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[Abstract] Chronic obstructive pulmonary disease (COPD) is a disease with high prevalence, high disability and high
mortality, which endangers patients' health seriously. As a common extrapulmonary complication of COPD, skeletal muscle
dysfunction leading to the decline of life quality, and increase of mortality, as well as the acute exacerbation of COPD. Howerer, the

molecular mechanism of skeletal muscle dysfunction is unclear. This article reviews the potential molecular mechanisms of skeletal

muscle dysfunction caused by COPD to provide certain reference value for clinical diagnosis and treatment.

[Key words]

18 4 BH ZE P il <% (chronic obstructive
pulmonary disease, COPD)fRIFKIZRHM, & LIFFEE
FEAE I 22 GERE IR A0 32 B R RRAE A 02 1 <
PRI, Im PRI R I EPR . PRI RIMESS . 2017
AR R DA GRS R, 2ERCOPDEF 13,84
10, BIERAA1L7%, FAEFLT-Z350 5611, Tk
€404 DL - ABECOPD I K13.7%", HAijJE L
B ST R R A S 32 ™), o e i s 2.

[(E€WMB] HEZRELSHEIIR(2018YFC1704801); 15
T A 41 (202101510002) 5 Vil 4 H B 245 BF 241 57 L 3L
(2018JDZX102)

(TEEEA] Wi, BEprged, 2 B 2 556 i
RGP T TH A FE

[EEEE] =E =, E-mail: lisuyun2000@126.com

chronic obstructive pulmonary disease; skeletal muscle dysfunction; molecular mechanism

BRI RE RSS2 COPD Y W T R IEZ —, HTF
EEWIINAE = i e A N SN B P Y B N~
B/ 30 B EAAEAFIE R E HLIRE sz i, #
PR RAE | T S R S, Sy s R, R
i UL B e 5 6 1 BRAE S B30, T sge g
J&, rEBEHNTUST, ES8corDattn
HABCT- I EE AN, B FEERFILT MG
BN o dT4Fok, COPDIf A& B #% WL RE R 5 12 i
SR NS R, APTRRII R AR T
B AT BE-5 JAE ROV . AR R A A () e ik
R MLAE A 5K

1 RERNSERIINEERR
Wz s g . O AR S KINI AG A



AW T YA = 2 G 7 G B o
JERGAROE A KRR A, 5
FLHEL . S RASRAE RN . HRT, Bk Z i i
FERI, COPDAMUR R T, 12w M4 518
PR S0 A LA As i 4 B v dRR
i, COPD A FH AN UL+ 2 Fh G F M 28 P 7 fib
R YR HEH F-a(tumor necrosis factor-a, TNF-a), A
WPETNF-o3Z 4K . CRUV A FI(CRP) . FI & (IL)-1
FIL-67K ¥ TS R4 IR COPD 1
FETERGPERIE, (HAH Y 5 B H R 565
RIS RSk 4 B AE™ . AP N,
A B PR ARAE 18 AT A A B PR T R T 1 S
JiE Y5 255 ) 4 B8 IR L 08 RAE (S 515
HEFEABUR SR D Re RS, XL . it )
D@ | R 00 g AT SANNEZE ) o = 1 I 1 Tl o
BRI 7

1.1 TNF-a RYES TS LA ZEL HEm Fof e,
JUH IR TNE-oofE 15 5 WL A A e 32 224 .
Byun%" R B, TNE-oJ& B8 NP 9/ 1 5 5
AR, SIARREZAMEIE, TNF-off 5
LT BB B A9 2 AL P BB N - (1) ELEE AL
MAEH, FREAS SR SEERBENET
Ko LA B2 UL PRI R S P 2 P [0 436 PRk 7 JULBR 2 P
(MyHC) J#12 ™™, (2) STNE-oZ AR T AR T %
YRR T . TNE Y20 AR b e 41 i 3% if a2 1
[TNEAZ{K1(TNFR1) HITNF3Z {42 (TNFR2) ]/ ¢,
TNE 20 3 PR VR R 23 i TNFR1AG PR T 45 #4455
5 TNFRAH G FET- 4549 3845 1 (TRADD) AH BLAE H
fF; TRADD-5Fastf XS T3k 2 1 (FADD) A H
VE A T80T caspase-8, M IS ShAN M T3 42
(3) WG NE-wBIF 530 #, 51 A 4 04 T 50 B L
R . TNFRAACHE 2 (TRAF2) A2 (4 AH B AR
H 11 (RIP)i# 1 TRADD W42 5 TNFR145 G 5 B2 5
TNFR2Z545 MG NE-kBik 4%, fiNF-kBS) (i 2 40
JR I s e o, VAT AR T [ TNE-«
A3 3 PTG NF -k B A 5 3 [ 184 5 i LA h 22
JKiZ RIS GEE, Mz R /26S-E AWK RS
(UPS), fEZERY, FBEME A2 kz &
B 2D AT abric, TR R 4858 FL AL JLAN &5
G, XA TR NK48IZ RS G, THE—RHIEE
EBFUNZ ZOGEEE, . 2 RS AR, M2 REAE
HRE, M2 5. K481z R F9h26s-E AMHAR &
YRR I BRI, 3 K RT a2 PRk A
kg 5 e P B U S R R 3 TNF-ofi B8R Lz
FIHL N FR T M K489 K45 A ™, i
M LA AR (. (HERA IS A R F B ik ah 117,
A 65 IFFE TR ™ B B R B AR 21 iy T AT

