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Abstract Fructose, an essential biomolecule and it is a major ingredient of the modern diet

across the globe. Excess consumption of fructose may be a key driver of many serious diseases
such as obesity, heart diseases, type 2 diabetes and cancer. Understanding the metabolism of
fructose, molecular mechanisms of its toxic nature will aid in the treatment of various diseases
including cancer.
Copyright ª 2019, Chongqing Medical University. Production and hosting by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).
The diet plays a pivotal role in overall health and harmo-
nious growth of every living organism. As the famous quote
of Hippocrates goes “Let food be thy medicine, and let
medicine be thy food” who was referred to as “Father of
Medicine”.1 Though the quote is from ancient Greek and
more than 2300-years-old, it is still relevant to the present
generation of 21st century. Diet or food is a substance
consumed to gain the essential nutritional support by an
organism (organism may vary from unicellular bacteria to
complex multicellular human beings).2 Dietary constituents
of all the organisms are usually of plant (Vegan) or animal
origin (Non vegan), and contains all the essential bio-
molecules and nutrients, such as carbohydrates, fats, pro-
teins, nucleic acid, vitamins, or minerals. The dietary
substance is ingested by an organism and absorbed by the
organism’s intestine or other organs or cells to provide
energy in the form of ATPs, supports and maintains life, or
stimulate growth and development of the organism. Car-
bohydrates are very important class of biomolecules which
contain carbon, hydrogen and oxygen atoms and are pre-
sent in almost all the human diet. The carbohydrates pro-
vide a lot of calories and act as main source of energy for
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metabolic activities. Fructose, a monosaccharide is one
such carbohydrate present in many diets. Fructose is pre-
sent in all the naturally occurring fruits we consume and is
the molecule that is present in routinely used dietary table
sugar making it sweet in taste.3 It is the compound present
in high fructose corn syrup, maple syrup, agave nectar and
virtually in almost all the high caloric sweetener and this
makes us crave to consume different beverages or sweet
dishes in everyday life.4 The consumption of fructose has
dramatically increased globally in the last three to four
decades. Until recently this compound is thought to be very
good for overall health and a balanced diet is also likely to
contain appreciable amount of fructose, even if it is
confined to that found in only fruits and vegetables. Very
sadly, it’s the fructose, which is the major culprit behind
obesity and the cause for various metabolic diseases and
cancer.5 There are many elegant studies showing that
excessive consumption of fructose can lead to increase in
de novo lipogenesis, insulin resistance, type 2 diabetes,
inflammation, and reactive oxygen species production.6

Glycolaldehyde, one of the products of fructose meta-
bolism is a highly reactive molecule and it induces oxidative
stress associated cellular damages.7 Another end product of
fructose metabolism and food processing contaminant
glyoxal promotes intestinal tumor growth in mouse model.8
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This sweet sugar is also known to induce a change in the gut
permeability and activate various signaling pathways and
promote the release of harmful inflammatory factors to the
various organs including liver, which has potential impli-
cations in increasing hepatic inflammation and hepatocel-
lular carcinoma.5 All these studies show tumor promoting
property of fructose molecules. This carcinogenic property
of fructose has made this molecule as one of the connecting
link or missing links between obesity, metabolism and
cancer.

A recent and elegant study by Marcus D. Goncalves and
collaborators revealed with strong evidence indicating that
high-fructose corn syrup enhances intestinal tumor growth
in mice.9 It is very clear that from last three to four decades
increased consumption of high calorie western diet is
associated with obesity, type 2 diabetes, fatty liver, car-
diovascular disease throughout the globe.10,11 Fructose is a
major component of high calorie western diet. It is also
known that excessive consumption of soft beverages
sweetened with high glucose and high-fructose corn syrup
(HFCS) is associated with diet-induced obesity and various
types of cancer including colorectal cancer.12,9 Along with
previously known evidences this study clearly proves the
oncogenic potential of fructose.

