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[ Abstract] Chronic inflammation is a major risk factor for aging and senescence-related diseases, and insulin resistance also plays a
role in the process of aging. Chronic inflammation impairs lipid accumulation, adipose tissue function, mitochondrial function, and
causes endoplasmic reticulum (ER) stress, and all of these lead to insulin resistance. However, evidence shows that abnormal distri-
bution of adipose tissue also causes chronic inflammation, while chronic inflammation further aggravates insulin resistance. Their
interactions accelerates the aging process. However, some studies indicate that insulin resistance itself amplifies chronic inflammation.
The activity of the insulin-dependent Akt signaling pathway is of importance due to its decrease in insulin-sensitive organs, like the

liver and muscle, and its increase in non-metabolic organs, such as the kidneys and aorta,which may underlie insulin resistance and

hyperinsulinemia.
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1 BREXRKM PI3K/Akt (5 Si@ %

BB T HRE MBI R, Bk,
PRGN TR BRI R ENRIHEEE—K
R, Youm 21 BT 45 R B IR, BRI RIKHLAY
SFKF UL RS R Z KR Y (insulin receptor
substrate , IRS ) /B B2 )L BE 3 — 3 B ( phosphatidylino-
sitol 3-kinase, PI3K )/%E H # B B ( protein kinase
B/ Akt) {5 5B K A D RERETS , S BUH 40 Hu Fn A s
HIEEREEEZHR. AEENBREERS RS
5, BSEREEE S R %K (insulin receptor, IR) J5
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PE-RYEMES, REEZER—-FNUR
B, A o WHEFPAS B WAL, HHEE
W, R RS S IR — P IE, BE B EAERE
BRI, NG| R G574, —B IR MEE RIS
PORE, EREHE B AR AR B S BRI, B R
PRERFEEBEIR LA SR AL T I WS . PR
IRS-1 1 IRS-2, I Tt #h SE M1k PI-3K #ie,
BE R PL3K B™ 4= 3 - BEIRULEE | BRARBLULEE -
4,5 — —B% PR ( phosphatidylinositol-4, 5-bisphosphate,
PIP 2) MIBEAEBEALEE - 3,4,5 — =B§HR ( phosphati-
dylinositol-3 , 4, 5-trisphosphate, PIP3 ) , 7= 4 B FR 1L
Akt IS, K Ak TS AR IEEH 4
(glucose transporter —4 , GLUT4 ) , N\ MR & FilE iz
el o

2 RETEPRBERAE

2.1 BRALEARRERE KR

JRIRA &R & HE A Y E R, X B E
MY BRI E, AT, BEAR P ERAR
RS RS ZWPL. RIENPIRERY, RIE
BN TR TE 5 A8 B AR, Anie R S 40 i R E 4
Hif+ & -6 (interleukin-6,IL-6 ) FI I IFIEH T - o
( tumor necrosis factor-o, TNF-o) 355 WNT {250 ]
ERRFEAR . E b, R b AR RIR S
BRI B, Blin B Tss5ER
(sterol regulatory element-binding protein, SREBP) &£
—AEEFE T, HEARLSHRIBIE - 3 - Bhe, iz
il FEL ET 2 AR BR  H il = EE I BEAR & BT R B
Fik, BRGHARN, TE2LBE LR TRER
SERFHIRSB. % EANEFRESHEBEET -«Bla
(nuclear factor-kBla,NF-kBla) 1 90 kDa F¥j 4% 35k
FEH S6 ### (ribosomal S6 kinase,RSK) , BEfi1 5%
ER PR FHE R L E H (manmalian target of
rapamyein, mTOR ) #8367 . [Fli} TEH 2P 5 Fid 8
5 G O A AE A AR AH G Y B B L S BB 4F
B Mg NRE, X EESHAE T - AE
FREZBIFEMEER, BETRERMERNTSE
Ak sk 3 7 59 384 1 3% A4 ( peroxisome proliferators-
activated receptors, PPARs) SRR G AR, B EE
AR B NED , RIEFMSS ATP 4 &%
i&F Al( ATP-binding membrane cassette transporter Al ,
ABCAL) /v 3 H E BE¥% i 72 , Bt PPARs B3R
K% B I8 % H (low density lipoprotein , LDL) 32 &4}
T P38 ALRT 2R B0 B 90 S B Y, AT
ERRAMIE R o X eesh Bt — RS M A

