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Background: Colon cancer is one of the most common types of malignant tumor worldwide. 
The molecular mechanism of colorectal carcinogenesis is very complex and not yet fully 
understood. The TGFβ (transforming growth factor β) signaling pathway plays a significant 
role in the development of many cancers, including colorectal cancer pathogenesis. Changes in 
TGFβ pathway are associated with increased colorectal cancer risk, because this pathway 
participates in the control of important cellular processes such as cell growth, proliferation, 
differentiation, or apoptosis. The family of SMAD (similar to mother against decapentaplegic) 
proteins is closely correlated to this pathway. SMADs genes expression affects modulation of the 
transcription of many genes, which leads to the inhibition of cell-growth and apoptosis in colon 
epithelial cells. The presence of SNPs (single nucleotide polymorphisms) in SMADs genes 
encoding proteins involved in the control of biological processes important for the cell may 
play a significant role in the predisposition to the development of colorectal cancer, or in the 
regulation of the severity of changes related to tumor growth. Extension of data in this field may 
provide clinically significant conclusions influencing the implementation of personalized treat-
ment based on specific changes characteristic of a patient with colorectal cancer.
Purpose: The subject of this research was genotyping polymorphisms of SMAD3 (rs6494629) 
and SMAD4 (rs10502913, rs12968012, rs1057520801) genes in the group of patients with 
colorectal cancer and in the control group, and comparing the genotypic frequency distributions 
with clinical-pathological features within the study group and between the groups.
Materials and Methods: SNP genotyping analysis was performed on genomic DNA 
isolated from 84 frozen tissue sections of colorectal cancer and from 60 peripheral blood 
samples of patients without cancer. To evaluate the polymorphic variants of SMAD genes, 
the restricted fragment length of a polymorphism reaction (PCR-RFLP) was used.
Results: The results obtained in the study showed no significant association between the 
examined polymorphisms and the risk of developing colorectal cancer.
Conclusion: More extensive studies to confirm the results obtained in this study are needed. 
Further studies on a larger study group divided according to the clinical stage and histolo-
gical differentiation may allow finding or excluding the significance of the studied SNPs as 
potential markers of colorectal cancer in relation to the clinico-pathological data.
Keywords: SMAD3 gene, SNP, colorectal cancer, SMAD4 gene

Introduction
Colorectal cancer (CRC) is a cancer commonly occurring around the world and it 
has a very high cancer-related mortality rate. In recent years morbidity of this 
malignancy has been significantly increased. The number of newly diagnosed cases 
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of colon cancer at an advanced stage of the disease is still 
growing, especially in the developed countries. Therefore, 
CRC is an important clinical problem in healthcare.1,2 One 
of the research directions which may contribute to redu-
cing the mortality rate in patients with colorectal cancer is 
expanding knowledge about the biological and molecular 
path leading to the development of this cancer. Molecular 
pathogenesis of CRC is heterogeneous and comprise 
a range of genomic and epigenomic alterations.3,4

One of the molecular subtypes (CMS4) of colorectal 
cancer is characterized by the changes of TGFβ pathway 
that play an important role in the pathogenesis of many 
cancers development, being engaged in the regulation of 
many diverse biological processes within cells of the gas-
trointestinal epithelium. The TGFβ pathway is responsible 
for the control of critical cellular processes involved in 
carcinogenesis, such as cell growth, proliferation, differ-
entiation, or apoptosis. Additionally, this pathway is asso-
ciated with angiogenesis and inflammation.5–7 Activation 
of the TGFβ cascade protects normal epithelial cells from 
excessive proliferation and differentiation, and is respon-
sible for controlling programmed cell death, but also has 
a negative effect on cell adhesion or migration.6–8 The 
TGFβ path plays a dual role in carcinogenesis, at the 
stage of cancer initiation and the early progression of the 
TGFβ trail inhibits cell proliferation and the directs cell to 
the apoptosis; during cancer progression its protective role 
is reduced.8–10

In the TGFβ signaling pathway, the ligand binds to the 
TGFβ II receptor on the cell surface that phosphorylates 
the TGFβ1 receptor. The latter one activates SMAD2 and 
SMAD3 proteins and forms a heterodimer complex with 
SMAD4, which regulates transcription factors in the cell 
nucleus, such as FOXL24, SMIF5, or TGIF8.11,12 

Disorders such as loss of chromosomal 18q and other 
aberrations leading to abolition of signal transmission 
through the TGFβ pathway may contribute to 
a transformation of normal colonic cells to cancerous 
cells. Loss of heterozygosity in 18q21 where SMAD4 
gene is located, occurs in 60–70% of colorectal cancer 
cases.13 In the case of cancers, the TGFβ/SMAD signaling 
pathway may act as a tumor promoter, leading to uncon-
trolled proliferation of cancer cells.9 Therefore, research to 
identify TGFβ path-dependent mechanisms is needed, for 
example into the mechanisms of TGFβ signaling in con-
junction with SMAD4.

