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Effect of Exercise-induced Phenotypic Changes of Macrophages in Adipose Tissue on Insulin
Resistance

XIE Chao
Anhui Normal University, Wuhu, Anhui, 243000, China

Abstract: Diabetes mellitus (DM) is a metabolic disorder characterized by disorder of glucose and lipid metabolism. Type 2 diabetes
mellitus (T2DM) accounts for more than 90%, and its main feature is insulin resistance (IR). In obesity, adipocytes secrete chemokines
(MCP-I), which attract monocytes into adipose tissue and liver, and polarize into pro-inflammatory macrophages M1, which
up-regulate the expression of pro-inflammatory mediators, such as IL-6 and TNF-o, and act on adipocytes to induce IR through
MAPK-JNK pathway. As a non-drug intervention method to prevent and treat T2DM, exercise can improve insulin resistance by
regulating the phenotype of macrophages, reducing the expression levels of TNF-a and IL-6, and inhibiting the activity of MAPK-JNK

pathway in adipose tissue, which delaying the pathological process of T2DM.
Keywords: type 2 diabetes; macrophage; pro-inflammatory mediators; TNF-a; IL-6; insulin resistance

IR

DR A U145 R J s MR P e 5 ) L, AR ] b FR O
HcHE (IDF) B MR KA, fE 2019 F43KA 4. 63 14K
R RI, I FLBE R BB B RTEA T K, AR
TERNBEE, BREET JLER/DERY, WikEl 2030
8, BEATRAE MR EE . B SSR R
SRATAEIE, K> T2DM 2 vy 0 o B 2 51 k2 1 .
Rk, BERERZ T2DM AIRGIR. AEREAEAR T4, FEREFIAL
P 5 5 S RARPUIRAS , RN 2 BURE R (1 — A5
R ER R BRI ZUR 40T S B B B R, e
A R B ARG RRSEIITE SR SN P S AR . TERE AL
s, i 2R e g i ) A SRR I ) 98 R 11
A o T g T 1R A 4 M PR T R L R T
FESRIE, — BHHE, AT DUERE RERAS T R &R
B 5 1 SRR o SRR S T AR AR AR
ARG R L (R 5 R A5 515 F

B P IR 4 BT 52 B BRB DL R S A i R
(A8 5 T 434 A FRAZ A P, 36 S 20 AR ad et ot 97 2 7% 3
P I i 7 2230 1 P i 28 23 S s 20 f . DT 7= 2 A B2 F) 4%
E A BRI A A6 o IR L2505 B i1

120

2 P AN R A BB Ak AT R B, T D 2L 4R 1 R A
JUPAEE BT AR I 44U 2 A BRIR I - TNF- o th
E R g R O Ra e )i S M (Y =R = B el o M - = X
i S 2R AR o BB TR R R,
fi, PEARARER, T AN SO B SR I R, BRARAILAAR 58 0
NS B ED RS R IR AR 2L, R R AR
(2L, MBI KRR R . A SCRIE R SR 4
5 Wk 41 i 5 0 A 6o il 8 BB s i AT 2R3

1 BERFRLARFES RS EMin

RS 2255 i iy AL 230 5K 11 B o e % 4B M AR R, A
1M 51 RE S SOEAARE . BFFL I, RERESIR M
RE Wi 4 sk £ 7= A S0 (R 1, G883 8 E I8 i A T 2 BUR
SR NI ZE 4R T ARG 5 8 8 A o i B 2%
PR R R E T 7RO, i b 4 A0 Py 5z 40
Mooyt A7, BB EE 1 (MCP-1) FH
=5 B4 (LTB4), EATW 5| B A% 4 B 3t N\ g i 4L 23RN FE
FETR BLUE A1 04 g B ™ o 4 P T 43 A A A R
U TNF-a  1L-6 2. TNF- « REBSAFE TKK™ . JNK",
S6 WAl (S6K) "ANNUEE RNA MM (10 (PKR) 7E P
K22 A BRIRFEBERR AL IRS1, W35 TIFES RES, #m

Copyright © 2023 by authors and Viser Technology Pte. Ltd.


http://qikan.cqvip.com/Qikan/Search/Index?key=C%3dR34&from=Qikan_Article_Detail

P REFIF

JOURNAL OF STRENGTH AND CONDITIONING SCIENCE

@* VISER

IR S BT RIS 1L-6 KT 5 U
SEHAEE . HRIR T, BHI E WA INK f 25k AT
b /L T 00 i o 42 953 01 BEL BT 5 400 J ) 4 R 3%
Y (R ARAL AR AR NG TRV . EWFRRIL, (A

WO T TNP- o T B¢ 51 B M PR 3¢ i
P 26 42— B B IR, 2y — PO S

A LA — R R R AR T R BRI R
B S AT S Uk, T — BB R RS 24Ttk
AN, AERER B HZ0E T MCP-1 5 LTB4 F=AAE 4 E g4
Ji, T AR A B INK S 5| R =L

FERRPERSM R, FRAZ A0 BIs i 2 I8 i 2L 2L T AR Ak
% EvEdip, SEFZ RRERTF LI, 51RIRIHS %
St o SORE SR SN AR AN AR B RS ST, SEURS R
HEHT o JIE 17 223 15k 24 el it g iy 200 A R 5 4 2 T £
5543 WA AE LA FH A T — FR 570 1 1 32 A 50 N 98 i DR A 0%
(5 S ImER, AR S A M B AR e R ™

