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Abstract

BACKGROUND: Non-alcoholic fatty liver disease is one of the common chronic liver diseases in the world. Aerobic exercise is considered to be an important
means for the treatment of non-alcoholic fatty liver disease. However, the mechanism of exercise to improve non-alcoholic fatty liver disease has not been fully

clarified.

OBJECTIVE: To investigate the effects of aerobic exercise on the protein kinase B/glycogen synthase kinase-3B pathway mediated by Canopy FGF signaling
regulator 2 (CNPY2) in the liver canopy of non-alcoholic fatty liver disease mice and its mechanism.

METHODS: Thirty male CNPY2 knockout mice (ko) and thirty their litters of wild-type mice (wt) were fed adaptively for one week and randomly divided into
control group, model group, and model exercise group, with 10 mice in each group. The control group was fed with ordinary diet. The model group and the
model exercise group were fed with high-fat diet for 17 weeks. The model exercise group received continuous aerobic exercise intervention from week 10
until the end of the experiment at week 18. Liver histopathology was observed by hematoxylin-eosin and oil red O staining. The levels of serum lipids and
liver function were detected by automatic biochemical analyzer. The expression levels of CNPY2, protein kinase B/glycogen synthase kinase-3f pathway, and
Caspase-3 protein in liver tissues were detected by Western Blotting. The apoptosis rate of hepatocytes was detected by TUNEL staining.

RESULTS AND CONCLUSION: (1) Compared with wt control group, CNPY2 expression in liver tissues of wt model group was increased (P < 0.05), while CNPY2
expression in wt model exercise group was decreased compared with wt model group (P < 0.05). Compared with control group, wt mice and ko mice in model
group showed steatosis, increased lipid droplets, abnormal blood lipids and liver function, decreased protein kinase B/glycogen synthase kinase-3p expression
(P <0.05) and increased Caspase-3 expression (P < 0.05), and increased hepatocyte apoptosis rate in liver tissue (P < 0.05). (2) Compared with the model group,
wt mice and ko mice showed improvement in the above indexes in model exercise group. (3) Compared with wt mice, the above indexes of ko mice were
improved. (4) These findings indicate that CNPY2 gene deletion and aerobic exercise can effectively improve non-alcoholic fatty liver disease. The mechanism
may be related to aerobic exercise reducing CNPY2 expression, activating protein kinase B/glycogen synthase kinase-38 signaling pathway, and thus inhibiting

hepatocyte apoptosis.
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0 5|= Introduction
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1.3.1 SZIRZENY)  SPF 2% (12+1) JEESHEME CNPY2 J5 Rl a4
C57/BL6J /N (ko, n=30), PRJiE (19.7#1.4) g; FRFE
P2 /N, (wt, n=30), A& (19.9+0.6) g. CNPY2 FL:[H
w0 B VL IR AE 24 A MR B A w43t (150 H 2w
‘5. GPS00003859), ¥ H] CRISPR/Cas9 4% A 3K 15 JE [K #i (%
FET/NR, FEHREEMAEMAFAFEFES, EE/h
R JRE PRI 780 308 5 1 2 3R 47 Real-time PCR %8 5E o % 5 181 I 51 W3
CNPY2 [ il o U 2 7 545 : F1(ATG GCG GAG TCC TTA
CAA AAG G) Fl R1(TCA GAG GTC CCA CGA GTT CAA TTC); [f]
AIA B RN S IER . F2(TAG AAG GGA GTG ACC
AAA GGC TG) fil R2(TAC AAG TAG GCA ACA CCA CTT CCG).
FHEN4 1048, JAG0 2 e R EE DR, WE 1.

NRIAFRING: AR E B Sge ol SPE R B b
YEATES: SYXK( )1 )2018-211, ==iR{EE 20-26 'C, V@f¥
45%-55%, GBI (4 H 9: 00 FF4J, 21: 00 AT ),
H K. B st il FE#E & AR & 2= B3
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5: KGA7072); PAGE ik Jie PR ik ] 45 1 70 & ( A [ Fie g
1% '5: PG112); i & AKT( B¢ 5. ET1609-47-50). i 1&
P-AKTserd73( 1% 5. ET1607-73-50). ¥ 1A GSK3pB( 1% =
ET1607-71-50). $ifk P-GSK3Bser9( 152: ET1607-54-50).
FEPiR (585 HA1001). EPHi/h R ( T85: HAL006) #5
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RESFRFRER R 8 J i AR Ui i R RE VR R T AT AR, L B2 U2
[ ESEA SN BRA LA, SN AR TORE 1 R s T 5 PR A5