The family of SMAD proteins is closely-related to 
TGF-β signaling, as central mediators in this pathway. 

This group of proteins is responsible for the regulation of 
cellular responses by transducing signals from the cell 
membrane to nucleus and affecting the role in maintaining 
tissue homeostasis. SMADs proteins can be divided into 
three distinct classes: R-SMADs (the so-called receptor 
regulated SMADs), Co-SMADs (common-mediator 
SMADs, including representative SMAD4) and 
I-SMADs (inhibitory SMADs). SMAD4 protein is 
a critical component of TGFβ signaling. The SMAD4 
gene, encoding the SMAD4 protein, acts as a tumor sup-
pressor gene and probably prevents the development of 
various cancers, mainly pancreatic, breast, and colorectal 
cancer.14,15 Homozygous deletions or intragenic muta-
tions, leading to SMAD4 gene inactivation or loss of 
their functions, were detected with higher frequency in 
the late stages of these carcinomas. This dependence indi-
cates the participation of the SMAD4 gene in tumor initi-
ating, development, or progression.16,17 The SMAD3 gene, 
located on the long arm of the 15th chromosome, encodes 
the protein mediating intracellular signal transmission. The 
SMAD3 gene also plays a key role in TGFβ/SMAD mod-
ulation of transcription of many genes, including genes 
encoded pro-inflammatory cytokines, for example CDKI 
(cyclin dependent kinase inhibitor) genes functioning as 
tumor suppressor genes. In this mechanism, SMAD3 gene 
expression is crucial for cell-growth inhibition and apop-
tosis of various types of epithelial cells including the 
colon.18–20 SMADs genes belong to highly polymorphic 
genes, and mutations in these genes are observed fre-
quently in cases of colorectal cancer.21

The main aim of this research was an assessment of 
impact of the selected SMAD3 and SMAD4 genes poly-
morphisms in CRC development and progress. In this 
study, genotyping for polymorphisms at positions: 
rs10502913, rs12968012, rs1057520801, of the SMAD4 
gene and rs6494629 of SMAD3 gene was done for better 
understanding of SNPs influence on pathomechanisms, 
where the investigated genes play an important role. 
Much data has been published including the assessment 
of abnormalities in the TGFβ/SMAD pathway in the 
development of colorectal cancer. Based on the confirmed 
role of this pathway in the pathogenesis of colorectal 
cancer, we tried to expand the available knowledge with 
data on the analyzed SNPs. There are few reports in the 
literature on the importance of the studied SNPs in color-
ectal cancer, while there are only reports on the importance 
of the studied SNPs in other diseases, such as gastric 
cancer or lung cancer. The subject is important because 
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there are no data on the relationship between the studied 
genotypes and alleles and the development and progres-
sion of colorectal cancer, especially in the case of high- 
stage cancer in the Polish population.

Materials and Methods
Materials
Study tissue specimens were received during tumor sur-
geries from patients diagnosed with colorectal cancer on 
the basis of histological examination. All collected tissue 
samples of colorectal carcinomas were immediately deeply 
frozen in liquid nitrogen and stored at −80°C temperature 
until DNA isolation was performed.

The study group consisted of 84 cases of colorectal 
cancer diagnosed at the Department of Pathology of the 
Medical University of Lodz. The characteristic of study 
group in terms of demographic and clinical–pathological 
features is presented in Table 1.

Blood samples from the control group of patients were 
also stored at −20°C until further analysis. The control 
group consisted of 60 blood samples obtained from 
healthy individuals from the local blood bank.

Both groups were ethnically and geographically 
matched. All experiments on these biological materials 
were carried out in accordance with the principles of the 
Declaration of Helsinki and were approved by the Ethical 
Committee of the Medical University of Lodz RNN/82/20/ 
KE and KE/227/20. All subjects included in the study gave 
their informed consent.

Methods
DNA Extraction
Evaluation of polymorphic variants of the SMAD genes 
was performed on genomic DNA isolated from frozen 
tissue sections of colorectal cancer and from peripheral 
blood samples of patients without cancer.

