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Summary
Purpose: Several studies have shown a strong association
between diabetes mellitus (DM) and increased risk of colorectal cancer (CRC). The fundamental mechanisms that support this association are not entirely understood; however,
it is believed that hyperinsulinemia and hyperglycemia may
be involved. Some proposed mechanisms include upregulation of mitogenic signaling pathways like MAPK, PI3K,
mTOR, and WNT, which are involved in cell proliferation,
growth, and cancer cell survival. The purpose of this study
was to evaluate the gene expression profile and identify differently expressed genes involved in mitogenic pathways in
CRC patients with and without DM.

pressed genes were identified. However, when bioinformatics clustering tools were used, a significant modulation of
genes involved in the WNT pathway was evident. Therefore,
we focused on genes participating in this pathway, such
as WNT3A, LRP6, TCF7L2, and FRA-1. Validation of the
expression levels of those genes by qPCR showed that CRC
patients without type 2 diabetes mellitus (T2DM) expressed
significantly more WNT3Ay LRP6, but less TCF7L2 and
FRA-1 compared to controls, while in CRC patients with
DM the expression levels of WNT3A, LRP6, TCF7L2, and
FRA-1 were significantly higher compared to controls.

Conclusions: Our results suggest that WNT/β-catenin
Methods: In this study, microarray analysis of gene expres- pathway is upregulated in patients with CRC and DM,
sion followed by quantitative PCR (qPCR) was performed in demonstrating its importance and involvement in both
cancer tissue from CRC patients with and without DM to pathologies.
identify the gene expression profiles and validate the differently expressed genes.
Key words: colorectal cancer, diabetes mellitus, gene exResults: Among the study groups, some differently ex- pression, microarrays, Wnt/β-catenin

Introduction
DM is a metabolic disorder of carbohydrates,
fats, and proteins, caused by defects in secretion
or function of insulin and characterized by chronic
hyperglycemia [1,2]. DM is a major health problem

worldwide; its prevalence in 2014 was 8.5% and
caused 1.5 million deaths [3] due to renal failure,
cardiovascular events, cerebrovascular disease
and cancer [4,5]. Several epidemiological studies
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have shown a strong association between DM and
increased risk for certain cancer types, including
CRC [5-7].
CRC is among the most common digestive system neoplasms worldwide (third in men and second in women). Moreover, it is the fourth leading
cause of death in men and the third in women [8].
CRC shares some etiologic factors with DM such
as obesity, sedentary lifestyle and western diet.
These circumstances led to the hypothesis that
there may be a connection between both pathologies, and diabetes has been proposed as a causal
agent of CRC [5,9]. Epidemiological studies report
an increased risk of 2.1 (95% confidence interval/
CI, 1.82-2.42) for CRC in patients with DM [10].
In patients with DM, chronic hyperinsulinemia probably promotes the initiation and progression of cancer through its mitogenic effect
[11-14]. Multiple oncogenic signaling pathways
(PI3K, mTOR, MAPK, WNT and IGF-1), activated
by insulin, stimulate cancer phenotypes such as
inhibition of apoptosis, increased cell proliferation, growth, and survival [9,15,16]. Liu et al. [17]
demonstrated that expression of IGF-1 and IGF-1R
were significantly higher in patients with CRC and
DM in comparison to CRC patients without DM.
Also, it has been shown that insulin and IGF-1 promote the nuclear translocation of the β-catenin, an
effector of the WNT signaling pathway [18].
The increased glucose demand is a known feature of cancer cells [19]. The augmented glucose
flux favors the anabolic metabolism to produce
fuel for the tumor growth. Thus, hyperglycemia
in DM can ensure a high supply of glucose for
inducing an additional stimulation of the neoplastic cell’s growth, promoting cell progression,
increased proliferation and anti-apoptotic signaling [20,21]. Hyperglycemia has been positively
correlated with an increased risk for development
gastrointestinal cancers, including CRC [22,23].
One of the mechanisms is enhancing signaling
through the WNT/β-catenin pathway, by allowing
its nuclear accumulation and transcriptional activation of some target genes [24].
The WNT/β-catenin signaling pathway plays a
significant role in the regulation of cell differentiation, proliferation and death [25-27]. Constitutive
activation of WNT signaling is present in 40-90%
of gastrointestinal cancers, which are the main
types of cancer associated with DM [28,29]. Signaling through the WNT/β-catenin pathway also
participates in other metabolic pathways, such as
in homeostasis and the regulation of genes that
encode to hormones as glucagon. So, any alteration in this pathway may also be associated with
the development of diseases such as DM [30].
JBUON 2017; 22(5): 1108