Med J Chin PLA, Vol. 46, No. 4, April 28,2021 387

TEEFAH K, WL, TNF-aft A5 8N RE R AT Y
oy FHLEIA fritk— 2o

1.2 NF-«Bf5 Sl NF-«xBEZ 558 NURE
FEM R BE S, RAERY . A AR BT i
IGNE-kBf S, JEMiME E A MK ARS, 5
LA R M RERI R . IR AIE T, NF-kB
VLG T PR S A7 40 5 b o 5 A 1 2 1 Ik Ba
SEA . RYEFE T (ATNE-o) 5 LA 4 3 18 1 7] 5 37
PRZE A BV AT TG NE-w B, 20 P9 & A= A5 55 Gk I
N, FEIcBHEIBIAHGHE IR Ik, IxBaP%fi#, NF-xB
RO 2 EAN Az, DI RS 45 49 i i [H
(56 S, X NF-kBIE Y £ ik 421 NF-Bil
TWIE VR T2 R E A EEE,, 0 8 K i
ARG, FEEFENAE AR, Bk S LA 2
A, BN B KR, AT B BRI R
ﬁﬁﬁﬂ%[lg]o Mourkioti%‘;Do]ﬁ/‘]iﬁfqgﬁ'ﬁﬁ%ﬁﬂq, i
NE-kBIf P AT e F B LR . BENE-«BAJAE R
i Bl COPD B % LB 17 ) B 5240 F #0457

1.3 EHKMARG  RAE AN A AR 3#0nT 38 1
PR 53 T NE-k Bl S Sk 7 5% [H 7 (Fox O) il #63K
MR FUKR R, BREAMKM, FEANZE
4, REZMEAKHRESS T B &
FIRE A, (HUPSE S5 LA 25 40 1 35 22 s 26
KA RGP, 12 R % HEME, [ Atrogin- 1 HIRING
T8 11 (MuRF1) |2 UPSHR i 25 A b5 i i) O it A
%[2310 FoxO-lﬂ:‘ﬂFOXO-3ﬁﬁti}§Atrogin-l}‘HMuRFl
MiEEUPS RS, W& NN E AR,
16595 L COPD B & 1AM E LA H & B FoxO-1 .
FoxO-3. Z RHE [ TEHME, (A Nedd4 2 1) LU K
Atrogin-1. MuRF 1AL HZ 2 A0 /K B 8 Th e,
PRz REAEME VT RES S T X NLATHFEM
Pt A8 SR R P R 1 R MR T I UPS
RGN, EATEIE R R AR . Ca IR R AR
P NAS | S N

1.4 CRP CRP/&COPDHFZE R ) 12 1 4
bR EY . COPD B FH G ER o 5 CRP/K -5 i Y
SRR e KRR I Kz shRE I AR, LAK
WAL A T CRPWA N2 5 A F L
TR AN B A, B SR
LT BE 1 14 2 AL v R o2 A, (HHOK ST
o T A0 A ) R L e AR A 0 S v 9 AL
PIINREDS, O/ COPD 2 1 il o Y 5 B2 CRP Y 7
A BB IR B WLRE BB .

1.s A HEFEEE, COPDE I NLIAER:
sk B 5 1ML 35 XL -6 7K V- Bt 175 o i AT 4 T i
BB LA 5 RE 08 5 3 1k b 7= A2 12 R A0 i X 7 4
TNF-a, IL-6%, et fE T8 0L i sk



388  EIMEESLE 20214E4H28H  ffacd: A4l

A I AR A AR, R I B B
AT RS ARAE LN K N R S T I 58 k-
EIRERBET RGN k- A R RS,
LRI NG S B R S5 T MU R o i 22
HBURE S AT, FECEIRAR, BRI B R
TIRERERF . H AT A SN 2 5 R i L) R A 1Y
BARMG S5 e R 2wy, EREP5E R
RGPS A B UL BE RRAT (14 e A K e vh 473 v
HESE, NPT