Genomic DNA was isolated from biological materials 
using a column method and the Genomic Midi Kit (A&A 
Biotechnology, Poland) in accordance with the manufac-
turer’s protocols. The concentration and purity of DNA 
obtained after isolation was assessed spectrophotometri-
cally. DNA samples that had the ratio of the absorbance at 
260/280 nm between of 1.8–2.0 were selected for further 
study.

Genotyping
DNA obtained from tissues and peripheral blood isolation 
was used to determine single nucleotide polymorphisms of 

the SMAD genes. The evaluation of SMAD3 gene 
rs6494629 C/T polymorphism and SMAD4 gene 
rs1057520801 A/C, rs10502913 G/A, and rs12968012 C/ 
G polymorphisms, respectively, was carried out using the 
restriction fragment length polymorphism reaction (PCR- 
RFLP). SMAD genes fragments, including the polymorphic 
sites, were amplified using a specific pair of primers. 
Amplification product sizes and primers sequences are 
shown in Table 2. PCR reaction for all specific DNA frag-
ments was performed in a total reaction volume of 20 μL 
containing: 50 ng of genomic DNA, 3.5 μL of 10× PCR 
buffer, 0.4 μL of 0.2 mM each deoxynucleotide tripho-
sphate, 0.7 μL of 25 mM MgCl2, 0.5 μL of 10 µmol of 
forward and reverse primers and 0.2 μL of 2.5 U/µL of 
JumpStart™ DNA polymerase and distilled water up to 20 
μL. PCR parameters for SMAD3 gene rs6494629 C/T poly-
morphism were as follows: an initial denaturation at 94°C 
for 2 minutes, followed by 34 cycles including 94°C for 15 

Table 1 Study Group Characteristics

Features Number of 
Patients

Gender Women 45

Men 39

Cancer location Rectum 30

Colon 54

Tumor size T1/T2 9

T3 46
T4 9

Presence of metastases in 
regional lymph nodes

N0 51

N1 or N2 33

Presence of metastases to distal 

organs

M0 54

M1 30

Stage of cancer according to the 

pTNM classification

I 24

II 22
III 23

IV 15

Grading G1 10

G2 48

G3 26

Histopathological type Adenocarcinoma 

tubulare

55

Adenocarcinoma 

mucinosum

29
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seconds (denaturation), 64°C for 30 seconds (annealing), 
72°C for 30 seconds (extension) and an additional extension 
step at 72°C for 5 minutes. PCR reaction conditions for the 
amplification of SMAD4 gene fragments included 95°C for 
2 minutes, 34 cycles covering 94°C for 30 seconds, 59°C 
for 30 seconds, 72°C for 60 seconds, and final step at 72°C 
for 5 minutes. Negative control (without DNA) was 
included in every experiment. PCR products were evaluated 
during electrophoresis in 2% agarose gel stained with ethi-
dium bromide and viewed under UV light. Products of PCR 
amplification (the presence of a band of the right size in 
electrophoresis) were subjected to digestion with specific 
restriction enzymes. The digested products were electro-
phoresed on 2% agarose gel. Genotypes for analyzed poly-
morphisms were assessed based on different banding 
patterns. The presence of specific bands in electrophoresis 
for individual genotypes is presented in Table 3.

Statistical Analysis
STATISTICA 13.3 statistical software (TIBCO 2020) was 
used for data analysis. The Chi-squared Pearson test was 
applied to evaluate the conformity between the observed and 
expected genotype frequencies in the investigated and control 
groups.

Differences in genotype frequencies among colorectal 
cancer patients and control group, and the association of 
the various genotypes with clinical parameters were deter-
mined using the Chi-squared Pearson test, Chi-squared 
with Yates’correction test, V-squared test, and Fisher’s 
exact test. For all statistical comparisons the 
P-values<0.05 were considered as statistically significant.

Results
All samples from the study and control group were success-
fully analyzed. For all studied SNPs the observed genotype 
frequency distributions in both groups were consistent with 
the Hardy–Weinberg equilibrium. The Chi-squared test 
P-values for selected SNPs are presented in Table 4.

Table 2 Amplification Product Sizes and Sequences of Primers

SNP Product Size Sequences of Primers

SMAD3 rs6494629 C/T 430bp Forward: 5′-CATCTTTCCTCCTGGCCATA-3′
Reverse: 5′-CTTAGCGAAGGAAACCAGCA-3′

SMAD4 rs1057520801 A/C 416bp Forward:5′-CGTAAAATGTGTTCTGATGTGTGTC-3′
Reverse: 5′-CCTCCCATCCAATGTTCTCTGTA-3′

SMAD4 rs10502913 G/A 435bp Forward: 5′-CTTTGTCAGTCTAATTTCTGAGCGA-3′
Reverse: 5′-GGCATCTGAAAGTCTTGTGGGA-3′

