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HrACR 1M 3% TC . TG .LDL-C \HDL-C \ALT F1 AST /K- ; HE Y FITHET O Yoo 53 Hr JENEE BT A ; Western Blot 46
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signal pathway to improve non-alcoholic fatty liver
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Abstract: Objective To explore the mechanism of Canopy homolog 2 (CNPY2) and aerobic exercise through nuclear factor
kappa—B (NF-kB) signal pathway in non—alcoholic fatty liver disease (NAFLD) induced by high fat diet. Methods Male
CNPY2 knockout (CNPY2 KO) mice and wild (WT) mice aged (12+1) weeks were randomly divided into control group (CON),
hyperlipidemic model group (MOD), and hyperlipidemic model exercise group (MOD+EX) after one week of adaptive feeding.
CON group was fed with normal diet, and MOD group and MOD+EX group were fed with high fat diet until the end of 18
weeks. From the 10" week, the mice in the MOD+EX group received adaptive treadmill training for a week, followed by
continuous exercise intervention until the end of the 18—week experiment. The serum levels of TC, TG, LDL-C , HDL-C , ALT,

and AST were detected by automatic biochemical analyzer, the pathological morphology of liver was analyzed by HE staining
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and oil red O staining, the protein expressions of CNPY2, IkB o, p-IkBa, NF-«B, and NF—kB in liver were detected by
Western Blot, the levels of TNF—a and IL6 in liver were detected by ELISA, and the expressions of NF— kB mRNA, TNF- «
mRNA, and IL-6 mRNA in liver were detected by ¢ RT-PCR. The data were analyzed by single factor analysis of variance
and independent sample t—test. Results The expression of CNPY2 in MOD group was higher than that in CON group (¢=
-5.730, P=0.001) while the expression of CNPY2 in MOD+EX group was lower than that in MOD group (¢=3.714, P=0.010).
Compared with CON group, the serum levels of TC, TG, LDL-c, ALT, and AST in MOD group of WT mice and CNPY2 KO
mice were higher (WT: ;=—13.325, P < 0.001; 1=—4.889, P < 0.001; 1=—10.442, P < 0.001; 1=-3.500, P=0.003; 1=-15.122, P
< 0.001; CNPY2 KO: 1=-6.910, P < 0.001; 1=-4.962, P < 0.001; 1=-7.457, P < 0.001; 1=-4.584, P < 0.001; 1=-7.336, P <
0.001). The levels of TNF-a, IL-6, p-IkBa/IkBa, p-NF-kB/NF-kB, NF-kB mRNA, TNF-a mRNA, and IL-6 mRNA in
liver were increased significantly (WT: t=-25.179, P < 0.001; t=-21.043, P < 0.001; ¢=-9.177, P < 0.001; t=-12.207, P <
0.001; 1=-5.205, P=0.002; t=-6.910, P < 0.001; :=—4.802, P=0.003; CNPY2 KO: ;=—18.878, P < 0.001; 1=-21.840, P <
0.001; 1=—14.033, P < 0.001; ¢=-12.511, P < 0.001; t=—6.870, P < 0.001; :=-9.546, P < 0.001; =-8.303, P < 0.001), HDL-
C level decreased (WT: 1=11.695, P < 0.001; CNPY2 KO: 1=6.598, P < 0.001), and hepatocyte steatosis with large amount of
lipid droplets was observed. Compared with MOD group, the above—mentioned indexes were effectively improved in WT mice
and CNPY2 KO mice in MOD+EX group. Compared with WT mice, the above—mentioned indexes of CNPY2 KO mice were
improved effectively. Conclusion CNPY2 regulates NF—kB signal pathway and participates in the formation and development
of NAFLD. Both CNPY2 gene deletion and aerobic exercise can improve NAFLD, which may be related to the decrease of
liver CNPY2 expression, inhibition of NF-kB signal pathway, down-regulation of liver inflammatory cytokines and reduction
of liver inflammation.
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A 25% 1 ABIA R B F NAFLD!2, 33CFfB 1) 3 el
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iy A I AF 4R A | JHE £k BT 20 I 93 (hepatocel lular
(‘,alr(‘,inoma)p"”O A, NAFLD 5 Z R T4 A 9, 4
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JHEIE 9 E 52 A2 NAFLD JE 1% -5 A e 1 SC 5 24
BRI R AR AL T ) NASH (%52, 58
i PRl 2R A NAFLD 95 1 i i as A% v S0H- 240 i 4
A3 B4 B g LB, LR () JEE S S NAFLD 2%
W RIZ —. BT kB  (nuclear factor kappa-B,
NF-kB) B IA Ry i 4 ik SO 1) 2895755 A, B Re
i i 5 R A i S I A S PR ()2 s, TR Ik
A, NF-kB #HAMH B [ (inhibitor of NF-kB,
T B) R i 720 M o, ASBE A A% HAR 15 T RE ., 17 2 —
S AN B AR R 0 R Wi AE Ve e 5 R AR
Z2ff 1kB 12 RALFIEAR  NF-kB SRR U438 5 40
RUAZ AEARZ N 2 50 T W R sk, an i IR I
F-—a(tumor necrosis factor-a, TNFa) FAnfiEs 2% -6
(interleukin—6, 1L—6)55 98 iE K+, T/ 40 g %
ik S

