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Abstract: Background: The aim of the study is to explore the association between the TCF7L2
rs7903146, CASC8 rs6983267 and GREM1 rs16969681 polymorphisms in patients diagnosed with
type 2 diabetes mellitus (T2DM) and colorectal cancer. Methods: Sixty individuals were enrolled in
this case-control study: thirty with colorectal cancer and type II diabetes mellitus (T2DM) and thirty
healthy control individuals. Real-time PCR was used to determine the genotypes of TCF7L2 rs7903146,
CASC8 rs 6983267 and GREM1 rs16969681 in patients with CRC and T2DM and in patients without
T2DM and CRC. The Hardy–Weinberg equilibrium was determined in the control group for the
genotype distribution of every polymorphism. Results: People carrying the TT genotype of rs7903146,
rs6983267 and rs1696981 had a significant association with T2DM and CRC. Moreover, the people
with the TT genotype of rs1696981 had a greater risk for T2DM and CRC (OR = 7, CI 0.397–23.347).
Conclusions: TCF7L2 rs7903146, CASC8 rs6983267 and GREM1 rs16969681 could be risk factors for
the association of T2DM with CRC.
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1. Introduction

Colorectal cancer (CRC) is a malignancy with several possible risk factors. It is a
heterogeneous disease that can be associated with abnormalities in various molecular path-
ways, with numerous studies showing that environmental factors and genetic susceptibility
place certain individuals at a higher risk of developing CRC [1–3].

Epidemiological studies suggest a link between type II diabetes mellitus (T2DM) and
CRC; diabetes promotes CRC carcinogenesis through complex processes and is considered
an independent risk factor for cancer in general and for CRC in particular, contributing to a
higher mortality rate for these diseases [4,5]. T2DM has been associated with increased CRC
risk (20–40%) [6]. CRC and DM have in common some general risk factors such as obesity,
which is prevalent in sedentary populations where a Western lifestyle is prevalent [7,8].
The risk factors of DM overlap with those of CRC and, therefore, it can be assumed that the
genetic variants underlying DM could also influence susceptibility to CRC.

Other evidence is derived from preclinical study and genome-wide association study
(GWAS) data that demonstrate that CRC and complications of T2DM may have common
pathogenic pathways, as well as an abnormal microbiota, inflammatory mediators and
transformed iron metabolisms, some of them reducing to Wnt/β-catenin signaling and
mIR-21 [1,2,9]. GWAS have identified susceptibility genes for CRC and DM, such as TCF7L2,
CASC8 and GREM1 [1,9].
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The transcription factor 7-like 2 (TCF7L2) gene, 10q25.2–q25.3, is a transcription factor
and β-catenin transcription partner in the Wnt signaling pathway that represses gene
transcription in the absence of β-catenin after DNA-binding and also promotes miR-21
expression [9–11]. There are studies that have confirmed an association between TCF7L2
rs7903146 and T2DM [12–15], and a weak association with CRC [16–18]. Another poly-
morphism, rs6983267, is located in Cancer Susceptibility Candidate 8 Noncoding (CASC8)
8q24.21 and the risk allele promote stronger TCF7L2 binding, facilitating Wnt signal-
ing [9,19]. A GREM 1 SNP, 15q13.3, rs1696968, is also associated with CRC susceptibility
and facilitates TCF7L2 binding to DNA, leading to an increase in gene expression [20,21].

The aim of this study is to investigate the association of rs7903146, rs6983267, and
rs16969681 polymorphisms with the risk of CRC in patients with T2DM.

2. Materials and Methods
2.1. Study Group

A case–control study was conducted among adult South-Eastern Romanian patients
(n = 30) diagnosed with T2DM and with positive colonoscopic results for malignancy,
histologically confirmed as CRC and prospectively admitted for elective surgery to the
Surgery Department of Constanta County Clinical Emergency Hospital between September
2020 and September 2021. The control subjects (n = 30) included people in good health
condition (no medical history and with negative colonoscopic preventive examination
results) that were recruited in the same period and were frequency-matched to cases
based on number, age and sex. Patients with familial adenomatous polyposis, hereditary
nonpolyposis CRC, inflammatory bowel disease, or any cancer personal history were
excluded from the study. According to the WHO criteria, T2DM is characterised by an
inability of the body to produce insulin properly and by a plasma glucose concentration of
≥7.0 mmol/L [22].