SMAD4 rs12968012 C/G 452bp Forward: 5′-CCCCAGTCTAGGATCTTACCG −3′
Reverse: 5′-TACTGGGCATCTGGTGGCTAA −3′

Table 3 Banding Patterns for Genotypes

SNP – Restriction 
Enzyme

Genotypes – Restriction 
Products

rs6494629 C/T – HpaII CC 155bp + 275bp

CT 155bp + 275bp + 430bp

TT 430bp

rs1057520801 A/C – DraI AA 153bp + 263bp

AC 153bp + 263bp + 416bp
CC 416bp

rs10502913 G/A – MaeII GG 160bp + 275bp
GA 160bp + 275bp + 435bp

AA 435bp

rs12968012 C/G – Alw26I CC 128bp + 150bp + 174bp

CG 128bp + 150bp + 174bp + 302bp

GG 150bp + 302bp

Table 4 Genotype Frequency Distributions (Hardy–Weinberg 
Equilibrium)

SNPs Group Chi-Squared Test 
P-values

SMAD4 gene 

rs1057520801 A/C

Control 0.9485
Colorectal cancer 0.9551

SMAD4 gene 

rs10502913 G/A

Control 0.9779
Colorectal cancer 0.4213

SMAD4 gene 

rs12968012 C/G

Control 0.3386
Colorectal cancer 0.5549

SMAD3 gene 

rs6494629 C/T

Control 0.1956
Colorectal cancer 0.0741
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Firstly, the frequency of genotype distributions of 
selected SNPs between colorectal cancer patients and 
healthy controls were compared and results are presented 
in Table 5. The differences in the frequency of individual 
genotypes in groups were not at the level of statistical sig-
nificance. This comparison suggests that polymorphic var-
iants of investigated genes probably do not predispose to an 
increased individual risk of developing colorectal cancer.

Statistical analysis of the genotype frequency distribu-
tion for SMAD4 gene rs1057520801 A/C was not carried 
out, because in the study group only one case with the AC 
genotype was observed with the other cases having the AA 
genotype.

The distribution of genotype variants of the SMAD4 
polymorphisms was compared to demographic features 
such as gender and family history of colorectal cancer. 
The results are shown in Table 6. Despite the fact that 
AA genotype (for SMAD4 gene rs10502913 G/A) and GG 
genotype (for SMAD4 gene rs12968012 C/G) were more 
commonly seen in women than in men and in people with 
a positive family history of colorectal cancer, no statisti-
cally significant differences were observed.

Then, genetic variants of the SMAD polymorphisms 
were compared with clinical and pathological parameters. 
The obtained results are shown in Tables 7 and 8.

The group of patients with colorectal cancer was 
divided into four subgroups according to the pTNM clas-
sification: less advanced stage pTNM defined as I and II 
and more advanced stage as III and IV. No significant 
differences between the examined genotypes and pTNM 
were found.

The next comparable parameter was histological grad-
ing. In this case, the group of patients with colorectal 
cancer was divided into three subgroups G1, G2, and G3 
according to the grade of the tumor malignancy. No 

significant association between genotype distributions 
among patients with different histological grading was 
observed, despite the GG genotype (for SMAD4 gene 
rs12968012 C/G) and TT genotype (for SMAD3 gene 
rs6494629 C/T) were the most common in the G1 sub-
group of patients and the GG genotype (for SMAD4 gene 
rs10502913 G/A) was the least frequent in G1 group.

In further analysis the studied genotype distribution 
with clinical-pathological features like tumor localization, 
tumor size, and histopathological type was compared. No 
significant differences were found, although the GG geno-
type (for SMAD4 rs12968012 C/G) was more frequently 
observed in colon cases than in rectum cases.

For the analysis of the presence of metastases in regio-
nal lymph nodes, patients with colorectal cancer were 
again divided into three groups: without regional nodes 
involvement by cancer and with cancer involved regional 
nodes (one or more). No statistically significant depen-
dence was observed in this case.

In the next step of the statistical analysis the genotype 
distribution of SNPs SMAD genes were compared to other 
clinical-pathological features, like the presence of tumor- 
infiltrating lymphocytes which is a beneficial prognostic 
factor in advanced colon cancer and infiltration of blood 
vessels by tumor. Also in this case there were no statisti-
cally significant differences.

Haplotype analysis of SMAD4 gene polymorphisms 
was performed within the study and control groups. An 
assessment of correlation between the occurrence of 
a specific SMAD4 haplotype variants and demographic 
or clinical features within study group was performed. 
No statistically significant correlations were observed. 
The P-values for individual analyses are shown in 
Tables 5–7.