Hence, it is reasonable to assume that the patients with DM exhibit a different expression of
some proteins, particularly those related to the
WNT/β-catenin pathway, which would explain
the increased cancer incidence. In this study, we
evaluated the association of DM and CRC at the
level of gene expression, focusing principally in
alterations of components of the WNT/β-catenin
pathway.

Methods
Study subjects and tissue samples
Patient information was obtained from the histopathology files of the Pathology Unit, Centro Médico Nacional de Occidente of IMSS, Guadalajara, México and
from the Pathological Anatomy Service of the Hospital
Universitario “Dr. José E. González”, Universidad Autónoma de Nuevo León, México. Formalin-fixed and paraffin-embedded (FFPE) colorectal tissue samples were
obtained from 10 patients with CRC and type 2 DM, 10
CRC patients without type 2 DM, and 10 individuals
without CRC or type 2 DM (control group). The type 2
DM diagnosis was established according to the American Diabetes Association (ADA) criteria [4]. The CRC
was diagnosed according to the tumor-node-metastasis
(TNM) classification [31]. The selection criteria for all
patients were: unrelated individuals with sporadic CRC
and histopathological diagnosis of intestinal adenocarcinoma in stages II and III. Exclusion criteria included:
patients with type 1 DM, familial adenomatous polyposis syndrome, hereditary CRC syndromes, and prior
treatment with chemotherapy or radiation. The study
was approved by the Research and Ethics Committee (R2008-1305-6) of the Centro de Investigación Biomédica
de Occidente, IMSS, and informed consent was obtained
from each of the patients included in the study.
RNA isolation and microarrays
Total RNA was extracted from the FFPE CRC tissue
samples by using the RNeasy FFPE Kit (QIAgen, México) according to manufacturer’s instructions. RNA concentration and purity ratios (OD260/280) were measured with NanoDrop 2000 spectrophotometer (Thermo
Fisher Scientific Inc., Waltham, USA). RNA quality was
assessed using the RNA Integrity Number (RIN) measured by RNA 6000 Pico LabChip Kit on a microcapillary electrophoresis system (Agilent BioAnalyzer 2100,
Waldbronn, Germany). cDNA was produced by the
cDNA Synthesis System kit (Roche,Mexico) according
to manufacturer’s instructions. The microarrays were
realized with the NimbleGen Human Gene Expression
12x135K Arrays (Roche,México), containing 45,033
genes; these arrays were utilized according to the NimbleGen arrays user´s guide.
Microarrays analysis
Microarrays were analyzed with the DEVA v1.2
(NimbleGen,Roche) and CLC Main Workbench (CLC
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Bio,Qiagen) software. The image generated by NimbleGen MS 200 Microarray Scanner and the design files
were loaded into the DEVA software. Expression values
of each gene were calculated and then normalized using
Robust Microarray Analysis (RMA). Later, the expression analysis was performed in CLC Main Workbench
software. Statistical significance was defined as p value
<0.05 and fold change value ±2. Differently expressed
genes were analyzed in the KEGG database (Kyoto Encyclopedia of Genes and Genomes (http://www.genome.
jp/kegg/).
Quantitative real-time PCR
Genes of the Wnt/β-catenin identified as significantly and differently expressed by microarray analysis were analyzed by quantitative real-time PCR (qPCR)
(Table 1). Total RNA (5 µg) was reverse-transcribed to
generate first-strand cDNA using Super Script™ FirstStrand Synthesis System for RT-PCR Kit (Invitrogen
Life Technologies, Carlsbad, CA, USA). The resulting cDNA was further used for qPCR reactions, which
were carried out using the FastStart Essential DNA
Green Master Kit (Roche Applied Science, Mannheim,
Germany) in the LightCycler 96 System, according to
the manufacturer’s instructions. The expression levels
were analyzed by threshold cycle (Ct), as recommended
by Schmittgen and Livak [32] with the 2-∆∆Ct method.
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Expression values of GAPDH gene were used as a reference. The samples were loaded in triplicate and the
mean value of the control group was adjusted to 1.
Statistics
Continuous variables were expressed as mean
±standard deviations, and categorical variables were
expressed as number (percentage). Statistical difference
between groups was evaluated by the Mann-Whitney U
test and p value <0.05 was considered statistically significant. Statistical analysis was performed using the
SPSS v22 software.