2 SHEHEERAEERER

COPDH T4 Ab-Hia b A, A 1h v i S vy 1
S, CFECE R NUEFEE N, WLEF 4R e
(i) B RIS 7 i s LR R i i o i, 4 1 LRI BK
FREER I P, SORMH IR S HILEEYE, s
Syt i A 3 R
2.1 JEMEAEAY  1EPER H B 5 (reactive oxygen
species, ROS) MG LA H Hi % (reactive nitrogen
species, RNS)HEEEH%*VMKFKE, AT 2 E gL
LR 438 iz B s R RSB 2 5 55 i b i
B S i) (Ao ) P B LR O S 16 J3E 1
Z PR T IR, A T R T s Y
JR, PRI A e sz B s A s, AL (CAn gl
B ) P 7K OF B RO S W] 5 U5 538 B IS, M
I 2 P K S R T AR B A BT T Y
2.1.1 25008 H B (mitogen-activated
protein kinase, MAPK)¥#i% MAPKK%/EROSY
B LS PR Z A R Rz —, AlE Rk
AT B IR0 BRI X 22 A LA e e
FrEEHI . MAPKF AL G 34 AL 5875 - c-Jun
IR Ui P (JNK) . p3822 4 i b &5 (1 Pk ity
(p38MAPK) FI4H il #5515 ¥ i 1 /2 (ERK1/2)
= HPEROSHE 5 vl iE i IR UPS R Ge M #% LR
fE3in, Hp38MAPKHFIERKI /2 TS %t T UPSHY
R S Y
2.1.2 NF-kB5FoxO¥{{ii ROSS R MK ¥ 0]l
13 BTG NE-k B 7P - AMuRFLAY L, 34
THUPSHRAE, TR 24575 i nl i i S
FoxO#% sk N T+ iz R 8 H i T2 E, (Atrogin- 1 Fll
MuRF1) 5K, JIGUPSiEts, fEdtllL2®E A%
fE, ISR 1R, DA | 2 LA D BE R RS,
2.2 S EKARBEEOE I T e O — b
2 AR UK R R [ IS 8 F B IS 7 . EER A
fif§3 (caspase-3) ik A2 5 12 2 -2 B & 12 ] R AR L
W,

2.2.1 BB FE ARE R R
ity , = ML PR A v A R,

PO AL & A FE AR M AL T AR
JKF-HROS T il LK Ca**-ATPase (K SERCA) ) 1
P - B 1 5 T g e AL I e B g O
POAH R, B FUBREOS , TA ZEILP
R A

2.2.2  Caspase-3Ji{fi FIERAEE— 1 F i
MR, BEGANZMIE A A IE T R 2
PP e KA W TE 6 . ROS/KF T vl i £
T2 IR 40 0 (-5 L) B caspase-31. Caspase-3
W e R fe S RN E -k E R E &
R fige A ) TS P T S 2% ey T LA A0 A 0 3
AR UL IR 25 40 A LR e 2R

2.2.3 LIHUPSEL ROSE S TS5 TUPSAK
GRIVATT o 12 REEAE, MYz R E A ME, ] #
CEBZEFNAEAT L, ESME,HFARE LEAT
iz R SNNERLE, W5 NIA B,
MROSH M Bz Ra5& R4, EikUPSRL I
A, R AL R A B T A

3 BREM(H) SHRERMES BRI

K P B E i cCOPD B B Bk LA &Rt g
FIFRES, 4B R [ K AR B, L
e E
3.1 A COPDE i T A7 78 B 26 1 i <
DIk, oy i IR INAE o B4 AT B E of DL
HLH 2 55 85 LD R A« (1) 92 P Sl 4 nT 3 2o
BOGERKL /2 XA KM R S 5B #IES
ERK1/2 K LA Az A3 i 2R 25 2 40l - % L5 iy
SRR AT N ERKY /28005 I, A i i i
THHE I 1(AP-1) . c-MycMFLH T8 FIBcl-2 1 75 51
TEECC, R LA R T LR LA
A KA AT AR TS AL 2 T bR 2 KA S R P i S
ERK1/2, HHAEZMZEGH MUY, () eis
SN T (HIE) A8 . 41 HIE- 149 7 £ HIF-1a
(5 O, 85 M1 ) 3 18 2 BRI LA /R Y. HIF
AT R T ik T ) B IR MG TR B IR A R A, T Ak
it ) A R =R b . WLIRIR T RE 4
AT ECE B A AR ) TR, e B g
L5 98 55 Az sl 3 B % B T H B2 KL
il 3E i 5 Beclin LB B i 52 4 44X (Bcl-2/Beclin1)
BEANUR TR AZ Sy, AW A N, i HIE AT A
T3 BNIP3FINIX(BNIP3L) K5, #IH|Bcl-2/
Beclinl FJZNEE, SFEULANAEIE T . N
(3) F I DNAT A3 52 1 4 15 B (K- 1 (REDD-1)mRNA
(¢35 . REDD-1RE il 84 40 it A5 4 04 Wil 2L 3h
T I R L 1 (mTOR) A il %, PR LEE F1 20
fEIEAm R A Y, (4)COPD K W18 Mk B A



233l 3 P TNF-a R G AF 3 0 4 B R SV . 5
ROSTE A, M 4G i S Ak B 3 5 S LA ) 3 1
FORS RLINMEN F AR E T, ()R
G S P EHE 2 L 3 - S (PI3K) / Akt / mTORIR
T A LB 434652, (6)Bhlhe40( X FRDECI .
STRA13. SHARP2HIBhlhe2) & T HE7 B2t - Fh- 12 jig
K, fENFEEEY), S 5Msss . M. IR
I WA, ok SRk nT AR LR oAk VR —Fh
MR R T, RAEE A ST FHIF-1a i ps3fs &
BT eIk, DU R I My o D 1 5 53 1 14 i
S U s X AN

3.2 FBRERIAEE i < S BELZE P i %) fin & ] 5|
T R W TR INLAE o P 1 P 1 B e I /) B RS2 31
AN I H U BEC AR L (EDL) LA B 5 & DL R AR
FIAPE 43 v ) A R A TR RS
RS B2 TRk RIE SR e 2 d, WU RE )
TR K ELAR BB ) SR U /) , 47N v e T I X R
LA 52 1] B e LA A /N AN 2 48 AR a5
T ol R R 2 IE COPD % By Bk & CO,
AR, LAk G BB LA R P vy 114 e A=

