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To the Editor: The recently published review by Saleh et al.
about the role of uncoupling protein-2 (UCP-2) in regulation
of lipid metabolism has provided an amazing assembly of cur-
rent knowledge in this subject [1]. However, in this review the
role of UCP-2 in the liver has not been fully addressed al-
though it has been discussed briefly in the section of reactive
oxygen species (ROS) production. Normally the UCP-2 gene
is not expressed in murine liver parenchymal cells except
Kupffer cells and so far no UCP-2 expression in adult human
liver has been reported [1]. However, accumulating data con-
stantly show the up-regulation of UCP-2 expression in mouse
hepatocytes that is associated with obesity (ob/ob mice) and
high-fat feeding [2]. Moreover, lines of evidence suggest that
UCP-2 can act with other intracellular signalling systems in
the liver and exert profound effects more than regulating ROS
generation only [1, 2]. Considering that in both humans and 
rodents a great portion of UCP2 expression occurs in skeletal
muscle, adipose tissue, and islet beta cells that are components
of the insulin action network [2], and that liver, which is pre-
dominant in maintaining in vivo fuel homeostasis, is a classic
target of insulin action [3], one should consider the possibility
of UCP-2 expression in both human and murine liver paren-
chymal cells. As such, this letter argues for an “on the alert
role” of UCP-2 in hepatocytes to deal with high-fat challenge
and its possible correlation with glucose metabolism.

In Type 2 diabetes both glucose and fat metabolisms are de-
ranged. The involvement of UCP-2 is indicated by the obser-
vations that the UCP-2 gene is linked to hyperinsulinaemia and
obesity, and in humans it has the highest degree of positive as-
sociation with BMI among other UCPs [1]. In ob/ob mice,
highly expressed UCP-2 is positively correlated with increased
mitochondrial proton (H+) leak and this could promote deple-
tion of ATP stores within hepatocytes [4]. On the other hand,
5′-AMP-activated protein kinase (AMPK) is also involved in
Type 2 diabetes due to its role as a “fuel gauge” [5]. Activated
AMPK phosphorylates serine residues in targeting proteins,
and down-regulates acetyl-CoA carboxylase (ACC), the en-
zyme catalyzing the first step of fatty-acid synthesis, and 3-hy-
droxy-3-methylglutaryl-CoA (HMG-CoA) reductase, the en-

zyme catalyzing the key step in isoprenoid and sterol biosyn-
thesis [5]. Since decreased malonyl-CoA liberates carnitine
palmitoyltransferase-I (CPT I) from inhibition, the net result of
AMPK activation in the liver is to reduce lipid anabolism but
enhance fatty acid mitochondrial β-oxidation. Whether there is
any correlation between UCP-2 activity and AMPK signalling
system in hepatocytes has not been investigated. However,
since AMPK is potently stimulated by depletion of intracellu-
lar ATP (or increased AMP:ATP ratio), which is a result of
UCP-2 expression in the liver [4, 5], a possible functional link
between these two intracellular systems emerged.

In addition to the fat-stimulated high expression of UCP-2
and its plausible resultant AMPK activation, further study sug-
gests that this putative functional link could be extended to de
novo glucose synthesis (gluconeogenesis) since activated
AMPK abolishes the suppression of phosphoenolpyruvate car-
boxykinase (PEPCK) mRNA by glucose [6]. Although the pre-
vailing view believes that activated AMPK reduces hepatic glu-
coneogenesis via down-regulation of gluconeogenic enzymes
such as PEPCK, fructose-1,6-bisphosphatase (F-1,6-BPase),
and glucose-6-phosphatase (G-6-P) [5], this might not be a gen-
eral case because AMPK is activated during hypoglycaemia,
exercise, and hypoxia [5], whereas gluconeogenesis is en-
hanced in the first two circumstances but decreased in the third
condition [3]. This discrepancy suggests that the effect of
AMPK on gluconeogenesis might not be a direct action but a
distal regulation that could be compromised with in vivo situa-
tions. Under the circumstance of high fat availability its net 
effect could become enhancing hepatic gluconeogenesis rather
than decreasing it.

