
Cell Metabolism

Previews
The Liver as a Hub in Thermogenesis

Nada A. Abumrad1,*
1Medicine and Cell Biology and Physiology, Washington University School of Medicine, St. Louis, MO, USA
*Correspondence: nabumrad@wustl.edu
http://dx.doi.org/10.1016/j.cmet.2017.08.018

Manipulating thermogenesis could increase energy expenditure and improve metabolism. Brown fat is a
major site of nonshivering thermogenesis, but other tissues, notably muscle and liver, can contribute to
cold adaptation. In this issue, Simcox et al. (2017) demonstrate in cold-exposed mice that liver-generated
acylcarnitines are required to fuel thermogenesis.
Maintaining body weight requires

balancing the energy from food intake

with energy expenditure. This balance is

difficult to achieve nowadays as we lead

a more sedentary lifestyle and reside in

a near-constant postprandial state pro-

moted by the excessive exposure to

appealing food. As prevalence of obesity

and its associated complications con-

tinues to increase, strategies advocating

reducing energy intake and more phys-

ical activity have had limited success

in achieving sustained weight loss. This
Figure 1. The Liver as a Thermogenic Hub
During cold exposure, FAs from hepatic VLDL are rapidly extracted by BAT.
Adrenergic stimulation activates hepatic gluconeogenesis, providing glucose
for BAT thermogenesis, and early evidence also suggests that the liver might
contribute to heat generation in cold-exposed rodents. In this issue of Cell
Metabolism, Simcoxet al. (2017) show that FAsmobilized fromcold stimulation
of WAT activate HNFa in the liver, leading to increased FA oxidation and the
productionof acylcarnitines that serve to further fuelBATmetabolismandNST.
has led to alternative ap-

proaches such as bariatric

surgery, which remodels the

gut to force a reduction of

food intake. Another nonin-

vasive strategy that has

generated interest is to in-

crease energy expenditure

by enhancing adrenergic acti-

vation of nonshivering ther-

mogenesis (NST). The major

NST site is brown adipose

tissue (BAT), which has a

rich sympathetic innervation.

The abundant mitochondria

in BAT are rich in uncoupling

protein 1 (UCP1) and dissi-

pate the energy generated

by oxidative phosphorylation

as heat. Although BAT stores

are limited in humans, in indi-

viduals exposed to cold tem-

peratures, BAT volume was

found to be associated with

increases in lipolysis, triglyc-

eride fatty acid (FA) turnover,

and FA oxidation (Chondroni-

kola et al., 2016). While NST

increases total daily energy

expenditure by 12%–20%,

the increase contributed by

BAT ranges between 2%
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and 17% (Tan et al., 2011), suggesting

input from other tissues such as skeletal

muscle and liver (van Marken Lichtenbelt

and Schrauwen, 2011). However, the

role and physiological impact of muscle

or liver in cold adaptation remain unclear.

In this issue of Cell Metabolism, Simcox

et al. (2017) provide strong evidence

for a critical role of the liver in providing

acylcarnitines as a fuel for NST by BAT

in cold-exposed mice.

In rodents, BAT is more abundant than

in humans, and its activation by cold
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exposure contributes to whole-body lipid

clearance and glycemic control. Although

tissue crosstalk is a significant compo-

nent in most aspects of energy meta-

bolism, studies of thermogenic regula-

tion in cold-exposed rodents have rarely

considered potential contribution of

organs other than BAT despite early

suggestive evidence. For example, cold

exposure in rats was shown to increase

hepatic gluconeogenesis, total liver and

mitochondrial mass, respiration capacity

of hepatocytes, and liver temperature
(Rolfe and Brown, 1997;

Shiota et al., 1985; Stoner,

1973). Cold adaptation at the

level of the liver could provide

BAT with glucose and FAs

from very low density lipopro-

teins (VLDLs) and perhaps

contribute to heat generation

(Stoner, 1973) (Figure 1).

Using non-targeted metab-

olomics of plasma in cold-

exposed mice, Simcox et al.

(2017) identified acylcarni-

tines as a novel fuel for BAT

thermogenesis. They showed

that acylcarnitines are gener-

ated from enhanced hepatic

FA oxidation in response to

cold-induced FA release by

white adipose tissue (WAT).

The authors proposed that

FAs activate the nuclear re-

ceptor HNF4a in the liver,

which increases hepatic FA

oxidation and results in

release into the circulation of

acylcarnitines that partition

more to BAT and muscle and

less to liver or WAT. The in-

crease of acylcarnitine levels,

together with induction of

hepatic genes of acylcarnitine
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metabolism, was diminished in mice

with liver-specific deletion of HNF4a or

Cpt1a/b. Similar findings were obtained

with deletion of adipose triglyceride lipase

(ATGL) in adipocytes, and cold intoler-

ance was observed in all conditions. Sim-

cox et al. (2017) speculated that during

initial thermogenesis, CPT1 activity in

BAT might be inhibited by high levels

of cytoplasmic malonyl-CoA and acylcar-

nitine usage could facilitate the switch

from glucose to more FA utilization.

Although the quantitative contribution of

acylcarnitines to BAT NST remains to

be determined, the findings broaden our

understanding of thermogenic regulation.

An important contribution of the study

by Simcox et al. (2017) is its identifica-

tion of the liver as a site crucial for cold

adaptation and the emergence of the

cold-exposed liver as a metabolic hub

(Figure 1). It is well established that FAs

from hepatic VLDL are rapidly extracted

by BAT (Khedoe et al., 2015) and that

cold-induced adrenergic stimulation of

the liver provides glucose from activated

gluconeogenesis (Shiota et al., 1985).

We now learn that activation of hepatic

HNF4a by cold-stimulated release of

FAs from WAT is required to provide

BAT with acylcarnitines. The findings

suggest potential benefits in humans of

manipulating the adaptive capacity of

the liver or of providing the thermo-

genic fuel L-carnitine to increase energy

expenditure. Indeed, a 12-week L-carni-
tine supplementation to healthy volun-

teers has been found to increase energy

expenditure during low-intensity exercise,

and it prevented fat mass gain from car-

bohydrate overfeeding (Stephens et al.,

2013). Thus, L-carnitine might have bene-

ficial effects on energy metabolism in hu-

mans similar to those reported by Simcox

et al. (2017) in mice. However, L-carnitine

is converted by gut microbiota to trime-

thylamine N-oxide (TMAO), which is

associated with adverse cardiovascular

outcomes, but a mechanistic under-

standing of this association and its rele-

vance at L-carnitine levels used in health

supplements is lacking (Zeisel and War-

rier, 2017).

The inter-tissue regulation of thermo-

genesis highlighted by Simcox et al.

(2017) suggests importance of further

studies that assess the potential roles

played by liver or muscle in humans. Pro-

vision by the liver of fuel in addition to its

possible contribution to heat production

(Stoner, 1973) could enhance thermo-

genesis during cold exposure. Skeletal

muscle might also have a significant role

in people where BAT stores are scarce.

In mice in which 60% of BAT was surgi-

cally ablated, skeletal muscle was identi-

fied as an important NST site, capable of

generating heat from sarcolipin-mediated

uncoupling of the SERCA Ca2+ pump

(Bal et al., 2012). Energy expenditure by

liver and muscle in addition to that by

BAT could potentially be manipulated to
modulate and improve metabolism in

obesity.
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