In this study authors have investigated and elucidated
the effects of daily oral administration of HFCS in adeno-
matous polyposis coli (APC) mutant mice.9 The APC gene is
a very well-studied tumor suppressor gene and a negative
regulator of Wnt signaling and is frequently mutated
(75e80%) in the early stages of colorectal cancer devel-
opment.13 The product from this gene is known to suppress
the NF-ҡB pathways and finally suppress the cell survival
and induce apoptosis. The mutation in this gene would lead
to the NF-ҡB activation and tumor growth.14 Therefore,
Figure 1 The possible molecular mechanism of high-fructo
these APC mutated mice are already genetically predis-
posed to develop intestinal tumors.9 The HFCS-consumed
mice with initial small adenomatous polyps or small tu-
mors get the sudden supply of hyper nutrition and this
resulted in a rapid growth of the tumors and substantial
increase in tumor size, tumor volume and tumor grade
even in the absence of predisposed obesity and metabolic
syndrome. Also, the consumption of HFCS increased the
concentrations of fructose and glucose in the intestinal
lumen and serum of these mice. The presence of high
amount of glucose and fructose near the tumor microen-
vironment will help tumors to get more nutrition (Fig. 1).
These tumors have showed the clear evidence of trans-
ported sugars inside their cytoplasm, which included both
glucose and fructose. According to the author’s experi-
mental data, the treated fructose was converted to
fructose-1-phosphate, leading to the activation of routine
cellular housekeeping glycolytic pathways and also
increased synthesis of free fatty acids (FFs) and ATPs that
support tumor growth by providing raw materials for cell
and nuclear membranes and other organelles. These clear
and appropriate mouse data supported their proposed hy-
pothesis that the combination of dietary glucose and
fructose, even at a very low or moderate dose, can
enhance and promote the development and progression of
colon carcinogenesis or tumorigenesis.

The toxic effect of fructose is mainly due to the lack of
cellular fructose homeostasis machinery. Fructose, unlike
glucose is not regulated by either insulin or glucagon. It is
very well-known fact that glucose is directly regulated by
insulin.15 It is also reported that fructose-induces hepato-
cellular carcinoma (HCC) in mice lacking apoptosis inhibitor
of macrophage (AIM).16 Furthermore, dietary fructose is
also known to be involved in pathogenesis of nonalcoholic
se corn syrup enhanced intestinal tumor growth in mice.
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fatty liver disease and has association with development of
triple-negative breast cancer incidence.17 Thus, more and
more evidences provide experimental evidences that fruc-
tose consumption and oncogenesis has a direct connec-
tion.18 Here, this study proposes an additional hypothesis
about oncogenesis.

Oncogenesis or tumorigenesis is a series of cellular
biochemical events. There is a well-established hypothesis
about oncogenesis according to which like all genes, tumor
suppressor genes including APC may undergo a variety of
mutations. These loss-of-function mutations that occur in
only one allele of tumor suppressor gene or genes in a cell
are recessive in nature. This recessive mutation in tumor
suppressor gene or genes will fail to show any cancer
phenotype or hallmarks of cancer. Thus, for a cell to
become transformed cell or cancerous cell, both copies of
cell’s tumor suppressor genes must undergo functional
mutation. The well-established “two-hit” hypothesis was
proposed by American physician and geneticist Alfred
Knudson in 1971.19 Until today, this hypothesis holds good
and serves as the fundamental basis for researchers to
understand the tumor suppressor genes and their oncogenic
nature in driving cancer. Now, it is time to redefine this
hypothesis and along with two hit there may be a third hit
which is a possible triggering or promoting factor (Fructose)
may play a major role in oncogenesis.

Ironically, fructose is a major constituent of our west-
ernized modern diet throughout the globe and is evidently
implicated as an underlying cause in the development of
metabolic syndrome and various cancers.5 The GLUT5
(SLC2A5), a fructose transporter is required for intestinal
fructose absorption, metabolism and is the target gene of
Liver X receptor a (LXR- a).20 It is very well known that LXR-
a is a ligand-activated transcription factor and therefore, it
is tempting to speculate that LXRa might serve as a novel
pharmacological target for selectively reprogramming
fructose absorption via GLUT5 activity using its specific
agonist (withaferin A) or antagonist (meso-dihydroguaia-
retic acid) in the treatment of metabolic disease as well as
cancers.

Therefore, this high impact study by Marcus D. Gon-
calves and his colleagues have shed the new torch light on
the direct role of fructose in the form of high fructose corn
syrup on the intestinal tumor growth in mice.9 This study
can be extrapolated to get an idea on the toxic role of
fructose in metabolic syndrome and cancers.
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