4 EFAFREBHIINGERRS

EIRA R B EOILA RS/ . LA AE
B, T EALE S . cOPD i FRIIFETER
ESONE . SRR o B A S B LA B
FRACPIRAS, R IRL T R8 55 S 20 E imaa it
PUER | ZRIRAF 51 A 0 18 I iRk, L
LR | R 3R LA D 3 B SR A AL
MRS, R i B ROT A, RIS AE IR
LA, RIIAE T REMPLAZES . X 0] U#
Rl RS PRI R Gepo 88 2 R B THE P X
—Wg, HiHEMULR L8 . K CoPDEH T
R R E I B A E TR AR, LA IE A UL
YRR, DDA

s ERSBERILINEERS

COPDH | LA D BERE A% 14 53 — B fift B 1T fE =
BEN A G, COPD M K I I R M 3 Bz
R, KA AR A RN MBI R AYEZE S0, U
LA AL S S5 s LRG0 1 ) B 22 o i B A AR
e, WEFN CDUAEHERL" , FEaHE 1 R
HELL I AR RE I FEAR . A HOLET 4E 240 . LB
2L RO, LS LD T 1R i AR
A NUR A ™ E R AR R JE b BT IL PN Z i
B A E R AR AR, LA LR 68 D A 45 5
WPl (HE g NURAT BRI, 7ESE A E
BB L 2 FH 5 o L A 2 Pl o 2 i

Med J Chin PLA, Vol. 46, No. 4, April 28,2021 389

6 AHRBFEIREFHAINEERRS

COPD B & W A 1E B B UVL I 27 4 1 43 1h 1 7Y
CRALPE, 1BILLT 4, Whpg 25 )5 A0 11 259 OBl % it
Ve, PRULERLE, AT ), 3R UL G R
ASAL T SEGEERE S N, T BILT 4EE W RS
A, LS RE,

7 Ret#lH S5 EKALIIERERS

7.1 USRI Rk, AR T
PSS ST TR R LA 2%
JE, WLEFZER 40 th 23, A
AT R AR LT (LR S5 R4 3 ) 2 11 T i) 2236
JUUAZ: &5 Ry ol iy G /INAR S a2, 3 o LA 186 A el g 1
A S BRILET 2 Y A KRN ZE 4551 M S AT S G
B UG A S8 T AN A, DO BN
WZ4i ., COPDEH iR E BRI, HFEFEM
(A A

7.2 JEBEREAKET-11GF-1)/Aktf5 5 &%

IGE-1/Aktf5 5 G0k 5 S2 LA A A A g /AR K 1)
HERZED . IGR- 15 HZ RS TR HE %S
PR N, MITTEFEmRNAFIEE, BN (04
W7 BESE R, COPDIESF R FH NN IGE-1/KF
DL KA 1 BH ZE 1 it s 2Pk 82 101 (AECOPD) i &
LA AALTE TGE- 1K P AR ™Y, S5 LR B ARk
(FEAR)— 2, HArF ML AT BE R -8 LA M 5 2
PEZ L F (TNE-oFIIL-1B8) 2 6] 175 5B 8% LS4t
IGE-1, (2 {RKHE WSS 328, Wi S 8E
FUR A T, (BB THLHR M R . A
WL &, COPDHHIGE-1 mRNAF LM I, 12
ARtBERR ALK IR AR LA, $E/RIGF-1/ Akt 5 5% 3
sz 45

7.3 WURAERKIGIZE  WUNZE% 0 COPD B E T
SN N R INA TSR S Ty S 5 3 o = E 1 Ut
SCAUR R . SR A S R AR LA A KA
il 25 A B8 L 4 ) UL PR 5 SR 55 L (MyoD) Sk il
il L2 B e, AT LPR 5 B s 3 AT 3 2o 1
HIIGF/ Akt A2 R4 il & AR 5, migs L
CEZ i

7.4 [ WE-FE B (autophagy-lysosome, AL)IE1E

ALIRAR L —Fh 2R UK g 42, i ad 14 R 2 R
5 A VAR 2 458 114 200 i 28 i AR e L P A B R s e
TECOPDEE M HHENLT, AN ERIF S 5NN E
W, SENAZELSE.