Results
Study population
Table 2 shows the clinical features of the CRC
patients with and without DM and the histological characteristics of the tumor. There were no
significant differences between groups for age,
gender, location, pathological features and TNM
stage (p>0.05). Significant differences in the levels of blood glucose were observed in the CRC
patients without DM in comparison with the CRC
patients with DM.

Table 1. Clinical features of CRC patients with and without T2DM and histological characteristics of the tumor
CRC group
n=10

CRC with T2DM group
n=10

Clinical characteristics

n (%)

n (%)

Age, mean±SD (years)

64.90 ±12.94

65.4 ±8.92

Characteristics

p value

0.2630

Gender, n (%)

1.0000

Male

3 (30)

3 (30)

Female

7 (70)

7 (70)

Duration of diabetes (years)
5-9

4 (40)

≥10
Fasting blood glucose, mean±SD (mg/dl)

6 (60)
87.9 ±4.18

188.4 ±24.89

0.0001

Therapies
Insulin injections

2 (20)

Oral antidiabetic drugs

8 (80 )

Histological characteristics

n (%)

n (%)

Location

0.9120

Ascending colon

3 (30)

3 (30 )

Transverse colon

1 (10)

2 (20 )

Sigmoid colon

3 (30)

2 (20 )

Rectum

3 (30)

3 (30 )

Poor

2 (20)

5 (50 )

Moderate

8 (80)

5 (50 )

II A, B and C

5 (50)

5 (50 )

III A, B and C

5 (50)

5 (50 )

Pathological differentiation

0.1600

TNM stage

1.0000
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Microarrays analysis
In the expression analysis by microarrays,
some differently expressed genes were identified
among the study groups (p value <0.05 and with
a fold change value ±2). In the CRC without DM
group, 367 sub- and 213 overexpressed genes were
identified, while in the CRC with DM group, sub103 and 110 overexpressed genes were identified.
Comparing the CRC patients with DM to the CRC
patients without DM, we found 375 sub- and 487
overexpressed genes. The results between groups
were also comparing the individuals without CRC
nor DM (control group ) (data not shown). The differently expressed genes were analyzed through
genetic and molecular signaling pathways database, in the context of KEGG biological pathways,
showing several relevant genes, sub- or overexpressed found in different signaling pathways like
WNT, insulin and MAPK signaling, metabolic and
cancer pathways, among others. Interestingly, we
observed differences in genes expression that play
key roles in the WNT/β-catenin pathway, like WNT3A, LRP6, TCF7L2, and FRA-1 (Figure 1).
Expression levels
A qPCR procedure using SYBR-Green was
done to validate the expression changes of WNT3A, LRP6, TCF7L2, and FRA-1. Figure 2 shows
the results of expression levels of these genes
in the different groups analyzed. The expression
level of WNT3A was significantly higher in both