8 Jal i IR AT 75 3 A A R TR 0 AT
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BIEZA. ko BALEZNH, F4 10 H

BRI BEARENII 2 RN R, T 4LZUM AL 0 Qe h UL Gl i
R B A A LR AR, A3t RIEAR A, SR bR A
FRIT R AR 7E 5% AL T i W kiAo AR 1 T

EIREREME OMAR KA R @RBEA; @ CNPY2, P-AKT/AKT. P-GSK3B/
=t GSK3B. Caspase-3 HE[1RIAE: @I

ERERAIE /R 18 FISHI ARG ST 4K 24 h, FREEJG 1 HUR R UM,
BOFRES S 2473, ARpAcril]
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142 NG HFZEY SRR SARG, wt Bz
B ko BEAIE B AH /N BRHEAT 1 0 5 3 ik = B 1 I
g, HZRIEEERIGbrE. 1FIZRn & 3% o,
12 m/min, &R 1h; EFE . H5d, #5428
Ji; Wk 1.

#Fz1 | BEEHANDRINEFR
Table 1 | Mouse training program in model exercise group

IR W) R¥ H#JE (m/min) 1Z BN [E] (min/d)
T& NI SR 0 1R 8 20

0 2R 9 30

0 FEPS 10 40

0 4R 11 50

0 5k 12 60
ERIIZ 0 12 60

143 FEARELH WEDNREHIRE (B, EE.
RS ), Fr AHES, IR TR .
BRI WS HRG, ANREEE 24 b, BUMHTFR/N B4R
JR, BEIEE S 2% L EL 2B 20 ul/g JRRIFE/IN B, 4 EX
HRERHCIML, 55 30 min &0, $EHCETERG FTIFIE
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IR R, THEAEE, FHEE = IR E (g)/ 14
i (g): 4 CHFLERKMEE, VIZh, HriRildeg/L 2
RHBEEE, FFaiGal, Sogmae, Bl
{RIRARAE, 13 Western Blot #. UKiGTI A2,

144 [MRAKDT  BRERM G E 2N, S0, 2
WA, R g 4 . S EREERE . —BH . R
FEEA. MEEREA, 682 0 NEREEHEEN.
RITKRREFE AN, wmAg s sh T br
145 HEHEBPEENT (Western Blot) kil £ 25 0 WA
200 pL AW (B EBEIGIF 1 0 S0 AR ), B
20 mg JFAHZE T80, B JIBIMEE, BT 4°C
VK4E %2/ 30 min, f#H %4 %%, T 12 000 r/min 550
10 min, EH G REH, BCA VLN E & AWk Il
INZLAR R SDS PAGE 25 1 M G2 i I 1 &2 A — IR JEE,
HEIMAAEE (95 °C, 20 min), & T -20 ‘CUKFEFH .

FiC B A [ ¥ B2 PAGE B Jie, ¥ (40 pg 10 pg/ul).
FLYK 7 5 (90 V 1.5 h), F& 5 (200 mA 1 h), 4[4 (2 h),
TBST fi. B — $i AKT(1 : 2000), p-AKT(1 : 1 000).
GSK3B(1 : 2000)., p-GSK3B(1 : 1 000), CNPY2(1
1 000). Caspase-3(1 : 500). B-actin(1 : 3 000), §%—#1
4 CURFEER, KH, ZRP\FENR _H2h( RPT1 :
10000, fiPr1 : 5000), TBST ik (3 ¥k 10 min/ k), &€,
MR (ECL Rty ), SLIRE K 3 Ik, Image) 1HEKFE(H.
1.4.6 /)N BUH I 3R 256

FARKE - RO FHREE. MK BEEE,
DI Bt Geta, B, BAECRERIE, 400 45
TH%E, Image Pro plus 6.0 73 i BEAR HL,  FFARYE 40 i
e WS PE BT 3 AR EAT 4y, 420, 1, 2, 3, 4415
¢, O 4 e T 40 BT AR e/, 4 40 R ¥R 0 40
(125 N

LT O efm: HHLM E . Bk, OTCHEIE, VKR .
WM, TR Y, B, BAECRERIE, 400 5
THHE, Image Pro plus 6.0 73 i EAG AL, IFTHR A
FLET o g R P SO B R, CAMRORRE MY /um? o B2,
1.4.7 TUNEL Rl 4R ARE T 2 RE 0 Tk k77 & 1 B
TR, IR DS, B B IBEME R EEE. .
Bt Y B, KRR TR TE R,
e R EME, 400 f58E TSR, Image ) T B4 i
FT .

