPK #5536 97 20E &
R A SN — PR AW IR IT T
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