2 BERRLALAKETE

JERE A2 S 808 S RPN E B RN R Z — BT K
0 A U 2 20 98 SRE AR A B 9ORE T ff DA D (i 33 i
Jo 1 RARPUA LR . Rk, FRRTALSURA T ST AH
FARARIE 2 18] R BB 2 mP A o 1T R A 2L T 5 S P 98 A2 A A
PE N IR ARRAE , RERE 51 R R B 4H AT T L S AL
IRSEIAT A ST L ZR, AT P AR A 0 S

2.1 BER¢RL ENEAREAYEE

JIEJHEAR DG IR 9 RE £ SE M VF 2 28 5, S FE AR I i BEL
FEAESE. AR a & 2R an i, A (EmEgn
MOAIkEAE ). ARl dnie . RTARIT S . AR E
B, AR 145 S 0 R N 2K 1 A BB 7 L 2 A i 5 1Y) 40% LA
Er Uit BN R, M2 R, EENFXRE
10% .

i 7 £ P Zh 25 PN A AR B 77 2B R 3 45 A A S
Yo (FRONRE IR 7 B i A B R ), o — L5
LA ZH SR B R AR, L FEATIE . B ERAIL. S (B
JHM) AIHHRAZ RS, W MCP-1. JREEEZ™Y. 1ERR
P, ZARREASER A, 2 i AR 40 MCP-1 [i3&
ik, MW 51 JE 300 S A% A0 M TE AR I 2 2R M S5 4R Rk v E
W20 B, 170 S 1) E R4 i v 43 W 2 R R A, (RS
ARE RN, M SEA ST IR™ . MRS HIHE
RN L E VR4 rP R B, MCP-1 ZAR#atbIAF (C-C
motif) 32k 2 (CCR2) CLHFUFBA I ZEAE E R i H itk
SERP IS, Ik, FEMTLZR R MCP-1 AT 5] #54H
IR T2 4k CCR2 HISAZANME, FB Bh Fik &% S e
JRE R i ARG BV AR MR ™ . A, 7 B
JHOAN L2 S AR T AL 2R S A, BRI R AR 500
WRNVEAR R AR T, SR — R
AWEFRIL, ERET AR 20 250 5 4 i 5 g o, 0 4

Copyright © 2023 by authors and Viser Technology Pte. Ltd.

O 2R S 2 2 TR (1) S K ST i 25 G 7 400 ) 2 0 g B 1 1
BV . OE i E A0 2 A R TR
DAZEEE I BG40 B, 13k — 2538 i A iy 4023 5 i 4t i i = A
IS AR A L M RE BT Sk (i 7 AL 2R S0 RN
A ZEL AR ML R E B R R 2 —, T B 5 1R
B EIPU F B m K R IA 4 T BN i iR, FERAL
SRR 4 6 20 PR 5 98 RE S B

2.2 ElxdRfasE

B 10 20 P — 7 s A e R B iR B S 4 B, 7T DAy
EFRET . RN A 050 R R s g i
AT DU £ M 2 T 0 R R I B S A
XN, )G A R W ERE £, NI
TGRS AE R, BT P I B e
AT B o I e i b R AT S ) e 2

B SN BAE 8t 2 E IR I 2 230 = B A i, AN
E YA B AT AR A N T REZE AR ORI 6 ML BUskdn g8 M2
TR 5 A% A A8 AR I AR R e ) A 0 R e e
T N i B, AL R R T B 2 i .
M1 B4 rT 4 IFN- v JINF-a \GM-CSF FIfiE 2 BE(LPS)
B, M2 EVE AT TL-4 Bk TL-13 . Ml
E R 52 Thl R B, BRI ARSI
Je Vi1, 3 I I 43 A 0 1) 408 U 2L R R 45349 A 4 B IR
F, ALFE INF-a | IL6. IL-12 2557, M2 B am MR oks
RAERHE-1. IL-10 %5, {23 Th2 . H5H. HABE.
GURETI SRR HEFE L IERIRAS R, MG L 0 4
WA R E RN f M1, FFBARRA T AE M2 8 M1 #%
A ML A KB RRER T, 0 TL-1a . TNF-a . MCP-1
1 PAT-1 CAFEBE IR BIEIIHYI-1) 5, 76fg 2
TnAE W BN A & 4R ML R AE S IR, RAER
TR PR B B S AR AN 1) 98 R I B, S ECR AR TR AN
RN TRRIEIE IS EE L RSS2, IFk e S
IR™ . SR 5 52 % FhEASE smi T e e 6 70, Hopi sk
iRt SR R IhRePATHEFT I, 51 RPERRAUIZRL .

2.2.1 M1 BRI 542 KA

I8 5 i 7 4L 2 P e 2 o 5 R TR, R 2 R PR (1
SR /KT TG 9 4 5 R I 7 P 8 b L e R £
P (LPS) B{T#tE y (IFNy) BT, M1 EWE4Hfurs
AR RN T, W IL-18, 1L-6 Bi/MIUEIRSEE T a
(TNF-a )& AL R, M2 B, HAHIE 2 CD206
fRIZE KA TL-10 55T 2 g R 7 7=

TNF-a A UL E B R RE M 9 4, (2 X
AR A FE A RS . Hotamisligil 289 VKIEM
T B LR A ) R R T INF- o a3 B RS RS S5
S, PHMWT TNF-o JEVETT RS R IR,
TNF-a DL K AT e 1 Ath 4 B EAL - AN 28 [ g 24 e M1 433
PR SE R R AR AR, I8 e 15 S BE 4 N ) 8 SR

