1duosnue Joyiny 1duosnuep Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Author manuscript
Mol Cell Oncol. Author manuscript; available in PMC 2016 March 15.

-, HHS Public Access
«

Published in final edited form as:
Mol Cell Oncol. 2016 January 2; 3(1): . doi:10.1080/23723556.2015.1052181.

Slowing down the Grand Touring Prototype speed of cancer
cells

Anna Bianchi-Smiraglial and Mikhail A. Nikiforov?l
1Department of Cell Stress Biology, Roswell Park Cancer Institute, Buffalo, New York, 14263

Abstract

Enzymes involved in de novo production of guanosine triphosphate (GTP) have been recently
revealed as integral components of melanoma progression through modulation of the activity of
small GTPases. Here, we discuss the biology and therapeutic implications of these findings.

Guanosine triphosphate (GTP), through its effects on GTP-binding proteins, is arguably the
most important small molecule regulator of cellular processes in both healthy cells and for
maintenance of transformed phenotypes. Importantly, levels of enzymes regulating
nucleotide metabolism, including metabolism of guanylates are often changed in human
cancers. 15

G-proteins, including the ones that are often constitutively activated in cancers (e.g. RAS,
RAC1, RHOA, CDC42), act as “molecular switches” that fluctuate between guanosine
diphosphate (GDP)-bound (inactive) and GTP-bound (active) states. This cycling is
controlled by two types of regulatory proteins: GTPase-Activating Proteins (GAPs) promote
the hydrolysis of G-protein-bound GTP molecules, thus converting a G-protein into its
inactive GDP-bound state. Guanosine exchange factors (GEFs) release GDP from the G-
protein, so it can bind GTP and become active again (Figure 1). However, very little is
known about whether changes in intracellular GTP levels affect GTPases activity.

Notably, two recent works from our group have highlighted a previously unrecognized role
played by guanylate metabolism enzymes in GTPases activation and tumor cell invasion. In
our previous report, we established that guanosine monophosphate (GMP) reductase
(GMPR, a key enzyme in guanylate metabolism (Figure 1)) is a melanoma metastasis
suppressor, 3 directly linking its activity to suppression of GTP levels and subsequent
inhibition of RAC1 and formation of invadopodia. In our current work, we identified GMP
synthase (GMPS, another key enzyme in guanylate metabolism and a functional antagonist
of GMPR (Figure 1)) as a driver of melanoma invasion.!

Most intriguingly, the variations in GTP amounts detected upon manipulation of GMPR
levels were relatively modest; however they translated into a disproportionate effect on the
activation status of RAC1 (and of RHOA and RHOC, to a lesser extent). Pharmacological
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targeting of other key guanylate biosynthesis enzymes, including inosine monophosphate
dehydrogenases (IMPDH, Figure 1) led to similar results.

These findings raise an obvious question: why is GTPase activity affected if the intracellular
concentration of GTP, albeit reduced, is still many-fold higher than that required for
saturation of these GTPases? One intriguing hypothesis is that, similarly to ATP, 67 GTP is
not homogeneously distributed throughout the cell but rather fractionated in a gradient.
Moreover, information about intracellular GTP levels comes from methodologies that
cannot detect local GTP changes in the cell, such as HPLC. Therefore, it is conceivable that
spatiotemporal variation in GTP distribution throughout the cell may result in significant
localized drops in GTP concentrations, ultimately affecting activity of GTPases (as well as
other GTP-binding proteins).

The importance of GTP pools for tumor progression is further supported by the finding that
alterations in the levels of guanylate metabolism enzymes seems to be a widespread
mechanism adopted by multiple types of cancer cells. 3:8-10 Therefore, a more in depth
understanding of guanylate metabolism is likely to lead to the discovery of novel therapeutic
targets and/or drugs. One such example is our current finding that Angustmycin A, a potent
antibiotic produced by fungi Streptomyces hygroscopius and a selective inhibitor of GMPS,
reduces the invasion of metastatic melanoma cells in vitro and their growth as xenografts in
vivo.l

Angustmyicin A (also known as decaoyinine) is a nucleoside that was isolated for the first
time in the mid-1950s. In one study, researcher evaluated the possible immunosuppressive
properties of angustmycin A due to its convergence of action with mycophenolic acid
(MPA), an immunosuppressing agent that works via inhibition of IMPDH, the enzyme
acting upstream of GMPS (Figure 1). No significant activities were found. In a single
follow-up study, analogues of angustmycin A showed minimal effects on cancer cells
growth inhibition and, to the best of our knowledge, no further evaluations on its anti-tumor
activities were done until our current work. Interestingly, MPA (in the form of its salt
mycophenolate mofetil, MMF) was demonstrated to suppress growth of human tumor cell
xenografts in mice. &9 However, our experiments demonstrated that Angustmycin A
possesses higher anti-melanoma activity than MMF in in vivo settings. These findings
underline the importance of guanylate metabolism enzymes for melanoma progression and
identify a novel target for anti-melanoma therapy.
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Figure 1. Inhibition of guanylate biosynthesis enzymes limitstumor invasion and growth
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Simplified schematic of guanylate metabolic pathway and the proposed model. Enzymes are

shown by ovals. Inhibitors of the pathway are indicated. IMP, inositol monophosphate;
XMP, xanthosine monophosphate; GMP, guanosine monophosphate; GDP, guanosine

diphosphate; GTP, guanosine triphosphate; ATP, adenosine triphosphate; IMPDH, inositol
monophosphate dehydrogenase; GMPS, GMP synthase; GMPR, GMP reductase; MPA,

mycophenolic acid; MMF, mycophenolate mofetil.
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