N Ji % (endoplasmic reticulum) £ [ 76 JZ [F R4 2

IR JE T CNPY KRR — 51 BRAT X CNPY2
PRI 3D XD REIA TR M AN 8 42 . LT 9T 3R B
CNPY2 AJRERIRIT AT &M AR (unfolded protein
response , UPR)FH JCH I (UNRAE T e A CIgf I i) 1
TEAETAE 0 AEIE /NN L8 (non—small cell lung
cancer, NSCLC) 1,CNPY2 #iK [ S22 IkB o BER
AN, Fe 3806 NF—k B, YT 3 — T 5 o
A % iz 238 o 90 ) CNPY2-PERK 155 5 8 #% o %
NAFLD"™ SR , i A WL SCHRAE CNPY2 e id L 4
& NF-B {55 B 75 A £z 3l NAFLD & ##
YEH . AWFoE B R 8 8 & e W & W 3%t or
NAFLD /NEIERY, 254 8 Ji A Fis sh Il i 58 A A
IZBXT NAFLD PBGERCR , JFE AR CNPY2 78
Hoh B30I

1 #R5FEE

1.1 ZZXAMNAEAMNE FHYHMSE (SA101, VLI
SansBio {/_\\ﬁj); %ﬁf)ﬁf?%é‘h(BiOSpectmm, EE UVP
A7) qRT=PCR 1(Q2000A , KM LongGene 23 ]) ; fiff
FRAY (Multiskan SkyHigh, & Thermo Fisher 23 ));
RIPA Z4# B (PC101, -1 Epizyme Bio /A #]) .BCA
FR B 2 37 8020102, [ Epizyme Bio 23 7)) F
B ECL(POO18AS, 17 Beyotime Bio /A A]) ., & [ iy
WEBR B &I FTR A% (ST506, i Beyotime Bio 23
F]); TNF-a ELISA {5 £ (RK00027, X7 ABconal 23
) IL-6 ELISA i34 (RK00008, #7L ABconal 2>



- 2102 -

AR P27 2024 45575 51 4255 11 3] Modern Preventive Medicine, 2024, Vol. 51, NO. 11