SRHEGA R RIERTE 5 F K RIS
2.2 BEHARLEREXE

H @i i 20 21 (white adipose tissue , WAT) A{Y
ERNS 5RERE, WAMEREYEES .8
FERRERE . A A & - 1B (interleukin-1,IL-1B) |
IL-671 TNF, (13 BRI LR 5 HAMH R BEATER R, 4D
5 ATRE BB RN RGN EiT S5 H M
SHEER, WAT 2 5 MW EZEBEIR, i
BYIRA REE RS Rk, PR, el
HAS SR SAE 328 TR LB, IEREFD
FEHZIRN A AR R B, i
iR e T ZFE AN, W PR AR R 2 AR
BRER , NTs e RAEZ ML R F 19 400 S0,

BT 40 B oA T2 i L W 4 IR ), R A A
JET 4HER R AT B 5 5 4 0 70 B8 5% B SRPL BRW By
B, —BIBOT , B RARE T S EURN 415
SWBLE T, WREREREAREBLER -1
(monocyte chemotactic protein-1, MCP-1) 13 #b HAth
BT, RN E A IR 5| B 40 M ) R 41
MEERL , B IR 4R B W 41 S ( adipose tissue mac-
rophages, ATM) " . — BL{R 4¢Pk ATM XER5 U NG M
HR, BB 8 SR T, AR T| HALR
E R, W\ TIJE BUIE 9] S 458, BRI, ATM W] 44
RIEDSE, HRRBA2SHLERFOTH
% - v (intereron-y, IFN-y) | IL-18, IL-6 #1 TNF ;=
Az, [5] B B A0 3L At BB B 40 B BN 9 2 0 a0 g
BE",

REWT MR R B AR T35 150 ~200 pm, &g T
ALY B & KEER (100 ~200 wm) , ATiF
R, EXEBHHAKERSCEEHTE
ARG R, Br 8454 T BRI 40 ML v 73—~ %
IR T, kA #EFETF -1 (hypoxia indu-
cible factor-1,HIF-1) , HIF-1 2 8 i5 48 K [ X ik 45,
HTARB™= A B B, R 2R R R R
BT BfAE B I A R A, AL ETE RS R
R s R . WAEARE BT
JEFE PN 4% B RN B 45 25 4R RIS IR FE Al AT SRR T Y
NRRTHR , B H LA SRR T BT IeRG , Ak
Re s BA E R m A, B & BE B IR R (free
fatty acid,FFA) "> 525 RR IR A 38 i T (2 2 16 5
KB, I I T REAR K % B & B (very low
density lipoprotein, VLDL) BJ7=4: , X F 14 B I8 8 B
JEREE RIS M B 53R B, JIE P AR N 5 W 4 Y
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2.3 BBk B

SRR i E AL BERR L AN 78 R B9 X 4 M T
RETRE B, EALBRR L R 38 Y R 7E PR P9 AL B B i
K BE 2 it — 858 1% F ( adenosine diphosphate, ADP)
SIHBE S B =838 1% H (adenosine triphosphate,
ATP) , KKK REEE 1S 5 2 BUBE IR IR (type 2
diabetes mellitus, T2DM ) J Ji§ & R {KPL G >, T2DM
BEZE S IFLBATIRERRT, 540 R & W
ATP F=A2 3/ PR A5 B 2R A BRI R
S B B % B8 ( mitochondrial deoxyribonucleic acid,
mtDNA ) Jgi 2 | L 7 b AR A8 /) 1 48 3 B T
s, —SeBE R M, S5 RS R 1L, T2DM B 3%
WPAER G PR R A LB N B 2
|, BrRER, LRk X TR BRI R R
KX GBS REIA X, KA RERR FBURN
R A= 4 4n — kAL H i (diacyl glycerol, DAG) 1
KEENe Me i A AR, M- 2B 7 R & L vl
AU DAG 7240 i pa AR 2B F BB C (protein
kinase C,PKC) ,PKC JZ 1 R & 7& NF-«B 1 il 5%
Fi% (inhibitor kB kinase, IKK) F1 Jun £ 2L 7K i i B
(Jun N terminal kinase,JNK) , 31 IRS 22 & R H 8%
AL, N BURS RE 5. FL L BEEFR
¥, mDNA 5 & 4 228 Ffk 55, T3 BORF IR 5%
THREZ I ANE A & B, BRI REREAR 7T R
REFHBHERIET N FEREA,
2.4 RAWE¥

