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[ Abstract]  Objective Lipophagy is a type of selective autophagy that targets fat and is regulated by FoxOl.
Exercise is an effective method to regulate lipid metabolism disorders. Whether the regulation of hyperlipidemia is mediated

by the FoxO1-lipophagy pathway remains unreported. In this study, two types of exercise were used as interventions in
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hyperlipidemia model mice, and the changes in lipophagy-related indexes in adipose tissue were detected to explore the
possible mechanism by which exercise alleviates hyperlipidemia. Methods C57BL/6] mice were selected as the wild-type
control group (WT group). The hyperlipidemia model was constructed by apolipoprotein E gene knockout ( ApoE™™) , and
mice were divided into three groups: the silent control group ( CON group), moderate-intensity continuous training group
(MICT group) and high-intensity intermittent training group (HIIT group). After 6 weeks of intervention, the blood lipid
levels in each group were detected, and the morphology of adipocytes was observed by HE staining. The changes in PI3K,
Akt/p-Akt, FoxO1/p-FoxOl and autophagy-related indexes (Beclinl, Atg7, LC3, p62 and Rab7) in adipose tissue were
measured by RT-qPCR and Western Blot. Results (1) Plasma TG, TC and LDL-C levels in the CON group were
significantly increased compared with the WT group, and TG and TC levels in the exercise groups were significantly
decreased compared with the CON group (P< 0.01). (2) HE staining showed that the number of adipocytes in the CON
group were increased, compared with the WT group in the same field (P< 0.01). (3) Compared with the WT group, the
mRNA expression levels of FoxO1, Beclinl, Atg7, LC3 and Rab7 were increased in the CON group, and the expression
levels of PI3K, p-Akt/Akt, p-FoxO1/FoxO1 and P62 were decreased (P< 0.01). In addition, Beclinl, Atg7, LC3 and
Rab7 protein contents were increased (P< 0.01). The mRNA levels of FoxO1, Beclinl, LC3, Atg7 and Rab7 in the MICT
group and HIIT group were lower than those in the CON group, whereas the protein contents of PI3K, p-Akt/Akt, p-
FoxO1/FoxO1 and p62 were increased ( P< 0. 05 or P< 0.01). The protein contents of Beclinl, Atg7, LC3 and Rab7 were
decreased (P< 0.05 or P< 0.01). Conclusions

by inhibiting of the FoxO1-lipophagic signaling pathway in adipocytes, thereby regulating lipid levels.

These results suggest that both MICT and HIIT alleviate hyperlipidemia

[ Keywords] ApoE”" mice; lipophagy; FoxOl; moderate-intensity continuous exercise; high-intensity intermittent exercise
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Jig W [ 52 W ( G1119, Servicebio, H1[E ) , RNA
Store FEARAEIR ( DP408 , TianGen , F ) | IfiL 46
RF & (AI11-1-1,A110-1-1,A113-1-1,A112-1
- 1; Moot &AL, P E), & & PCR A O il A
( MiniBEST Universal RNA Extraction Kit 9767,
PrimeScript™ Master Mix RRO36A, SYBR Premix Ex
Taq II RR820A; TaKaRa, H 4<), RIPA % fi# &
(POO13B, 38 = K, W H ) , 4 H /Wi 11 1 41 <] 571
(04693159001 ,04906837001 , Roche, Fii ) , BCA i,
fﬂ]ﬁ(PierceTM BCA Protein Assay Kit 23227, Thermo
Fisher Scientific, 3¢ [& ), Bolt LDS Sample Buffer
(B0007,Novex, % [# ) , Bolt Reducing Agent ( BO009,
Novex, 3¢ [E ), MES Running Buffer ( B0002,
Invitrogen, 3 [# ), 4% ~ 12% Bis-Tris £ & K
(NW04125, Invitrogen, 3 [E ) , iBlot 2 NC Regular
Stacks ( IB23001, Invitrogen, 3€ [& ), PI3K #i {&
( Proteintech, 21890-1-AP ), Akt #i & ( Abcam,

ah8805 ) , Phospho-Akt #T {& ( Cell Signaling Tech,
4060 ), FoxO1 #i f& ( Abcam, ab52857 ), Phospho-
FoxO1 #it & ( Abcam, ab131339 ), Beclinl T &
( Abcam,ah207612) , Atg7 $ii4 ( Abcam, ab133528) ,
LC3 #T & ( Proteintech, 14600-1-AP ), p62 i 14
( Abcam,ab109012) , Rab7 $/i#£& ( Abcam,ab137029) ,
a-Tubulin( Proteintech ,66031-1-1G ) , Goat anti-Rabbit
Pk (LI-COR, 926-68071 ), Goat anti-Mouse T {4
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i 2¢Ot & & PCR 1Y ( ABI 7500, Thermo Fisher
Scientific, £ [H ) , 85 HHZ EN{Y (iBlot 2, Thermo Fisher
Scientific, & [E ) , XA 1 41 2¢ 6 A% 2 4 ( Odyssey
CLX,LI-COR, %H) .
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= H B 10.00 Y%k, @il 1, MICT 447 10 min
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A
#HE 10 min ) DUIAH 3 938 ) 18 40 min
Warm up (10 min) Run at a constant pace for 40 min
RE 20s
B A= F1 A0 s 20's recovery

All-out 10 s sprints

#& (10 min )
Warm up (10 min )

R E 5 min
Rest 5 min

{2 5 min
Rest 5 min

R E 5 min
Rest 5 min

A MICT ZHYIZRT7 % ;B HUT HI T %

B 1 MICT 4R HIT 2kt
Note. A. Training program of MICT group. B. Training program of HIIT group.