A)); RNA Hhi$877 £5(R 1200, JL 5T Solarbio 23 w]) K3
kiR & (FP205, Jbat TIANGEN A Fl); duff:
Anti—-CNPY2 (14635-1-AP, # 7Y Proteintech /L\\ﬁl)\
Anti- B —actin (C1495-66009, i, 7X Proteintech 23 F]) .
Anti-IkBa(A11168, I ABconal 23 F]), Anti—-p-IkBa
(AP0614, HIX ABconal 23 F]),Anti-NF-kB(A19653,
#H 7 ABconal 23 F])  Anti-p—-NF-kB (AP0124, 7Y
ABconal 23 #] );HRP #5 i€ — $i{ :Goat anti—Rabbit
(HA1001, #T M HuaBio 2% ¥l ).Goat anti-Mouse
(HA1006, #7100 HuaBio 23 Hl).
12 Swzhy (REEMEME 12 £1) JA# SPF %
CNPY2 LB ER(CNPY2 KO/ B[R] 28 [) 5[] i R
HE(WTYNRSS 30 Ho CNPY2 KO /b U VTR EE#E
REMEARARA T [V E S5SNI (95)
2020-0003] LA C57BL/6] AT5 A% CNPY2 24T
N G R BRI I S YA R AR B/, EF
SAETT 2 1010, R TR S, RS T T
CNPY2 KO i/, 5 4% 2 iU IR & 2 B
SRS S RO SEES E I TR SR E L, CNPY2 KO /)
SRR W ZINER% BRUF P43 28 1) 55, A /0N BRES FH EAR A
A, B 3 ~ 4 H L ENIRE 18 ~ 22 °C, AR
J& 45% ~ 55%,12 h JERERT 12 h AT RS 588,
B B AR EFOK, B ARl 2 YR, ARSh s
5577 AT A LR s i fr BERE FH R R ) IUE , 15
F AR T A TR RS (R4 5
(2021159 5,
1.3 ZRpabiEzhin g I /NEAE— 8 1SN
PRI SR 5 B AL 5324 XF B ZH (CON) | /=i B B 751 25 (MOD)
FE HERELZE B 4H (MOD+EX), 540 10 2, CON ZH M2
FE - R, MOD 41 A1 MOD+EX 20 M 5% i35 I il k),
HE 18 ALK

FIRRE SR 8 )5, 435I A CON 411 MOD
4P S BEHLIHEL WT /NERUFD CNPY2 KO /N4 2 H
R, DLW s A2 5 s, 18 3l RS RS
SCHRARAE™, MOD+EX 20/ R et 1— i Al b )|
2k W 1E] NN RT 46 12 3075 584 8 m/min, RFLERT [iH]
20 min, &KL 0.5 m/min B AT 10min/d T2
WHB 2 12 m/min, FFEERT ] 60 min, HAAE [ P11
G WA WERAEVIREE RS  FE 4 N OokiY 8
N LA 12 m/min, 3FZER 8] 60 min, B K —K, & AR
HOMI[E7 Sy Sl e w7/ 8
1.4 SRHARH A /NRAIERTREEEE 24 he
7 /0N BRUPR 2 1A B 5 R R B 290 186 B L 228 L, IR
BRI . 1 7E Z T E 30 min, 3 000 1/min
B0 10 min, B02F42 8 em, IAE 3 T I i A1k
O3HT o P/ BRI AR ARG JEF I, PR, 2B

KRV . o A AUE TR AR R, IF
TF - 80 °C M vKFE {47, T ELISA Western Blot
1 qRT-PCR #3553 I 2H 2L 4% 22 5 W [ a2
FREUEA T A

e ISR USRI S

Table 1 Adaptive exercise training protocol

B B E (m/min) 32 B ] (min) A Y H $3msa]
8 20 0 Dayl
9 30 0 Day2
10 40 0 Day3
1 50 0 Day4
12 60 0 Day5

