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Abstract This study intends to observe the phenomenon of hypoxia exposure-induced muscle atrophy
through in vivo and in vitro experiments, and to explore whether its mechanism of action is related to the autophagy
pathway. SD rats were exposed to hypoxia (12.4% O,). After 4 weeks, the body weight, body composition, wet
weight of EDL (extensor digitorum longus) were measured. Muscle fiber morphology was observed; muscle FCSA

(fiber cross-sectional area) was calculated, and the function of autophagy differentially expressed genes was ana-
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lyzed by PCR array. In hypoxic environment, the autophagy inhibitor 3-MA was used to intervene in L6 myotube
cells and the protein expressions of SQSTM1/p62 (sequestosome 1), Beclinl (coiled-coil myosin-like BCL2-inter-
acting protein 1), LC3 (microtubule-associated protein light chain) (key autophagy protein), Myosin (myosin heavy
chain), MuRF1 (muscle-specific ring finger 1), Atroginl (muscle-specific F-box protein) (muscle atrophy related
protein) and the myotube diameter were detected. The results showed that the body weight, lean body mass and its
percentage, EDL wet weight and its percentage, FCSA were significantly reduced after hypoxia (P<0.05, P<0.01);
The expression of autophagy differential genes in EDL was mainly up-regulated, and the function was mainly en-
riched in the process of autophagic vesicle formation after hypoxia; the expression of key autophagy and muscle
atrophy-related proteins increased, and myotubes diameter decreased in L6 myotube cells after hypoxia, while the
expression levels of key autophagy proteins were inhibited, and the degrees of myotube atrophy were relieved af-
ter the use of the inhibitor 3-MA under hypoxia (P<0.05). The results showed that hypoxia exposure can lead to
muscle atrophy by increasing the level of autophagy, and the activation of the early stage of autophagy played an

important role in this process.
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Table 1 Lean body mass and EDL wet weight of rats were reduced by 4-week hypoxic exposure

R IEEEAY cH4l HZH

Index Group C Group H

Body weight /g 377.50£10.75 341.20+16.75%%*
Fat mass /g 108.33+18.04 105.67+5.32
Lean body mass /g 260.50+9.35 226.83+8.33**
Percentage of lean body mass /% 69.19+4.67 67.08+2.55%
EDL wet weight /mg 165.33+10.59 143.8347.85%*
Percentage of EDL wet weight /% 6.55+0.23 6.12+0.24*

A B ] PR R A I . A . AR R 0 . EDLIBE ML &8 . n=10, *P<0.05, **P<0.01, 5CZ4LMLt.

The body weight, lean body mass, percentage of lean body mass, EDL wet weight and its percentage content were decreased under

hypoxia exposure. n=10, *P<0.05, **P<0.01 vs group C.
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A: there was no abnormality in the cross-sectional morphology of muscle fibers in group C, and the position of the nucleus was normal; the spacing of
the muscle fibers in group H increased, showing irregular polygons, the muscle fibers began to divide, and the nuclei moved inward. The abnormal parts
are marked by red arrows; B: Laminin immunofluorescence staining of muscle fibers; C: the cross-sectional area of muscle fibers in rats were decreased
by hypoxia exposure. n=3, *P<0.05 vs group C.

Bl 4ERERERFEAREDLAFCSA
Fig.1 FCSA of EDL in rats were reduced by 4-week hypoxic exposure
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e H/CEH b T i 22 S B 2 R (PR 8 N P<0.05, 2 758> 1.5), SR SUETE K FER R AR R 22 i L, K30 R IR 2 3 . 1Y
CZH A 22 R AR R RIE L LI . n=3.

The differentially expressed genes in H/C group were screened (the standard setting was £<0.05, fold change=1.5), the striped rectangle length indi-
cates the difference multiple of up-regulated genes, and the grey indicates the difference multiple of down-regulated genes. The autophagic differential
genes expression of group H/C were mainly up regulated. n=3.