CRC groups (CRC patients with and without DM)
compared to the control group (p=0.001), but no
between the CRC groups (Figure 2a). The LRP6
gene showed also higher expression in both CRC
groups (p=0.001) compared to the control group,
but the expression between the CRC groups was
not statistically significant (Figure 2b).
On the other hand, the expression level of TCF7L2 was significantly higher in the CRC patients
with DM compared to the control group (p=0.001);
however, significant subexpression was observed
in the CRC patients without DM compared to the
control group (p=0.001). Additionally, we found
substantial differences between the CRC patients with DM and the CRC patients without DM
(p=0.001) (Figure 2c). For the FRA-1 gene, the expression level was significantly higher in the CRC
patients with DM compared to the control group
(p=0.017), but considerably lower in the CRC patients without DM compared to the control group
(p=0.001). We also observed significant differences
between the CRC groups (Figure 2d). In Figure 3
we summarized the expression levels of the analyzed genes for the groups of CRC patients (with
and without DM).

Discussion
Several studies have linked DM with a variety
of cancers, among them remarkably CRC. Some
of the molecular mechanisms through which DM
could favor CRC development include the upregu-

Figure 1. WNT signaling pathway. Schematic representation of participation of WNT3A, LRP6, TCF7L2 and FRA-1 in
the WNT signaling pathway (taken and modified from Kyoto Encyclopedia of Genes and Genomes).
JBUON 2017; 22(5): 1110
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Figure 2. Expression levels of the analyzed genes. Comparative expression of WNT3A, LRP6, TCF7L2 and FRA-1 in CRC
patients with or without T2DM and the control group.

A

B

Figure 3. Summary of the expression of the genes analyzed by study group. Overall expression levels of WNT3A, LRP6,
TCF7L2 and FRA-1 in CRC patients with and without T2DM. (A) CRC patients with T2DM; (B) CRC patients without T2DM.

lation of mitogenic signaling pathways activated by insulin and glucose, such as MAPK, PI3K,
mTOR, and WNT, which participate in cell proliferation, growth, and survival, and consequently
favoring the development of cancer [5,9].
The microarray analysis shows statistically
significant differences in the expression of some
critical genes of the WNT/β-catenin signaling
pathway, like WNT3A, LRP6, TCF7L2, and FRA1, suggesting an involvement of DM and CRC.
Currently, it is known that some oncogenes such