1.5 MFREREF AN HE Y492 5 H EE [H
JENFAZ 24 h, K GEW S A ) A b
R, E AL HE Je a2 BT T WS /IN BRI s 2
B

L O Yt AFH S OTC A Y] A, A4 O T
VEGLIIZE , 28 60% 57 TN B WAk, I A K
VB RFRE Y fiem FHH MBS A b2 B T
WL /N B 4 B B AR 2R A% O, Tmage Pro plus 6.0 £
Bt RGO EEE
1.6 i Afeien  FMREMERERME, @it e H
S TSR /I BRUALYE AR BB (TC) . H il =g
(TG) %% FE N 2 1 (LDL-C) | i 2 FE IR 26 1 (HDL-C) |
VAR S A LT) FIR [ 1 4 2 R A B (AST) K-
1.7 ELISA =¥ M8 ELISA &7 & Ui B i Eefe
T AR AR ARG /)N BRUFEIE 48 AE PRl TNF-ou Fl TL-6 7K
1.8 Western Blot FRHL 20 mg T 4H 41 & A B EE &
H, A 200 pl B9 RIPA Sk, W BS I vk L 244
5 ~ 10 min, B0 IHERCEVERRS , BCA A6 I 8 ik
JEJE AT 10 min AYER AR o B FIRE b 28088 I L UK
S IS IBEE 2 PVDF ), 28 5%BSA iR FHA] 2 h,
5%BSA i B — Pt CNPY2.IkBa .p-IkBa NF-kB .p-
NF-kB .B-actin, HAEE I FIEE 1 h, A 4 CUKH
P E R, R H BUH I TBST 4% 3 Uk, AR PEXT [
Tl e AR A U 1.5 h, ECL 32 W (A%, %
HH image J BAF oMK EEAR , JFARYE “HMWEN
IB=actin” T IR AN A & .
1.9 qRT-PCR MJHZHMIHHEHCE RNA, M4
F G PRE L 5L S cDNA, AINAD $#8 S AR £
Ll GAPDH HINZ:#E4T qRT-PCR K , 45 5 1] 2-2 407
Tk AR RS . S I E 2,
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& 2 Real-time PCR 5|¥)JF7%)
Table 2  Primer sequence for RT-qPCR

HEA 5'-3' 51975

NF-kB p65 Forward AGCAACCAAAACAGAGGGGA
Reverse TGCAAATTTTGACCTGTGGGT

TNF-o Forward CCCTCACACTCAGATCATCTTCT
Reverse GCTACGACGTGGGCTACAG

IL-6 Forward CCAAGAGGTGAGTGCTTCCC
Reverse CTGTTGTTCAGACTCTCTCCCT

GAPDH Forward AGGCCGGTGCTGAGTATGTC
Reverse TGCCTGCTTCACCACCTTCT

110 %t F b Fra%dER M SPSS 21.0 4tk
oy BT b B, 25 R L (x £ 5) B R R, R Graph
Pad Prism 8.0 ZHEE . WT /NEUFT CNPY2 KO /)i
% AN HEBCR BN B T7 2604, dlid LSD— £
BTN 25 M 2 L, WT /MEURT CNPY2 KO
/IN BRI 1 R M SR 4 (MOD , MOD+EX) i) FL A2 R FH 2l
SEAEAS ¢ A A K IE 0=0.05,

2 & R

21 HRE. R TAFREEN SAH/DEPILES
PRI i V25 5 (F=0.479,, P=0.789) , 15 B4 AN 5256 it
P, 2 20/ B ER X B L (H S R R R R/

-+ CON b
2 10k - 0D | W 2.0

- NODHEX c
2
& ~15
& -+ CON
2 200 ‘g}

=S

-+ MOD CNPY2 KO
- MOD+EX

...................
0 1 23456 78 9 1011121314151617 18

FUA AP, CNPY2 KO /NERAES WT /)N B A F 44
ISR ; SEBREE 9 JH, e WT /MRS & CNPY2
KO /) B ,MOD 4 & & ¥ i 2 & T CON 41 (WT:
1=—12.932, P<0.001; CNPY2 KO: 1=—5.059, P<<0.001),
AT WT /NEL, CNPY KO /)y B 5 [FAIR (1=12.53,
P<0.001; 1=11.46, P<<0.001); SZH55 18 &, WT /N
MOD+EX ZH A 5 1) i 2 Ik T MOD 4 (:=7.653, P<
0.001), AH% T WT /N, CNPY KO /] FRAK 5 [ AIG
(t=14.16, P<0.001; t=10.16, P<0.001), LKl 1.

