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Abstract. Cancer cells uptake glucose at a higher rate and 
produce lactic acid rather than metabolizing pyruvate through 
the tricarboxylic acid cycle. This adaptive metabolic shift 
is termed the Warburg effect. Recently progress had been 
made regarding the mechanistic understanding of glucose 
metabolism and associated diagnostic and therapeutic 
methods, which have been investigated in colorectal cancer. 
The majority of novel mechanisms involve important glucose 
metabolism associated genes and miRNA regulation. The 
present review discusses the contribution of these research 
results to facilitate with the development of novel diagnosis 
and anticancer treatment options.
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1. Introduction

Colorectal cancer (CRC) is the third leading cause of 
cancer-associated mortality in the world and the fourth most 
frequent type of cancer for men and women (1). Glucose 
consumption is required by living cells. Through glycolysis, 
glucose is mainly broken down into pyruvate, which enters into 
the tricarboxylic acid (TCA) cycle for maximum energy produc-
tion. Cancer cells, however, uptake glucose at a higher rate and 
produce lactic acid, rather than metabolizing pyruvate through 
the TCA cycle. This adaptive metabolic shift is termed the 
Warburg effect, leading to anaerobic glycolysis, and is thought to 
provide an evolutionary advantage to cancer cells by providing 
increasing bioenergetics and biosynthesis (2). Overexpression 
of glucose transporters, such as glucose transporter (Glut) and a 
number of glycolytic enzymes, such as hexokinase (HK), lactate 
dehydrogenase (LDH) and pyruvate kinase (PK), contributes to 
the acquisition of this metabolic profile (3,4).

Numerous proto-oncogenes (for example, Ras and c-Myc) 
and tumor suppressors (for example, p53) influence metabo-
lism, and mutations in these genes upregulate glucose uptake 
in cancer cells and promote a metabolic phenotype, which 
supports tumor cell growth and proliferation. This is often 
mediated by oncogenic signaling pathways involving phos-
phoinositide 3-kinase (PI3K), hypoxia inducible factors (HIFs), 
p53 and v-myc avian myelocytomatosis viral oncogene 
homolog, which integrate nutrient and energy state signals 
to control the expression of genes important for concomitant 
cancer cell proliferation and energy metabolism (5).

Observation of elevated glucose uptake in cancer cells 
indicates the location of primary and metastatic tumor sites; 
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for example, using F-18 fluorodeoxyglucose (FDG), a glucose 
analog, with a combination of positron emission tomog-
raphy/computed tomography (PET/CT). Furthermore, there is 
a growing recognition that these metabolic changes may be 
exploited for targeted anticancer therapy. Identifying novel 
regulators of glucose metabolism in CRC would aid with the 
diagnosis, prognosis and future therapeutic interventions.

The current review presents recent advances in glucose 
metabolism research in CRC and discusses the contribution of 
these research results as a source of inspiration for developing 
novel diagnosis and anticancer treatment options.

2. Novel mechanisms involving important glucose 
metabolism-associated genes

The early expanding tumor usually outgrows the diffusion 
limits of its local blood supply, leading to hypoxia and stabi-
lization of the hypoxia-inducible transcription factor, HIF. 
HIF initiates a transcriptional program that provides multiple 
solutions to hypoxic stress by regulating gene expression 
for tumor angiogenesis, glucose metabolism and resistance 
to oxidative stress. HIF-1 or HIF-2 are overexpressed and 
associated with patient prognosis in a variety of cancer types. 
However, previous data on HIF-1, HIF-2, and clinical outcome 
in CRC have been inconclusive, and all these studies were 
limited by small sample sizes (n<136) (6-11). HIF-1A expres-
sion was demonstrated to be independently associated with 
a poor prognosis among 731 cases of CRC in two prospec-
tive cohort studies (12). Conversely, hypoxia-induced drug 
resistance is a major obstacle in the development of effective 
cancer therapeutic strategies. Wang et al (13) proposed that 
wogonin may be a promising candidate for the development 
of a novel multidrug resistance (MDR) reversal agent and that 
its reversal mechanism is probably due to the suppression of 
HIF-1A expression and glycolysis, via inhibiting the PI3K/Akt 
signaling pathway.

Heat shock protein glucose-regulated protein 78 (GRP78), 
an endoplasmic reticulum (ER) chaperone, is regulated by 
glucose (14). Proteomics combined with immunohistochemical 
analysis have demonstrated that the increased expression of 
GRP78 participates in the pathogenesis of colon cancer (15,16). 
Therapy targeting for GRP78 may inhibit the formation of 
colon cancer tumors via the HIF-1A/vascular endothelial 
growth factor/VEGFR2 pathway.