8 RESREE
B 8% WL BE B A5 2 COPDAH 3¢ 1y fili /M T & e =2



3900 fEINEESLE 20214E4H28H a6t 4l

—, EERRE, PR UG A, H
REAERFIE AR RBZA T SR E AL, ARk 2 1Y
IR COPD & —Fh 4 B Ml , B #% LD e Fe
T 1o R A 2R G P 0 ) — 2 30

COPDEE HHNIIHE EEAFER AT : —
SRR UK, BTG S R A o] AR LA
SRACEE s RO, AR T S AR
AT BE T BCR B LT B 03 . SRE O R AR
A I 38 T L0 A T e Sk IR NF-k B HlT Fox O 2K S
ZERE F[ﬁfﬁﬁ@ExAtrogin-lﬂ:ﬂMuRFl)ﬁﬁj:i}f]UPS
A8, TECEHNIREA, 0] S AL &
K fifE Tt QNS 25 8 % caspase-3RAE (LA 2545 . A
AR 8, 7T o BOR MAPKSK FIRIUPS RS, &5
BHE LR A o 12 Bl 4R T B3 2 B N HTF 1) 35
WOSERKL 2 WU A KR, LA HlmTORSS
SIE S SEN AT LR ZESE; [RIA S
548 4 BF SR S S AR A I A i R LT RE Y
PE . AL, AR EE R R TSR A KA 2R OK
TR L IV AR AR B IS S IGE-1/ Akt 5
IRARAME], DT T 20 R T S B LA KA
RIS FEANR . R M4t E8 5 5T
B LD RE AT A0 & A o A ARG T ALRIAT A [
B, {HZ 5% $E 78 JC1E COPD 8 3 Jili s 78 72 i
/(1 1 O < T T s 0 8 2.5 i W o4 & o = 0 WP
RO, 3K BRI AR TR A B 4 v 32 st o A A v
Jo H BRI

H i COPDIf & B & LTI i e g v 97 T A %
RELQFELT IV FH: (D)FE R RS
PSR I — AP TR, R R R R IERIR
P2 T EM . AR AB, 2l o] i ad i
B % WU S50URE 19 5 3 [ 1 2 i2E COPD - L AL
JFAE R, o WU LM S LA dE AT 4
BREPE BH ZE 1 It 5 93 B T W (202000 48 i, FEZ4
YIRYT R 3ERE B ECA RRER, nl Rex el BB LTl
fie M 2 COPD L M I IRAEAR A F . (2) HETZ54)
BRI BT RE AR AL T IERIER R B B . A ST
RI, PrEALRIPUIRIMER . 3-H SLARIES (3-MA) H
I 0 ) 760 T e ek SRR O BT IR Y R UL B
s A A A A 25 8 A KB R
PR LA AR B S SR K iR — IR it 4 (PDE-4) D il
5 AT COPDME T 2 B LI 2K K i
B25903677 B 8 L) RE B AT I AH C I T 80, TEdR
A, ITRCRBIE, J5 AR Bk T 2 KA
A B R R AL o

HRETFRAEL T AR (1) RIERN . Ak
I AR SRR K A G0 A AR L) RE B A
EEEZEH, HEMERS PR M ARSI, B

B —Fh PSRN I LS8 A2 iR B UL RE R b K
M7 HLE s HATHETE 2 0 sh P sc s, =
i PRAIESE o (2) KR ST BRE T 8l ) S 3 i 250
I, BRZENASVEE . LA [F B B s B L
RE R AT N0 S AN BRI A, PRI AR B Bt
5 R ER UL RE R ft ™ R ARG, T L
i LD BE B A A B4R S TS PEAR S . (3) i IL
DIREREAFIAT )y S R —, HETEZMES . A
QIS Sz B Ty R BN, k= Bl ikds, K&
WICRY . 5y THAERIETT vk R E , W e E R
JEE B30 o b = 4 7 S

Li Pk, COPD& I H- ML Y BEFRis Y B4
sl A7, T E R R R I Sl ) R A i
SRR #YIASC, (3 H A s A )+ 1T
Bt COPDI e ik LI BERR 5 — A~ phy 22 g B
WRFER . ZM0THLHERS S E R, R
SE RIS B R B TR LA S A
ik, TR T, AT AT R DR R AN BE 5E A
BEH A, RAA T — 2P R COPD I A5 ik L
IIREREF I THLE], SoRAMMIBRTTE, L
R IE B T, P A R I G R B

[ &%k )

[1]  Obaseki DO, Erhabor GE, Gnatiuc L, et al. Chronic airflow
obstruction in a Black African population: Results of BOLD
Study, Ile-Ife, Nigeria[ J]. COPD, 2016, 13(1): 42-49.

[2] Wang C,Xu]J, Yang L, et al. Prevalence and risk factors of chronic
obstructive pulmonary disease in China (the China Pulmonary
Health [CPH] Study): A national cross-sectional study[]J].
Lancet, 2018, 391(10131): 1706-1717.

[3] Yang G, Wang Y, Zeng Y, et al. Rapid health transition in China,
1990-2010: Findings from the Global Burden of Disease Study
2010[J]. Lancet, 2013, 381(9882): 1987-2015.

[4]  Yin P, Wang H, Vos T, et al. A subnational analysis of mortality
and prevalence of COPD in China from 1990 to 2013: Findings
From the Global Burden of Disease Study 2013[J]. Chest, 2016,
150(6): 1269-1280.

[S] Corner E, Garrod R. Does the addition of non-invasive
ventilation during pulmonary rehabilitation in patients with
chronic obstructive pulmonary disease augment patient outcome
in exercise tolerance? A literature review[ J]. Physiother Res Int,
2010, 15(1): 5-15.

[6] Marklund S, Bui KL, Nyberg A. Measuring and monitoring
skeletal muscle function in COPD: current perspectives[J]. Int J
Chron Obstruct Pulmon Dis, 2019, 14: 1825-1838.

[7] Remels AH, Gosker HR, van der Velden J, et al. Systemic
inflammation and skeletal muscle dysfunction in chronic
obstructive pulmonary disease: state of the art and novel insights
in regulation of muscle plasticity[]J]. Clin Chest Med, 2007,
28(3): 537-552.