121



6" VISER

2023 4F 3% 5 M

INF- o JiE 75 S R 5 2 2R -1 (IRS-1) 22 %R
BERRAL, TN S E R JEH TINF-a &
PR TR A A, 3 BN B A HORE TSR T R o, Ui 5
JITBR K P XG0, AT R IR R 5 {5 5 il ik . b4k, INF-
a SPHEF AP ISE A 4 (GLUTA) IFRIA, ) 4 b
sz, TL-6 AT Bk E 1 (1g6) 774, 1L-6
B UE A BT 755 R0 2 S SORE, BRI SR AR DG
R A o SIS B, A6 A BT R R SR SR R
Birh, TL-6 [ FH 2 0] i K 2 00t i 1 1 2R S 4R
) (IRS) BEZRRBEIR 1b LA NS S Il Bk s G
PRI A AR . IL-6 Witk S S0CS-3 (—Fhik
TEM IR B 315 5% AR RIA, SRR R 2 AR
SR TR KOBERRIL, AT SRS R
[FIIT, 40 DR 5 5 A 81 (SOCS) #E RIEIRAES N2
B IL-6 Bo%, IS IRS RAMMGEM ™. HWAVEIT R K
B, mKER) IL-6 3l AR (FFA) B4, I
FEUE L RS T IE B I 2, (FH SO R S R AR IR
55, JFH, IL-6 fE I s ARy R A 2 ER,
ALFEIIHIRE R A RS TEE (LPL) Y& MEFIH = Ee i ™.,
FrEA, 0] TL-6 F)3RIE T B L% 1 i AP s B AR

c—Jun EHRRFEEE (c— INK) {5 5 Sl B 7EM M
WG A Bedl s JRTDSE 22 i A BRI B AR o B
PERI™ o INK {7 530 6 7 5% 2 Fh R S DR SR, w4
AR VTSR SOREDR T S 2 B R RS R T A
T BRI R I, INK E L0 R s 8 2 AR A
ANFIHMISE AL INK 5 5 AR 3 R B AP %
P, OMAPK & — 4L AEBE S Fh A A ClnZE R .
ZRIB) . MBI A M R SO Y 22 R R - R R
BEEE, INK {5 5@ BA1E MAPK [ F—N030, &
B 28 P 43 S A R (S S B ) R
SRR T, AP, MAP3KL & JNK |
WEIE AR R, S0 S S il MAP3K 1 2328 i i 48 ffa [A]
TR INK BERR AL, BETA SIS B giim T,
RE S5 AR S U BT RS TNF-a o IL-6 S R A
JBR (T HEE s TNK G PR B TKK B I8 BRSO e i3k TRS-1 2241,
R 7 A B B Ak, % 22 SRR A7 S I i 5 3R 52 M40 /TRS- 1
AR IE RS S R, RS fR KA 5
Fik BT INK A5 SEEE HETE,  T 51 R R B =BT

2.2.2 M2 BEREAR S HLR AR

5 W 4 A0 A 1) — AN S8 T 2 40 B R T A it A R
AR M1 BN %A CD80. CD86 1 CD16/32,
FERENE WA S IR o M, M2 NGNS R
Bi-1 (Arg-1). HAKT (IL-10) F#{LET CCL17 F1
CCL22 (ki THE ™. EAEHLUEE . A4 BRI
R EEEEH . ERENIELREY, M1 RA B
] M2 AL, FFEEA M2 RA AN (1 55 5 .

122

HYII A2 -10 (TL-10) & —Ff HAT 5T R KR A 41
DRI 7, e isk R AT 9 A P B 328 s I, AT BEL 1 e i 3=
AR, (RS T AE 2R RS A5 ML B RN B 4k
M2 MR, AT AR SRR S o B B N G
RGN Z AN ZRIL, B F5 Th1.Th2 Al Th17 21 WE 5%,
TReg 2, CDS+T 4HMLAI B 4liffe, s R Hr KRG M
YIS, AR IR (de) ELVELNAD . AE AN
AR 5405 200 P ONK ) L 8 2 e 240 B R b e ki 4 ™ . TL-10
RAERIPURAE 285 19 0 85 0 B (AKT) 1 BERR L,
T AR i I8 25 e 2 6 T i B0 AR 8 10 K7
HAEMFRIL, DL RIE 1L-10 SRR/ RE
RS 2 R T R R B Z A, BRI N R
FI TL=10 YA 77 AT 7 1 R LA B A 5 1 e S A ™
R, AT At TL-10 /2 Ff i 3 s v i) 1 g 1 15 R 7.

3 BEENATEREMMFTETNE IR

3.1 EFIA IR WIS

Z BT U L 259 TR LU 5 S BN s
PRI SR AR A LI T B . A -HipRiE
R T, RIS IR IR B A WL R B 2 U RS,
0B LA Pt 5 0 ) IR R S D S AT S R
HEPT, PUPHAZ BN AMET] LS I 5 2 HKHT, 39 98 0k 1 3 0)
HIE I FIZ A8, 0 HOE W] DASGE B AR, AT el
T2DM R F WK Z5EL