CRC lesions were treated using laparoscopic or open surgery. The pathological stage,
size and localization of the tumor were recorded. Demographic and clinical data of the
participants were recorded, and included age, gender, alcohol consumption and smoking
status (according to the National Institute on Alcohol Abuse and Alcoholism [23] and
the Center for Disease Control and Prevention [24]), and body mass index (BMI) was
calculated. Blood samples (glucose, haemoglobin A1c, uric acid, creatinine, CEA, CA 19-9)
were collected after overnight fasting.

2.2. Genomic DNA Purification

Peripheral blood collected in specific vacutainers (with ethylenediaminetetraacetic
acid) was used for genomic DNA extraction with the GeneJET Genomic DNA Purification
Kit (ThermoScientific Baltics, Vilnius, Lithuania), according to the manufacturer protocol.

The purity and yield of the DNA samples were quantified using ultraviolet absorbance
at 260/280 nm using a NanoDrop One™ Spectrophotometer (Thermo Fisher Scientific,
Madison, WI, USA), where a ratio of A260/A280 = 1.7–2.0 and A260/A230 > 2 was consid-
ered acceptable. The concentration of the DNA samples was measured using a Qubit® 3.0
Fluorometer (Thermo Fisher Scientific, Kuala Lumpur, Malayasia) and a Qubit RNA HR
(high-range) Assay Kit.

2.3. Genotyping

SNPs of TCF7L2 (rs7903146, C/T), CASC8 (rs6983267, G/T), and GREM1 (rs1696981,
C/T) were identified using a real-time PCR method based on the ready-made TaqMan®

Genotyping Master Mix (Applied Biosystems, Waltham, MA, USA) and 20× SNP Genotyp-
ing Assay (Applied Biosystems) containing target-specific oligonucleotides labeled with
a reporter dye at the 5′ end of each probe; VIC dye was linked to the 5′ end of the Allele
1 probe and FAM dye was linked to the 5′ end of the Allele 2 probe (Table 1). The DNA
concentration was set between 1 and 10 ng per 10 µL of RT-PCR reaction. Briefly, each
10 µL of RT-PCR reaction consisted of 5 µL TaqMan Genotyping Master Mix (2×), 0.5 µL
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of TaqMan Genotyping Assay mix (20×), and 4.5 µL of DNA. Samples were incubated in
a 7500 Fast Real-Time System (Applied Biosystems) with the following cycle conditions:
95 ◦C for 10 min, 95 ◦C for 15 s, and 60 ◦C for 1 min. The last two steps of denaturing and
annealing/extension were repeated 40 times. Allelic discrimination was made with the
help of 7500 Fast Real-Time PCR software, version 2.3.

Table 1. VIC/FAM Sequences of SNP Genotyping Assay.

SNP ID VIC/FAM Sequences

rs7903146 TAGAGAGCTAAGCACTTTTTAGATA[C/T]TATATAATTTAATTGCCGTATGAGG

rs6983267 GTCCTTTGAGCTCAGCAGATGAAAG[G/T]CACTGAGAAAAGTACAAAGAATTTT

rs1696981 TTTCTTTTTATCTTGATATCTTGCA[C/T]GCGGCCTAACAAAGGCAATAATAAC

2.4. Statistical Analysis

For statistical analysis, SPSS version 28.0 was used (IBM, Armonk, NY, USA). The
results are presented as a median with a range or mean± standard deviation, with categori-
cal variables expressed as counts. The Hardy–Weinberg equilibrium was determined using
GeneCalc software at the level of significance of 0.05. A χ2 test was used to establish the
link between genetic variants and disease status. Odds ratios and 95% CIs were estimated.
Multivariate logistic regression analysis was used for association analyses with adjustments
for BMI and age. Comparisons of clinical parameters of different genotypes among patients
with T2DM, CRC and healthy controls were assessed by one-way analysis of variance
and the least significant difference test. p < 0.05 was considered to indicate a statistically
significant difference.

