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That cancer cells display an altered metabolism was first recognized
almost a century ago by Otto Warburg who noted that tumors
display a shift in glucose metabolism from oxidative phosphorylation
to glycolysis [1]. Since then, many reports have documented the
importance of glycolysis in supplying much of the energy, proteins,
and nucleotides required to fuel the largely metabolically demanding
process at the core of all cancer causation: uncontrolled cell division
[2-4]. Therefore, the importance of targeting cellular metabolism for
cancer therapy has attracted much attention over the last decade and
much of the research has primarily focused on three areas: i) metabolic
and growth signaling pathways, ii) metabolic enzymes, and iii) diet
and exercise. [t was not until recently, however, that the major cellular
energy sensor, Adenosine Monophosphate-Activated Protein Kinase
(AMPK), emerged in the spotlight as a novel therapeutic target in the
treatment of various cancer types. AMPK is a ubiquitously expressed
tumor suppressor protein, which functions as a heterotrimeric enzyme
and is activated in response to a variety of stress signals defined
by a drop in the cellular ATP: AMP ratio [5,6]. Upon activation,
energy consuming processes are shut down, while energy producing
processes are turned up. In this way AMPK serves as a unique target
for therapeutic intervention in a cancer setting as it integrates cellular
growth factor signaling pathways with cellular metabolism.

The idea of AMPK as a novel target for cancer therapy really took
off after the release of data from a 10 year-long epidemiological study,
which revealed that type II diabetic patients on a regular regimen of
the drug metformin (glucopage®) have a 30% less chance of developing
a broad range of cancer types in their lifetime as opposed to those not
taking metformin [7]. Also important to note is Libby et al. finding that
metformin users who did develop cancer had a survival advantage over
their non-taker counterparts [7]. This sprouted immediate curiosity
into what the anti-cancer mechanism of metformin may be. It is no
surprise then that the literature includes a plethora of metformin
related studies in which its affects have been assessed in a wide range
of cancer types including breast, colon, lung, prostate and ovarian
from cancer laboratories all over the world [8-11]. Although its exact
mechanism of action still remains to be determined, AMPK activation
is well accepted to be the key and required event for its reported anti-
tumor effect, summarized nicely in a recent review by Pierotti et al. [12].
However, there are several drawbacks to using metformin for cancer
therapy. The most important is that there is no telling if the established
therapeutic doses used in the clinic for the treatment of type I diabetes
will translate effectively in cancer patients. For this reason, there are
currently 146, either open and/or completed, cancer related clinical
trials listed on the clinicaltrials.gov website investigating metformin’s
cancer fighting potential around the United States and Canada. Along
these lines, the in vitro potency of metformin poses a major limitation
to its bench to bedside translational potential, as it is optimally effective
in the millimolar range. Therefore, the search for more potent AMPK
activating agents could prove to be a rewarding avenue in cancer drug
discovery and molecular therapeutics.

Recently, Chen et al. published 3,3’-Diindolylmethane (DIM),
a by-product of the ingestion of indole-3-carbinol from cruciferous
vegetables, and analogs of Epigallocatechin Gallate (EGCG), a green

