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Effect of macrophage AMPKal knockout on a non-alcoholic
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[ Abstract]  Objective To study the effect of macrophage-specific knockout of AMP-activated protein kinase al
(AMPKal) on a high fat, fructose and cholesterol diet-induced non-alcoholic fatty liver disease (NAFLD) mouse model
and to explore the possible mechanism. Methods Lyz2-cre mice ( macrophage-specific cre mice) and AMPKal™™
(AMPK"") mice were crossed to generate macrophage-specific AMPKal gene knockout ( AMPK*Y¢) mice by DNA
genotyping. AMPKa1™" mice and APMK*" mice were fed a high fat, fructose, and cholesterol diet (CHFF diet) for 12
weeks to establish the NAFLD model. Glucose tolerance was measured by an OGTT. Differences in liver pathological

changes of the two kinds of mice were observed by HE staining. Accumulation of liver lipid droplets was observed by oil red

O staining. Changes in serum lipomics of two kinds of mice were assessed by GC-MS. Results  Genotyping by gel
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electrophoresis showed that the AMPKa1™ ™ band was 450 bp, the corresponding wildtype band was 334 bp, the lyz2-cre
band was 700 bp, and the corresponding wildiype band was 350 bp. Western blot confirmed that macrophages of AMPK“Y¢
mice did not express AMPKa. AMPKa expression was found in macrophages of AMPK™" control mice. In the NAFLD

AMeg

model, compared with AMPK"" mice, more hepatocytes in AMPK*™® mice showed steatosis and an increase in the oil red

O staining area. OGTT showed that, compared with AMPK™" mice, blood glucose of AMPK“™® mice was increased

significantly at 15 min. Non-targeted lipomics showed that the serum levels of propionic and lactic acids in AMPK*™ mice
were significantly lower than those in AMPK"™" mice. Conclusions Macrophage-specific AMPKal knockout promotes
hepatic steatosis and downregulates serum propionic acid and lactate levels in NAFLD model mice.
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Note. A, DNA agarose gel electrophoresis development diagram of mouse tissue. B, Western blot of AMPKa in primary macrophages derived
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Figure 1 The results of mouse genotype identification
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Figure 4 Pathological results of liver in macrophage knockout AMPK mice
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Figure 6 Metabolic profile analysis of mouse liver tissue
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®1 HFFC KT AMPK™" 41 K AMPK ™ 41/ 22 SR )
Table 1 Differential metabolites in serum of mice in AMPK"™" group and AMPK*™* group under HFFC diet

B9 PREE 2K R TaEE PH 25 AR KEGG ¥4 2
No. (min) RT Formula Metabolites {H VIP P value FC 45 KEGG ID
1 12. 550 C;HO, R Propanoic acid 5.31845 0. 0012 -0.9180 C00163
2 12. 738 CeH3NO, N,N-—ZHHZ MR N, N-diethylglycine 5.30942 0. 0012 -0.9134 C16647
3 12. 900 C;H40,4 D-#L2 D-lactic acid 5.31058 0. 0012 -0.9135 C00256
4 13.201 C,H,0,4 fé%&?ﬁ& 6.02812 0.4136 —-1.4901 C00160
Glycolic acid
5 13.307 C3Hyg + =% Tridecane 6. 02454 0. 0066 —-1.4890 C13834
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Figure 7 Differential metabolite pathway enrichment analysis and gene-compound pathway analysis



92 W g R 2R 2 2023 4F | ASE 33 %55 1 ] Chin J Comp Med, January 2023, Vol. 33,No. 1

B4 22 & NCBI gene U4 2 25 1 7] LL K B1L, ACSLI
SRR AE G DT R A 74 2R  [R) TR, 7R 05 Tk
Y6 BRI R A Hh R 35 DA E T, A DGR AR
FERE iR B-4A AL A1 PPAR« ¥4 15 IR B AL, GUSB
SRR A R G B, 7E R T IR 43 A AR PR AR
F. ABHD6 J&i FHESE H-ih B 7 B 1, = 5 ik H
MRS AL . DECR1 i E A2 5 A i Anig
W A T A BRI B-A Mk, SLC16A1 it —Ffi i
FRIRER L2 B (A, M OCA I a8 A2 f 46 T I IR AR 15 2
TCA IR, 76 = AR K& s i 8 32 ol (A @
I F K A 184, T) skt X ot B AR S R A B
GCG Zht i s U 28 00 1A 2 11, B s 10 W 2% A6
AR R EE AR 38 A B e S A R e b
TR SRR LA, CAT s i B AL S , R ALIAHE
TR ) BT AU Tl DR 20 i 452 5 4 Ak
SRR R A, AR DG AR 8 42 A0 455 122 nd 103 2
DNA 555 v . LDHD % tith L2 e S8 D, 40 548
R N FLIR A, L kA,