Abnormally expressed Gluts are often co-localized 
with HIF-1A in peri-necrotic regions in human colorectal 
carcinoma. Huang et al (17) investigated signaling pathways 
of hypoxia-induced necroptosis and investigated the role 
of glucose pyruvate metabolite in mechanisms of death 
resistance. The authors found that the glycolytic metabolism 
confers resistance to necroptosis in hypoxic cancer cells 
partly through pyruvate scavenging of mitochondrial free 
radicals (17). Glut1 is the natural transporter of glucose and 
is required for the high glycolytic rate that is observed in 
colorectal tumors. Previous reports have noted that Glut1 over-
expression in colorectal carcinomas is correlated with lymph 
node metastases and poor prognosis (18,19). Furthermore, a 
tendency towards better disease-free survival (DFS), following 
long-course radiotherapy was noted if Glut1 staining intensity 
in the operative sample was negative or weak (20), indicating 

that Glut1 may serve as a hypoxic indicator for malignant 
potential in CRC patients.

Recently, an oncogenic function of yes-associated 
protein 1 (YAP; a downstream effector of the Hippo 
pathway) in promoting glycolysis and Glut3 was identified as 
a YAP-regulated gene involved in glucose metabolism. The 
Hippo pathway and AMP-activated protein kinase (AMPK) 
were activated during glucose starvation, resulting in phos-
phorylation of YAP and contributing to its inactivation, thereby 
providing a notable link between glucose metabolism and the 
Hippo pathway in tissue maintenance and cancer preven-
tion (21).

Furthermore, cellular prion protein (PrPc) is shown to be 
involved in regulating Glut1 expression via the Fyn-HIF-2A 
pathway. PrPc is a glycosylphosphatidylinositol anchored 
membrane protein that has various physical functions, 
including protection against apoptotic and oxidative stress, 
cellular uptake of copper ions, transmembrane signaling, 
and adhesion to the extracellular matrix. Li et al (22) showed 
that PrPc is highly expressed in colorectal adenocarcinomas. 
Transcriptome profiling of PrPc-depleted DLD-1 cells 
revealed downregulation of Glut1 and silencing of PrPc inhib-
ited tumorigenicity. This data characterized a novel molecular 
mechanism that links PrPc expression to the regulation of 
glycolysis (22).

In addition, Song et al (23) showed that astrocyte elevated 
gene-1 protein (AEG-1) may promote anaerobic glycolysis. A 
mechanistic insight into novel targets controlled by AEG-1 
was presented and the authors indicated that components in 
the AEG-1/AMPK/phosphofructokinase 2 glycolysis process 
may be targeted for the clinical treatment of cancer (23).

It is well known that AMPK senses energetic changes 
and regulates glucose metabolism. Recently, Qiu et al (24) 
examined the mechanisms by which AMPK promotes meta-
bolic adaptation in the tumor-bearing liver using a murine model 
of colon cancer liver metastasis. Knockout (KO) of AMPK α2 
significantly enhanced tumor-induced glucose deprivation in 
the liver and increased the extent of liver injury and hepato-
cyte death. Mechanistically, AMPK α2 deficiency resulted 
in elevated reactive oxygen species, reduced mitophagy, and 
increased cell death in response to tumors or glucose depriva-
tion in vitro. These results imply that AMPK α2 is essential 
for attenuation of liver injury during tumor metastasis via 
hepatic glucose deprivation and mitophagy-mediated inhi-
bition of reactive oxygen species production. Therefore, 
AMPK α2 may represent an important therapeutic target for 
colon cancer metastasis-induced liver injury (24).

Amphiregulin (AREG), a member of the epidermal growth 
factor family and a rational target for CRC therapy, is essen-
tial for the three-dimensional structure of tumor formation. 
In CRC cells, glucose elevated the expression of Glut1 and 
AREG, as well as the activity of the HIF-1 luciferase reporter 
promoter. The suppression of AREG expression reduced the 
uptake of glucose and production of lactate. These data suggest 
that AREG is pivotal in the development of CRC via activation 
of the Warburg effect (25).

Previously, Tambe et al (26) demonstrated that the drs 
gene contributes to suppression of malignant tumor formation 
in drs-KO mice. The authors demonstrated that drs regulates 
glucose metabolism via lactate dehydrogenase-B (LDH-B). 
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Downregulating drs may contribute to the Warburg effect, 
which is closely associated with malignant progression 
of cancer cells.

