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Resistance Training Activated Akt-FoxO1 Pathway to Prevent Skeletal
Muscle Atrophy Induced by Hypoxia

YU Jia-Bei, HU Yang*, Li Yan-Chun, MEI Tao, HAN Tian-Yu, BAI Xue-Cheng,

FU Peng-Yu, ZHU Rong-Xin, CHE Xin-Yuan
(Sports Biochemistry Teaching and Research Department of Human Sport Science, Beijing Sport University, Beijing 100084, China)

Abstract Skeletal muscle atrophy induced by hypoxia on the plateau will lead to the decrease of muscle
strength and the degeneration of athletic ability. Resistance training is an important method to stimulate
the growth of muscle and FoxOl (Fork head box protein O1, FoxOl ) plays a significant role in the
regulation of skeletal muscle protein degradation pathway. However it is not clear how FoxO1 regulates
skeletal muscle protein under the intervention of both hypoxia and resistance training. This study built a
rat model that resistance training inhibited the skeletal muscle atrophy induced by hypoxia. Resistance
training was carried out with simulated altitude of 4 000 m (12.4% 0,). Wet weight and cross sectional
areas (CSA) of soleus and extensor digitorum longus ( EDL) were measured and comparative observation
of protein kinase B (Akt) , FoxO1l, Ubiquitin protein ligase ( muscle ring finger, MuRF) was obtained.
The results showed that exposure to hypoxia for 4 weeks led to a decrease of muscle wet weight and CSA
but resistance training could prevent the atrophy. The results of real-time fluorescence quantitative PCR
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and Western blot showed that the expression of FoxOl and MuRF of hypoxia group (H group) were

significantly higher than control group. However, after the intervention of resistance training, the

expression of Akt was significantly up-regulated and FoxO1, MuRF were significantly down-regulated.

Immunofluorescence technique was used to observe the location of FoxOl phosphorylation and the

expression out of nucleus. The results revealed that FoxO1 phosphorylation out of nucleus was increased

after resistance training. All the above results revealed that resistance training could inhibit skeletal

muscle atrophy induced by hypoxia. Akt promoted FoxO1 phosphorylation may become the molecular

mechanisms that resistance training can inhibit the atrophy of skeletal muscle induced by hypoxia.
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Table 1 Resistance training load

fork head box protein O 1 (FoxOl ); resistance training in hypoxia; skeletal muscle

X — RN E AR R RS R T
Akt/FoxO1 XM 175 T B A% WLZE 4 i R AL OF A
WIEA , Akt FoxO1 38 P& 2 75 & BT BH I 2R AT B 85 L
245 R I HLTLE A WARTE , A0 K B 7%
A SR BAINZR 0 77 3K, 5 Akt-FoxO1 3 fif X
PUBH N LRI I A2 5 A B B LS A R 4R

1 W5

L1 RS AE

SPF 2 8 J& % it Sprague Dawley (SD) K K
48 H R N 236.40 + 10.69 g, HHHKIEE,
SR 3R B R E RN = S AR IR R AR 22 ~
25°C , {JE 50% ~ 80% , A BUAE 1 IR WY (D't BRI T
7:00 ~19:00) , I % & 2l ) 6 FH B0 25 7 NGl ¢
o B SE 56 B W BE AL 5> A W AR CEE i 4L ( control
group, C) # EAPTBHIUIZEL (resistance group, R) &
AL AL (hypoxia group, H) FI % T BH Il 2k 20
( hypoxia resistance group, HR) , 52045 12 H |
L2 RERMEHIIZETT S

A T PRI T 1 B I 25, TeRL K&
1.2 m, SHBTIE A 850 E . KB UA R IC R
JER 1 my BERIIZ 1 sk 4 A, B ZRidkdT 5
Wox3 A, ARAE 1 min, BAKGE W Table 1, H
ZA HR 20 BE BP0 4 000 m (4% &
12. 4% ) B9REEDF . R LA H A MBIl 4k, HR 41
TEARSA IR