as FRA-1, c-Myc, and CCND1 are target genes of
WNT/β-catenin pathway; accordingly, the abnormal activation of this pathway can lead to the
development of CRC [26]. On the other hand, the
WNT/β-catenin pathway also participates in other
processes related to homeostasis and regulation
of gene expression of some hormones; hence, this
pathway has also been associated with metabolic
disorders such as DM [16]. Several authors propose that activation of the WNT/β-catenin pathway represents an important link between DM
JBUON 2017; 22(5): 1111
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and risk for developing CRC. This link is related
to hyperglycemia and hyperinsulinemia along
with insulin resistance (clinical characteristics of
DM) which can potentially promote constitutive
activation of canonical WNT/β-catenin pathway,
inducing cell proliferation and survival [5,24,33].
Some studies have reported that WNT3A, a
highly conserved ligand in the β-catenin pathway (Figure 1), is associated with the epithelialmesenchymal transition (EMT) in several cancer
cells [34-37]. In the present study we observed a
significant overexpression of WNT3A in CRC patients with and without DM, when compared with
healthy controls. These results suggest that the
WNT signaling pathway is being activated by
the WNT3A ligand in both CRC and DM patients.
Similarly, Qi et al. [38] reported that the levels of
expression of WNT3A were increased in colon
cancer tissue, which showed a lower grade of differentiation, with more advanced clinical stages
and extensive metastases. They also observed
higher levels of vimentin protein, lower levels in
E-cadherin protein, and wider distribution of nuclear β-catenin, suggesting that WNT3A can induce EMT and increase invasiveness and progression of CRC.
On the other hand, LRP6 is a member of the
low-density lipoprotein receptor (LDLR) family,
acting as coreceptor for WNT ligands and inducing intracellular signal transduction through the
WNT/β-catenin pathway (Figure 1) [39]. In their
study on the 293T cell line Brennan et al. [40] demonstrated that mutations causing a truncated LRP6
protein could activate the Wnt/β-catenin signaling pathway in a WNT and Frizzled-independent
mode, proposing LRP6 as a candidate oncogene.
In our study, the expression level of LRP6 was
significantly increased in both CRC groups compared with healthy controls, suggesting a higher
activation of the WNT/β-catenin pathway in these
patients. Also, Watanabe et al. [41] comparing the
gene expression profile of non-neoplastic rectal
mucosa between patients with ulcerative colitisassociated CRC and patients with ulcerative colitis
without cancer, they found a significant overexpression of LRP6 in the CRC group compared to
the ulcerative colitis without cancer group.
Similarly, TCF7L2 (together with β-catenin)
acts as the primary effector of the WNT/β-catenin
pathway, activating the expression of target genes
involved in cell proliferation [41,42]. TCF7L2 has
also been involved in glucose homeostasis [43].
In our study, a significant overexpression of TCF7L2 in CRC patients with DM, compared with
healthy controls was observed, giving evidence of
the hyperactivation of the WNT/β-catenin pathJBUON 2017; 22(5): 1112

way in these patients. Consistent with our findings, Lysenko et al. [45] quantified the expression
levels of TCF7L2 in pancreatic islets of patients
with and without T2DM and observed significant
overexpression in the T2DM group compared to
the control group. Our results and those reported
by Lysenko et al. demonstrate a relationship between DM and TCF7L2. On the other hand, the
comparison between CRC patients without DM to
healthy controls show a significant subexpression
of TCF7L2 in the CRC group. These findings may
seem controversial owing to the accepted role of
TCF7L2 in the activation of genes that promote
cell growth and proliferation in CRC. Nevertheless, Tang et al. [46] identified TCF7L2 as a negative regulator of the WNT/β-catenin pathway.
Moreover, they demonstrated that the silencing
of TCF7L2 in the DLD-1 and HCT116 CRC lines
results in an increased and aberrant activity of the
WNT/β-catenin pathway, along with an increased
cell growth. These observations suggest that TCF7L2 may play a tumor suppressor role in CRC
[46]. Further studies on the specific functions of
TCF7L2 in CCR and its relationship with DM are
required.
Finally, the FRA-1 gene is a target of the Wnt/
β-catenin pathway, activated by TCF7L2. FRA-1 is
considered an oncogene and a potent regulator of
migration and invasiveness in a variety of tumor
cells [47,48]. Increased expression of FRA-1 in CRC
patients has been previously reported congruently [49]; in this study, we observed overexpression
of FRA-1 in the CRC with DM patients, compared
with the healthy controls; such results were expected due to increased expression of TCF7L2 in
this group. On the other hand, our results show
a significant subexpression of FRA-1 in CRC patients without DM compared to the healthy controls. Although apparently different, the diminished expression of FRA-1 seems to be a direct
consequence of the decreased levels of TCF7L2.
The results of the TCF7L2 and FRA-1 expression
in patients with CRC and DM suggest that both
genes play different roles in both pathologies.
The overexpression of WNT3A, LRP6, TCF7L2,
and FRA-1 observed in the group of CRC patients
with DM, is explained by hyperactivation of the
WNT/β-catenin pathway. On the other hand, the
results found in the CRC patients without DM
(overexpression only for WNT3A and LRP6, and
subexpression for TCF7L2 and FRA-1), can be
explained by the hypothetical model of activation of the WNT/β-catenin caused by high glucose concentrations, proposed by Chocarro-Calvo
et al. These authors found that in different cell
lines, including CRC (HT-29), in the absence of the
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WNT ligand, β-catenin is located near to the cell
membrane but not into the nucleus. Likewise, the
WNT pathway target genes were found bound to
its corepressor complex, silencing their expression. After the WNT stimulation, destruction of
β-catenin was inhibited, with consequent accumulation in the cytoplasm but not inclusion into
the nucleus. On the other hand, in these same cell
lines, the presence of high glucose concentrations
enhanced the WNT/β-catenin pathway, allowing
nuclear accumulation of β-catenin and inducing
transcriptional activation of the target genes of
this pathway [24].
In our patients, a similar mechanism could be
occurring. Thus, in CRC patients without DM we
observed overexpression of WNT3A and LRP6 but
not of TCF7L2 or FRA-1, suggesting that the activation of WNT3A through the LRP6 co-receptor
favors the cytoplasmic accumulation of β-catenin,
but not its accumulation in nucleus; consequently, there is no transcriptional activation of target genes, demonstrated by the subexpression of
FRA-1. The high concentrations of blood glucose,
present in the CRC patients with DM, would be the
additional stimuli required for nuclear accumulation of β-catenin and transcriptional activation of
target genes in these patients.
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Conclusions
To the best of our knowledge, this is the first
study to evaluate the gene expression profile quantitatively in cancer tissues of CRC patients, with
and without DM. The results show overexpression
of the WNT3A, LRP6, TCF7L2 and FRA-1 genes
in CRC patients with DM, demonstrating that the
Wnt/β-catenin pathway is upregulated. However,
additional studies with a large sample size and
wider gene expression analysis in this pathway
are needed to accumulate evidence regarding the
importance of DM in the CRC carcinogenesis.