/N BRUFF I 2 U 2045 R o, WT /N MOD
HAFEE . FFFEEUE CON 411 318 in (1=—13.393,
P<0.001; 1=—6.298, P<<0.001), MOD+EX 4 JIT- & & |
JH-48 £#% MOD 4134 5 ZERE AL (1=10.342, P<<0.001;
1=7.975, P<0.001); CNPY2 KO /) il MOD 4 AT i &
i CON 2H 5. & 19 h (1=—3.295, P=0.005), JIF+5 %R W,
B 2 F(1=—1.878, P=0.080), MOD+EX 41 AT & |
JH 38 58 MOD ZH 247K WL g M 22 5% (1=1.392, P=
0.184; t=1.702, P=0.109); #H# T WT /N, CNPY2 KO
N BUIF I 3 PR (1=9.994, P<<0.001; 1=4.735, P<
0.001), AF5%007 1 ,CNPY2 KO /) il MOD 4H F&AI%
(1=4.306, P=0.002), VLK 1,

0. 05,
CON CON

*
. 0D “EOA 04 s = 0D
- ODEX gEomf T # - == OD+EX
<
Fa
*3$ s Em0.02
=
- T o.01
0.
Wt

A% 0.
WT

CNPY2 KO
CNPY2 KO

R A IR EA IR [ B WIS ; K C MIFHR%L; #P<0.05, 5 CON M LHE: #P<0.05, 5 MOD i Fb; $P<<0.05, 55 %61 4 BF A= /N A L 5

WT HEF A /NE; CNPY2 KO g CNPY 2 JE PR/ VL

B NRARE R E SR (£ 5,0=6~7)

Figure 1 Body weight, liver wet weight and liver index in mice (x +5,n=6 ~7)

22 MMEREHG AT HE Y@ML O Yefash
RN, JigsE WT Nk & CNPY2 KO /M, CON
/NI S G5 I 5, R HE ST, /it
SERTE MY, LT JCHRTE 4345 s MOD 26 /) BRUHH 448 A i
JiK , R A Sk 4 g D AR 1 RN s Ak, g B 38 CON
H /N B (WT: 1=-9.643, P<0.001; CNPY2 KO:
=—8.021, P<0.001), IFRHSIZE AL, I -4 R 140
1211 s MOD+EX 21 /)N U 48 it B 7 7228 4 A0 23 i AL A2
FEAT BT Rl BRI B MOD 4/ FRAT BT R (WT:
1=6.396, P=0.001; CNPY2 KO: 1=5.646, P=0.001), 5
WT /NEAA L, CNPY2 KO /NI TR A5 4 R i 2
e 25 Ak BRI A kR =3.570, P=0.023;