Table 5 Frequency of Genotype Distributions of Selected SNPs Between the Control and Investigated Group

Group SMAD4 Gene 
rs1057520801 A/C

SMAD4 Gene 
rs10502913 G/A

SMAD4 Gene 
rs12968012 C/G

SMAD3 Gene 
rs6494629 C/T

SMAD4 Haplotype 
Analyses (P)

Control AA – 59 (98.33%) GG – 36 (60%) CC – 23 (38.33%) CC – 0 (0%) 0.5178

AC – 1 (1.67%) GA – 21 (35%) CG – 31 (51.67%) CT – 16 (30.19%)
AA – 3 (5%) GG – 6 (10%) TT – 37 (69.81%)

Colorectal cancer AA – 79 (98.75%) GG – 45 (56.25%) CC – 32 (41.03%) CC – 0 (0%)
AC – 1 (1.25%) GA – 29 (36.25%) CG – 34 (43.59%) CT – 26 (36.11%)

AA – 6 (7.5%) GG – 12 (15.38%) TT – 46 (63.89%)

P-value 0.6073 0.8059 0.52592 0.4885
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Discussion
In this study the association between SMAD3 rs6494629 
C/T, SMAD4 rs1057520801 A/C, rs10502913 G/A, 
rs12968012 C/G genes polymorphisms, and the risk of 
incidence and progression of colorectal cancer were eval-
uated. The analysis was carried out on DNA samples 
isolated from colorectal cancer tissues and on DNA sam-
ples isolated from peripheral blood obtained from healthy 
individuals. All analyses were performed within the 
European population and the obtained genotype frequen-
cies of the SNPs remain consistent with the population 
data provided by the dbGaP database. The genotype fre-
quency distribution of SNPs in SMAD3 and SMAD4 
genes between the group of patients with colorectal cancer 
and the control group was analyzed. The frequencies of 
particular genotypes in the two groups did not differ sig-
nificantly. Then, we compared the distribution of genotype 
variants with clinic-pathological features within the study 
group; however, no statistically significant differences 
were observed. The lack of association between the dis-
tribution of genotype variants of the analyzed single 
nucleotide polymorphisms and the explored parameters 
may be caused by small aberrations within the study 
group in the case of cancer invasion and metastasis. The 
examined group of patients with colorectal cancer 
included more patients with an early or initial stage of 
cancer compared to the number of patients with its 
advanced stage. To have a full view of frequency genotype 
distribution of SMAD3 and SMAD4 SNPs in different 
stages of colon cancer development, research on a group 

of patients with more advanced colon cancer should be 
performed.

Many polymorphisms of the SMAD3 gene in pathogen-
esis of various disease entities have been described; for 
example, in the study by Zhang et al,20 an association 
between rs12901499 polymorphism and osteoarthritis in 
the Chinese population was confirmed.

Until now the rs6494629 C/T polymorphism has not 
been evaluated in cases of colon cancer. In the publica-
tion written by Paradowska-Gorycka et al,22 the authors 
examined rs6494629 C/T SNP in the SMAD3 gene and 
they found the association with susceptibility to the 
development of rheumatoid arthritis. They observed 
that the occurrence of the TT genotype was significantly 
higher in the group of patients with rheumatoid arthritis 
compared to the group of healthy people. In addition, 
they noticed a significant correlation between the occur-
rence of SMAD3 rs6494629 T allelic variant and the 
severity of disease symptoms. The authors showed that 
SMAD3 gene polymorphisms may lead to irregularities 
in the course of SMAD signaling pathway and assumed 
a hypothesis that the examined polymorphism may 
influence the changes in the regulation of T cell 
response, because the SMAD3 gene is involved in this 
process. The presence of the SNP rs6494629 genotype 
TT could lead to severity of rheumatoid arthritis 
symptoms.

Based on the assumptions that the SMAD3 gene is 
involved in the regulation of the immune response, the 
analysis was carried out on a study group including 

Table 6 The Distribution of Genotype Variants of the SMAD4 Polymorphisms Depending on the Demographic Features

Features SMAD4 Gene 
rs10502913 G/A

P-value SMAD4 Gene 
rs12968012 C/G

P-value SMAD4 Haplotype 
Analyses (P-value)

Gender Women GG – 23 (54.76%) CC – 17 (41.46%)
GA – 14 (33.33%) CG – 15 (36.59%)
AA – 5 (11.90%) GG – 9 (21.95%)

Men GG – 22 (57.89%) 0.2823 CC – 15 (40.54%) 0.1827 0.2317
GA – 15 (39.47%) CG – 19 (51.35%)