TEX E R R BT IR MRS T 1E KB, A B
Folg/ N IR, HATRENLH] RIS B 7= A 1 B AH S i i
SR AR 1T (MALATL) RiAg/b o] feil i R B i =
AN/ RNA-382-3p (miR-382-3p) ik Kk b> T2DM A
ffg TR, FEXF TR NRRGEAT 8 A RIEEh L, WA
RO TR 2R 9 38 IR, TRERIZHIN G 111 R4f
EEOAMAEEE 5 (ENDCS) /Trisin {EdEHFF AR F
Akt B RO, 3 e 3 R A i s R 1 Xk A 01(Fox01)
TR A A L 2 1 R0, 403t B e 2E G BBl PEPCK A1 G6Pase
FoB IR AT T B 55 L1 nan 2% IS & (HFD)
MEFE 12 F/NRIEAT 8 A AIZ8hRES T HFD 5] i i fAk
I NV AR 52N R, R TR SR B,
IE S IE T )G B UL NF- « B 3 28 (180 SR 22 HFD 5
FIIARAE . Gopalan SEHIF LI, 12 JHIMNAFEsh)IZHEE
AR HFD 195 KRR MHEERE . B KRG AOE
HFFE I, S PRI K BREAT 8 JAl i BHIZ 3h Re A &0 4 b
PRI R R MURE, S0 PR R BB B 2R 8 A
[F12 3T Fxt HED 55 IR KRB HEAT X LU IS B0,
AT 2 P TR K RRUITHE FRA S, HALHI T RE 5iz
5% i IR KEFAF AMPK. CPT1 B§& &, IR &
B, SR A E S YU # 45 Bis s B T —igah T
0 g 7 B B RCR B R 3 AR X IR RE R BEAT 6
FRAE BN S5 & B S U R ™ . 72X HFD

Copyright © 2023 by authors and Viser Technology Pte. Ltd.



P REFIF

JOURNAL OF STRENGTH AND CONDITIONING SCIENCE

@* VISER

T IR /ANREAT A 8 B rliEikiE ST R B, wf
o 7 IR R R O, el BE ML R B B B
AMPK/PGC1 a 342 {3 HED FELIT R4 B g™ . iz
B 7 AL E T2DM A=A B B AE, {2 B R
B3 R T E R

3.2 EHIN BN AR R0

AR B, MNP EEARE (M/M2)
AR L AR e S I MEAR SO 9T 0% - REPERES SR 2H
i BN I KSR, FEONE R BRI M1, — i
SEIG ORI, 188N )G AR 7 A2 A i 46 B W4t i M1 A i
W) CD11c mRNA ik ig b, HiR ERR4 M2 554 CD163
mRNA RGN, KNSRI RE s 5 i ek & /N EUIR
WidHgip M1 EVEAAE N M2 BRI R A e, FHanH)
M1 B 1] AR T AL kv ™ . R, rhakmmp
A5 0o 38 BRI B PR 1] B S PRI T ML #Ab DA R4 8 41 e
[A MCP-1 A1 INF-a Fj53h, RISt 7 R 0E i 4127
h SRR M2 AR AL, JRekaE T IR™ . BRTRRIL, X
HFD T 5 /N AT 12 AIZshI 25 0] G 80m) M1 B kg
JHO 92 T R D A R B AR ARE T RE SR B I BEIK MCP-1
122 1SR AR B i . R, BRI, R
FETRIERNSR (HIIT) Y4k 8 v oz 2 BUME PRI /I B IE
RIEFPS AR ZEL, B0 M1/M2 HAk ™

M1 B0t AT ) M2 BRI AL, AT 26 2 0
SRR FEXT HFD 5 5/ SREEAT A7 S8 ) BRI ZRBs A 3, W] 50
A3 383 ek Mg 0 40 A /AN 488 0 B 4 L A 2 T A
B M ML %454 M2 Skl i HED 35 S (1 i T e Wil 2 sh e
5, RIS ™ . 35X HFD 55 T2DM /)
RIEAT 2 Es), MR AscE A EARIHZ (WAT)
HAaRIRSEGES, R M1 EVEdifm M2

MR 2 e, AT BRI T TL-10 foeis ™

I H., ek FE R ER N ZR AT ek 7 HED 5 -3 R M1 B4 i,
Wy M2 EWE4IMR AL, Hou] e ML A iz B i
Notch-NF k B {5 5@ g4 M1 EWgaipatkit, @i ki
A=A —F Jumonji Z5#3EH 3 (JMJD3)
B M2 B4R AL ™ . ZEXF HED 5 5 T2DM /N AT 8
FESERGZ 3 R, I 41 JE R i 4 A 5 A
M2 AL, T4 4R PR 1 TL-10 FAS IR 05 i,
IR R AWM T (INF-a A1 IL-4) /KFETFHE, AT
LA A0 A T 22 R AR ST

&)y ok 1 e 7 4 43 A R PR R R 2 TR,
B3 B nfa] 52 i IR 1 20 43 5 0 40 e 28 AL AR 4k o L 7
B 2 W SRIBIIE , 38 20 5 AR I 2H 23 v R AR
AT LAY N S35 T2DM 5 B 11 307 W

3.3 BEHIMERAN A

REJE BT 512 1 i i 4HLZR 908 JR 3, MR 4R 6
WELHM M1 29, ERIL INF-a . IL-6. IL-18 252 &

Copyright © 2023 by authors and Viser Technology Pte. Ltd.