3 itig

HFFC K &5 S 19 NAFLD A2 80 v I 246 Jifd
AMPKal FfBRAESEFFAE B TR, OGTT 455 B/RE
W2 AMPKol w5 /0> FROH N 5 22 161, LI H- il
ZER(TG) K i, 4578 40 i AMPKal 3 B
A INE NAFLD 52 f /N OB B A Qi S8, #E ] G
P T SR 40 450405 I B AMPK ol 5 5% 114 15 0 4 e 1)
M1 HRARTTT =2 4 2 4N B PR -, 15 252 4% R 0 380 55 3K
JH-AH LA 5 AT, A B A 5 S it — AP IE 5
FL W20 AMPKal @5 0 i AT 200 g v B i 3% 22 ) i
JE AR P 25 i 30 g I A8 1 1T 5 R 4 B R
PR, 78I FRUSE A (%) i 37 =1 #0052 4 0F 5
o X Y 15 AMME A AT B S AT, AT LR
B AMPKY" /NERAH L, B EZHAE AMPKal 557N
RIS TSR M FLIR N, A RESR b ARk E
NIRRT LA RBAR At v A B B R 7 1) PR
I NAFLD A7 e [ 040 i AMPK B /N ML 37
IR S FLIR T VR T g 5 A i A s A ¢, (B2
LI PR & 15 RE 22 8] A EL AR B A DL 4R 3
AR M A,

25 BRTR AR A5 E 5L, B 40 A AMPKal
bR 2 NAFLD /N RS R 1 RO 232 45, I3 H
R LR BFRR AR P, LA T TR T R S LR
KT, i v A B 25 AR e 5 R ACSL

GUSB ,ABHD6 . DECR1 , SLC16A1 , GCG , CAT , LDHD
A5, BARLHIA Rtk — B R5T

S 30k

[ 1] Younossi Z, Koenig A, Abdelatif D, et al. Global epidemiology
of nonalcoholic fatty liver disease-Meta-analytic assessment of
prevalence, incidence, and outcomes [ J]. Hepatology, 2016,
64(1) . 73-84.

[ 2] Sanyal A, Brunt E, Kleiner D, et al. Endpoints and clinical trial
design for nonalcoholic steatohepatitis [ J]. Hepatology, 2011,
54(1) . 344-353.

[ 3] Cobbina E, Akhlaghi F. Non-alcoholic fatty liver disease
( NAFLD ) -pathogenesis, classification, and effect on drug
metabolizing enzymes and transporters [ J]. Drug Metab Rev,
2017, 49(2) . 197-211.

[ 4] Zhang X, Ji X, Wang Q, et al. New insight into inter-organ
crosstalk contributing to the pathogenesis of non-alcoholic fatty
liver disease (NAFLD) [J]. Protein Cell, 2018, 9(2). 164
-1717.

[ 5] Friedman S, Neuschwander-tetri B, Rinella M, et al.
Mechanisms of NAFLD development and therapeutic strategies
[J]. Nat Med, 2018, 24(7) : 908-922.

[ 6] Moore KJ, Sheedy FJ, Fisher. Macrophages in atherosclerosis; a
dynamic balance [ J]. Nat Rev Immunol, 2013, 13(10) ; 709-
721.

(7] B, B, B8, miR-29b-3p $Li6] IGFT 4P
PERRWI T BT AR BT e 4 fl [J]. P B 2 R ik,
2021, 31(1) : 66-72.

[ 8] Long YC, Zierath JR. AMP-activated protein kinase signaling in
metabolic regulation [ J]. J Clin Invest, 2006, 116(7); 1776
-1783.

[ 9] Rodriguez-Prados JC, Través PG, Cuenca J, et al. Substrate fate
in activated macrophages: a comparison between innate, classic,
and alternative activation [J]. J Immunol, 2010, 185(1): 605
-614.

[10] O’ neill LAJ, Hardie DG. Metabolism of inflammation limited by
AMPK and pseudo-starvation [ J]. Nature, 2013, 493(7432) .
346-355.

[11] Nawrocki A, Rajala M, Tomas, et al. Mice lacking adiponectin
show decreased hepatic insulin sensitivity and reduced
responsiveness to peroxisome proliferator-activated receptor
gamma agonists [ J]. J Biol Chem, 2006, 281 (5). 2654
-2660.

[12] Gy - B MERIAG &, WA I sEAR - BROLH, KERE
I - ARFCARESE. S BARTIE 2 FROE R R RS 3 1 A
WHEHAERESE [J]. i ARk, 2017, 27(8) : 16-21.

[13] Demigné C, Morand C, Levrat MA, et al. Effect of propionate on
fatty acid and cholesterol synthesis and on acetate metabolism in
isolated rat hepatocytes [ J]. Br J Nutr, 1995, 74(2).: 209
-219.

(25 B #3)2022-05-20