AA – 1 (2.63%) GG – 3 (8.11%)

Family history of 

colorectal cancer

Positive GG – 4 (40.00%) CC – 1 (12.50%)
GA – 3 (30.00%) CG – 3 (37.50%)
AA – 3 (30.00%) GG – 4 (50.00%)

Negative GG – 8 (53.33%) 0.2966 CC – 6 (40.00%) 0.1296 0.3424
GA – 6 (40.00%) CG – 7 (46.67%)

AA – 1 (6.67%) GG – 2 (13.33%)
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Table 7 The Distribution of Genotype Variants of the SMAD4 Polymorphisms Depending on the Clinical-Pathological Features

Features SMAD4 Gene 
rs10502913 G/A

P-value SMAD4 Gene 
rs12968012 C/G

P-value SMAD4 
Haplotype 
Analyses (P)

Cancer location Rectum GG – 16 (57.14%) 0.6059 CC – 13 (48.15%) 0.3286 0.9624
GA – 11 (39.29%) CG – 12 (44.44%)

AA – 1 (3.57%) GG – 2 (7.41%)

Colon GG – 29 (55.77%) CC – 19 (37.25%)
GA – 18 (34.62%) CG – 22 (43.14%)
AA – 5 (9.62%) GG – 10 (19.61%)

Tumor size T1/T2 GG – 12 (48.00%) 0.3167 CC – 12 (50.00%) 0.6175 0.2371
GA – 11 (44.00%) CG – 8 (33.33%)

AA – 2 (8.00%) GG – 4 (16.67%)

T3 GG – 29 (63.04%) CC – 18 (40.00%)
GA – 15 (32.61%) CG – 21 (46.67%)
AA – 2 (4.35%) GG – 6 (13.33%)

T4 GG – 4 (44.44%) CC – 2 (22.22%)
GA – 3 (33.33%) CG – 5 (55.56%)

AA – 2 (22.22%) GG – 2 (22.22%)

Presence of metastases in 

regional lymph nodes

N0 GG – 24 (51.06%) 0.6203 CC – 19 (41.30%) 0.9533 0.1454
GA – 19 (40.43%) CG – 19 (41.30%)

GG – 8 (17.39%)AA – 4 (8.51%)

N1 GG – 9 (64.29%) CC – 5 (35.71%)
GA – 5 (35.71%) CG – 7 (50.00%)

AA – 0 (0.00%) GG – 2 (14.29%)

N2 GG – 12 (63.16%) CC – 8 (44.44%)
GA – 5 (26.32%) CG – 8 (44.44%)
AA – 2 (10.53%) GG – 2 (11.11%)

Presence of metastases to distal 
organs

M0 GG – 36 (55.38%) 0.9481 CC – 26 (41.27%) 0.8535 0.9348
GA – 24 (36.92%) CG – 28 (44.44%)

AA – 5 (7.69%) GG – 9 (14.29%)

M1 GG – 9 (60.00%) CC – 6 (40.00%)
GA – 5 (33.33%) CG – 6 (40.00%)
AA – 1 (6.67%) GG – 3 (20.00%)

Stage of cancer according to 
the pTNM classification

I GG – 11 (52.38%) 0.8638 CC – 9 (45.00%) 0.7201 0.8382
GA – 8 (38.10%) CG – 7 (35.00%)

AA – 2 (9.52%) GG – 4 (20.00%)

II GG – 10 (47.62%) CC – 6 (28.57%)
GA – 10 (47.62%) CG – 12 (57.14%)
AA – 1 (4.76%) GG – 3 (14.29%)

III GG – 15 (65.22%) CC – 11 (50.00%)
GA – 6 (26.09%) CG – 9 (40.91%)

AA – 2 (8.70%) GG – 2 (9.09%)

IV GG – 9 (60.00%) CC – 6 (40.00%)
GA – 5 (33.33%) CG – 6 (40.00%)

AA – 1 (6.67%) GG – 3 (20.00%)

(Continued)
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patients with diagnosed colorectal cancer. Chronic 
intestinal inflammation belongs to predisposing condi-
tions for the development of colon cancer. The chronic 
inflammatory process of the large intestine promotes the 
neoplastic transformation of normal intestinal epithelial 
cells. The risk of developing colon cancer associated 
with inflammation in patients with inflammatory bowel 
disease such as Crohn's disease or ulcerative colitis is 
much higher.2 In this study, the association between 
rs6494629 C/T genotypes frequencies and predisposition 
to the development of colon cancer was examined and 
no correlation was observed. Further studies are neces-
sary on more clinical materials derived from patients 
with colon cancer at different stages.