R, T SR IR S R PL. B8l R o 2
HUBE PRIF » 175 5 1ML 28 40 M IR R A B R 40 B R 7~ -
Wo KA Meta /T4 RN, FUEAIMER FIE3) AT
A PEAR 2 JORE IO R A R RIRACE ™ K s 3h
FECTNF-a | IL-6 SiE MK, —FhmT gtk 2z sl
Z53@id T Toll #3244 4 (TLR4) RIATIY, Song ZEM
BRI E /N BTG 7 4124 TLR4 mRNA 7K FH 5, W s R i
FRISIE TLR4 AJJ3 NF-x B {55 (283 DL JIE 5 4 o
TNF-a Fil TL-6 (k""" o BROREEHT 70 K B — R 2 ki )
23, W RSEE R B SRR AL S, RIE
A7 FE K INF-a . IL-1B . IL-6. iNOS mRNA ikt %
BAR™ . FFH, AR, 2% AAEE T KRS
TG, MIERRE K LT, SRR AT IR 5
TG KB, M &IER T INF-a | 1L-6 2K TFE%E
FEAI, s 22 ARG AU FE R B AR A R BRI )] DA
ML SRR S

H4ifaNZ (1L —1 B ATRE AR b 4B i %,
MEFN5I#A IL-6 F1 IL-10 (K% 2tk kw3
TNF-a FHfI IL-1 SZHAHEHUH] (IL-1ra) RIE BRI
RIEF, MITIRE 1L-1B BfE 549" B3hxH ek %
i AH SG P50 R R AP VR FH W] REAE SRR FE IR R T8 ig
PR, X AT R RS 2 RAE 2
(1, AT REEEIL 35 S SR R SikRe ). R
O I £ 55 TR 3R 1) o5 1 5 BT R A

ERMIGERS R

- & .
- MCP-1 - Eih 5 o i

. -

. - -

. .
INF-a 1L-6
- MIE B J\k[@i&
By R Nty Wty 5 "
‘. M2 A1 SR LT
&l " W
W BT
IALE AN

' B HOSH
By K HEHT

Bl 1 RREFHLA BT MR LiEiE

4 GiE

JIES PR P 51 RS i 7 AL 2R A AEAE T2DM i PR R rh o o =
ZARH, IRITH R BRI R (M1 5 M2) 5 50
PRl AT S RE JNK 55 3 S MR 5 2R, AT 51 K T2DM.
UEAh, dE s rl s R B AR IR . SRR, M
SN A PR RS, HE T A R i SR AR P 2R, J23h
U1 IR 07 2L 28 SAE B L A R 5 R LI B L i AN 58 3
B Zf) 7 AT DA R G AR A R A B AORE S AT 5K )
THUHI AR 2 2 478, 9 T2DM (BRI AR T
PR 2 1) T 1T BOMER 18 i«

123



6" VISER

2023 4F 3% 5 M

(&£ 3CHK]
(114 =2, F4h & B &% & /R B & 3T3-L1 A8 i 40 f fik
5 F WM A AL B 5T [CL. AN - 7 5 A%, 2020.
[2]Gasmi A, Noor S, Menzel A, et al. Obesity and

insulin resistance: associations with chronic
inflammation, genetic and epigenetic
factors[J]. Current Medicinal

Chemistry, 2021, 28 (4) : 800-826
[3]Qatanani M, M A

obesity—associated insulin resistance: many choices

Lazar Mechanisms  of
on the menu[J]. Genes &
development, 2007, 21 (12) : 1443-1455

[4]0lefsky J M, Glass C K. Macrophages, inflammation,
and insulin resistance[J]. Annual
physiology,2010(72) : 219-246.
[5]Nagareddy P R, Kraakman M, Masters S L, et al.
Adipose tissue macrophages promote myelopoiesis and
obesity[J]. Cell

review of

monocytosis in
metabolism, 2014, 19(5) :821-835
[6]Weisberg S P, McCann D, Desai M, et al. Obesity

is associated with macrophage accumulation in

adipose  tissuelJ].The Journal of clinical
investigation, 2003, 112(12) : 1796-1808.
[7]Swarbrick M M, Havel P J. Physiological,

pharmacological, and nutritional regulation of
circulating adiponectin concentrations in
humans[J]. Metabolic syndrome and related

disorders, 2008, 6(2) : 87-102
[8]Abate N, S Sallam H, Rizzo M, et al. Resistin: an

inflammatory cytokine. Role in cardiovascular
diseases, diabetes and the metabolic
syndrome[J]. Current pharmaceutical

design,2014,20(31) : 4961-4969

[9]Kirwan J P, Sacks J, Nieuwoudt S. The essential
role of exercise in the management of type 2
diabetes[J]. Cleveland
medicine, 2017,84(7) : 15.
[l0]arE=, BRE, B X, & S &AW ERF /D
RE BN X E®N 2w U B R R I
#,2021(11) : 15-18.

[11]Burhans M S, Hagman D K, Kuzma J N, et al.

Contribution of adipose tissue inflammation to the

Clinic journal of

development of type 2 diabetes
mellitus[J]. Comprehensive Physiology,2018,9(1):1.
[12]Kanda H, Tateya S, et al. MCP-1

contributes to macrophage infiltration into adipose

Tamori Y,

124

tissue, insulin resistance, and hepatic steatosis in

obesity[J]. The Journal of clinical
investigation, 2006, 116 (6) : 1494-1505
[13]Gao Z, Hwang D, Bataille F, et al. Serine

phosphorylation of insulin receptor substrate 1 by
inhibitor k¥ B kinase complex[J].Journal of
Biological Chemistry,2002,277(50):48115-48121.
[14]Hirosumi J, Tuncman G, Chang L, et al. A central
role for JNK in obesity and
resistance[J]. Nature, 2002, 420 (6913) : 333-336
[15]0zes O N, Akca H, Mayo L D, et al. A
phosphatidylinositol 3-kinase/Akt/mTOR