Figure 1 Schematic diagram of training program for MICT group and HIIT group

TEVIZRTTLE R 48 h J5 HUbF PR, bR , 200 JE
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F1 AH [& 5 ( high-density lipoprotein cholesterol, HDL-
C) Fh,

1.2.4  JEWFHZUE =M

O I L2 28 T R I I, AT W A D)
B HE e, SRR o0 B R G L%, $A 18 Image-
pro Plus 6. 0 A FSE 11 2H 2 40 i ko A e AR
1.2.5  JEMZHZ mRNA XS B

S51%)F 5 i Primerbank ( https ://pga. mgh. harvard.
edu/primerbank/index.html ) X3 2 #3545, WK 1, 5]
Py GENEWIZ Al 43, FRHL 80 mg BYSE 1 (g s
L i BEGR S DR, RNA R 7GR
HEIEL RNA WL A SRARAEIRIL cDNA, HEAT S 26
JEERE PCR 1S, LA B-actin fERNS SRA 27221k
TR H AL NS RO Rk
1.2.6  JRWTAHZUE RS & it

PREC 80 mg B 52 (1 (4l 7 4141, A 500 uL
RIPA 2, H A EL B 40 L, 20 A
BCA 300 E 8 1 B il 6 35 FI AR A SDS-PAGE
RLUK 7 B, A FURR ENSCH 82 B B R NC Jie

b EBEARCE A 1 h JEE —P(4°C,12 h),
TBST ¥E 2R 451 —Hi(3 x 10 min) , EEIFEF —
i 1 h, TBST W 22 K454 51 (3 x 10 min) , TBS
VeV (2 x 5 min) , JEAUH T 5 WALT AN R &
G, Image Studio HOPFIETFHIAHE AT, Hifk
fHEW 1. 1.2,

®1 5IUMEL
Table 1 Information of primers
ElL7 5]l KB (bp)
Primers Sequences Size(bp)
Foxol F.5’ -CCCAGGCCGGAGTTTAACC-3 132

R:5’ -GTTGCTCATAAAGTCGGTGCT-3’

Beclin F.5’ -ATGGAGGGGTCTAAGGCGTC-3’ 197
ectt R:5’ -TCCTCTCCTGAGTTAGCCTCT-3’

Ate? F:5’-GTTCGCCCCCTTTAATAGTGC-3’ 161
° R:5’-TGAACTCCAACGTCAAGCGG-3’

LC3 F:5 -TTATAGAGCGATACAAGGGGGAG-3’ 109
R:5’-CGCCGTCTGATTATCTTGATGAG-3’

Rah7 F:5’ -AAGCCACAATAGGAGCGGAC-3’ 104
& R:5-AGACTGGAACCGTTCTTGACC-3’

Bt F.5” -GGCTGTATTCCCCTCCATCG-3’ 154
achn R:5 -CCAGTTGGTAACAATGCCATGT-3’

1.3 ZFiESF

SEESEHE R ] SPSS 25. 0 440, BT A R
FFEIERS 0, R YE + bR (x £ 5) R
N WT A1 CON 2 [H R b S7 FEA ¢ K235, CON
ZH \MICT 411 HIIT 20 [B) 2R FH B R 3R 7 22 5341, LA P
< 0.05 fil P< 0.01 #REFHA BEE,

2 #HR

2.1 EZHFE{R ApoE~ /NRMMAS/KF
6 JAl T Wigs d s, WT 41/ AT A (28.55 +
1.44) g, CON 41/ (30.34 + 1.50) g, MICT #H
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(30.53 £ 0.36) g, HIT 214 (29. 63 + 0.56) g, 554
)G PR 22 5, MR bR 2 SR %W, CON 41 TG |
TC #1 LDL-C ¥ 8 %5 F WT 41(P < 0.01) , MICT