[8] Huang YL, Min J, Li GH, et al. The clinical study of
comorbidities and systemic inflammation in COPD[]J].J Sichuan
Univer (Med Sci Ed), 2019, 50(1): 88-92. [ # 7.3, (i, 225



[10]

[11]

[12]

[13]

[14]

[15]

[16]

(17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

o1, A PR AR VR P & FFE M SE ML) 14 e AR5
[J]. DU R 224 (B2 iR ), 2019, 50(1): 88-92.]

Agusti A, Edwards LD, Rennard SI, et al. Persistent systemic
inflammation is associated with poor clinical outcomes in
COPD: a novel phenotype[J]. PLoS One, 2012, 7(5): e37483.
Dalle S, Koppo K. Is inflammatory signaling involved in disease-
related muscle wasting? Evidence from osteoarthritis, chronic
obstructive pulmonary disease and type II diabetes[]J]. Exp
Gerontol, 2020, 137: 110964.

Wu GH. The mechanism of carcinogenic cachexia and its
prevention and treatment[]J]. Chin J Pract Surg, 2015, 35(1):
36-39. [R[ESE. B R A WL R Bl it e 3], vh
SCHAMERR A, 2015, 35(1): 36-39.]

Byun MK, Cho EN, Chang J, et al. Sarcopenia correlates with
systemic inflammation in COPD[]J]. Int J Chron Obstruct
Pulmon Dis, 2017, 12: 669-675.

Li YP, Schwartz RJ, Waddell ID, et al. Skeletal muscle myocytes
undergo protein loss and reactive oxygen-mediated NF-kappaB
activation in response to tumor necrosis factor alpha[ J]. FASEB J,
1998, 12(10): 871-880.

Smith BK, Conn CA, Kluger MJ. Experimental cachexia: Effects
of MCA sarcoma in the Fischer rat[J]. Am J Physiol, 1993, 265(2
Pt2): R376-R384.

Kuwano K, Hara N. Signal transduction pathways of apoptosis
and inflammation induced by the tumor necrosis factor receptor
family[J]. Am J Respir Cell Mol Biol, 2000, 22(2): 147-149.
Hsu H, Huang J, Shu HB, et al. TNF-dependent recruitment
of the protein kinase RIP to the TNF receptor-1 signaling
complex[ J]. Immunity, 1996, 4(4): 387-396.

Barreiro E, Schols AMW], Polkey MI, et al. Cytokine profile in
quadriceps muscles of patients with severe COPD[]J]. Thorax,
2008, 63(2): 100-107.

Thoma A, Lightfoot AP. NF-kB and inflammatory cytokine
signalling: Role in skeletal muscle atrophy[]J]. Adv Exp Med
Biol, 2018, 1088: 267-279.

Mao J, Li Y, Li SY, et al. Effects of Bufei Jianpi Formula on
skeletal muscular inflammation via TNF-o/TNFR/NF-kB
pathway in rats with COPD[J]. J Tradit Chin Med, 2018, 33(S):
1863-1867. [ B, L, 5 =, . AMili [ 77 1% TNF-o/
TNFR/NE-« B3 [0 COPD A [ i LA A% KL 1 (9 52 7]
rh B R EEZ5 2R, 2018, 33(5): 1863-1867.]

Mourkioti F, Kratsios P, Luedde T, et al. Targeted ablation of
IKK2 improves skeletal muscle strength, maintains mass, and
promotes regeneration[J]. J Clin Invest, 2006, 116(11): 2945-
2954.

Remels AH, Gosker HR, Langen RC, et al. The mechanisms of
cachexia underlying muscle dysfunction in COPD[]J]. J Appl
Physiol (1985), 2013, 114(9): 1253-1262.

Luo L, Yang JP, Wang ST, et al. Advances of molecular
mechanisms on obesity inducing muscle atrophy[J]. Chin J
Rehabil Theory Pract, 2017, 23(5): 553-557. [F H#f, #5408, -
PV, 55 LR LPY 22 40 04 53 FHLTI B S8 e (7], o [l R
F I 59, 2017,23(5): 553-557.]

Glass DJ. Skeletal muscle hypertrophy and atrophy signaling
pathways[J]. Int ] Biochem Cell Biol, 2005, 37(10): 1974-1984.
Plant PJ, Brooks D, Faughnan M, et al. Cellular markers of
muscle atrophy in chronic obstructive pulmonary disease[ J]. Am

J Respir Cell Mol Biol, 2010, 42(4): 461-471.

Med ] Chin PLA, Vol. 46, No. 4, April 28,2021

391

[27]

(28]

(32]

[33]

[40]

[41]

(43]

Broekhuizen R, Wouters EFM, Creutzberg EC, et al. Raised CRP
levels mark metabolic and functional impairment in advanced
COPD(]J]. Thorax, 2006, 61(1): 17-22.

Wang QY, Xu DD, Guo XH. Correlation between exercise
tolerance and systemic inflammation in patients with chronic
obstructive pulmonary disease[]J]. Chin J Gerontol, 2016,
36(21): 5385-5386. [ LRk, 1R FHPF, S0I5E 2k, 5 PERH ZE Vi
P 1 1B B B 5 RGESAE KT BAR G, P
HE2p I 2016, 36(21): $385-5386.]