tea polyphenol, to be effective AMPK activators both in vitro and in
vivo in a prostate or breast cancer model system, respectively [13,14].
The use of natural compounds as anti-cancer agents is an age-old
idea. Many of the chemotherapeutic agents used in the clinic today
are synthetic derivations based on naturally occurring agents found
in plants, plant by-products and bacteria. Metformin itself actually
comes from the French lilac flower and so it is no surprise that naturally
occurring compounds such as DIM and EGCG, widely available in our
daily food and drink, should have such cancer fighting powers. Based
on their findings Chen et al. report, for the first time, that B-DIM can
activate the AMPK signaling pathway, associated with suppression
of the Mammalian Target Of Rapamycin (mTOR), down-regulation
of Androgen Receptor (AR) expression and induction of apoptosis
in both androgen-sensitive LNCaP and androgen-insensitive C4-2B
prostate cancer cells. These results were further translated in vivo where
B-DIM induced a similar effect in C4-2B prostate tumor xenografts in
SCID mice [13]. Similarly, Chen et al. also showed synthetic EGCG
analogs to be more potent AMPK activators than metformin and
EGCG (micromolar range), resulting in inhibition of cell proliferation,
up-regulation of the cyclin-dependent kinase inhibitor p21 and down-
regulation of mTOR pathway in MDA MB 231 breast cancer cells
[14]. These findings suggest that natural and synthetic compounds
are a valuable source for the development of novel, potent, and
specific AMPK inhibitors. However, as with all natural compounds,
bioavailability is indeed the major limitation to their use. Due to
biologically inactivating processes and instability issues in a physiologic
setting, derivatives of such compounds are commonly designed to
improve bioavailability as is the case with EGCG. Nevertheless, the
issue of sufficient and efficient concentration as well as effectiveness in
combination with other currently established chemotherapeutics also
needs to be addressed. It has been reported that green tea polyphenols
counteract some chemotherapy regimens and whether or not this can
be avoided with synthesis of derivatives should be determined [15,16].

In conclusion, it should be noted that although the great majority of
the work published is in favor of AMPK activation as a potential novel
approach in cancer therapy, there are those who report conflicting
results with its activation [17-19]. In addition, it still remains widely
debatable whether or not continuous activation of the enzyme is
more favorable than activation in spurts, similar to that during
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strenuous exercise. Finally, it should also be mentioned that there
are twelve possible isoforms of AMPK, a By, being most common
[20]. As mentioned earlier, it is present in all cells and indeed, certain
isoforms are exclusive to certain tissue types. The effect of prolonged
activation could therefore have pleiotropic systemic effects that may be
unfavorable, for example in the brain where pharmacologic activation
of AMPK has been reported to have undesirable side effects on the
ability to differentiate between hunger and satisfaction suggesting
obesity risk [21-23]. For now, the study of AMPK’s tumor suppressing
abilities is an exciting area of research which has the potential to bridge
several large gaps in knowledge on the link between metabolism, obesity
and cancer; thus it is overall an attractive molecular drug target for the
treatment of cancer. Those off-target concerns, however, will absolutely
need to be addressed before its capacity can be fully appreciated.

References

1. Warburg O, Posener K, Negelein E. Ueber den Stoffwechsel der Tumoren;
Biochemische Zeitschrift (1924) (German). Reprinted in English in the book
On metabolism of tumors by O. Warburg, Publisher: Constable, London 152:
319-344.

2. Gillies RJ, Robey I, Gatenby RA (2008) Causes and consequences of increased
glucose metabolism of cancers. J Nucl Med 2: 24S-42S.

3. Pelicano H, Martin DS, Xu RH, Huang P (2006) Glycolysis inhibition for
anticancer treatment. Oncogene 25: 4633-4646.

4. Wu M (2007) Multiparameter metabolic analysis reveals a close link between
attenuated mitochondrial bioenergetic function and enhanced glycolysis
dependency in human tumor cells. Am J Physiol Cell Physiol 292: C125-C136.

5. Winder WW (2001) Energy-sensing and signaling by AMP-activated protein
kinase in skeletal muscle. J Appl Physiol 91: 1017-1028.

6. Suter M, Riek U, Tuerk R, Schlattner U, Wallimann T, et al. (2006) Dissecting
the role of 5-AMP for allosteric stimulation, activation, and deactivation of
AMP-activated protein kinase. J Biol Chem 281: 32207-32216.

7. Libby G, Donnelly LA, Donnan PT, Alessi DR, Morris AD, et al. (2009) New
users of metformin are at low risk of incident cancer: a cohort study among
people with type 2 diabetes. Diabetes Care 32: 1620-1625.

8. Spratt DE, Zhang C, Zumsteg ZS, Pei X, Zhang Z, et al. (2012) Metformin and
Prostate Cancer: Reduced Development of Castration-resistant Disease and
Prostate Cancer Mortality. Eur Urol .

