
AMPK—friend or foe for targeted therapy?
Yashmin Choudhury1,2,y, Ian P Salt3, and Hing Y Leung1,2,*

1Institute of Cancer Sciences; University of Glasgow; Glasgow, UK; 2Beatson Institute for Cancer Research; Glasgow, UK; 3Institute of Cardiovascular and Medical Sciences;

University of Glasgow; Glasgow, UK

yCurrent address: Department of Biotechnology; Assam University; Silchar, India

AMP-activated protein kinase (AMPK)
consists of a catalytic a subunit and regu-
latory b and g subunits, and is activated
in response to an increase in the AMP/
ATP ratio upon metabolic stresses. Two
AMPK kinases have been identified to
mediate activating phosphorylation of
AMPKa at Thr172, namely liver kinase
B1 (LKB1) and Ca2C/calmodulin-depen-
dent protein kinase kinase b (CaMKKb)
[reviewed in 1]. Increased AMP:ATP can
activate AMPK allosterically by binding to
the AMPKg subunit and inhibiting
dephosphorylation of Thr172 due to con-
stitutive LKB1 activity. In cells expressing
CaMKKb, increased intracellular Ca2C

concentrations activate AMPK indepen-
dent of changes in AMP:ATP. Once acti-
vated, AMPK phosphorylates multiple
downstream catabolic targets that pro-
mote ATP generation, whereas anabolic
processes including fatty acid synthesis
and protein translation tend to be
suppressed.1

During tumorigenesis and related
depletion of cellular energy, AMPK acti-
vation is thought to favor energy-produc-
ing catabolic processes. The role of
AMPK in prostate cancer (PC) remains to
be fully characterized, with significant dis-
crepancies in the literature. We have
recently observed that AMPK Thr172
phosphorylation was significantly elevated
in human prostate cancer (PC) cells and
clinical PC samples. In clinical PC, while
not statistically significant, there was a
trend for increasing phospho-AMPK
Thr172 with increasing Gleason sum
score (or increasingly less differentiated
disease). The increased AMPK Thr172

phosphoryation was associated with phos-
phorylation of the AMPK substrate, acetyl
CoA-carboxylase (ACC; p D 0.0023),
suggesting enhanced AMPK and inhibited
ACC activities in PC.2 These findings
support earlier reports of increased phos-
pho-ACC levels in clinical PC.3

Functional significance of the observed
upregulation of AMPK/ACC status in PC
progression remains unclear. In DU145
cells, an androgen receptor (AR) negative
human PC line with activated Akt and
upregulated glycolysis, 5-aminoimidazole-
4-carboxamide riboside (AICAR)-medi-

ated AMPK activation has been reported
to suppress proliferation without evidence
of increased apoptosis.4 Our recent com-
parative analysis of the paired PC3 and
PC3M cells as models of progressively
invasive (androgen-independent) PC also
supported the notion of tumor suppress-
ing effects upon activation of AMPK
(Fig. 1). Treatment with AICAR or an
alternative direct AMPK activator, A-
769662 suppressed proliferation, migra-
tion and invasion in both cell lines, with
down-regulation of mTOR and P70S6Ki
levels regardless of the Akt status. Involve-

Figure 1. A schematic representation of signaling network involving AMPK and other key signaling
nodes in prostate carcinogenesis. The AMPK-mediated anti-tumor effects (proliferative/migratory/
invasive) are considered downstream of fatty acid and protein synthesis. Akt has both AMPK-
dependent and -independent functions, with its effects on autophagy having potential pro-survival
effect (highlighted in green). Androgen Receptor (AR) interacts with CAMKKb (or CAMKK2) and
AMPK to drive both hormone na€ıve and castration independent prostate cancer.
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ment of AMPK was confirmed with the
AMPK inhibitor, Compound C and
siRNA-mediated AMPK silencing.2

Despite similar functional responses in
PC3 and PC3M cells, AMPK activation
also resulted in sustained phospho-Akt
activation in PC3M cells, but not PC3
cells. However, combining LY-294002
with AICAR to simultaneously suppress
phosphatidylinositol 30-kinase (PI3K) and
activate AMPK did not produce any addi-
tional anti-proliferative effects in PC3M
cells. This suggests that any efforts to
exploit AMPK as a potential therapeutic
target may be considered independent of
PI3K/Akt signaling. This is a surprising
finding as there is significant evidence for
cross talk between AMPK and AKT/
mTOR pathways. Indeed, the PI3K sig-
naling network exhibits extensive cross-
regulatory interactions with the intermedi-
ate metabolism network, including

AMPK, to fuel resistance to stress and
uncontrolled growth.5 Akt has also been
reported to dramatically reduce the AMP/
ATP ratio and suppress AMPK activity in
cells overexpressing a constitutive Akt
mutant.6 Hence, while the effects of
AMPK activation was not influenced by a
PI3K inhibitor in our study, this may be
context and cell type specific, and a
detailed understanding of AMPK/PI3K/
mTOR crosstalk will have important
implications in cancer therapies.

Popovics et al.7 have recently hypothe-
sized that AMPK activators used in pre-
clinical studies are likely to promote
autophagy and apoptosis since they medi-
ate their effects, at least in part, by an
inhibitory action on the mTORC1 com-
plex. They proposed that modulators of
the CaMKKb-AMPK pathway may be
used in combination with mTOR-specific
inhibitors, such as the rapamycin analogs,

to maximise anti-tumor effects, thus
avoiding the the potential of stimulating
diverse pro-tumor processes in parallel
with antitumor effects when mTOR
inhibitor is used alone.

Ongoing research into the role of
AMPK in the followings research priori-
ties will provide important insight into its
potential for targeted therapy: (1) The in
vivo impact of AMPK-mediated signaling
in the context of primary and metastatic
diseases; (2) The complex interplay
between CAMKKb, androgen receptor
and AMPK (Fig. 1); (3) Factors that mod-
ulate AMPK-induced effects on cell fate
(including survival, apoptosis and autoph-
agy) and motility; and (4) Factors influ-
encing the metabolic consequences of
AMPK functions, including glucose and
lipid metabolism.
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