Bernatchez et al (27) reported that estrogen-related 
receptor α (ERRα) depletion in colon cancer cells resulted 
in reduced glucose incorporation and glucose-mediated lipo-
genesis in these cells. ERRα-depleted HCT116 cells displayed 
significant reduction in expression of a variety of key genes 
involved with glycolysis, the TCA cycle and lipid synthesis, 
such as hexokinase 1, glucose-6-phosphatase catalytic 
subunit, 6-phosphofructo-2-kinase/fructose-2,6-biphospha-
tase (PFKFB) 1, PFKFB2, aldolase C, fructose-bisphosphate, 
glutamic-pyruvic transaminase 2 and phosphoglucomutase 2, 
likely reducing pyruvate production. These findings suggest 
that ERRα coordinates colon cancer cell proliferation and 
tumorigenic capacity via energy metabolism, and that ERRα 
may represent a promising therapeutic target in colon cancer.

Previously, the majority of the mechanism by which Wnt 
signaling drives proliferation during oncogenesis is attributed 
to its regulation of the cell cycle. Recently, Pate et al (28) 
identified an important mechanism by which Wnt signaling 
influenced Warburg metabolism. Pyruvate dehydrogenase 
kinase 1 (PDK1) was found to be an important direct target 
within a larger gene program for metabolism. PDK1 inhibits 
pyruvate flux to mitochondrial respiration and a rescue of its 
expression in Wnt-inhibited cancer cells rescues glycolysis, as 
well as vessel growth in the tumor microenvironment.

Transketolase-like 1 (TKTL1) induces glucose degradation 
via anaerobic pathways, even in presence of oxygen, favoring 
the malignant aerobic glycolytic phenotype characteristic of 
tumor cells. Tumor tissues from 63 patients diagnosed with 
CRC at different stages of progression were analyzed for 
TKTL1 by immunohistochemistry. Downregulation of this 
enzyme expression, and a correlation between enzyme expres-
sion and regional lymph-node involvement in colon cancer 
were detected when metastasis occurred. This finding may 
improve our understanding of metastasis and result in novel 
and more efficient therapeutic strategies against cancer (29).

Phosphoglucose isomerase (PGI) is a ubiquitous cytosolic 
enzyme that is key in glycolysis and gluconeogenesis path-
ways (30). Tsutsumi et al (31) determined that overexpression 
of PGI significantly contributes to the aggressive phenotype of 
human colon cancer and, thus, may provide a novel therapeutic 
target.

Another gene, caveolin 1 (CAV1) was also observed to 
enhance aerobic glycolysis in colon cancer cells via activa-
tion of solute carrier family 2 member 3/Glut3 transcription. 
Depletion of elevated CAV1 levels reduces glucose uptake, 
intracellular ATP level and lactate accumulation, and triggers 
autophagy via activation of AMPK-TP53/p53 signaling (32). 
While Tong et al (33) demonstrated that the glucose responsive 
transcription factor carbohydrate responsive element binding 
protein is key in redirecting glucose metabolism to anabolic 
pathways and suppressing p53 activity.

3. Numerous novel glucose metabolism mechanisms involve 
miRNA regulation

Genome instability is regarded as a hallmark of cancer. Human 
tumors frequently carry clonally expanded mutations in their 

mitochondrial DNA (mtDNA), some of which may drive 
cancer progression and metastasis. Ericson et al (34) directly 
measured the frequency of nonclonal (random) de novo 
single base substitutions in the mtDNA of human CRCs. 
Notably, tumor tissue exhibited a decreased prevalence of 
these mutations relative to the adjacent non-tumor tissue. The 
difference in mutation burden was attributable to a reduction 
in C:G to T:A transitions, which are associated with oxida-
tive damage. The study demonstrated that the lower random 
mutation frequency in tumor tissue was also coupled with a 
shift in glucose metabolism from oxidative phosphorylation 
to anaerobic glycolysis, as compared to non-neoplastic colon 
tissue. Together these findings indicate that the fidelity of the 
mitochondrial genome is increased in cancer as a result of a 
decrease in reactive oxygen species-mediated mtDNA damage.