mediates and PTEN antagonizes tumor necrosis factor

insulin

pathway

inhibition of insulin signaling through insulin
receptor substrate—1[J]. Proceedings of the National
Academy of Sciences,2001,98(8) :4640-4645
[16]Bastard J P, Maachi M, Van Nhieu J T, et al.
Adipose tissue IL-6 content correlates with
resistance to insulin activation of glucose uptake
both in vivo and in vitro[J]. The Journal of Clinical
Endocrinology & Metabolism, 2002, 87 (5) : 2084-2089
[17JHan M S, Jung D Y, Morel C, et al. JNK expression
by macrophages promotes obesity—induced insulin
resistance and
inflammation[J]. Science, 2013,339(6116):218-222
[18]Maeda N, Takahashi M, Funahashi T, et al. PPAR
Y ligands increase expression and plasma
concentrations of adiponectin, an adipose—derived
protein[J]. Diabetes, 2001, 50 (9) : 2094-2099

[19]JRuan H, Dong L Q. Adiponectin signaling and
function in insulin target tissues[J]. Journal of
molecular cell biology,2016,8(2):101-109
[20]Liang W, Qi Y, Yi H, et al. The Roles of Adipose
Tissue Macrophages in Human Disease[J]. Frontiers in
Immunology, 2022 (13) : 908749.

[21]Zatterale F, Longo M, Naderi J, et al. Chronic
adipose tissue inflammation linking obesity to
insulin resistance and type 2 diabetes[J]. Frontiers
in physiology, 2020: 1607

[(22] E Z & AR, A8 1 AT 0 7 B b i e 0% B & [T .
AR 5 52, 2006 (1) : 63-67.

[23]Weisberg S P, Hunter D, Huber R, et al. CCR2
modulates inflammatory and metabolic effects of
high-fat feedingl[J].The Journal of
investigation, 2006, 116(1):115-124

[24]Kershaw E E, Flier J S. Adipose tissue as an

clinical

Copyright © 2023 by authors and Viser Technology Pte. Ltd.



P REFIF

JOURNAL OF STRENGTH AND CONDITIONING SCIENCE

@f VISER

organ[J]. The Journal of Clinical
Endocrinology & Metabolism, 2004, 89 (6) : 25482556
(2514 = %%, RANE G €)% & /RELE 313-L1 M7 4 fE
J7 & F AU R B AL [C). AN 3 8 K, 2020.
[26]Lumeng C N, Bodzin J L, Saltiel A R. Obesity

induces a phenotypic switch

endocrine

in adipose tissue
macrophage polarization[J]. The Journal of clinical
investigation, 2007,117(1):175-184

[27]Liu R, Nikolajczyk B S. Tissue immune cells fuel
obesity—associated inflammation in adipose tissue
and beyond[J]. Frontiers in
immunology, 2019 (10) : 1587

[28]Weisberg S P, McCann D, Desai M, et al. Obesity
is associated with macrophage accumulation in
adipose  tissue[J].The Journal of
investigation, 2003, 112(12): 1796-1808.
[29] x| = . NAFLD B4 7 AL o AT A0 o BE AR IR AFAE P &
B A& a R B A6 T NAFLD A R ey L& a7 [C]. X #iL
A, 2021,

[30]Gentek R, Molawi K, Sieweke M H.
macrophage identity and self - renewallJ].
Immunological reviews,2014,262(1):56-73
[31]Mills C. M1 and M2 macrophages: oracles of health

™

clinical

Tissue

and disease[J]. Critical  Reviews in
Immunology, 2012, 32 (6)

[32]Julian V, Thivel D, Miguet M, et al. Eccentric
cycling is more efficient in reducing fat mass than
adolescents with

of Medicine &

concentric cycling in
obesity[J]. Scandinavian Journal
Science in Sports,2019,29(1):4-15.
[33]Liu G,
activation and programming in immunity[J]. Journal
of cellular physiology,2013,228(3):502-512.
[34]Shaul ME, Bennett G, Strissel KJ, et al. Dynamic,

M2-1like remodeling phenotypes of CDllct+ adipose

Yang H. Modulation of macrophage

tissue macrophages during high—fat diet - induced
obesity in mice[J].Diabetes,2010,59(5):1171-1181.
[35]Gordon S, Taylor P R. Monocyte and macrophage
heterogeneity[J]. Nature reviews
immunology, 2005, 5 (12) : 953-964.

[36]Thorp E, Subramanian M, Tabas I. The role of
macrophages and dendritic cells in the clearance of
apoptotic cells in advanced atherosclerosis[J].
European journal of
immunology, 2011,41(9) : 2515-2518

[37]Sell H, Habich C, Eckel J. Adaptive immunity in

Copyright © 2023 by authors and Viser Technology Pte. Ltd.

obesity and insulin resistancel[J]. Nature Reviews
Endocrinology, 2012,8(12) : 709-716
[38]Lumeng C N, Saltiel A R.

between obesity and metabolic diseasel[J]. The

Inflammatory 1links

Journal of clinical
investigation, 2011, 121(6):2111-2117.
[39]Xu H, Barnes G T, Yang Q, et al. Chronic

inflammation in fat plays a crucial role in the

development of obesity-related insulin

resistancelJ]. The Journal of clinical
investigation, 2003, 112(12) : 1821-1830

[40]P 1 schel G P, Klauder J, Henkel J. Macrophages,
low—grade inflammation, insulin resistance and
hyperinsulinemia: A mutual ambiguous relationship
in the development of metabolic diseases[J]. Journal
of Clinical Medicine,2022,11(15):4358