P i R ( endoplastic reticulum, ER ) /2 E.4% 40 g
HEMA s, = B A Y A B BAE R AR
BRBNERRE, XFPHAMA K REEERRE—
5 THG #4340 B P ) o o e SE B, 0 — O T A A e
AT & E B B S N 4RI RO D AR . TR TET P R
(smooth endoplastic reticulum, SER ) #x 4 AL W, 8
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FELTET PR 9 B R O A, L HE 1) 8 0 T P o
M, iR EE S EHRNS A R KAR, R
M E AR IER T8 K AR, FBRTEEN
FEMFETBEARER, &ENEKN K
(endoplastic reticulum stress, ERS) , RiFBEHK
JZ i (unfolded protein response , UPR ) &2 A Jii R i 38
EENERENEEESERZ—, S EFARA
RSHANARNERIEEEE, TREF SRR
BRI RIEREIER

WHFRR I, AT R BT R 7T LA 7 2 R
B ZHHuFIAF4H i ER D738, 38 BB B 2 40 S B A

BEER YRR, ER DRSS BUT40 B0 AR
20 i R % 2R KL , BRI R LR S R X R
W ) BE 1 (inositol-requiring transmembrane kinase/
endonuclease 1,IRE1)/JNK 1558 B§A~-F %l IRS-1
H B B BERRAL , I HE L E BB ERIL ™ . JLA PR
BEEMFT BN, WA EEE T EB 78 (glucose
regulated protein, GRP78 ) | 5 H Ji — i 52 5% 14 B
(protein disulfide isomerase, PDI) | 55 Bt 25K 1 145
MEHZE ER 12 58 HRHTE, XEHEEEM
FEBMEEFRE KB, ER MERE SR
DLE RN IREL, M i & 807% INK K IKK, 3%
3 NF-«B #E, INK F1 NF-kB {55 #E ¥ n< 5%
RAERIEH A FKik, ER MBEEFEEE
(ROS) 4= FL A9 EER B, EBRE Ca” B,
Ca™ BRI M MI SR Ca™ ¥k B, B J5 I 28 s 1k AR
FEAEEZEER. Bt ER B KN —4 3
A7 BBRAEFF R, I8 H A B BA A A
SRR SCH RAE SUAL , ER R ITEAE B R & B HkHT
1 T2DM KA ZIERBERER,

3 REETBIHEMERESKREERR

REHBISE B LRI RIAE RS RIPA
B, RS RPN RIE RN ERMARAE, 4
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P R % R HCDL AR A 5 R i 2K LR, 12 R SE 40 Y
HFKF =5, T3 B — L5 40 3l Bk 3 A
o {2 JeHE 40 M B F 7T 0% INK Al IKK/NF-«B
558, AT BUSHAAEN ST W M2t
A i X423 INK F1 IKK/NF-«B {5538 s , &
FAEER , (A58 M R AR L R A HE ELAE R 3SR, A
TmEEER . B, RATET AT s g
HLRZY), 40 AMPK 3 463 2% PPAR0/B X3 1K 3
EFIRBE LB E RS R, BB ERS
RIEIIERRB I EERR . CiRE, —F
SUIRAE N AMPK FE 4L, AT DR F A ™ . X
SRR ¥ F B F 01 (forkhead transcription factor Ol
FoxO1) A2 IL-18 ik, AR ES BNES
B, FoxO1 MIHIA H R B AT FEEN,
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