Tumor progression is driven by genetic mutations; however, 
little is known about the environmental conditions that select 
for these mutations. Investigating the transcriptomes of paired 
CRC cell lines that differed only in the mutational status of 
their KRAS proto-oncogene, GTPase (KRAS) or B-Raf 
proto-oncogene, serine/threonine kinase (BRAF) genes, 
Yun et al (35) found that GLUT1 was one of three genes 
consistently upregulated in cells with KRAS or BRAF muta-
tions. The mutant cells exhibited enhanced glucose uptake 
and glycolysis, and survived in low glucose conditions. All 
the phenotypes that require GLUT1 expression suggest that 
glucose deprivation drives the acquisition of KRAS pathway 
mutations in human tumors.

Conversely, the pro-inflammatory cytokines, tumor 
necrosis factor-α (TNFα) and interleukin (IL)-17 may stimu-
late glycolysis and growth factor production in CRC cells (36). 
Necrosis factor-κB (NF-κB) organizes energy metabolism 
networks by controlling the balance between the utilization 
of glycolysis and mitochondrial respiration. NF-κB inhibition 
causes cellular reprogramming to aerobic glycolysis under 
basal conditions and induces necrosis on glucose starvation. 
This NF-κB-dependent metabolic pathway involves stimula-
tion of oxidative phosphorylation through upregulation of 
mitochondrial synthesis of cytochrome c oxidase 2 (37).

However, the majority of recent studies have shown that in 
cancer cells the alterations of glucose metabolism are associ-
ated with miRNA dysregulation (38,39). miRNAs participate 
in cell metabolism by regulating the expression of genes whose 
protein products either directly regulate metabolic machinery 
or indirectly modulate the expression of metabolic enzymes, 
serving as master regulators (40). For example, miR-26a regu-
lates glucose metabolism of CRC cells by directly targeting 
the pyruvate dehydrogenase complex component X (PDHX), 
which inhibits the conversion of pyruvate to acetyl coen-
zyme A in the citric acid cycle (41).

The overexpression of hexokinase 2 (HK2) in cancer 
is thought to provide cancer cells with a growth advantage 
due to increased glycolytic flux, by promoting the first step 
of glycolysis and thus promoting/inducing the shift towards 
aerobic glycolysis. Gregersen et al (42) identified that HK2 
affects glucose metabolism in colon cancer cells and validated 
HK2 as an miR-143 target. Loss of miR-143-mediated repres-
sion of HK2 promotes glucose metabolism in cancer cells, 
contributing to the shift towards aerobic glycolysis that is 
observed in many types of tumor.
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Sun et al (43) reported that miR-124 alters the expression 
of genes involved in glucose metabolism and stimulates cancer 
cell apoptosis. In addition, the positive feedback loop between 
miR-124 and pyruvate kinase isozymes M1 (PKM1)/hepa-
tocyte nuclear factor 4α (HNF4α) is important in CRC cell 
apoptosis; indicating that disrupting this regulatory circuit 
might be a potential therapeutic tool for CRC treatment. 
In addition, Sun et al (44) showed that miR-124, miR-137 
and miR-340 are associated with poor prognosis of CRC. 
Expression of these miRNAs inhibits the growth of colorectal 
cancer cells. miR-124, miR-137 and miR-340 target PKM 
alternative splicing proteins [polypyrimidine tract-binding 
protein 1 (PTBP1)/heterogeneous nuclear ribonucleoprotein 
(hnRNAP) A1/hnRNAPA2], which control the inclusion of 
exon 9 (PKM1) or exon 10 (PKM2). Consequently, miR-124, 
miR-137 and miR-340 switch the PKM gene expression from 
PKM2 to PKM1. High ratios of PKM1/PKM2 inhibit the 
glycolysis rate, but elevate the glucose flux into oxidative 
phosphorylation. These results demonstrate that miRNAs 
(miR-124, miR-137 and miR-340) impair CRC growth by 
counteracting the Warburg effect due to regulating alternative 
splicing of the PKM gene.

A previous study has shown that higher expression levels 
of LDHA are associated with CRC. Recently, Wang et al (45) 
investigated miRNA-induced changes in LDHA expres-
sion. Knockdown of LDHA resulted in decreased lactate 
and ATP production, and glucose uptake. CRC cells with 
knockdown of LDHA exhibited markedly slower growth 
rates than control cells. Furthermore, it was found that 
miR-34a, miR-34c, miR-369-3p, miR-374a, and miR-4524a/b 
target LDHA and regulate glycolysis in cancer cells (45). 
In addition, the authors also identified a genetic loci newly 
associated with increased CRC progression, rs18407893 at 
11p15.4 (in the 3'-untranslated region of LDHA), which maps 
to the seed sequence recognized by miR-374a. Cancer cells 
overexpressing miR-374a exhibit decreased levels of LDHA 
when compared with miR-374a-mutation (rs18407893 at 
11p15.4).