A common change in colorectal cancer pathogenesis 
is the loss of DNA sequence from the long arm of 
chromosome 18q21, within which chromosome region, 
the SMAD4 gene is located. The loss of heterozygosity 
on chromosome 18 is observed in approximately 70% of 
colorectal cancer cases, with the loss of the SMAD4 
gene locus in about 30–40% of patients. This may 
indicate an association between the loss of function of 
this gene and the development of colorectal cancer.23 

Despite this fact, many publications suggest the role of 
the SMAD4 gene at advanced stages of cancer. 
Reduction or loss of SMAD4 gene expression is 
a frequent feature of cancer in the large intestine, 
although this event has been more common during 

Table 7 (Continued). 

Features SMAD4 Gene 
rs10502913 G/A

P-value SMAD4 Gene 
rs12968012 C/G

P-value SMAD4 
Haplotype 
Analyses (P)

Grading G1 GG – 3 (30.00%) 0.3139 CC – 3 (30.00%) 0.1604 0.3005
GA – 6 (60.00%) CG – 3 (30.00%)

AA – 1 (10.00%) GG – 4 (40.00%)

G2 GG – 27 (60.00%) CC – 18 (40.91%)
GA – 16 (35.56%) CG – 22 (50.00%)
AA – 2 (4.44%) GG – 4 (9.09%)

G3 GG – 15 (60.00%) CC – 11 (45.83%)
GA – 7 (28.00%) CG – 9 (37.50%)

AA – 3 (12.00%) GG – 4 (16.67%)

Histopathological type Adenocarcinoma 

tubulare

GG – 31 (57.41%) 0.5726 CC – 22 (41.51%) 0.7307 0.4110
GA – 18 (33.33%) CG – 24 (45.28%)
AA – 5 (9.26%) GG – 7 (13.21%)

Adenocarcinoma 
mucinosum

GG – 14 (53.85%) CC – 10 (40.00%)
GA – 11 (42.31%) CG – 10 (40.00%)

AA – 1 (3.85%) GG – 5 (20.00%)

Infiltration of blood vessels by 

tumor

Presence GG – 32 (64.00%) 0.1373 CC – 21 (42.86%) 0.6053 0.1876
GA – 14 (28.00%) CG – 22 (44.90%)
AA – 4 (8.00%) GG – 6 (12.24%)

Absent GG – 13 (43.33%) CC – 11 (37.93%)
GA – 15 (50.00%) CG – 12 (41.38%)

AA – 2 (6.67%) GG – 6 (20.69%)

Lymphocyte infiltration Presence GG – 19 (55.88%) 0.3218 CC – 13 (38.24%) 0.8392 0.9057
GA – 14 (41.18%) CG – 15 (44.12%)

AA – 1 (2.94%) GG – 6 (17.65%)

Absent GG – 26 (57.78%) CC – 19 (44.19%)

GA – 14 (31.11%) CG – 18 (41.86%)

AA – 5 (11.11%) GG – 6 (13.95%)
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Table 8 The Distribution of Genotype Variants of the SMAD3 Polymorphism Depending on the Demographic and Clinical- 
Pathological Features

Features SMAD3 Gene rs6494629 C/T P-value

Gender Women CC – 0 (0%) 0.4757
CT – 13 (32.50%)

TT – 27 (67.50%)

Men CC – 0 (0%)
CT – 13 (40.63%)

TT – 19 (59.38%)

Family history of colorectal cancer Positive CC – 0 (0%) 0.1462
CT – 4 (66.67%)

TT – 2 (33.33%)

Negative CC – 0 (0%)
CT – 4 (26.67%)

TT – 11 (73.33%)

Cancer location Rectum CC – 0 (0%) 0.9554
CT – 10 (35.71%)

TT – 18 (64.29%)

Colon CC – 0 (0%)
CT – 16 (36.36%)

TT – 28 (63.64%)

Tumor size T1/T2 CC – 0 (0%) 0.5477
CT – 7 (29.17%)

TT – 17 (70.83%)

T3 CC – 0 (0%)
CT – 15 (37.50%)

TT – 25 (62.50%)

T4 CC – 0 (0%)
CT – 4 (50.00%)

TT – 4 (50.00%)

Presence of metastases in regional lymph nodes N0 CC – 0 (0%) 0.7792
CT – 15 (34.09%)

TT – 29 (65.91%)

N1 CC – 0 (0%)
CT – 5 (45.45%)

TT – 6 (54.55%)

N2 CC – 0 (0%)
CT – 6 (35.29%)