9. Corominas-Faja B, Quirantes-Piné R, Oliveras-Ferraros C, Vazquez-Martin A,
Cufi S, et al. (2012) Metabolomic fingerprint reveals that metformin impairs one-
carbon metabolism in a manner similar to the antifolate class of chemotherapy
drugs. Aging (Albany NY) 4: 480-498.

20.

21.

22.

2

w

. Liu H, Scholz C, Zang C, Schefe JH, Habbel P, et al. (2012) Metformin and

the mTOR inhibitor everolimus (RAD001) sensitize breast cancer cells to the
cytotoxic effect of chemotherapeutic drugs in vitro. Anticancer Res 32: 1627-
1637.

. Tseng CH (2012) Diabetes, metformin use, and colon cancer: a population-

based cohort study in Taiwan. Eur J Endocrinol 167: 409-416.

. Pierotti MA, Berrino F, Gariboldi M, Melani C, Mogavero A, et al. (2012)

Targeting metabolism for cancer treatment and prevention: metformin, an old
drug with multi-faceted effects. Oncogene .

.Chen D, Banerjee S, Cui QC, Kong D, Sarkar FH, et al. (2012) Activation of

AMP-activated protein kinase by 3,3’-Diindolylmethane (DIM) is associated
with human prostate cancer cell death in vitro and in vivo. PLoS One 7: e47186.

.Chen D, Pamu S, Cui Q, Chan TH, Dou QP (2012) Novel epigallocatechin

gallate (EGCG) analogs activate AMP-activated protein kinase pathway and
target cancer stem cells. Bioorg Med Chem 20: 3031-3037.

. Golden EB, Lam PY, Kardosh A, Gaffney KJ, Cadenas E, et al. (2009) Green

tea polyphenols block the anticancer effects of bortezomib and other boronic
acid-based proteasome inhibitors. Blood 113: 5927-5937.

.Ge J, Tan BX, Chen Y, Yang L, Peng XC, et al. (2011) Interaction of green tea

polyphenol epigallocatechin-3-gallate with sunitinib: potential risk of diminished
sunitinib bioavailability. J Mol Med (Berl) 89: 595-602.

.Jeon SM, Chandel NS, Hay N (2012) AMPK regulates NADPH homeostasis to

promote tumour cell survival during energy stress. Nature 485: 661-665.

.Park HU, Suy S, Danner M, Dailey V, Zhang Y, et al. (2009) AMP-activated

protein kinase promotes human prostate cancer cell growth and survival. Mol
Cancer Ther 8: 733-741.

. Phoenix KN, Vumbaca F, and Claffey KP (2009) Therapeutic metformin/AMPK

activation promotes the angiogenic phenotype in the ERalpha negative MDA-
MB-435 breast cancer model. Breast Cancer Res Treat 113: 101-111.

Srivastava RA, Pinkosky SL, Filippov S, Hanselman JC, Cramer CT, et al.
(2012) AMP-activated protein kinase: an emerging drug target to regulate
imbalances in lipid and carbohydrate metabolism to treat cardio-metabolic
diseases. J Lipid Res 53: 2490-2514.

Han SM, Namkoong C, Jang PG, Park IS, Hong SW, et al. (2005) Hypothalamic
AMP-activated protein kinase mediates counter-regulatory responses to
hypoglycaemia in rats. Diabetologia 48: 2170-2178.

Kubota N, Yano W, Kubota T, Yamauchi T, Itoh S, et al. (2007) Adiponectin
stimulates AMP-activated protein kinase in the hypothalamus and increases
food intake. Cell Metab 6: 55-68.

. Andersson U, Filipsson K, Abbott CR, Woods A, Smith K, et al. (2004) AMP-

activated protein kinase plays a role in the control of food intake. J Biol Chem
279: 12005-12008.