Bartoccioni E, Michaelis D, Hohlfeld R. Constitutive and
cytokine-induced production of interleukin-6 by human
myoblasts[ J]. Immunol Lett, 1994, 42(3): 135-138.

Garrod R, Ansley P, Canavan J, et al. Exercise and the
inflammatory response in chronic obstructive pulmonary disease
(COPD)-Does training confer anti-inflammatory properties in
COPD?[J]. Med Hypotheses, 2007, 68(2): 291-298.

Rodriguez DA, Kalko S, Puig-Vilanova E, et al. Muscle and blood
redox status after exercise training in severe COPD patients[J].
Free Radic Biol Med, 2012, 52(1): 88-94.

Abrigo J, Elorza AA, Riedel CA, et al. Role of oxidative stress as
key regulator of muscle wasting during cachexia[J]. Oxid Med
Cell Longev, 2018, 2018: 2063179.

Ji LL, Gomez-Cabrera MC, Vina J. Exercise and hormesis:
activation of cellular antioxidant signaling pathway[J]. Ann N Y
Acad Sci, 2006, 1067: 425-435.

Cuschieri ], Maier RV. Mitogen-activated protein kinase (MAPK)
(7). Crit Care Med, 2005, 33(12 Suppl): $417-S419.

Liu Q, Xu WG, Luo Y, et al. Cigarette smoke-induced skeletal
muscle atrophy is associated with up-regulation of USP-19 via
p38 and ERK MAPKSs[J]. J Cell Biochem, 2011, 112(9): 2307-
2316.

Dodd SL, Gagnon BJ, Senf SM, et al. Ros-mediated activation of
NF-kappaB and Foxo during muscle disuse[J]. Muscle Nerve,
2010, 41(1): 110-113.

Sandri M. Signaling in muscle atrophy and hypertrophy[ J].
Physiology (Bethesda), 2008, 23: 160-170.

Barreiro E. Protein carbonylation and muscle function in COPD
and other conditions[ J]. Mass Spectrom Rev, 2014, 33(3): 219-
236.

Powers SK, Duarte J, Kavazis AN, et al. Reactive oxygen species
are signalling molecules for skeletal muscle adaptation[]J]. Exp
Physiol, 2010, 95(1): 1-9.

Goll DE, Thompson VYF, Li H, et al. The calpain system[]].
Physiol Rev, 2003, 83(3): 731-801.

Powers SK, Jackson MJ. Exercise-induced oxidative stress:
Cellular mechanisms and impact on muscle force production[]J].
Physiol Rev, 2008, 88(4): 1243-1276.

Primeau AJ, Adhihetty PJ, Hood DA. Apoptosis in heart and
skeletal muscle[J]. Can J Appl Physiol, 2002, 27(4): 349-39S.
Du J, Wang X, Miereles C, et al. Activation of caspase-3 is an
initial step triggering accelerated muscle proteolysis in catabolic
conditions[J].J Clin Invest, 2004, 113(1): 115-123.

Li YP, Chen Y, Li AS, et al. Hydrogen peroxide stimulates
ubiquitin-conjugating activity and expression of genes for
specific E2 and E3 proteins in skeletal muscle myotubes[J]. Am
J Physiol Cell Physiol, 2003, 285(4): C806-C812.

Whittom F, Jobin J, Simard PM, et al. Histochemical and

morphological characteristics of the vastus lateralis muscle in



302 EIRABEEAE

202144 H28H a6t 4l

[44]

[45]

[46]

[47]

(48]

[49]

[so0]

[s1]

[s2]

(s3]

[54]

[ss]

[s6]

[s7]

patients with chronic obstructive pulmonary disease[ J]. Med Sci
Sports Exerc, 1998, 30(10): 1467-1474.

Gayan-Ramirez G, Decramer M. Mechanisms of striated muscle
dysfunction during acute exacerbations of COPD[]]. J Appl
Physiol (1985), 2013, 114(9): 1291-1299.

Walker RG, Angerman EB, Kattamuri C, et al. Alternative binding
modes identified for growth and differentiation factor-associated
serum protein (GASP) family antagonism of myostatin[J]. ] Biol
Chem, 2015, 290(12): 7506-7516.

Qi M, Elion EA. MAP kinase pathways[J]. J Cell Sci, 2008,
118(Pt 16): 3569-3572.

Debigaré R, Marquis K, Coté CH, et al. Catabolic/anabolic
balance and muscle wasting in patients with COPD[J]. Chest,
2003, 124(1): 83-89.

Stroka DM, Burkhardt T, Desbaillets I, et al. HIF-1 is expressed
in normoxic tissue and displays an organ-specific regulation
under systemic hypoxia[J]. FASEB J, 2001, 15(13): 2445-2453.
Guo X, Yang J. The molecular mechanism of Beclinl in
regulating autophagy, apoptosis and inflammatory response[]J].
Chin J Gerontol, 2014, 34(18): 5289-5291. [58%%, #%1%.
Beclin IJAF% FI W . 415 J8E RN 7 LI [T]. P
M2k 2014, 34(18): 5289-5291.]

Bellot G, Garcia-Medina R, Gounon P, et al. Hypoxia-induced
autophagy is mediated through hypoxia-inducible factor
induction of BNIP3 and BNIP3L via their BH3 domains[ J]. Mol
Cell Biol, 2009, 29(10): 2570-2581.

