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Reduction of Atp5b protects mice from

diet-induced obesity

Obesity related metabolic diseases, including non-alcoholic
fatty liver disease, insulin resistance, hyperglycemia, and
hyperlipemia, have become major chronic diseases.”? As
an important enzyme for ATP production,® ATP5b plays a
role in many diseases, including cancer, bone homeostasis,
and microvascular proliferation.*> This study was con-
ducted to investigate the role of ATP5b in glucose and lipid
metabolism. Results showed that expression of Atp5b was
markedly reduced in diet-induced obese mice and pigs.
Heterozygote Atp5b knockout (Atp5b™/~) mice had lower
body weight, adipose tissue weight, and triglyceride con-
tent in both serum and the liver than their wild-type (WT)
littermates under high-fat diet conditions. Furthermore,
gene expression of Atgl in the liver and adipose tissue was
higher in Atp5b™/~ mice than in WT mice.

The mRNA level of hepatic Atp5b was lower in diet-
induced obese mice than in lean control mice (Fig. 1A).
Expression of ATP5b was also decreased in the liver of diet-
induced obese pigs compared with lean pigs (Fig. S1A).
These data indicated that ATP5b may play a role in the
regulation of hepatic glucose and lipid metabolism.

We then investigated the role of ATP5b in glucose and
lipid metabolism with Atp5b knockout mice (5S—KO-01166,
Cyagen, Guangzhou, China). Male Atp5b™’~ mice and WT
littermates were fed a high-fat diet for 20 weeks. mRNA
levels of Atp5b in the liver, perirenal adipose tissue,
subcutaneous adipose tissue, and epididymal adipose tis-
sue of Atp5b™'~ mice were about half of the levels in WT
mice (Fig. 1B). Protein levels of ATP5b in the livers of
Atp5b*'~ mice were significantly lower than those of WT
mice (Fig. S1B, C). Moreover, Atp5b knockdown signifi-
cantly decreased hepatic ATP content compared with WT
control mice (Fig. 1C). Furthermore, the body weight,
percentages of fat mass and total water, and tissue weight
of liver and adipose tissues were much lower while the
percentage of lean mass was higher in the Atp5b™/~ mice
than those in WT mice (Fig. 1D—F). However, the blood
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glucose level, insulin tolerance test and glucose tolerance
test results, and mRNA levels of hepatic gluconeogenic
genes phosphoenolpyruvate carboxykinase (Pepck1) and
glucose 6-phosphatase (G6pc) and their regulator peroxi-
some proliferator-activated receptor gamma coactivator 1
alpha (Pgc1a) were not changed by Atp5b knockdown
(Figs. S1D—G). These data suggested that Atp5b might not
have a regulatory effect on glucose homeostasis in obese
mice.

Serum levels of triglycerides and total cholesterol were
lower in Atp5b*’~ mice than in WT mice (Fig. 1G, H). He-
patic triglyceride content was also decreased while hepatic
non-esterified fatty acid levels were increased by Atp5b
knockdown compared with WT mice (Fig. 11, J). However,
serum levels of non-esterified fatty acids, low-density li-
poprotein cholesterol, and high-density lipoprotein
cholesterol, and liver content of total cholesterol were not
changed by Atp5b knockdown (Figs. STH—K). Gene expres-
sion analysis showed that Atp5b knockdown suppressed
expression of the lipogenic genes fatty acids synthetase
(Fasn) and acetyl-CoA carboxylase 1 (Acc?), and their
transcriptional factor sterol regulatory element binding
transcription factor 1 (Srebf1) and increased expression of
the lipid catabolic genes adipose triglyceride lipase (Atgl)
and carnitine palmitoyltransferase 1A (Cpt1a) in the liver
(Fig. 1K). Of lipid transport-related genes, the mRNA level
of low-density lipoprotein receptor (Ldlr) was decreased by
Atp5b knockdown in the liver compared with the control
(Fig. 1K). These results suggested that Atp5b knockdown
might inhibit lipid synthesis and stimulate lipolysis in the
liver, thus improving hyperlipidemia in diet-induced obese
mice.

Given that the percentage of fat mass and tissue weight
of fat were decreased by Atp5b knockdown, we investi-
gated the expression of lipogenic and lipolytic genes in
adipose tissue. Results showed that Atp5b knockdown
suppressed expression of glucose transporter 4 (Glut4),
fatty acid translocase 36 (Cd36), Srebf1, Fasn, stearoyl-CoA
desaturase 1 (Scd7), and acetyl-CoA carboxylase 2 (Acc2)
and increased expression of the lipolytic gene Atgl in
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Figure 1  Atp5b knockdown protected mice from diet-induced obesity and hyperlipidemia. (A) Expression of Atp5b in the livers of
diet-induced obesity mice and their littermate lean mice (n = 6 for each group). (B—M) Atp5b™'~ mice and their wild-type lit-
termates were fed a high-fat diet for 20 weeks and sacrificed for serum and tissue collection (n = 7 per group). (B) Gene expression
levels of Atp5b in the liver, PR, SubQ, and EPI. (C) ATP content in the liver. (D) Body weight of the mice at harvest. (E) Body
composition of fat and lean mass at the age of 18 weeks. (F) Tissue weight of the mice. Serum contents of TAG (G) and total
cholesterol (H). TAG (l) and NEFA (J) contents in the liver. (K) Expression levels of lipid metabolic genes in the liver. (L) Expression
levels of lipid metabolic genes in perirenal adipose tissue. (M) Expression levels of lipid metabolic genes in epididymal adipose
tissue. The data were expressed as mean =+ standard error. *P < 0.05, **P < 0.01, ***P < 0.001 compared to control. PR, perirenal
adipose tissue; SubQ, subcutaneous adipose tissue; EPI, epididymal adipose tissue; TAG, triglycerides; NEFA, non-esterified fatty
acid.

perirenal adipose tissue compared with control mice
(Fig. 1L). Similarly, mRNA levels of Fasn, Glut4, and Cd36
were significantly lower while expression of adiponectin
receptor 2 (Adipor2) and PPARy were higher in epididymal
adipose tissue of Atp5b™'~ mice compared with WT mice
(Fig. 1M). Expression of Atgl tended to be increased by
Atp5b knockdown in the epididymal adipose tissue
(Fig. 1M). These data indicated that Atp5b knockdown

could suppress lipid synthesis and stimulate lipolysis in
adipose tissue.

In summary, our study revealed that global reduction
of Atp5b could protect mice from diet-induced obesity
and hyperlipidemia likely by enhancing lipolysis and
inhibiting de novo lipogenesis. Thus, ATP5b might be a
therapeutic target for preventing obesity-related
hyperlipidemia.
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