1.5 EE2WRIEAFA OPNRERE LI E: @G &
HIifE; @K ETEA; @ CNPY2, p-AKT/AKT. p-GSK3B/
GSK3B. Caspase-3 f[1KIAHE; OFAMFET .,

1.6 %itF4# R Image J 34T Western Blotting 2475
4y ¥, Image Pro plus 6.0 i 47 975 ¥ 1% I 7 #1, GraphPad
Prism 9.0 AT /E &, SPSS 27.0 MEAT H b 2. i & HEL
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PR IR0 A, Lhxts Rorn, 2 IR FEBCR B R 3R 05
FEGPNT, ZHLIAT 1 ELBCR A LSD-t A G, ik PR Rk iy S
IR ELBCR RS FEA ¢ K236, P < 0.05 NZERA REM
e LIRS IT iR DA A E B A G it i
BRE .

2 Z5ER Results

21 FELFhMBE oA LA MEAR S0 H, WIHA
1k 60 HU/NE, 259 BIEMIARAE 8 R, HEiEsh i
FHEIET 2 R, &F 50 Refa NG Rodr.

2.2 B RARRL. WA EAAEHER SHDR
BIEREHN. Bk, IME. HREH R,

221 AR SRRV, SA/DRYIGRREZER LR
FEE X (P>0.05). 9 JH: 7& wt/NERFI ko /MR H 4L
P, AR 2 T I ZE /)RR BT 2 3 S (P < 0.05);
wt /N ERFIT ko /N BROGE I A AR EE, - ko /)N BRPR T i . 3 BRI
(P<0.05). % 18 Ji: /NSRRI EIA M. 1E wt
/AN ko /RS HALN . AL ZH 00 A 2H /N R AR o 4
WE I (P <0.05); wt 8IS B HF wt B ZH A T &
iR (P < 0.05), ko #AYIEH2H %L ko HEAYZH /N BR A7
BRI E MR X (P>0.05), wt /N ko /)N BT M 2H
AL, ko ZH/NER A4 & B BRI (P<0.05), ULEk 2.

*2 | BHNRIERERERER (xts, n=8-9)

Table 2 | Results of body weight and liver index of mice in each group

fabr /NERETY Fof A TR WALEEh
VG (g) wt /MR 19.73+0.54  20.13#0.65  20.01#0.56
ko /N 19.35+1.90  19.98+1.65  19.80+0.58
9 A () wt /MR 26.38+0.88  34.56+1.45°  35.53%4.12
ko /N 21.22+0.61°  24.38+1.83°  24.48+1.61°
5518 R (8)  wt/hR 29.13+1.22 50.45+2.67°  41.93%2.23°
ko /)N 22.5240.62°  28.14+4.63°  27.10+2.76°
55 18 JAJFR%L (8/8) wt /MR 0.028+0.002  0.037#0.005°  0.026+0.002°
ko /)N 0.026+0.001  0.029+0.003  0.028+0.003

FvE: wt/hER = B4 €57/BL6) /MR, ko /N R =CNPY2 3[Rl mift B C57/BL6J /)N s
[R5 X R4S, °P < 0.05, RIS AILE:, P <0.05, 5wt /MR A,
P<0.05.

222 FHEEL 45 REIR: 55 18 A wt BRI R we KR
N FEEUE 2 TH S (P < 0.05);  wt BEAYIZE B 2H 4T wt 15
RUZH /N BB R 2 T B (P < 0.05); ko /) b 41 1] JHH- 45 4
TREZER. wt/NR5 ko INEST AL, ko BLALLL/N
U FE B PG, (HER TR ZEMEZ L (P>0.05), Wk 2.
2.3 & Rofnif A f3gAres R

231 MARAHHENR £ wt NI ko NS HAN, R
U 2H 500} FRZEL /N BRI VS A AR s =R I R
HAYEZET R (P<0.05), 5% N H 23R (P <
0.05); A 3z A ZH AR AL 4 /)N BRI v e AF [T . =9 H v
%% 2 i 2 1 8 2 25 B AIK (P < 0.05), wt B I B 20 /)N B,
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EEENEEARIE S ZET S (P<0.05), ko HLALZES)H /N
R E AR AR E T A, (HE SRR EMEE X (P>0.05),
wt /N ko /NERXT SZH AR LE, ko A5 7RS4 5 wt AR 2 /)N

(P<0.05), /=% A& A RETE (P<0.05); ko fifiz
B wt B IS sh 41/ B S IR . = EEE . A
HEAREAYEEREIC(P<0.05), mEEREAZERT
BFEMEZ X (P>0.05), WE 2.