Acknowledgements
The National Council of Science and Technology (CONACYT) of Mexico supported this study
(Grant #83002; Ciencia Básica-2007). M.A. Rosales-Reynoso is a recipient of a Fundación IMSS
Scholarship, Mexico.

Conflict of interests
The authors declare no confict of interests.

References
1.

Alberti KG, Zimmet PZ. Definition, diagnosis and classification of diabetes mellitus and its complications.
Part 1: diagnosis and classification of diabetes mellitus provisional report of a WHO consultation. Diabet
Med 1998;15:539-53.

tics, 2012. CA Cancer J Clin 2015;65:87-108.
9.

Godsland IF. Insulin resistance and hyperinsulinemia
in the development and progression of cancer. Clin Sci
2010;118:315-32.

2.

Wang T, Ning G, Bloomgarden Z. Diabetes and cancer
relationships. J Diabetes 2013;5:378-90.

10. Wang JY, Chao TT, Lai CC et al. Risk of colorectal cancer in type 2 diabetic patients: a population-based cohort study. Jpn J Clin Oncol 2013;4:258-63.

3.

World Health Organization. Diabetes, http://www.who.
int/mediacentre/factsheets/fs312/en/; 2016 [accessed
10.03.15].

11. Vigneri P, Frasca F, Sciacca L et al. Diabetes and cancer. Endocr Relat Cancer 2009;16:1103-23.

4.

ADA (American Diabetes Association). Diagnosis and
Classification of Diabetes Mellitus. Diabetes Care
2013;36:S67-S74.

5.

Giouleme O, Diamantidis MD, Katsaros MG. Is diabetes a causal agent for colorectal cancer? Pathophysiological and molecular mechanisms. World J Gastroenterol 2011;17:444-48.

6.

Guraya SY. Association of type 2 diabetes mellitus and
the risk of colorectal cancer: A meta-analysis and systematic review. World J Gastroenterol 2015;21:6026-31.

7.

Luo S, Li JY, Zhao LN et al. Diabetes mellitus increases
the risk of colorectal neoplasia: An updated meta-analysis. Clin Res Hepatol Gastroenterol 2016;40:110-23.