Gluconeogenesis contributes substantially to fasting hyper-
glycaemia in Type 2 diabetes and it has been known for a long
time that fat can stimulate hepatic gluconeogenesis either in vit-
ro or in vivo [3]. In addition, the rate of gluconeogenesis corre-
lates positively with the fluctuation of plasma NEFA concentra-
tions. The mechanism responsible for this intrinsic correlation
remains unknown. It has been suggested that “fuel selection”,
which predominantly occurs at the transcriptional level, could
play an essential role [7]. It is noticed that there are at least six
binding sites in UCP-2 gene promoter that have also been iden-
tified within the promoter region of genes encoding PEPCK, 
F-1,6-Bpase, and G-6-P [3, 8]. These shared binding motifs are
subject to the regulation from specificity protein-1 (Sp-1), acti-
vator protein-1 (AP-1), CCAAT/enhancer binding protein-β
(C/EBP-β), and cAMP response element binding protein-1
(CREB-1) [3, 8], rendering the possibility of simultaneous reg-
ulation of expression of both UCP-2 and gluconeogenic en-
zyme genes although the UCP-2 gene promoters between 
human and mouse show moderate homology only. Although 
further study is needed, the speculated connection between 
UCP-2 and AMPK functions in the liver under high fat availabil-
ity provide, at least partially, a potential mechanism by which
fatty acid stimulates hepatic gluconeogenesis in mammals.

In conclusion, it seems that the physiological significance
of UCP-2 gene expression in hepatocytes, although it occurs
only in certain circumstances, might not be limited to ROS
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generation only. When the body is facing a high-fat challenge
such as in obesity or high-fat feeding, the expression of UCP-2
could serve as a means to discharge fat-associated energy by
not only enhancing proton leak but also transforming fuel con-
figuration which is achieved by stimulating gluconeogenesis.
As such, a loop between fat and glucose metabolism is formed
(Fig. 1). To further elucidate the ‘bona fide’ role of UCP-2 in
hepatocytes, a tissue-specific knockout strategy rather than
global null-mouse model is suggested since transgenic studies
have shown that phenotypes resulting from global knockout
model tends to be confounded by in vivo compensation mecha-
nism whereas tissue specific disruption of the UCP-2 gene
could reveal its natural attribute.

S. Song
Department of Pharmacology, College of Physicians and Sur-
geons, Columbia University, 630 West 168th Street, New York,
NY 10032, USA
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Fig. 1. The emerged significance of UCP-2 expression in the
liver. The solid line is the pathway that has been established,
whereas the dashed line is the pathway that needs further con-
firmation. ●●– represents enhancement, ⊕ represents inhibition.
ATP depletion serves as the link between UCP-2 activity and
AMPK signalling system. The overall scheme suggests a meta-
bolic flux from increased fat availability to enhanced gluco-
neogenesis (as illustrated by the dashed line)
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Authors’ reply

To the Editor: It is an author’s reward when one’s published
findings, opinions or speculations generate debate, corrobora-
tion and/or enthusiasm within a field. Indeed, there have been
some new and intriguing findings regarding the potential role
of uncoupling protein-2 in the liver since our manuscript was
submitted for publication. Initial studies showed a noticeable
lack of uncoupling protein-2 in normal rat hepatocytes except
under certain metabolic conditions. Instead, ucp2 gene expres-
sion in the liver appeared to be limited to non-parenchymal
cells with a noticeable predominance in Kupffer cells [1].
More recently, demonstrable levels of ucp2 mRNA have been
described in cultured rat hepatocytes [2]. Moreover, the au-
thors demonstrated a more profound up-regulation of ucp2
gene expression in rat hepatocytes by polyunsaturated fatty ac-
ids with both monounsaturated and saturated fatty acids elicit-
ing more modest increases in ucp2 mRNA levels [2]. In addi-
tion, it is proposed that the up-regulation of ucp2 gene expres-
sion in response to polyunsaturated fatty acids could be medi-
ated through a prostaglandin signalling pathway in which per-
oxisome proliferator-activated receptor-α could be activated.
While the evidence supporting the proposed regulation of ucp2
gene expression by peroxisome proliferator-activated receptor-
α is convincing, there remains some uncertainty as to the sig-
nificance of this effect in the liver. A recent finding by Naka-
tani et al. [3] indicates that activation of peroxisome pro-
liferator-activated receptor-α increases ucp2 gene transcription
rather than enhancing ucp2 mRNA stability in rodent hepa-
tocytes. Those authors suggest that ucp2 gene expression
might not be as responsive to reactive oxygen species produc-
tion as was first thought.

Very little is known about the possible contribution of un-
coupling protein-2 to fuel metabolism in liver cells. Given that
the liver plays an integral role in nutrient partitioning and is
central to several pathways including lipolysis, lipogenesis,
glycolysis and gluconeogenesis, and in light of a proposed role
for uncoupling protein-2 in lipid and glucose metabolism in
other tissues, it is conceivable that uncoupling protein-2 in he-
patocytes could contribute to metabolic homeostasis. We find
the proposed connection between uncoupling protein-2-in-
duced ATP depletion and 5′-AMP-activated protein kinase ac-
tivation, and yet further, gluconeogenesis within hepatocytes,
to be thought-provoking and insightful. If such a pathway does
exist, it is likely to be operative only under specific metabolic
conditions. In ob/ob mice, a model for non-alcoholic fatty liver