2.3.2 JFIheefebs  7E wt /NERURT ko /NER A EAH P, HEAY
OO EZE /N BRI Y 2 R R i i . R T A = BR e ik
AN R ETHE (P <0.05); BAYIE 34 B A 4 /) B
MG W AR AR LD, RITARAREA A 5%
[ (P < 0.05). wt /)N BRI ko /)N B X R 4 AH L, ko #5575
A wt A5 R 2 I A A R ik e 2l ¥ 3 I (P < 0.05)
Fopthoo B ZH P 22 S o i 2 = X (P> 0.05), LI 2.

24 A RITAR BB 54X

241 FRARHKE - Aty SR EIR: 7E wt /N ko /)
S HALN, GRS AR, SERIE M AL
BRI ZH o0t R ZE P A M Fk 9 36 8L P 2o, 1R
S REIMEAR 2.3 (P < 0.05); BLAYIZ B 4R AL 2H K 790
KA MR PEARE DL 2 2 (P < 0.05), wt /N ERUFI
ko /INERXFRIZLAREL, ko 4% wt TS F Atk . R
PEAIMIZ I B M i 235 2 (P < 0.05), WL 3.
242 A0 Pt ZREIR: 1E wt/NRAT ko NREH
HPN, XA D& Rk, AR ZH A o0t R 20 H 30
HGRUUR, HARZ IRt 2ih %, MR %8 5%
FHiEi (P < 0.05), #5732 B 2H F0 A% B 40 i v o B 2 R %
(P <0.05). wt /)N ko /N R ZHAR LG, ko ZHEE wt 21
JE % P38 2% N R (P<0.05), W.E 4.

25 ZMRIFAsEG RALER HERM, 1F wt /)
B PN, M2 00t HRZH CNPY2 34 S T (P < 0.05),
TR 32 Zh A BB AR 4] CNPY2 K55 1 3 PRI (P < 0.05); ko
ZH/INER CNPY2 JE IR R L AN R IE . 7E wt /)N BRI ko /)y
R E AL, PR B B2 p-AKT/AKT . p-GSK3B/GSK3B
Fak ) i # MK (P < 0.05), Caspase-3 &L ¥R & T
(P <0.05); #5&A iz Bl 4 A Y 4 p-AKT/AKT, p-GSK3pB/
GSK3B ik 13 | 2 F+ & (P < 0.05), Caspase-3 & i& ¥ &
FEK (P <0.05). wt /N ko /N B R ZHAR LG, ko 4
i wt 41 p-AKT/AKT. p-GSK3B/GSK3B Fik#) & Z & (P <
0.05), Caspase-3 FiA i FHI&L (P<0.05), W& S5.

2.6 A0 SATLL TUNEL AmlgE R 45T I, Hfah
IEF MRz, SO TR (& kbRd e onsl ). 1
wt /NERAT ko /N & HAH N, AL A0 HEZH 52 AR 22
TR, HMRIE T2 B3 s (P < 0.05); BALIZZE)
S 20 W O O A R TR, AR TR B R R (P <

0.05). wt /MR 5 ko /NER TN AR EL, ko ZHEE wt ZHIET:
BERD, HaET R 8% % (P<0.05), ILE 6.