[41]Chen J, Sun Z, Jin M, et al. Inhibition of
AGEs/RAGE/Rho/ROCK pathway suppresses non-specific
neuroinflammation by regulating BV2 microglial
M1/M2 polarization through the NF-«k B pathwayl[J].
Journal of neuroimmunology, 2017 (305):108-114.
[42]Hofmann C, Lorenz K, Braithwaite S S, et al.
Altered gene expression for tumor necrosis
factor-alpha and its receptors during drug and
dietary modulation of insulin
resistance[J]. Endocrinology, 1994, 134 (1) : 264-270
[43]Hirosumi J, Tuncman G, Chang L, et al. A central
role for JNK in obesity and
resistancelJ]. Nature, 2002, 420 (6913) : 333-336
[44]Akash M S H, Rehman K, Liagat A. Tumor necrosis

factor - alpha: role in development of insulin

insulin

resistance and pathogenesis of type 2 diabetes

mellitus[J]. Journal of cellular
biochemistry,2018,119(1):105-110
[45]01son A L. Regulation of GLUT4 and

insulin-dependent glucose flux[J]. International
Scholarly Research Notices,2012(2012)

[46]Stouthard J M, Romijn J A, Van der Poll T, et al.
effects of

in humans[J]. American Journal of

Endocrinologic and metabolic
interleukin—6
Physiology—Endocrinology And
Metabolism, 1995, 268 (5) : 813-819.

[47]Senn J J, Klover P J, Nowak I A, et al. Suppressor
(S0cs-3),

interleukin—6-dependent

of cytokine signaling—3 a potential

mediator  of insulin

resistance in hepatocytes[J]. Journal of Biological

125



6" VISER

2023 4F 3% 5 M

Chemistry,2003,278(16) : 13740-13746

[48]Rehman K, Akash M S H, Liagat A, et al. Role of
interleukin—6 in development of insulin resistance
and type 2 diabetes mellitus[J].Critical Reviews
™ in Eukaryotic Gene Expression,2017,27(3).
[49]Zeyda M, Stulnig T M. Obesity, inflammation, and
insulin
Gerontology, 2009, 55 (4) : 379-386
[50]Greenberg A S, McDaniel M L.

links between obesity, insulin resistance and B -

resistance - a mini-review[J].

Identifying the

cell function: potential role of adipocyte - derived
cytokines in the pathogenesis of type 2
diabetes[J]. European journal of clinical
investigation, 2002 (32) : 24-34.

(L1417 /L FRATLE; M3 7. INK 12 5 38 B 78 48 /R 0 AL
wmoR oMo R B R # B U # I E
#,2020 (15) : 1664-1668

[62]JHu S, Ma S, Li X, et al. Relationships of SLC2A4,
RBP4, PCK1,

gestational

and PI3K gene polymorphisms with

diabetes mellitus in a Chinese

population[J]. BioMed Research
International, 2019 (2019)

[53]Solinas G, Becattini B. JNK at the crossroad of
obesity, 1insulin resistance, and cell stress
response[J]. Molecular
metabolism,2017,6(2):174-184

[54]Torkamandi S, Bastami M, Ghaedi H, et al. MAP3K1
may be a promising susceptibility gene for type 2
diabetes mellitus in an Iranian
population[J]. International Journal of Molecular
and Cellular Medicine,2016,5(3):134.

[55]Shoelson S E, Lee J, Goldfine A B. Inflammation
and insulin resistance[J]. The Journal of clinical
investigation, 2006, 116(7):1793-1801.

[56]Van Dyken S J, Locksley R M. Interleukin—4-and

interleukin—13-mediated alternatively activated
macrophages: roles in homeostasis and
disease[J]. Annual review of

immunology, 2013 (31) :317-343
(7] EH#. O N%-10 5 R G MR AEA KW
A FRATRFHRIC]. A LHEFRAF,2018.

[58]Saraiva M, 0'garra A. The regulation of IL-10
cells[J]. Nature

production by immune reviews
immunology, 2010, 10(3): 170-181.
[59]Dhingra S, Bagchi A K, Ludke A L, et al. Akt

regulates IL-10 mediated suppression of TNF a

126

—induced cardiomyocyte apoptosis by upregulating
Stat3 phosphorylation[J]. PLoS One, 2011, 6(9) : 25009.
[60]Hong E G, Ko HJ, Cho YR, et al. Interleukin—-10
prevents diet—induced insulin resistance by
attenuating macrophage and cytokine response in
skeletal
muscle[J]. Diabetes, 2009,58 (11) : 2525-2535.
(611 F &, moe /T, HE, 5. 1 Fl & 3 77 A 88 R0 w4
B 2 AR om RS B9 Rom . — U A 2 4R B9 T BB AR AL
xﬁﬂﬁa}%%m_ S SRS ) I Al
,2021,37(10) : 895-904.
[(62] % R, AL ¥ %7, ZE-F. TR Z ) ZxFF 2 BAE K
A RAE ERAE R RAMRIERTHUET]. FEE
8 E¥47%,2018(5) : 559-564.
[63]xfF, A%, FHW, % FALZHKREHEEE
2 A kmAE AT AL & &EHF
%,2021,35(9) : 1670-1672
[64]Liu S X, Zheng F, Xie K L, et al. Exercise Reduces
Insulin Resistance in Type 2 Diabetes Mellitus via
Mediating the IncRNA
MALAT1/MicroRNA-382-3p/Resistin Axis[J].Molecular
Therapy—Nucleic Acids, 2019 (18) : 34-44
(651 &I, PR K . A A 32 5 #1 %l fr & F #H/N R AT AL
5+ 4 B FNDC5/Irisin BEFH X [J]. BRE T F R F
#,2022,39(3) : 345-354
[66]Li N, Shi H, Guo Q,

Chronic

et al. Aerobic Exercise

Prevents Inflammation and  Insulin
Resistance in Skeletal Muscle of High-Fat Diet
Micel[J]. Nutrients, 2022, 14 (18) : 3730.

