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SUMMARY

The liver is critical for maintaining systemic energy
balance during starvation. To understand the role of
hepatic fatty acid B-oxidation on this process, we
generated mice with a liver-specific knockout of
carnitine palmitoyltransferase 2 (Cpt2-~/-), an obli-
gate step in mitochondrial long-chain fatty acid
B-oxidation. Fasting induced hepatic steatosis and
serum dyslipidemia with an absence of circulating
ketones, while blood glucose remained normal. Sys-
temic energy homeostasis was largely maintained in
fasting Cpt2-~/~ mice by adaptations in hepatic and
systemic oxidative gene expression mediated in
part by Ppara target genes including procatabolic
hepatokines Fgf21, Gdf15, and Igfbp1. Feeding a
ketogenic diet to Cpt2-~/~ mice resulted in severe
hepatomegaly, liver damage, and death with a com-
plete absence of adipose triglyceride stores. These
data show that hepatic fatty acid oxidation is not
required for survival during acute food deprivation
but essential for constraining adipocyte lipolysis
and regulating systemic catabolism when glucose
is limiting.

INTRODUCTION

Starvation initiates a series of metabolic adaptations to enable
continuous production and delivery of nutrients to critical or-
gans, tissues, and cells (Cahill, 2006). This response is coordi-
nated in large part by the liver that responds by liberating
glucose to the circulation initially from glycogen stores fol-
lowed by de novo glucose production (i.e., gluconeogenesis).
Additionally, ketones are produced and provide an alternative
energy source to glucose for highly oxidative tissues such as
the brain (Owen et al., 1967). Fatty acid oxidation is critical for
these processes as it provides the carbon substrate for keto-
genesis (acetyl-CoA) and mitochondrial bioenergetics (ATP,
NADH) to facilitate gluconeogenesis. Therefore, humans with
disparate inborn errors in mitochondrial fatty acid oxidation
exhibit life-threatening hypoketotic-hypoglycemia following a
fast (IJIst et al., 1998). Systemically, the liver produces most
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of the circulating ketones due to its high capacity for B-oxida-
tion and lack of the CoA transferase (Oxct1) in hepatocytes
that is required to utilize ketones (Cotter et al.,, 2011).
Also, the liver is thought to dominate fasting gluconeogenesis
with minor contributions from the kidney and gut. Interest-
ingly, mice with a hepatocyte-specific loss of glucose-6-phos-
phatase, the obligate terminal enzyme in cellular glucose
liberation, do not exhibit reduced blood glucose following
fasting or starvation, although ketone production is acceler-
ated (Mutel et al., 2011). Therefore, extra-hepatic gluconeo-
genic tissues can fully compensate for a loss of hepatic
production.

Mitochondrial long-chain fatty acid B-oxidation is governed
by the regulated translocation of activated fatty acids (acyl-
CoAs) from the cytoplasm to the mitochondrial matrix medi-
ated by successive carnitine acyltransferases (McGarry and
Brown, 1997). Carnitine Palmitoyltransfersase 1 (Cpt1) isoen-
zymes mediate acyl transfer from long-chain acyl-CoAs to
carnitine on the outer mitochondrial membrane, generating
acylcarnitines that can traverse through the Carnitine-acylcar-
nitine translocase within the inner mitochondrial membrane.
Within the mitochondrial matrix, Cpt2 transfers the acyl group
from the acylcarnitine back onto CoA, enabling B-oxidation.
Human inborn errors in Cpt2 result in increasing severity of
metabolic disease (OMIM numbers, 255110 adult onset,
600649 infantile, and 600650 infantile lethal) (Isackson et al.,
2008; Longo et al., 2006). The complete loss of Cptia or
Cpt1b is embryonic lethal in mice, and the loss of Acadl or
Acadm results in increased neonatal death (Ji et al., 2008;
Kurtz et al., 1998; Nyman et al., 2005). The loss of other mito-
chondrial components of B-oxidation results in multisystemic
defects as well as cell-specific compensatory mechanisms
(Spiekerkoetter and Wood, 2010; Tolwani et al., 2005; Zhang
et al., 2007, 2010).

To understand the contribution of hepatic fatty acid oxida-
tion during fasting and starvation, we generated mice with
a liver-specific knockout of Carnitine Palmitoyltransferase 2
(Cpt2-~7), an obligate enzyme in mitochondrial long-chain fatty
acid B-oxidation encoded by a single gene. To our great surprise,
Cpt2-~/~ mice not only survived the perinatal period, but also did
not exhibit alterations in blood glucose following a 24-hr fast
although ketones were absent. Fasting resulted in serum dyslipi-
demia, hepatic steatosis, and alterations in hepatic and systemic
oxidative gene expression. Although Cpt2-~/~ mice were able to

Cell Reports 16, 201-212, June 28, 2016 © 2016 The Author(s). 201

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


mailto:mwolfga1@jhmi.edu
http://dx.doi.org/10.1016/j.celrep.2016.05.062
http://crossmark.crossref.org/dialog/?doi=10.1016/j.celrep.2016.05.062&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/

Download English Version:

https://daneshyari.com/en/article/2039491

Download Persian Version:

https://daneshyari.com/article/2039491

Daneshyari.com


https://daneshyari.com/en/article/2039491
https://daneshyari.com/article/2039491
https://daneshyari.com/