miRNAs have been proposed to be important in tumori-
genesis and drug resistance in colon cancer. miR-26a regulates 
glucose metabolism of CRC cells by directly targeting PDHX, 
which inhibits the conversion of pyruvate to acetyl coenzyme 
A in the citric acid cycle (41). He et al (46) reported that over-
expression of miR-122 in fluorouracil (5-FU)-resistant cells 
resensitizes 5-FU resistance through the inhibition of PKM2 
in vitro and in vivo. Furthermore, glucose metabolism is 
significantly upregulated in 5-FU-resistant cells.

Additionally, Li et al (47) found that miRNAs are signifi-
cant in 5-FU-resistant colon cancer cells. The cells exhibited 
upregulation of LDHA expression and activity compared with 
parental cells. LDHA was also shown to be a direct target of 
miR-34a. This indicates that miR-34a-mediated inhibition 
of glucose metabolism may present as a therapeutic target in 
patients with chemoresistant colon cancer.

Ellis et al (48) reported that colorectal neoplasia differ-
entially expressed (CRNDE), an lncRNA, was regulated by 
insulin/insulin-like growth factors, and their findings indicate 
a role for CRNDE nuclear transcripts in regulating cellular 
metabolism, including glucose and lipid metabolism, which 
may correlate with their upregulation in CRC.

Various studies strongly suggested that miR-124 and 
polypyrimidine tract binding protein 1 (PTBP1) have the 
potential to be target molecules for the development of anti-
cancer medication, as they are able to negatively affect the 
entire energy metabolism process that specifically works in 
cancer cells (44,49,50).

Alteration of glucose metabolism in cancer influences 
various important metabolic pathways including the pentose 
phosphate pathway (PPP). PPP allows glucose conversion to 
ribose for nucleic acid synthesis, glucose degradation to lactate 
and regeneration of redox equivalents. The non-oxidative 
aspect of the PPP is controlled by transketolase (TKT) 
enzymes. Xu et al (51) provided intimated the importance 
of the TKT-like 1 (TKTL1; one TKT isoform) dysregulation 
in human HCT116 colon carcinoma cells and indicated that 
TKTL1 overexpression may be considered as a novel tumor 
marker, as well as a promising target for anticancer therapy. 
Furthermore, Shibuya et al (52) reported that the synthesis of 
glycolytic and PPP enzymes is almost ubiquitously augmented 
in colorectal carcinoma specimens and that pharmacological 
inhibition of the mechanistic target of rapamycin (mTOR)-PPP 
axis presents a promising therapeutic strategy against CRCs.

In addition, Ma et al (53) showed that protein kinase 
Cζ (PKCζ) deficiency promotes the plasticity that is necessary 
for cancer cells to reprogram their metabolism to utilize gluta-
mine via the serine biosynthetic pathway in the absence of 
glucose. PKCζ represses the expression of two key enzymes of 
the pathway, D-3-phosphoglycerate dehydrogenase (PHGDH) 
and phosphoserine aminotransferase 1, and phosphorylates 
PHGDH at key residues to inhibit its enzymatic activity. The 
loss of PKCζ in mice results in enhanced intestinal tumori-
genesis and increased levels of these two metabolic enzymes, 
whereas patients with low levels of PKCζ have a poor prog-
nosis, suggesting that PKCζ is a critical metabolic tumor 
suppressor in mouse and human cancer.