Clin Exp Pharmacol
ISSN: 2161-1459 CPECR, an open access journal

Volume 3 « Issue 1« 1000116


http://www.ncbi.nlm.nih.gov/pubmed/18523064
http://www.ncbi.nlm.nih.gov/pubmed/18523064
http://www.ncbi.nlm.nih.gov/pubmed/16892078
http://www.ncbi.nlm.nih.gov/pubmed/16892078
http://www.ncbi.nlm.nih.gov/pubmed/11509493
http://www.ncbi.nlm.nih.gov/pubmed/11509493
http://www.ncbi.nlm.nih.gov/pubmed/16943194
http://www.ncbi.nlm.nih.gov/pubmed/16943194
http://www.ncbi.nlm.nih.gov/pubmed/16943194
http://www.ncbi.nlm.nih.gov/pubmed/19564453
http://www.ncbi.nlm.nih.gov/pubmed/19564453
http://www.ncbi.nlm.nih.gov/pubmed/19564453
http://www.ncbi.nlm.nih.gov/pubmed/23287698
http://www.ncbi.nlm.nih.gov/pubmed/23287698
http://www.ncbi.nlm.nih.gov/pubmed/23287698
http://www.ncbi.nlm.nih.gov/pubmed/22837425
http://www.ncbi.nlm.nih.gov/pubmed/22837425
http://www.ncbi.nlm.nih.gov/pubmed/22837425
http://www.ncbi.nlm.nih.gov/pubmed/22837425
http://www.ncbi.nlm.nih.gov/pubmed/22593441
http://www.ncbi.nlm.nih.gov/pubmed/22593441
http://www.ncbi.nlm.nih.gov/pubmed/22593441
http://www.ncbi.nlm.nih.gov/pubmed/22593441
http://www.ncbi.nlm.nih.gov/pubmed/22778198
http://www.ncbi.nlm.nih.gov/pubmed/22778198
http://www.ncbi.nlm.nih.gov/pubmed/22665053
http://www.ncbi.nlm.nih.gov/pubmed/22665053
http://www.ncbi.nlm.nih.gov/pubmed/22665053
http://www.ncbi.nlm.nih.gov/pubmed/23056607
http://www.ncbi.nlm.nih.gov/pubmed/23056607
http://www.ncbi.nlm.nih.gov/pubmed/23056607
http://www.ncbi.nlm.nih.gov/pubmed/22459208
http://www.ncbi.nlm.nih.gov/pubmed/22459208
http://www.ncbi.nlm.nih.gov/pubmed/22459208
http://www.ncbi.nlm.nih.gov/pubmed/19190249
http://www.ncbi.nlm.nih.gov/pubmed/19190249
http://www.ncbi.nlm.nih.gov/pubmed/19190249
http://www.ncbi.nlm.nih.gov/pubmed/21331509
http://www.ncbi.nlm.nih.gov/pubmed/21331509
http://www.ncbi.nlm.nih.gov/pubmed/21331509
http://www.ncbi.nlm.nih.gov/pubmed/22660331
http://www.ncbi.nlm.nih.gov/pubmed/22660331
http://www.ncbi.nlm.nih.gov/pubmed/19372545
http://www.ncbi.nlm.nih.gov/pubmed/19372545
http://www.ncbi.nlm.nih.gov/pubmed/19372545
http://www.ncbi.nlm.nih.gov/pubmed/22798688
http://www.ncbi.nlm.nih.gov/pubmed/22798688
http://www.ncbi.nlm.nih.gov/pubmed/22798688
http://www.ncbi.nlm.nih.gov/pubmed/22798688
http://www.ncbi.nlm.nih.gov/pubmed/16132951
http://www.ncbi.nlm.nih.gov/pubmed/16132951
http://www.ncbi.nlm.nih.gov/pubmed/16132951
http://www.ncbi.nlm.nih.gov/pubmed/17618856
http://www.ncbi.nlm.nih.gov/pubmed/17618856
http://www.ncbi.nlm.nih.gov/pubmed/17618856
http://www.ncbi.nlm.nih.gov/pubmed/14742438
http://www.ncbi.nlm.nih.gov/pubmed/14742438
http://www.ncbi.nlm.nih.gov/pubmed/14742438

	Title
	Corresponding author
	References 