TT – 11 (64.71%)

Presence of metastases to distal organs M0 CC – 0 (0%) 0.4424
CT – 20 (33.33%)

TT – 40 (66.67%)

M1 CC – 0 (0%)
CT – 6 (50.00%)

TT – 6 (50.00%)

(Continued)
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colorectal cancer progression in patients with distant 
metastases of cancer.24,25 Research results in this regard 
suggest that mutations play a significant role in mechan-
isms of SMAD4 gene inactivation in colorectal 
carcinogenesis.26

Associations between the occurrence of germline muta-
tions in the SMAD4 gene and susceptibility to colorectal 
cancer are known. Therefore, the involvement of somatic 
mutations in this gene may be associated with 
a predisposition to the development of sporadic colon 

Table 8 (Continued). 

Features SMAD3 Gene rs6494629 C/T P-value

Stage of cancer according to the pTNM classification I CC – 0 (0%) 0.6740
CT – 7 (35.00%)

TT – 13 (65.00%)

II CC – 0 (0%)
CT – 7 (36.84%)

TT – 12 (63.16%)

III CC – 0 (0%)
CT – 6 (28.57%)

TT – 15 (71.43%)

IV CC – 0 (0%)
CT – 6 (50.00%)

TT – 6 (50.00%)

Grading G1 CC – 0 (0%) 0.3352
CT – 1 (12.50%)

TT – 7 (87.50%)

G2 CC – 0 (0%)
CT – 17 (38.64%)

TT – 27 (61.36%)

G3 CC – 0 (0%)
CT – 8 (40.00%)

TT – 12 (60.00%)

Histopathological type Adenocarcinoma tubulare CC – 0 (0%) 0.3890
CT – 19 (39.58%)

TT – 29 (60.42%)

Adenocarcinoma mucinosum CC – 0 (0%)
CT – 7 (29.17%)

TT – 17 (70.83%)

Infiltration of blood vessels by tumor Presence CC – 0 (0%) 0.6188
CT – 16 (34.04%)

TT – 31 (65.96%)

Absent CC – 0 (0%)
CT – 10 (40.00%)

TT – 15 (60.00%)

Lymphocyte infiltration Presence CC – 0 (0%) 0.8133
CT – 10 (34.48%)

TT – 19 (65.52%)

Absent CC – 0 (0%)
CT – 16 (37.21%)

TT – 27 (62.79%)
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cancers.26 The SMAD4 gene is highly polymorphic, thus 
the participation of genetic variants of this gene may play 
a particular role in the risk of colorectal cancer. Extensive 
data based on the results obtained with genome-wide 
association studies provide information on many SNPs of 
various genes that may be correlated with the genetic 
predisposition to develop colorectal cancer.27,28 This 
report is one of a few published studies in which the role 
of SMAD4 polymorphisms in colorectal cancer was 
assessed.

In the research conducted by Slattery et al,12 the 
influence of genetic variations in the genes involved in 
the TGFβ pathway on the risk of developing colon and 
rectal cancer was assessed. The researchers observed 
a correlation between the polymorphic variant 
rs10502913 of the SMAD4 gene and an increased risk 
of rectal cancer in men, and a decreased risk of rectal 
cancer in women.

Wu et al21 aimed at searching for the association 
between selected SMAD4 gene polymorphisms and gastric 
cancer risk, and obtained significant conclusions. Four 
single nucleotide polymorphisms located within the 
introns of the SMAD4 gene have been chosen for the 
study, the rs10502913 variant of the SMAD4 gene was 
assessed, among others. The results obtained in this ana-
lysis proved that two variants of genotypes for selected 
SNPs were associated with a reduced risk of gastric cancer 
and could play a protective role in developing of cancer in 
a Chinese population. The authors also observed 
a correlation between the occurrence of these genotypic 
variants and a higher level of SMAD4 gene expression.

The subject of this research is important because there 
are no data on the correlation of the studied genotypes and 
alleles with the development and progression of colorectal 
cancer, especially with high clinical stage in the Polish 
population. Based on the current knowledge, a hypothesis 
was drawn about the possible association of the studied 
SNPs with colon cancer. Preliminary studies have not 
shown a significant association, which provides new 
knowledge about the potential utility of selected SNPs as 
genetic markers in colorectal cancer.

Conclusion
More extensive studies to confirm the results obtained in 
this study are needed. Further studies on a larger study 
group divided according to the clinical stage and histolo-
gical differentiation may allow finding or excluding the 
significance of the studied SNPs as potential markers of 

colorectal cancer in relation to the clinico-pathological 
data.
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