3. Results
3.1. General Characteristics of Patients

Patients with T2DM and CRC were age-matched (within 5 years) with the control
participants. Table 2 summarizes selected characteristics of the patients and controls. The
mean age of the CRC and T2DM patients was 69.90 ± 8.36 years, with a mean body
mass index (BMI) of 30.75 ± 3.90 kg/m2. The average age of the control subjects was
63.90 ± 11.9 years, with a mean BMI of 26.31 ± 5.23 kg/m2. There were no significant
differences in mean age, sex, or the numbers of moderate alcohol drinkers between the
two groups. There was a significant difference with respect to BMI, current or former
smokers, glucose, systolic blood pressure, diastolic blood pressure, creatinine and uric
acid in patients with CRC and T2DM than in the controls (p < 0.05). The time elapsed
between the diagnosis of T2DM and that of CRC was between 1 and 14 years, with a mean
of 7.07 ± 3.903.

Table 2. Clinical and biochemical characteristics of subjects with CRC + T2DM and controls.

Variable CRC + T2DM (n = 30) Controls (n = 30) p-Value

Age (years) 69.90 ± 8.36 63.90 ± 11.9 0.250
Sex * 0.193
Male 19 (63.3) 14 (46.7)
Female 11 (36.7) 16 (53.3)
BMI (kg/m2) 30.75 ± 3.90 26.31 ± 5.23 0.036
Current of former smokers * 9 (30) 7 (23.3) 0.049
Moderate alcohol consumption * 6 (20) 7 (23.3) 0.072
Glu (mg/dL) 143.29 ± 14.59 83.33 ± 12.87 <0.001
Blood HbA1c (%) 6.87 ± 0.96 5.16 ± 0.33 <0.001
SBP (mmHg) 136.98 ± 16.84 122.48 ± 11.26 0.042
DBP (mmHg) 81.68 ± 0.97 69.88 ± 0.77 <0.001
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Table 2. Cont.

Variable CRC + T2DM (n = 30) Controls (n = 30) p-Value

UA (mg/dL) 39.7 ± 16.5 16.9 ± 9.3 0.018
Cr (mg/dL) 1.13 ± 0.11 0.58 ± 0.26 0.029

Variables are expressed as mean ± SD (standard deviation), unless indicated otherwise. * Number of cases with
percentages in parentheses. CRC—colorectal cancer; T2DM—type 2 diabetes mellitus; BMI—body mass index;
smoker—smoking of ≥10 cigarettes daily; alcohol consumption ≥ 1 drink per day for women and ≥2 drinks
per day for men; Glu—glucose; HbA1c—haemoglobin A1c; SBP—systolic blood pressure; DBP—diastolic blood
pressure; UA—uric acid; Cr—creatinine.

The anatomopathological characteristics of patients with CRC and T2DM are shown in
Table 3. The mean value of the tumor markers is above the normal limit (CEA > 5 ng/mL,
CA19-9 > 27 U/mL). The most common site of cancer was the left colon (46.7%) and the
rectum (30%). Most of the patients in the study were diagnosed in stage III (40%).

Table 3. Tumor characteristics of patients with CRC and T2DM.

Variable Patients with CRC and T2DM (n = 30) Percentage (%)

CEA (ng/mL) * 50.51
CA19-9 (U/mL) * 43.15
Tumor site
Right colon 7 23.3
Left colon 14 46.7
Rectum 9 30
Disease stage TNM
Stage I 8 26.7
Stage II 8 26.7
Stage III 12 40
Stage IV 2 6.7

CRC—colorectal cancer; T2DM—type 2 diabetes mellitus; CEA—cancer embryonic antigen; CA19-9—
carbohydrate antigen 19-9; TNM—tumor node metastasis. * values are median.