ZHH HIT 20 TG 1 TC /K- 2 Z KT CON 4 (P <
0.01) ,MICT 21 HDL-C .3 & T CON 41/l HIIT 4
(P<0.05),#%2,

F2 /NEUMHE TC TG HDL-C F1 LDL-C Z5J (% + 5)
Table 2 Results of TC, TG, HDL-C and LDL-C in mice plasma(x + s)
245 H-ith =1 ( mmol/L) JIELTET B ( mmol/ L) 1o 2 B N U I R B (mmol /L) IR B i 2R 1 B R 7 ( mmol/LL)
Groups TG ( mmol/L) TC( mmol/L) HDL-C( mmol/L) LDL-C(mmol/L)
WT 4 WT group 0.53 + 0.03 4.95 +0.16 2.88 + 0.28 0.46 + 0.16
CON 41 CON group 7.52+1.48% 32.48 + 4.14™ 2.93 + 1.11* 7.98 £ 1.57*
MICT 41 MICT group 5.32 % 0.45% 25.00 = 1.36" 4.76 = 2.01* 7.30 £ 2.25
HIIT 41 HIT group 5.83 + 0. 68% 24,15 + 3.07%* 3.01 = 0.97¢ 7.33 £ 1.30

TE: 5 WTAIHILL, " P < 0.05, " P < 0.01;5 CON AL, *P < 0.05,%P < 0.01; 5 MICT 414k, * P < 0.05,%“P < 0.01, ( FE[F)
Note. Compared with WT group, * P < 0.05, ™ P < 0.01. Compared with CON group, *P < 0.05, *#P < 0.01. Compared with MICT group, ¥P <

0.05, P < 0.01. (The same in the following figures )

2.2 ApoE™"/I\5R BB i 40 B i A E AR /N

6 T e, £ 4/ eWAT fg 05 4 e HE
Je K anE 2A Fos . BPA RN BT 20 R ek e
TR KT ApoE™ " /INEL, CON 21 i s 24 o A3 4 1v
F(1631.08 + 375.96) wm® 5 WT 4 (2847.48 =+
556.59) wm® AH L6 W F FEAK (P < 0.05), MICT 4

(1789.69 + 451.40) wm® A1 HIIT £ ( 1872.79 =+
402.86) wm” 5 CON UAHHLTC & 122 5% WAL 2B,
WT A CON 4
Group WT Group CON
A .
MICT 41 HIIT 4
Group MICT Group HIIT
:i(l um . % ?(‘l_;un<
B 4000 -

2 MICT A1 HIIT X/} U205 1 21 21 4
R R A R )
Figure 2 Effects of MICT and HIIT on

adipocyte cross-sectional area of eWAT in mice

2.3 EF T ApoE” /NRIBAA LR FoxO1- B I
HEEREH mRNA FiX

6 JAl TS oI5, & 4/ B eWAT 2R 28t
i PCR 45 R 410E 3 iz, CON ZH# WT 4H FoxO1
Beclinl \LC3  Atg7 1 Rab7 mRNA #H X} 23k 7K F
EZTFE (P < 0.01), MICT 4 #1 HIT 4H FoxOl .
Beclinl \LC3  Atg7 1 Rab7 mRNA #H X} 2 ik 7K 45
CONHBETFE(P <0.05)8 (P < 0.01), HIT
2H Beclinl mRNA FH X k7K P-4 MICT 4 2 % 7
E(P<0.05),

g
o

M WTZ Group WT
B CON# Group CON

4+ CIMICTA Group MICT
CJHITZ Group HIIT

mRNAMXF ETE KT
o

mRNA relative expression levels

=
o

FoxOl Beclinl LC3  Atg7 Rab7

B3 MICT il HIIT X /) U2 I 1l 41 40
FoxO1- [ WEAHIEEE R mRNA 235 14 52
Figure 3 Effects of MICT and HIIT on mRNA relative expression
levels of FoxO1-Autophagy-associated proteins

from eWAT in mice

2.4 BEEIEE ApoE” /NRAERT AL PI3K/Akt/
FoxO1 i# & H {2 it B &

6 i T W4 H )5, CON 415 WT 41 PI3K , p-Akt
Ml p-FoxO1l FEH M X RIEAKFEEZFE FFE(P <
0.01) ,p-Akt/Akt Fl p-FoxO1/FoxO1 f.# FFE (P <
0.01) ; MICT 11 HIIT 1% CON 41 PI3K  p-Akt 7K
LUK p-Akt/ Akt Fll p-FoxO1/FoxO1 &3 EFH(P <
0.01) ,Foxol /K2 FF& (P < 0.01) ; HIT 4%
CON 4l Akt K& FFE(P < 0.01),% MICT 4
PI3K Akt p-Akt, FoxO1 Fl p-FoxO1 £ 4 A X} % ik



o S SR 2021 4F 12 H55 29 %% 6 ] Acta Lab Anim Sci Sin, December 2021, Vol. 29, No. 6

813

KB (P < 0.01) 5 (P < 0.05) , p-Akt/Akt
FE B E FTH(P < 0.05), WK 4A,4B,

H W AH G R TR L &l 4C, 4D firz, CON
HE WT 4 Beclinl \Atg7 \LC3 11/ [ #1 Rab7 .3 |-
T (P <0.01),p62 /K- FRE(P < 0.05) ;MICT

p-Aktr— — T - '—‘|
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Figure 4 Effects of MICT and HIIT on protein relative expression levels of eWAT in WT mice and ApoE™™ mice
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