3 1571 Discussion

AETPTHG 1 5 107 2 5 AR T fie B 05 A 5 9509 1) 0
K, HAHEAE TR AR AR R, GG B
I J 78 A0 TS S P B 3 e R I T B ot I AR A0 B e 3R
AL A AR T R O T S R R b 2 R AR R
Ry ARt MemiAete. ANy SE . A AR, o
P AR S 2 PO e A A PR D R D B AR
B, RILZ B0 R /N R 8 JE BRIV AT R g2 IR 4 IR 7 AT
AL, SR O SO Y, RS E FE S R A TR R
EJHE (1) C57/BL6) /NER, K HH 8 JH i I Ik & 5 5 C57/BL6)
JIN R RS i g U A O 228 g LR, wt /)y
BRUFH ko /N B AR ZRY 2H AH A T 0 HRLZEL,  H IR o S G K
JH 2823 L0 B0 07 AR P O R B R R IR . KR BTN
A g, SRR R8P, R R S AR R
JE D7 /S RS B A A R Ty o /N BRI IR AR 2R 18 i, wt /R
AT ko /)5 B ASE 750 4 AR 5 T ot B HE B4 Y R ol 3
BRINFEIREL ATENEEERE, HHL IR
UL, NRBTUIAR, IRz A0, AR R B 2 i 2%
I AE AR 25 8L S D Re SZ 45, 7 AR 0RS 14 g D 2 g
TRUE LT, AR B AR, R R R A S ) A
KimnE, SidEma—5 ™.

THAE R SR TE, A B O T A2 5 5 TR 1 R i
JHAT 0 () B AR R, AR AR B . RORESE R A
R, FgaiRE TR E RS2, B E T
Mo 5 AR R AR T ™ R BB ™, R A
JEF20 M T YT B R P A s P SR el P A
M T 2 AME 5@ %, TTHEZRARNGE, HEAEMA
ML W AR B3 . Caspase-3 & — MR T- &, CHIESE
5 R B R 7 T AR 400 M 953 40 R P 52 1E B P AKT/GSK3B
T B 2 51 [ 77 TR RBRE 1, BEIR AL S R I 4 )
L PSR E o R P 1l R R e 2
55 .

CNPY2 YE N AU 1, HONG 25 ® §f 57 RI, CNPY2
R SR W DAOR B A A I 107 /0N B F IO 9 52 240 e 453 4%
RIER B, GRS, 55— DU,
CNPY2 (R K B0 1 GSK3B HIMERR 1h, 400 1 i e 40 i A=
K, ZHAO 25 P 7E i AEAR AL b R E, /NEERRE L R I
CNPY2 {5 53 B ] 9 4 Mg R of P 8 Y 12493 15 3 M 48 T
AT, CHU 25 " Zeif & R A rp R B, CNPY2 3@ i AKT/
GSK3B A& o T @i L ERRF R g R, DL
Sh6 TR AT A BRI U 45 A, CNPY2 A el id /S 4
UL T P s A 5 W) S VRORS R TR D I B R A kR, HL AKTY
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Figure 1 | Electrophoresis gel of gene-knockout mice
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Figure 2 | Serum biochemical indexes of mice in each group at week 18

GSK3B B % Ml it Z H H . BL R W 7 45 SR s wt /b
RO IR d SRR CNPY2 RIA R B3 LI, AKT/
GSK3B it % 11 2 35 F£ I,  Caspase-3 34 7K~ Al 41 fifg
R EET 5wt /AREE, ko /A4 AKT/
GSK3B i #% ¥ 11 2 3% Tt iy, Caspase-3 34 7K~ Al i 4H i
TR B2 T M. $278 CNPY2 /) 5 AKT/GSK3B i % 2 5
R B FARRORE TR T TR L, CNPY2 & [R] i 2k
IRE ARG M N T R A R JE, SR R —a P

WEFAESE, A6 IS 302 5200 E RS M IR - i g
AR BN B, WU AR TR D I e T
GG BRI SR P oAb, BRRHIESE VA RS
Bl RS 1 e B AR B RSB I R R, W
M IS S S R A B 2% PR R R
P, RO LS B I S B0t v AR 5 AR RS 1 M

6446 | DEALRTIZHER | 5529% | 553087 | 20255108

A wt X}

B
5- B wt R
ko XA
& 4 w2
B3 ko AL
i Cwt EAEF)H
g o ko KL 4L
1_
0_

Bl B A TRAHE - LA R, AR RN 50 um, /7 Sk 38w g 4L
il RYERIE; B OWWEIR > Siit ), °P<0.05. wt: BFAEAUN;
ko:  FEDRIRRR /N Lo

&3 | % 18 BZA/NRAFHEAT KIS - FUARBLER

Figure 3 | Hematoxylin-eosin staining results of liver tissue of mice at
week 18
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Figure 4 | Oil red O staining results of mouse liver tissue in each group at
week 18
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Figure 5 | Results of liver tissue protein expression in each group of mice
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Figure 6 | Results of TUNEL detection in mouse liver tissue at week 18
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