3.2. Genotype Distribution of rs7903146, rs6983267 and rs1696981 in Case and Control Groups

The genotype distribution in control groups for rs7903146, rs6983267 and rs16969681
were consistent with the Hardy–Weinberg law at the level of significance of 0.05. Univari-
ate and multivariate analyses were performed for the genotype and allele frequencies of
CRC in the T2DM patients and the control subjects and are summarized in Table 4 for the
selected SNPs (rs7903146, rs6983267, and rs16969681). Compared with the TT genotype, the
CC + CT genotypes demonstrated a significant association with the risk of CRC and T2DM
in the univariate analysis for rs7903146 (p = 0.003) and rs16969681 (p = 0.009). This signifi-
cant association was maintained after adjusting for age and BMI for rs7903146 (p = 0.021).
Among the various parameters studied, GG + GT/TT were significantly different between
the cases and controls for rs6983267 (p = 0.026) in the univariate analysis.

Table 4. Univariate and multivariate analyses for CRC and T2DM patients and control subjects.

SNP
Univariate Analysis Multivariate Analysis

CRC + T2DM
n = 30

Controls
n = 30 p Value OR [95%CI] p Value

rs7903146 CC + CT
TT

21 (70)
9 (30)

29 (96.7)
1 (3.3) 0.003 0.080

[0.009–0.685] 0.021

rs6983267 GG + GT
TT

21 (70)
9 (30)

25 (83.3)
5 (16.7) 0.026 2.143

[0.622–7.387] 0.227

rs16969681 CC + CT
TT

22 (73.3)
8 (26.7)

26 (86.7)
4 (13.3) 0.009 2.364

[0.627–8.917] 0.204

Variables are expressed as number of cases with percentages in parentheses. SNP—single-nucleotide polymor-
phism; CRC—colorectal cancer; T2DM—type 2 diabetes mellitus; OR—odds ratio; CI—confidence interval.
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Genotype and allele distribution and the analysis of the association of rs7903146 of
the TCF7L2 gene in subjects with CRC and T2DM and in the controls are shown in Table 5.
The CC, CT, and TT genotype frequencies were 26.7%, 43.3%, and 30%, respectively, in
subjects with CRC and T2DM, and were 60%, 36.7%, and 3.3%, respectively, in the control
subjects. The CT and TT genotypes were more frequent in subjects with CRC and T2DM
than in the controls. The CC genotype was more frequent in the controls than in the subjects
with CRC and T2DM. The risk of T2DM and CRC was lower in the heterozygous (CT)
genotype group, with an odds ratio of 0.222 (95% CI 0.065–0.754, p = 0.039), than in the
homozygous (TT) genotype group, which had an odds ratio of 2.042 (95% CI 0.395–10.553,
p = 0.011). Moreover, the T allele was more frequent in the cases than in the controls and
might significantly increase the occurrence risk of T2DM and CRC compared with the C
allele (OR = 3.865, 95%CI = 1.743–8.567).

Table 5. Genotype and allele distribution and analysis of the association of rs7903146 of TCF7L2 in
subjects with CRC + T2DM and controls.

Genotype CRC + T2DM
(n = 30)

Controls
(n = 30) OR 95% CI p-Value

CC (%) 8 (26.7%) 18 (60%) Reference
CT (%) 13 (43.3%) 11 (36.7%) 0.222 0.065–0.754 0.039
TT (%) 9 (30%) 1 (3.3%) 2.042 0.395–10.553 0.011
C (%) 29 (48.3%) 47 (78.3%) Reference
T (%) 31 (51.7%) 13 (21.7%) 3.865 1.743–8.567 0.001

CRC—colorectal cancer; T2DM—type 2 diabetes mellitus; OR—odds ratio; 95%CI—95% confidence interval.

Genotype and allele distribution and the analysis of the association of rs6983267 of the
CASC8 gene in subjects with CRC and T2DM and in the controls are shown in Table 6. The
GG, GT, and TT genotype frequencies were 30%, 40%, and 30%, respectively, in subjects
with CRC and T2DM, and were 30%, 53.3%, and 16.7%, respectively, in the control subjects.
The TT genotype had a lower frequency in the controls than in the subjects with T2DM and
CRC. The GT genotype was more frequent in the controls than in subjects with CRC and
T2DM and the GG genotype was evenly distributed in the two groups. The results indicate
a low-significance association in the homozygous (TT) genotype (p = 0.052). There was no
significant distribution of the G and T alleles between the two groups, which indicate that
the presence of one T allele does not increase susceptibility for T2DM and CRC.