8.

Torre LA, Bray F, Siegel RL et al. Global cancer statis-

12. Cannata D, Fierz Y, Vijayakumar A et al. Type 2 diabetes and cancer: what is the connection? Mt Sinai J Med
2010;77:197-213.
13. Juárez-Vázquez CI, Rosales-Reynoso MA. Type 2 diabetes mellitus and colorectal cancer: possible molecular
mechanisms associated. Gac Med Mex 2013;149:322-4.
14. Esposito K, Chiodini P, Capuano A et al. Colorectal
cancer association with metabolic syndrome and its
components: a systematic review with meta-analysis.
Endocrine 2013;44:634-47.
15. Sun J, Jin T. Both Wnt and mTOR signaling pathways
are involved in insulin-stimulated proto-oncogene expression in intestinal cells. Cell Signal 2008;20:219-29.
16. Suh S, Kim KW. Diabetes and Cancer: Is Diabetes Causally Related to Cancer? Diabetes Metab J
JBUON 2017; 22(5): 1113

1114

WNT/β-catenin in patients with colorectal cancer and diabetes mellitus

2011;35:193-98.
17. Liu R, Hu LL, Sun A et al. mRNA expression of IGF-1
and IGF-1R in patients with colorectal adenocarcinoma and type 2 diabetes. Arch Med Res 2014;45:318-24.
18. Yi F, Sun J, Lim GE et al. Cross-talk between the insulin
and Wnt signaling pathways: evidence from intestinal
endocrine L cells. Endocrinology 2008;149:2341-51.
19. Berster JM, Göke B. Type 2 diabetes mellitus as risk
factor for colorectal cancer. Arch Physiol Biochem
2008;114:84-98.
20. Klement RJ, Kämmerer U. Is there a role for carbohydrate restriction in the treatment and prevention of
cancer? Nutr Metab (Lond) 2011;8:75.
21. Masur K, Vetter C, Hinz A et al. Diabetogenic glucose
and insulin concentrations modulate transcriptome
and protein levels involved in tumor cell migration, adhesion, and proliferation. Br J Cancer 2011;104:345-52.
22. Jee SH, Ohrr H, Sull JW et al. Fasting serum glucose
level and cancer risk in Korean men and women.
JAMA 2005;293:194-202.
23. Stattin P, Björ O, Ferrari P et al. Prospective study
of hyperglycemia and cancer risk. Diabetes Care
2007;30:561-7.
24. Chocarro-Calvo A, García-Martínez JM, ArdilaGonzález S et al. Glucose-induced β-catenin acetylation enhances Wnt signaling in cancer. Mol Cell
2013;49:474-86.
25. Korinek V, Barker N, Willert K et al. Two members of
the Tcf family implicated in Wnt/beta-catenin signaling during embryogenesis in the mouse. Mol Cell Biol
1998;18:1248-56.
26. Clevers H, Nusse R. Wnt/β-catenin signaling and disease. Cell 2012;149:1192-205.
27. Ochoa-Hernández AB, Juárez-Vázquez CI, Rosales-Reynoso MA et al. Wnt-b-catenin signaling pathway and
its relationship with cancer. Cir Cir 2012;80:389-98.
28. White BD, Chien AJ, Dawson DW. Dysregulation of
Wnt/β-catenin signaling in gastrointestinal cancers.
Gastroenterology 2012;142:219-32.
29. Veloudis G, Pappas A, Gourgiotis S et al. Assessing the
clinical utility of Wnt pathway markers in colorectal
cancer. JBUON 2017;22:431-6.
30. Ip W, Chiang YT, Jin T. The involvement of the wnt
signaling pathway and TCF7L2 in diabetes mellitus:
The current understanding, dispute, and perspective.
Cell Biosci 2012;2:1-12.
31. Obrocea FL, Sajin M, Marinescu EC et al. Colorectal cancer and the 7th revision of the TNM staging
system: review of changes and suggestions for uniform pathologic reporting. Rom J Morphol Embryol
2011;52:537-44.