[67]Gopalan V, Yaligar J, Michael N, et al. A 12-week
aerobic exercise intervention results in improved
metabolic function and lower adipose tissue and
ectopic fat in high-fat diet fed rats[J]. Bioscience
Reports, 2021,41(1).

[68] M BeF, E4#E, FINE, . 1 F 5 2 x 18 7w A R
JEL B 14 2 4 A o RE e v ROAL SR (D). oF B3R B B 4
%,2018(10) : 857-864.

[69] % & &, fReefE, T3k, %. T EE K& EFRKTA
AT FE R U B X B R e ROAL AR 4R LT L R R A A
#,2023,45 (1) : 52-56.

[70]Mai K, Klug L, Rakova N, et al.

exercise interactions on skeletal muscle insulin

Hypoxia and

sensitivity in obese subjects with metabolic

syndrome: results of a randomized controlled

trial [J]. International Journal of

Obesity,2020,44(5):1119-1128.

Copyright © 2023 by authors and Viser Technology Pte. Ltd.



P REFIF

JOURNAL OF STRENGTH AND CONDITIONING SCIENCE

@* VISER

[71]Cheng F, Dun Y, Cheng J, et al. Exercise activates
autophagy and regulates endoplasmic reticulum stress
in muscle of high—fat diet mice to alleviate insulin
resistance[J]. Biochemical and Biophysical Research
Communications, 2022 (601) : 45-51.

[72]Kawanishi N, Yano H, Yokogawa Y, et al. Exercise
training inhibits inflammation in adipose tissue via
both suppression of macrophage infiltration and
acceleration of phenotypic switching from M1 to M2
high-fat—-diet—-induced

micel[J].Exercise immunology review,2010(16).

macrophages in obese
[73]Luo W, Ai L, Wang B, et al. Eccentric exercise
and dietary restriction inhibits M1 macrophage
polarization activated by high-fat diet-induced
obesity[J].Life sciences,2020(243):117246
[74]Kawanishi N, Mizokami T, Yano H, et al. Exercise
attenuates M1 macrophages and CD8+ T cells in the
adipose tissue of obese mice[J].Med Sci Sports
Exerc,2013,45(9) : 1684-93.

[75]Wang Y, Guo Y, Xu Y, et al. HIIT Ameliorates
Inflammation and Lipid Metabolism by Regulating
Macrophage Polarization and Mitochondrial Dynamics
in the of Type 2 Diabetes Mellitus
Mice[J].Metabolites,2022,13(1):14

[76]Kolahdouzi S, Talebi-Garakani E, Hamidian G, et
high-fat

diet—induced adipose tissue remodeling by promoting

Liver

al. Exercise training prevents
capillary density and macrophage
polarization[J]. Life sciences, 2019 (220):32-43

[77]0liveira A G, Araujo T G, Carvalho B M, et al.
Acute exercise induces a phenotypic switch in
adipose tissue macrophage polarization in diet -
rats[J].

induced obese

Copyright © 2023 by authors and Viser Technology Pte. Ltd.

Obesity,2013,21(12) : 2545-2556.

[78]Shanaki M, Khosravi M, Khoshdooni-Farahani A, et
al. High-intensity interval training reversed
high-fat diet - induced Ml-macrophage polarization

in rat adipose tissue via inhibition of NOTCH

signaling[J]. Journal of Inflammation
Research, 2020: 165-174
[79]Wang J, Polaki V, Chen S, et al. Exercise

improves endothelial function associated with
alleviated inflammation and oxidative stress of

perivascular adipose tissue in type 2 diabetic

mice[J]. Oxidative Medicine and Cellular
Longevity, 2020 (2020).
(801 sk HHE, =% F, k. AEMR AT RFEALE

BN % -6 KFEwWH Meta o 47 [J). R 8 &
#,2015(10) : 90-97.

[81]Song M J, Kim K H, Yoon J M, et al. Activation
of Toll-like receptor 4 is associated with insulin
resistance in  adipocytes[J].Biochemical and
biophysical research
communications, 2006, 346 (3) : 739-745.

(821 % 58, Zw|. — kK AV A7 #iF sk 3 % DIO /1N B B
HHPE *émﬂﬁf\%%f“féxfﬂ’i?ﬁ”ﬁ[J].it?‘?\%ﬁﬁ”‘%ﬁ
¥1%,2016(2) : 61-68.

(B3] Xk, TN, 12, % ABEZHEHREAT A
RRERMA+—IGREREENZHI]. FEIES
B2 42,2013 (4) : 32.

[84]Pedersen B K. Anti - inflammatory effects of
exercise: role in diabetes and cardiovascular
disease[J]. European journal of clinical
investigation, 2017,47(8) :600-611.

fEZ BN HE (1999—), B, Wik, ZH#ELA, B
THEE, ZBWEAF, HRTH: BHAERPF,

127