Table 6. Genotype and allele distribution and analysis of the association of rs6983267 of CASC8 in
subjects with CRC + T2DM and controls.

Genotype CRC + T2DM
(n = 30)

Controls
(n = 30) OR 95% CI p-Value

GG (%) 9 (30%) 9 (30%) Reference
GT (%) 12 (40%) 16 (53.3%) 3.000 0.586–15.362 0.586
TT (%) 9 (30%) 5 (16.7%) 1.333 0.139–12.818 0.052
G (%) 30 (50%) 34 (56.7%) Reference
T (%) 30 (50%) 26 (43.3%) 0.765 0.373–1.569 0.464

CRC—colorectal cancer; T2DM—type 2 diabetes mellitus; OR—odds ratio; 95%CI—95% confidence interval.

Genotype and allele distribution and the analysis of the association of rs16969681 of
the GREM1 gene in the subjects with CRC and T2DM and in the controls are shown in
Table 7. The CC, CT, and TT genotype frequencies were 50%, 23.3%, and 28.7%, respectively,
in subjects with CRC and T2DM, and were 63.3%, 23.3%, and 13.3%, respectively, in the
control subjects. The TT genotype was more frequent in subjects with CRC and T2DM than
in the controls. The CC genotype was more frequent in the controls than in the subjects
with CRC and T2DM and the CT genotype was evenly distributed in the two groups. The
results indicate a significant association in the homozygous (TT) genotype (p = 0.047). For



Genes 2022, 13, 1297 6 of 9

rs16969689, there was also no significant distribution of the C and T alleles between the
two groups, which indicates that the presence of only one risk allele is not important for
susceptibility to T2DM and CRC.

Table 7. Genotype and allele distribution and analysis of the association of rs16969681 of GREM1 in
subjects with CRC + T2DM and controls.

Genotype CRC + T2DM
(n = 30)

Controls
(n = 30) OR 95% CI p-Value

CC (%) 15 (50%) 19 (63.3%) Reference
CT (%) 7 (23.3%) 7 (23.3%) 6.250 0.615–63.538 0.109
TT (%) 8 (28.7%) 4 (13.3%) 7.000 0.397–23.347 0.047
C (%) 37 (61.7%) 45 (75%) Reference
T (%) 23 (38.3%) 15 (30%) 0.536 0.245–1.173 0.116

CRC—colorectal cancer; T2DM—type 2 diabetes mellitus; OR—odds ratio; 95%CI—95% confidence interval.

Regardless of the SNP, obesity was associated with CRC and DM. When focusing on
people with a BMI ≥ 30 kg/m2 and the TT genotype of the rs6983267 and rs16969681 genes,
there was an increased frequency of cases in patients with CRC and T2DM compared to
the control group (Figure 1).

Figure 1. Graphical model represents the genotype distribution by BMI for patients with CRC, T2DM
and controls.

4. Discussion

T2DM and CRC are among the most frequent causes of death worldwide [22,24]. The
link between DM and cancer has been recognized by the American Diabetes Association
(ADA) since the 2010 consensus guidelines and in the 2022 Standards of Medical Care in
Diabetes, which state that diabetes is associated with an increased risk of cancer, and CRC is
one of them [25,26]. This association may be linked with shared risk factors between T2DM
and cancer (older age, obesity and physical activity), but may also be due to diabetes-related
factors such as diabetes-related physiology or treatment [26].

Regarding other published studies which investigate genetic links between T2DM
and CRC in different multi-ethnic populations [8,27], in our study, all individuals were
of Romanian origin, and we selected the SNPs from a GWAS conducted in a Caucasian
population, with the association replicated in a GWAS and meta-analysis more recently
released than in mentioned studies. From the selected SNPs, only TCF7L2 rs7903146
overlapped with the outlined studies, and is a well-known factor of association between
T2DM and CRC. The other two SNPs were selected because of their interaction and binding
with TCF7L2, and are well-documented SNPs for CRC risk.

