
EDITORIAL
Mutant KRAS Exosomes Influence the Metabolic State of the
Colon Microenvironment
RAS is mutated in approximately 30% to 40% of
K colorectal cancers (CRC) and KRAS mutations lead
to an adaptive metabolic shift in cancer cells with
increased aerobic glycolysis (Warburg effect) in part owing
to higher uptake of glucose. In mutant KRAS CRC cells,
overexpression of the glucose transporter (GLUT-1)
(SLC2A1) is observed and contributes to increased glucose
uptake, leading to acquisition of this metabolic change.
However, the ability of KRAS to reach beyond the cancer
cell and alter the metabolic state within the tumor micro-
environment is not entirely clear.

In this issue of Cellular and Molecular Gastroenter-
ology and Hepatology, Zhang et al1 tested the hypothesis
that KRAS can alter the metabolic state of the tumor
microenvironment in a cell-nonautonomous fashion
through secretion of exosomes. Exosomes are small
(50–150 nm) membrane-bound extracellular vesicles that
are released by almost all types of cells and carry specific
protein and RNA cargos that are present in the releasing
cell. These exosomes can modulate a variety of physio-
logical and pathologic functions in adjacent or remote
cells by transferring its contents to recipient cells,
allowing them to be mediators of cell-to-cell communi-
cation. Prior work from this group has shown that
mutant KRAS influences the cargo present in CRC exo-
somes, including proteins and enzymes involved in
metabolism and glycolysis, and these exosomes can
transfer their contents and enhance the growth of wild-
type KRAS cells.2

By using exosomes purified from DLD-1 colon cancer
cells (1 wild-type and 1 mutant KRAS allele) and isogenic
cell variants that express only the wild-type KRAS allele or
only the mutant KRAS allele, Zhang et al1 showed that
exosomes derived from mutant KRAS-expressing cells
caused increased cellular glucose uptake in recipient cells.
This impacted the balance between glycolysis and oxidative
phosphorylation, and promoted enhanced growth of recip-
ient cells. These findings were extended in vivo using the
ApcMin/þ mouse model of intestinal tumorigenesis. Treat-
ment of these mice with mutant KRAS exosomes led to
increased aerobic glycolysis in recipient tumor cells
assessed by a change in the tumor redox ratio and positron
emission tomography imaging. These metabolic changes
were attributed to the increased presence of functional
GLUT-1 in the mutant KRAS exosomes, whereas other
glucose transporters (GLUT-2, GLUT-3, and GLUT-4)
were not detected in these exosomes. Further demonstra-
tion of the role of exosomal GLUT-1 was shown using
exosomes secreted from GLUT-1 knockout cells, in which
these exosomes show decreased glucose uptake and
Cellu
significantly reduced lactate and glutamate secretion from
recipient cells.

Several studies have shown roles for exosomes
contributing to the pathophysiology of diseases including
cancer, metabolic disorders, cardiovascular disease, and
immune diseases.3–5 The findings presented here describe
a novel mechanism linking a common oncogenic mutation
in CRC to a Warburg-like effect on the tumor microenvi-
ronment through exosomes. Further research in this area
will determine the contribution of other proneoplastic
proteins and RNAs present in CRC cell-derived exosomes
on tumor progression. The translational implications of
identifying GLUT-1 in mutant KRAS exosomes are signifi-
cant. Because exosomes are readily detected in circulation,
the possibility of detecting active GLUT-1 in plasma exo-
somes indicates its potential as a biomarker of disease
progression. Furthermore, evaluation of these findings
using human exosomes derived from CRC patients in
whom their KRAS mutational status is known will further
define the role of exosomal GLUT-1 in defining the meta-
bolic state of CRC tumors.
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