E2 H/CHAREDLEMEREFFEULFEAE
Fig.2 The autophagic differential genes expression in EDL of H/C group was mainly up-regulated
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Autophagy in response to other intracellular signalsqEIF4G1, PIK3R4; ARSA, MAPK14, HGS |
= H/C T Co-regulators of autophagy and apoptosis4CTSB, HTT, BID, IGF1, CDKNIB 1
Genes involved in autophagic vacuole formation4 AMBRA1, ULK1, WIPIH, ATGIA, RGD1359310, PSEN1, ATGAC, MAP1LC3A; ATGI6L|
Autophagy in response to other intracellular signals-]
E HC | Co-regulators of autophagy and apoptosis_
Genes involved in autophagic vacuole formation Number
o 1 2 3 4 s 6 7 8 9 10

H/CHL b N ZEm SR F DR E 40T, RSB KRR EHE T R DR r BRI BON AR, KOG KRR T 2 R A B A4 7.
H/CHZREF L, AT, DRt RS T AWML R . =3,
Functional enrichment analysis of differentially expressed genes in group H/C. The striped rectangle length indicates the number and name of up-
regulated genes enriched in each function, while the grey rectangle length indicates the down-regulated genes. Group H/C differential genes were
mainly up-regulated, and their functions were mainly enriched in the autophagic vacuole formation. n=3.
E3 H/CHKXREDLLEIFBRKERERIGEE ST BRATH
Fig.3 The autophagic differential genes expression in EDL of H/C group was enriched in the early stage of autophagy
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fRLC3NIELAEL . *P<0.05, SNALIAALL; “P<0.05, SHALMLL.
The protein expression of p62 decreased and Beclinl increased by hypoxia, the protein expression of p62 increased and Beclinl decreased by 3-MA in
L6 myotube; The ratio of LC31I/I increased by hypoxia, but decreased by 3-MA. *P<0.05 vs group N; “P<0.05 vs group H.
El4 RERZETEA-MAHIHILOANE BIEKFE
Fig.4 The autophagy level of L6 myotubes was inhibited by 3-MA under hypoxic exposure
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Az S I LONUE 4l 1E 4T Myosin G 58 Y Ye i, MyosinPH MR IE DO RIRC L, DAPIYAN AL A €, Merge N & il &, B: KA
T2 R IRLONVE 41 ELAR, A HI3-MARY AL ELf2 . *P<0.05, SNALAILL; "P<0.05, SHALAALL.
A: Myosin immunofluorescence staining in differentiated L6 myotube. The positive expression of Myosin was fluorescein-labeled green light, DAPI
stained nucleus was blue, merge was fusion; B: the diameter of L6 myotube were decreased by hypoxia, and were increased by 3-MA. *P<0.05 vs
group N; “P<0.05 vs group H.

Es5 RE TERA3-MAGILALEMEE R/

Fig.5 The decrease of L6 myotube diameter was inhibited by 3-mA under hypoxic exposure
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A AR5 2 77 FRL6YN B Myosin 25 (R IA; B: A2 I8 IIMuRF 18 (4 £ ik &, {f H3-MAR{EMuRF1%& (&L &. *P<0.05, SNZ4LH E;
"P<0.05, SHAMLL,
A: the protein expression of Myosin decreased by hypoxia; B: the protein expression of MuRF1 increased by hypoxia, and decreased by 3-MA.
*P<0.05 vs group N; “P<0.05 vs group H.

Elo RETEM-MAMFILANENZEHERFIE

Fig.6 The expression of atrophy related proteins in L6 myotube was inhibited by 3-mA under hypoxic exposure
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ARG AT BE SR 1 UL A () R RIS, H
W — % HENZ RN 5NEQMRER, 5
WL 1) R AR R R, AHIE 9T B s 3R B RIS AR R AR
ABFINEGHrIER .

RS S NZE 48 R AR S5 IRE R B0 AIRE
FREA R BN K)E DI G, R4 000 mib(O.ik
¥ N12.4%), 8455 K % 2240 mmHg, AR5 h 28 7
RGN, wh R UE K AR A, i3K4 000 m
BN 92 5 WL 4 A 5 U AR O IR g4 s FE R0, i
AT FE LL12.4% OofF N 1E A 52 58 T TR 480K B2 IR
AR B T K R A e I 2R B, Bon DL R
WL 422, W TR R, BOULAH MR 1 %~5% 5 iR
IRl R ARV E A7), X 1% 3% F15% 5K
FE R AVE I Z G555 00, R %EIRE TV =465 52
J& e IR, H1% 1 SR B AT DA S 1 YL 4
HR S OGP PRI 280155 5 R - 1a(hypoxia inducible
factor-1a, HIF-10) M1, SCAHIF 5T 85 44 S 462 Y
1%%FRE . WIS KA REFE6. 12F124 h, K
6 i) WUE BELAR I /N e o BP0, 55 B A s,
I SRR A0 771 Ak B (CoCLy) T TR I i 4 22 76 40
6 h/EHIF-1aff] 1A & % "7, K, ABFTiLE4E6 h
VBN B R SE 06 R S T T . ek, IREE S L
ik B WA B, DRILAT B0 S e
NEURES, ARHE T, K REDLIE E R H & &
FIFCSAYY) B 2 B, A4S MBS, EA
[F AR 422 (R LA R, AR SR R PR 2 4 1) R A
DR, 3X AT R GG B R o AR A AL B D
J, WA FEA & N Rz AE S R F-(vascular endothelial
growth factor, VEGF) {3, el b LS AE 1%, X 4
SE AT AL S B St