A common molecular pathway for T2DM and CRC is the Wnt/β-catenin signaling
pathway. In the absence of Wnt signaling, APC attached glycogen synthase kinase 3-β (GSK-
3β) and phosphorylated β-catenin to prepare it for ubiquitin–proteosome degradation.
In the absence of nuclear β-catenin, a transcription factor from the TCF family, such as
TCF7L2, can interact with transcriptional inhibitors and repress transcription. In CRC, APC
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is frequently mutated and, in DM, Wnt signaling is activated. Wnt signaling prevents
β-catenin degradation, enabling nuclear migration where it promotes the transcription of
genes implicated in cell proliferation.

TCF7L2 is a transcription factor in the Wnt signaling pathway. It contains a DNA-
binding domain, is implicated in the regulation of cell proliferation and differentiation,
and maintains the stability of plasma glucose [28,29]. TCF7L2 is related with T2DM risk
and DM complications such as diabetic nephropathy, and is also a susceptibility locus for
CRC [12,15,30]. In the present study, the genotype distribution of the TCF7L2 rs7903146
polymorphism was correlated with susceptibility for CRC and DM in our population. The
data show that the TT genotype frequency, and also the T allele, were significantly higher in
patients with CRC and T2DM and the risk of CRC and T2DM was also significantly higher
for the TT genotype. A previous study has also shown an association between T2DM and
a higher risk of CRC for patients with the risk allele of TCF7L2 rs7903146, and several of
them have shown an independent association with T2DM and CRC, suggesting that the
risk allele is likely to have a more important effect on colon tissue than in the pancreatic
islet [8,27,28]. The Wnt pathway is frequently implicated in the etiology and pathogenesis
of CRC, and TCF7L2 undergoes changes in CRC.

Another CRC-associated polymorphism, rs6983267, located in chromosome 8q24, is
situated at a TCF7L2 binding site and the risk allele determines an intense binding of
TCF7L2, facilitating Wnt signaling [9,19]. Our study showed a low-significance association
OR 1.33 (CI 0.139–12.818, p = 0.05) for the risk genotype with T2DM and CRC. The other
studies have shown that rs6983267 within the 8q24 region is one of the strongest genetic
risk factors for the development of CRC [31]. Due to interactions with TCF7L2, we wanted
to investigate the association between CRC and T2DM for this variant. CASC8, rs6983267,
is also associated with increased susceptibility to prostate cancer, in addition to CRC, but
the molecular mechanism of association is under investigation [31].

The GREM1 rs16969681 also demonstrated a significant association with the TT geno-
type and T2DM and CRC, with an OR of 7 (CI 0.397–23.347, p = 0.047). GWASs demonstrate
that GREM 1 rs1696968 is an important risk factor for CRC or advanced adenomas in the
European population [9]. Other studies propose GREM1 as an important mediator for
diabetic kidney disease, and due to its interaction with TCF7L2, which facilitates its DNA
binding, it can be considered one of the common genetic factors for T2DM and CRC [9,32].
The GREM1, rs16969681, stimulates TCF7L2 binding to DNA, determining an increase in
GREM1 gene expression. The gene product, Gremlin, activates kidney damage in T2DM
and cell migration in CRC [9].

Interestingly, our study showed an increased frequency of association between high
BMI and risk genotypes for rs6983267 and rs16969681 in patients with CRC and T2DM.
Taken together, our results with the results of other cohort studies suggest that BMI could be
an independent risk factor for the association between T2DM and the risk of CRC [8,27,33].

5. Conclusions

In summary, TCF7L2 rs7903146, CASC8 rs6983267 and GREM1 rs1696968 were sig-
nificantly correlated in our study with T2DM and CRC. There is no other study, to our
knowledge, that investigates the association between T2DM and CRC for rs6983267 and
rs1696968. In the present study, there are several limitations such as sample size and inter-
action between genetic and environmental factors that were ignored. Therefore, further
research should be conducted to verify this conclusion.
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