1=2.897, P=0.044), VLK 2.3,

2.3 iR AAIEARTA 2 [ AU /N
BN AE AL IR AR ZS SR o, JEig 2 WT /b A &
CNPY2 KO /N, MOD ZHAH#F CON 41, IfiLi TC.
TG.LDL-C .ALT F1 AST /K ¥ ¥ i & T} &5 (WT: =
~13.325.-4.889 ,—15.122 .-10.442 .-3.500, P<0.001 .
<0.001,<0.001,<0.001.=0003; CNPY2 KO: t=—6910,
~4.962 ,-7.336 .-7.457 .-4.584, P 3] <0.001), HDL-C
K FRAK (WT: 1=11.695, P<<0.001; CNPY2 KO:
1=6.598, P<<0.001); JGit 2 WT /Milid 2 CNPY2 KO
/ML, MOD+EX 41 A3 F MOD 41, IfiLyE TC.TG.
LDL-C ALT F1 AST K- & FEAE (WT: 1=-4.310,
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6.063.9.006.10.564 .6.427, P #] <0.001; CNPY2 KO:
1=4.599.5.804, 4.553.7.668.9.154, P 3] <0.001), HDL-C
KT (WT: 1=—5.163, P<<0.001; CNPY2 KO:
1=-3.037, P=0.008). #HHF WT /M, CNPY2 KO /N
MOD 4 IfiL 7 TC TG .LDL-CH1 ALT 7K -5 i 25 [
(1=7.470.4.317.10.340.6.367, P ] <0.001), HDL-C7K

CON

TE:HE Jef( x 400,50 wm),

VB E T (1=4.703, P=0.001), AST J& i M 2% 5
(t=0.128, P=0.901); f#H# T WT /N, CNPY2 KO /MR
MOD+EX 4 IfiL i TC. TG Fl LDL-C 7K - i 3 B fi%
(t=12.070.4.266.7.160, P <0.001 .=0.001., <0.001),
HDL-C /K 5 2 TH (1=2.217, P= 0.049), ALT F11 AST
Jo i E 22 R (1=0.674 0277, P=0.514.,0.786)., VLK 4.

MOD+EX

g 3
o i N
¥ . T ! L
." - . #
A oy
i . A
. .
* . s ity
&y axt e

2 /NEUITIIE HE B0

Figure 2 The liver of mice was stained with HE

A CHIIET O Jefh( x 400,50 pm); [ B LT O JiE

MOD+EX

CON
L]
= MODHEX

(ATOD- pm?)
.l
.I

CNPYZ KO

B3 /NFUFBEMLLE O Yeta KAmar O B8 i

Figure 3 The oil red O staining and optical density of oil red O lipid droplets in mouse liver

2.4 AR KERFARFEA ELISA KGN FUFIE
KRR FKFEBxR, g WT /RS &
CNPY2 KO /I, MOD 2 TNF-a Fil 1L-6 kK4
CON ZHH4 BT (WT: 1=—25.179.,-21.043, P ¥ <0.001;
CNPY2 KO: (=-18.878.-21.840, P J <0.001),
MOD+EX 20 TNF-a Fll 11L-6 ik 7K F4 MOD 41 &k
FFEAL (WT: 1=14.113.11.289 , P #] <0.001; CNPY2
KO: 1=16.683.16.805, P 1] <0.001), A% T WT /N,
CNPY2 KO /N TNF—a Fil 1L—6 23K 7K - 44 I 25 5
i (1=4.778.5.838.11.950.6.673, P=0.003.=0.002, <
0.001.,=0.001), VLK 5,

2.5 JFHE CNPY2.p-IkBa/IkBa #ll p-NF-kB/NF-«kB

FaAst R LK T4 Western Blot KU T EAH ¢
EHFRBKFEBR, 78 WT /N ,MOD 4 iE
CNPY2 k3 CON 41 i 2Tt 5 (1:=-5.730, P=0.001),
MOD+EX £ CNPY2 ik & # CON 4 i & [E AL (1=
3.714, P=0.010); /& CNPY2 KO /NG , & 241/ BUIFIIE
CNPY2 Fik B, HACHRN AR HA B2
5#(1=0.838, P=0.434; 1=—0.541, P=0.608)., W[ 6.
TCiEHE WT /MRS & CNPY2 KO /B, MOD £
AHEL T CON 2H p-IkBa/IkBa Fil p-NF-kB/NF-kB 2%
SR TR (WT: 1=-9.177 .~12.207, P ¥ <0.001;
CNPY2 KO: ¢=-14033.-12511, P ¥ <0.001),
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Figure 4 Blood biochemical parameters in mice (x+s,n=6~7)
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