W 7K~ 185 2 A5 4 it o R 4 L 2% PN B 1
(4, HETIE VLA 2545 . 1 E KA St
FECE R UL AR AR AR R H, SRV,
15 B WRAS 1 B LR B AT AT A2 — P P (1) i ke
B EHA), il &5 E b2 5BV R T
PO ERECRZHH) . 12 FIERERVE FRA
R S5 JUL AL RH G 7 B B W AR 2R, (B B0 0S
UL E W IR B AR B AR AR AR A
R, ARE TS K BREDL A& AL 245, H [ 2= et
DRI H1 2972.41% 09 FRZEIR, $emiZid 72 B gt 3
I BRI IR, (KA R BR S S LOVE 247 fEbE
# H g 4 A A Beclinl . LC3HIRIARIN, p62f) %

LR, A S 5REE SN EgLRE.
W AR (B% A IR ) B FR 12K 5, H WAl ¢ 5 [
mRNAFH & R AK 1 I, £ B HE b LA R & 5T L
A0Y; AR EEUE (10.7% 5800 FE) [R) OIS RRAG (0 L) Ik
IR N, RICALC3I R A FLC3I/LC3It
B 340, p623 1A FRAREY, XFC2C12L4E 41 i i in
CoCly, LC3HIBeclinl ) 3¢ 3 14 b, 1 {5 F B W 4101 1)
TR AT 2 B 0 L4 B AE R 2R (myogenin) R R 1A, {2
HEWUE ) BB B 36 5% 0 il (neferine, NeH)fE NAK
AT RS LA B O 7, Rl I MR S S
JULAT e 15 Wk i R A B AT 58 8 Ak S 36 1)
Wi e, WU 2240 1 DA B s, 3 — 20 Ui B BRI
AT T NZEgE R R e .

YRR AR N R RIS RS, 2P ESS
Hodro AN B VR B B2 AN [F] 0 40 B 42 A
AH 5 2% [K] (autophagy-related genes, ATGs)fF i #75, A~
[F] - F06S 9 WGk 11 5 il 8 3 30 A AN [ B B 1 1 42
H W TEAR S T UL 46 B AR R F Y B e A B i
AW AR, KRS T TS K REDLH i A W % 5
HE DN Th e 3 AR TR0 A B R BT B B, T
P A1 4 % i X 8 UL 1Y 2 i AT 1 Wt i 01 2.
T PR E T I U AT ROHRA R
& N LOALAE it in B e 5 A #0410 7703-MAPY, H 1%
0 1) 700 9k G0 B BT AR AR5 5 I C2C 121 A
FEYE1 FLAE ML) 2 8 3ok 40 1 1l i T UL P 3
(phosphatidylinositol 3-kinase, PI3K)1A 3% [ H Wi A 2]
T AR T 1 SRR, AR Bt I 3-MAJG B#
I B Wi B 1 3R, ] I 35 A L AR I 4 /N AL
22 4 A DG EE I RA, Ul B A 1 R AT 22 RIS
AiE SN EERERE . L B W 0 H15713-MA
M1 140 1] 751 5% (chloroquine, CQ)FIAE T, KI5
CoCLIEMI A T T kL, 3-MA & HHCoCLAE i J5 . &
B AR C2C 1240 f ILC3IV/IEL fH, 1T CQA HCoCl, M|
3 W INLC3T/TEG AR, 15 BH 4] 15 Wik w3 56 A )
T EARARETE F N4

g5 b, ISR B TR BUK B BN B AR LA
Mk A 245, VAR S 51z fE . i) B
AW AT B35 PRI AR S E A AR . AT
(R 1T e T VIR S IR 1) O
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