Group/ Time (day) 1 3 5 7 9 11 13 15 17 - 28
Load ( weight% ) 50% 60% 70% 80% 90% 100% 110% 120% 130%

R group load (g) 121 153 188 217 257 294 323 376 422 - 485
HR group load(g) 115 145 177 196 234 272 310 353 395 - 442

1.3 B 5HALE
RWINGRJEPRIZ 1 K, Wr e 24 h HE25 1 B T
BRAUIINGREE M, I Il 5 3% I EL HE 2 41 (3 mL/

ke) FEATIRRIE, K BRUME 32 30 Jhk BB &b B, 30Uk 43 5
KL H AL (soleus) KA L extensor digitorum
longus, EDL) , IBRWUIE A28 46 20 20, U 4Rk b 2
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Mtz ., VIR AT S POl K E s R, Y
AUt B T A RERIL
1.6 LHWEHEE PCR

22 L B A URTBER ff L5 0 $2 S RNA JF:
J% 5 cDNA ,ﬁﬁ—f%ﬂ Akt FoxO1 | Atrogin-1 1 MuRF
51, UL B RPS18 1E b IN IR % = ], >R H
TaKaRa SYBR Premix i &#E47 RT-PCR Kzl , X}
HHNHZ D FIRIER mRNA BEf 72 850,
PCR 5124
Table 2 RT-PCR primers sequences

Gene Primer sequence(5'-3")
» F  5-TACTCATTCCAGACCCACGAC-3'
R 5-GGACACAATCTCCGCACCGTA-3'
. F  5-TTCATTTGCACCGCCAAACAC-3’
ox01 R 5-CTCATGCTGGATTGGCCGTA-3'
F 5-CCACTTCTCAGAGCGGCAGA-3’
Atrogin-l B S CTTCTTGGGTAACATCGCACA-3’
" F 5'-CAGCACAACCTCTGCCGGAA-3'
uRF R 5-ATGCCGGTCCATGATCACT-3'

1.7 Western EJiZiti
FREL 50 mg 5 8% L2 SURBIF 5 2 8 B s 4

H A 500 . RIPA A (5 D02 P 6400 o 70 11
TR A 50)) IR T 7823 239%, 12 000 +/min
05 min, F2ECEHR, SRECBCA A5 8 H Rk
BE IR AR ERE 20 pg 85 A BT RS, AT
Fikt, 4% ~12% Bis-Tris Wil 5l MES 22 #hi
PEATHLIK , LUK I N 3 1 e 2 2= PYDF i, il
FLIYAA 5 R BT 47, BSA A5 4°C I E —Piid
B, WHFE 9L, W UE 0 @A, Bio-Rad i)
BRG W5, Western ENIIE It FH—HUhu ik 44 FR X M
FERE DL Table. 3,

Table 3 Dilution of antibodies

From Antibody Dilution
Abcam Anti-pan-Akt 1:1 000
Abcam Anti-FoxO1 1:500
Abcam Anti-MuRF1 1:2 000
Abcam Anti-Atrogin-1 ~ 1:500

Cell signaling technology Anti-B-Actin 1:1 000

1.8 ZitEFHE

SERIVSE Y = bR 2E (x = s) Fom, LK
i R SPSS19. 0 Bkt 4rMrge it RARH &R
T WX LR T LB, P <0.05 FomBA
WEMWES P <0.01 R EAIEE BEEER,

2 R
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S EE 4 JRMIG A BBt B I ZRo0 K BR B % LT
2PN ILET 2 B 1 R 52 ), A BIF 5 AE BOR 3o
Frim R BREHS T B E 28 B8 Lt B LA
BEAARIL) AR, IR R A4 g k%
Pe) i WS 53 B WLEF 4E B i AR (Fig. 1) o 45231
W Fig. 2 FroR IR 2854 0 o B A LR ik K Ao L
10 H ] AR T8 A (P <0.05) , 14 A BT H
YNZRdL By b B R 53 S T F AT R4 (P <
0.01) , Image J 5347 50 A~ WLZF 2 ik 4% 1A FH & 3
AR 2 AL ) B B £ UL Ik A LU 27 2 e A v
TR R T 5 0 R4 (P <0. 05) , W AP BE I 25
2 () A A AL 8 R o T R AL (P <
0.01) , i {6 ST BHL I 2k 2E 4 Bk e AL Ay e 28 v A
W TRE L (P <0.05), VA 4593,
HAEAAEE NP ZR B8 05 A S8 = B LT A
LT 24 A 48 T AR, AR 2E UL PRI K . T A I 4R 3 B
T, BUBH I S 2 A AR A S S B B LS 4
EHL,
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H group HR group