Favier FB, Costes F, Defour A, et al. Downregulation of Akt/
mammalian target of rapamycin pathway in skeletal muscle is
associated with increased REDD1 expression in response to
chronic hypoxia[ J]. Am J Physiol Regul Integr Comp Physiol,
2010, 298(6): R1659-R1666.

Chaillou T, Lanner JT. Regulation of myogenesis and skeletal
muscle regeneration: effects of oxygen levels on satellite cell
activity[ J]. FASEB J, 2016, 30(12): 3929-3941.

Wang C, Liu W, Liu Z, et al. Hypoxia inhibits myogenic
differentiation through p53 protein-dependent induction of
Bhlhe40 protein[J]. ] Biol Chem, 2015, 290(50): 29707-29716.
Balnis J, Lee CG, Elias JA, et al. Hypercapnia-driven skeletal
muscle dysfunction in an animal model of pulmonary
emphysema suggests a complex phenotype[ J]. Front Physiol,
2020, 11: 600290.

Barnes PJ, Celli BR. Systemic manifestations and comorbidities
of COPD[J]. Eur Respir J, 2009, 33(5): 1165-1185.

Huang PW, Wen H, Zhang P. Correlation of lung function and
CAT score to nutritional status of chronic obstructive pulmonary
disease[J]. J Clin Pulmonary Med, 2015, 20(8): 1398-1400. [
W30, SC2L, BRF PR ZEVEBOR I D AE . CATIT- 245
EEFRROUARICHELT]. I RG24, 2015, 20(8): 1398-
1400.]

Franssen FME, Wouters EFM, Schols AMW]. The contribution

of starvation, deconditioning and ageing to the observed

[s8]

[s9]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

alterations in peripheral skeletal muscle in chronic organ
diseases[ J]. Clin Nutr, 2002, 21(1): 1-14.

Mujika I, Padilla S. Muscular characteristics of detraining in
humans[ J]. Med Sci Sports Exerc, 2001, 33(8): 1297-1303.

Li Y, Tian YG, Li SY. Research progress of diaphragm fatigue
in chronic obstructive pulmonary disease[J]. Chin J Gerontol,
2014, 34(1): 263-265. 253V, HHEH, ZEE =, MU F7EE
P BE ZEVE B S BERE (7], P [ B AR AR A, 2014,
34(1): 263-265.]

Langen RC], Gosker HR, Remels AHV, et al. Triggers and
mechanisms of skeletal muscle wasting in chronic obstructive
pulmonary disease[ J]. Int J Biochem Cell Biol, 2013, 45(10):
2245-2256.

Allen DL, Roy RR, Edgerton VR. Myonuclear domains in muscle
adaptation and disease[J]. Muscle Nerve, 1999, 22(10): 1350-
1360.

Agusti AGN, Sauleda J, Miralles C, et al. Skeletal muscle
apoptosis and weight loss in chronic obstructive pulmonary
disease[J]. Am J Respir Crit Care Med, 2002, 166(4): 485-489.
Allen RG, Tresini M. Oxidative stress and gene regulation[J].
Free Radic Biol Med, 2000, 28(3): 463-499.

Pomiés P, Rodriguez J, Blaquiére M, et al. Reduced myotube
diameter, atrophic signalling and elevated oxidative stress in
cultured satellite cells from COPD patients[J]. J Cell Mol Med,
2015, 19(1): 175-186.

Shao L, Zhu XP. Research progress of involvement of autophagy-
lysosomal system in skeletal muscle and diaphragm atrophy[J].
Fudan Univer ] Med Sci, 2017, 44(1): 99-104. [AF%S, ZRIEHE.
H - R AR S VR L Z 4R pr st g ()], 2 B
ER(EZERR), 2017, 44(1): 99-104.]

Rahman M, Mofarrahi M, Kristof AS, et al. Reactive oxygen
species regulation of autophagy in skeletal muscles[J]. Antioxid
Redox Signal, 2014, 20(3): 443-459.

Hussain SNA, Sandri M. Role of autophagy in COPD skeletal
muscle dysfunction[]J]. J Appl Physiol (1985), 2013, 114(9):
1273-1281.

Simoes DCM, Vogiatzis I. Can muscle protein metabolism be
specifically targeted by exercise training in COPD?[J]. J Thorac
Dis, 2018, 10(Suppl 12): $1367-S1376.

Gouzi F, Blaquiére M, Catteau M, et al. Oxidative stress regulates
autophagy in cultured muscle cells of patients with chronic
obstructive pulmonary disease[J].J Cell Physiol, 2018, 233(12):
9629-9639.

Gea J, Martinez-Llorens J. Muscle dysfunction in chronic
obstructive pulmonary disease: Latest developments[ J]. Arch
Bronconeumol, 2019, 55(5): 237-238.

Barreiro E, Puig-Vilanova E, Salazar-Degracia A, et al. The
phosphodiesterase-4 inhibitor roflumilast reverts proteolysis in
skeletal muscle cells of patients with COPD cachexia[J]. J Appl
Physiol (1985), 2018, 125(2): 287-303.

(ks HIW: 2020-12-11; ERIHIH: 2021-03-13)
(FHT k. LHT7)