34. Wu Y, Ginther C, Kim J et al. Expression of Wnt3
activates Wnt/beta-catenin pathway and promotes
EMT-like phenotype in trastuzumab-resistant HER2overexpressing breast cancer cells. Mol Cancer Res
2012;10:1597-606.
35. Bao XL, Song H, Chen Z et al. Wnt3a promotes epithelial-mesenchymal transition, migration, and proliferation of lens epithelial cells. Mol Vis 2012;18:1983-90.
36. Ding S, Zhang W, Xu Z et al. Induction of an EMTlike transformation and MET in vitro. J Transl Med
2013;11:164.
37. He S, Lu Y, Liu X et al. Wnt3a: functions and implications in cancer. Chin J Cancer 2015;34:50.
38. Qi L, Sun B, Liu Z et al. Wnt3a expression is associated with epithelial-mesenchymal transition and promotes colon cancer progression. J Exp Clin Cancer Res
2014;33:107.
39. Pan W, Choi SC, Wang H et al. Wnt3a-mediated formation of phosphatidylinositol 4,5-bisphosphate regulates LRP6 phosphorylation. Science 2008;321:1350-3.
40. Brennan K, Gonzalez-Sancho JM, Castelo-Soccio LA
et al. Truncated mutants of the putative Wnt receptor
LRP6/Arrow can stabilize beta-catenin independently
of Frizzled proteins. Oncogene 2004;23:4873-84.
41. Watanabe T, Kobunai T, Toda E et al. Gene expression
signature and the prediction of ulcerative colitis-associated colorectal cancer by DNA microarray. Clin Cancer Res 2007;13:415-20.
42. Sun J, Wang D, Jin T. Insulin alters the expression of
components of the Wnt signaling pathway including
TCF-4 in the intestinal cells. Biochim Biophys Acta
2010;1800:344-51.
43. Wang J, Zhao J, Zhang J et al. Association of Canonical
Wnt/β-Catenin Pathway and Type 2 Diabetes: Genetic Epidemiological Study in Han Chinese. Nutrients
2015;7:4763-77.
44. Savic D, Ye H, Aneas I et al. Alterations in TCF7L2
expression define its role as a key regulator of glucose
metabolism. Genome Res 2011;21:1417-25.
45. Lyssenko V, Lupi R, Marchetti P et al. Mechanisms by
which common variants in the TCF7L2 gene increase
risk of type 2 diabetes. J Clin Invest 2007;117:2155-63.
46. Tang W, Dodge M, Gundapaneni D et al. A genomewide RNAi screen for Wnt/beta-catenin pathway
components identifies unexpected roles for TCF transcription factors in cancer. Proc Natl Acad Sci USA
2008;105:9697-702.
47. Kustikova O, Kramerov D, Grigorian M et al. Fra-1 induces morphological transformation and increases in
vitro invasiveness and motility of epithelioid adenocarcinoma cells. Mol Cell Biol 1998;18:7095-105.

32. Schmittgen TD, Livak KJ. Analyzing real-time PCR
data by the comparative C(T) method. Nat Protoc
2008;3:1101-8.

48. Diesch J, Sanij E, Gilan O et al. Widespread FRA1dependent control of mesenchymal transdifferentiation programs in colorectal cancer cells. PLoS One
2014;9:e88950.

33. García-Jiménez C, García-Martínez JM, Chocarro-Calvo A et al. A new link between diabetes and cancer:
enhanced WNT/β-catenin signaling by high glucose. J
Mol Endocrinol 2014;52:R51-66.

49. Go GW, Srivastava R, Hernandez-Ono A et al. The
combined hyperlipidemia caused by impaired WntLRP6 signaling is reversed by Wnt3a rescue. Cell Metab 2014;19 (Suppl) :209-20.

JBUON 2017; 22(5): 1114