Fig.1 Effects of hypoxia and resistance training on soleus and extensor digitorum longus (EDL) cross section area (Bar:

50 pm) Skeletal muscle samples were processed with Hematoxylin-eosin staining and the cross area of 50 fibers was analyzed by
Image J

@A) (B)

[ Control 3 Control

o 020 B8 Resistance s 0w B Resistance

L 4 = Hypo?ua A & E= Hypoxia

a 0181 Bl Hypoixa resistance é L 018 El Hypoixa resistance

B o6} BT L &

s U T &= o0l6f

z & & o il

B 014} o g 014

: T SE 0

2 22

2 on2t 27 ont

%] =

1 1
C R H HR C R H HR

©) D)

— [ Control — 3 Control

£ 0201 [ Resistance 5 £ 025 3 Resistance

3 4 & Hypoxia 2 ES Hypoxia

S 018} Hl Hypoixa resistance é § 020k # Hl Hypoixa resistance

B 3 2 *

5 016 2 e

= | T T 52 ot &

5 014 T s N

2 28

@ S » 010

3 012 }L; @

5 g e

E ! ; o ) :

g C R H HR C R H HR
Fig.2 The wet weight and cross section area of rats’ skeletal muscle Muscle wet weight were measured when muscles were

isolated at the end of the forth week. HE paraffin sections of soleus and extensor digitorum longus (EDL) were magnified 100 times
and cross section area was analyzed by Image J. Data represent mean = SD (n=12). (A) and (B) showed the wet weight of
soleus and EDL. (C) and (D) showed the fiber cross sectional area of soleus and EDL, HR group vs. H group, “P <0.05; H
group vs. C group, “P <0.05, *“P<0.01; R group vs. C group,” P <0.05
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R LSRR A 9 S B BEL VI 2 B L H AR 0L
FIRER AR L FoxO1 9 8 R AL 1 B0, SR I B 2 9t

T HAR FEDOL BB T WY . 45 A9t
PUKE) FoxO1(S256) 521 4, DAPI & YL 41 ig 4% %
W, B 5 T WX # FoxO1 (S256) 5 41 M A% 14
AR E 25540 Fig. 3, A LI EL BIIL A R B8 T
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Fig.3 Immunofluorescence histochemistry for FoxO1 (S256) expression and localization in soleus and EDL (Bar: 50

pm)

training every two days

H group and HR group were exposed to hypoxic condition (12.4% )

R group and HR group received resistance
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Fig.4 The mRNA expression level of Akt, FoxO1, Atrogin-1 and Murf-1 in skeletal muscle

2.4 #BRIZR B Akt Rk L, FoxO1, MuRF,
Atrogin-1 &% T
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RT-qPCR was used to detect

the relative mRNA expression level of Akt(A), FoxO1(B) , Atrogin-1(C) and MuRF(D) in skeletal muscle. Data represent mean
+ SD (n=12). HR group vs. H group *P <0.05,"* P <0.01; H group vs. C group P <0.05,% P <0.01; R group vs. C

group "P <0. 05
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Fig.5 Western blotting for Akt, FoxO1, Atrogin-1 and MuRF protein expression (A) The original images of protein
expression by Western blotting. (B), (C), (D) and (E) present the relative protein expression of Akt, FoxOl, Atrogin-1 and

MuRF in both soleus and extensor digitorum longus respectively. [-actin was used as the loading control.
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Resistance group vs. Hypoxia group P <0.05, ™ P <0.01;
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& represents Hypoxia group vs. Control group P <0.05, ¥ P <0.01
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