4. Advances in diagnostic and therapeutic methods 
associated with glucose metabolism

It is well known that carcinoembryonic antigen (CEA) detec-
tion in the serum and tumor tissue of CRC patients is the most 
commonly used marker for the diagnosis and evaluation of 
prognosis or recurrence following treatment; however, its role 
remains controversial. Previous studies have demonstrated that 
the sensitivity of CEA is only 30% (54). The Warburg effect 
has since been demonstrated in different types of tumors and 
the concomitant increase in glucose uptake has been exploited 
clinically for the detection of tumors by fluorodeoxyglu-
cose (FDG) positron emission tomography (PET). It should be 
emphasized that there are potential limitations when imaging 
CRC patients by FDG-PET. False-positive FDG uptake is 
well recognized and may be problematic, with various studies 
reporting that between 5 and 8% of CRC patients may be 
falsely upstaged by PET-computed tomography (CT) when 
detecting disease recurrence. Future potential applications 
include the use of ‘one-stop shop’ imaging with contrast-
enhanced PET-CT, integration of novel PET tracers, and the 
advent of PET-magnetic resonance imaging (MRI); all of 
which may find increasing clinical application in the assess-
ment and management of CRC patients (55).
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Xing et al (56) developed a unique cell-targeted, paramag-
netic-fluorescent double-signal molecular nanoprobe for CRC 
in vivo MRI diagnosis and subsequent biopsy. The unique 
molecular nanoprobe is composed of a fluorescent quantum 
dot (QD) core; a coating layer of paramagnetic diethylene-
triaminepentaacetic acid (DTPA)-gadolinium (Gd) coupled 
bovine serum albumin (BSA; GdDTPA·BSA) and a surface 
targeting moiety of anti-Glut1 polyclonal antibody (PcAb). 
The engineered GdDTPA·BSA@QDs-PcAb is 35 nm in diam-
eter and colloidally stable under basic and acidic conditions.

Metabolic reprogramming resulting in enhanced 
glycolysis is a phenotypic trait of cancer cells, which is 
imposed by the tumor microenvironment and is linked to the 
downregulation of the catalytic subunit of the mitochondrial 
H+-ATPase (b-F1-ATPase). The bioenergetic signature is a 
protein ratio (b-F1-ATPase/GAPDH), which provides an esti-
mate of glucose metabolism in tumors and serves as a prognostic 
indicator for cancer patients. Sánchez-Aragó and Cuezva (57) 
suggested that the determination of this bioenergetic signature 
of colon carcinomas could provide a tool for predicting the 
therapeutic response to various chemotherapeutic strategies 
aimed at combating tumor progression.

The growing interest in utilizing energy restriction without 
malnutrition as an approach for cancer therapy and preven-
tion is based on the promising results from animal and human 
trials (58,59). The principle of targeting energy metabolism 
as an antitumor strategy relies on the differences in the 
mechanisms by which normal and transformed cells generate 
energy (5). Therefore, cancer cells are particularly vulnerable 
to energy restriction. Halofuginone treatment inhibits CRC 
growth in vitro and in vivo by regulating the Akt/mTORC1 
signaling pathway to inhibit glucose uptake and glycolysis in 
CRC cells (60).

Energy-restriction mimetic agents (ERMAs) are 
small-molecule agents that target various aspects of energy 
metabolism. ERMAs have emerged as a promising approach for 
cancer therapy. OSU-CG5, a novel ERMA, exhibits promising 
anticancer activity against human CRC cells in vitro, which 
was, at least in part, due to energy restriction and the conse-
quent induction of ER stress and apoptosis (61). Inhibition of 
PDK by dichloroacetate (DCA) shifts tumor cell metabolism 
from anaerobic glycolysis to glucose oxidation, with activation 
of mitochondrial activity and chemotherapy-dependent apop-
tosis (62). The ability of an inhibitor of glucose metabolism, 
2-deoxy-D-glucose (2DG), combined with mitochondrial elec-
tron transport chain blockers (ETCBs) to enhance oxidative 
stress and cytotoxicity was also determined in human colon 
cancer cells (63). Furthermore, a novel mechanism involves 
selenium-binding protein 1 mediating cancer inhibition via 
altering lipid/glucose metabolic signaling pathways (64). In 
addition, selective inhi bition of glucose-6-phosphate dehy-
drogenase may represent an important mechanism by which 
aspirin may exert its anticancer effects through inhibition of 
ribonucleotide synthesis (65).

5. Conclusion

Recently, progress had been made regarding the mechanistic 
understanding of glucose metabolism and associated diag-
nostic and therapeutic methods in CRC. The majority of 

novel mechanisms involved important glucose metabolism-
associated genes and miRNA regulation. Therefore, from 
a therapeutic perspective, the mechanistic understanding 
of glucose metabolism in cellular regulation will enable the 
identification of novel therapeutic targets and will facilitate the 
design of metabolite mimetics, which are uniquely taken up by 
cancer cells or converted into the active form by enzymes that 
are upregulated in tumors. Profiling of signaling pathways that 
are affected in glucose metabolism may also allow the devel-
opment of diagnostic tests of cancer. In addition, metabolite 
derivatives may be used for the molecular imaging and clas-
sification of cancer. However, the present review emphasizes 
the requirement to investigate beyond glucose metabolism 
to a broader study, which encompasses all of the metabolic 
requirements of a cancer cell.
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