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Abstract

Aim of the research: To investigate whether the polymorphisms of GSTP1, GSTT1 and GSTM1 genes are associated with
colorectal cancer in a sample of Polish patients with and without type 2 diabetes.

Material and methods: Over 200 patients aged > 40 years were recruited and divided into 4 age-matched groups: patients
with diagnosed type 2 diabetes, patients with diagnosed type 2 diabetes and colorectal cancer, patients with colorectal can-
cer and without type 2 diabetes and patients without type 2 diabetes and without colorectal cancer. DNA for genetic testing
was isolated from blood samples. The GST gene polymorphism was examined using qPCR method, with TagMan probes. It
included GSTP1 SNP Ile105Val (rs1695) polymorphism, and deletion of copies of GSTT1 and GSTM1 genes (genotypes GSTT1
null/null and GSTM1 null/null).

Results: The analysis of the frequency of GST gene polymorphisms in the group of patients with type 2 diabetes and colorec-
tal cancer compared to patients with type 2 diabetes showed no statistically significant differences. There were also no
statistically significant differences in the distribution of GST gene polymorphisms between patients with diabetes or/and
colorectal cancer and population without these diseases.

Conclusions: Extending the analysis to further genetic and environmental factors and taking into account their mutual
interactions is needed to search for the relationship between type 2 diabetes and an increased risk of colorectal cancer.

Streszczenie

Cel pracy: Okredlenie, czy polimorfizmy genéw GSTP1, GSTT1 i GSTM1 sa zwiazane z rakiem jelita grubego w populacji
polskich pacjentéw z cukrzyca typu 2 i bez cukrzycy.

Materiat i metody: Ponad 200 pacjentéw powyzej 40. roku Zycia zostato zrekrutowanych do badania i podzielonych na
4 grupy dopasowane wiekowo: pacjenci ze zdiagnozowana cukrzyca typu 2, pacjenci ze zdiagnozowanymi cukrzyca typu 2
irakiem jelita grubego, pacjenci z rakiem jelita grubego, bez cukrzycy typu 2, pacjenci bez raka jelita grubego i bez cukrzycy.
DNA do badan genetycznych izolowano z prébek krwi. Polimorfizm genéw GST badano z uzyciem metody gqPCR i sond typu
Tagman. Badanie obejmowato polimorfizm typu SNP Ile105Val (rs 1695) oraz delecje kopii genéw GSTT1i GSTM1 (genotypy
GSTT1 null/null oraz GSTM1 null/null).

Wyniki: Analiza czesto$ci wystepowania polimorfizméw genéw GST u pacjentéw z cukrzyca typu 2 i rakiem jelita grubego
w poréwnaniu z pacjentami z cukrzyca typu 2 bez raka nie wykazata statystycznie istotnych réznic. Nie stwierdzono réw-
niez istotnych réznic w dystrybucji polimorfizméw genéw GST pomiedzy osobami z cukrzyca i/lub chorymi na raka jelita
grubego a grupa bez tych schorzen.

Wnhioski: W celu okreslenia zwiazku pomiedzy cukrzyca typu 2 a zwigkszonym ryzykiem wystapienia raka jelita grubego ko-
nieczne jest rozszerzenie analizy o kolejne czynniki genetyczne i Srodowiskowe z uwzglednieniem ich wzajemnych interakgji.
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Introduction

Type 2 diabetes (T2D) and colorectal cancer (CRC)
are two civilization diseases with very high morbidity
and mortality all over the world. A number of epide-
miological studies have shown that individuals with
T2D have a higher risk of developing CRC compared
with their non-diabetic counterparts: the risk of CRC
was estimated to be 27% higher in patients with T2D
than in non-diabetic controls [1]. Several mechanisms
have been proposed to partially explain the higher
prevalence of CRC in people with T2D: hyperglycemia,
hyperinsulinemia, insulin resistance, local inflamma-
tion/oxidative stress, extracellular matrix alterations,
altered microbiota, and obesity [1]. Not much is known
about the role of genetic predisposition in the associa-
tion between T2D and CRC. Research from recent years
investigates potential genetic risk factors for T2D and
CRC concerning, among others, genes related to ion
transport, regulation of gene expression, carbohydrate
and lipid metabolism and detoxification processes [2,
3]. According to various publications, genes encoding
glutathione S-transferases (GST) are of significant im-
portance [4-6]. GST are members of the antioxidant en-
zyme group which play an important role in detoxifica-
tion by catalyzing the conjugation of many hydrophobic
and electrophilic compounds with reduced glutathione.
They are responsible for neutralizing xenobiotics, envi-
ronmental pollutants, carcinogens and reactive oxygen
species [7]. GST genes are highly polymorphic in the
Caucasian population. The GSTP1 gene polymorphism
is most often SNP (Single Nucleotide Polymorphism)
within exon 5 Ile105Val. The exchange of isoleucine and
valine in the amino acid chain results in a decreased en-
zymatic activity of the protein. The average frequency
of this gene variant in Europe is about 50% [8]. Inherited
homozygous deletion of GSTT1 or GSTM1 gene leads
to a complete absence of enzymatic activity, which oc-
curs with an average frequency of 20% and 40% in the
Caucasian population, respectively [9]. According to
research, the polymorphism of GST genes may influ-
ence the risk of developing T2D, as well as its course,
complications and treatment effectiveness [9, 10]. Simi-
lar observations were made for CDC, where the GST
genotype may be a factor modifying the risk of disease
development and progression [7, 11, 12].

Aim of the research

The aim of the study was to investigate whether
the polymorphisms of GSTP1, GSTT1 and GSTM1
genes are associated with CRC in a sample of Polish
patients with and without T2D.

Material and methods
Study population

Two hundred and twenty patients aged > 40 years
were recruited in Kielce, Poland from the Provin-
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cial Hospital, the Holy Cross Cancer Center and the
Witamed diabetic outpatient center. Patients were
divided into 4 age-matched groups: patients with di-
agnosed T2D (group 1), patients with diagnosed T2D
and CRC (group 2), patients with CRC and without
T2D (group 3) and patients without T2D and with-
out CRC (group 4). T2D diagnosis was determined by
a diabetologist according to the revised criteria of the
American Association of Diabetology [13]. CRC was
confirmed based on a pathomorphological diagnosis
of specimens collected during colonoscopy or surgery.
Patients with predisposition to CRC, e.g. FAP (Familial
Adenoma Polyposis Coli), Lynch Syndrome, history of
endocrine disorders, alcoholism, diabetes secondary
to chronic pancreatitis, Cushing’s disease with treat-
ment that can induce hyperglycemia, T1D. Pregnant
or lactating women were excluded from the study.
The control group comprised volunteers without T2D,
according to the medical history and laboratory tests
and without CRC as confirmed by an endoscopic and/
or histopathological examination. All patients signed
written consent forms prior to participation in the
study. The study was approved on June 3, 2013 by the
local Bioethics Commission (No. 5/2013), next — with
new aspects of the study — on May 28, 2019 by the lo-
cal Bioethics Commission (No. 27/2019) on the basis
of an application with an exact description of the pro-
cedure. All procedures were conducted according to
the principles of the Helsinki Declaration.

Genotyping

Peripheral blood was collected to EDTA probes
and frozen at —-40°C. Genomic DNA was the mate-
rial for genetic testing, isolated from blood samples
using the Genomic Micro AX Blood Gravity kit from
AA Biotechnology. The purity and concentration of
the isolated DNA were evaluated spectrophotometri-
cally at 260 nm and 280 nm (Nanodrop 2000 Thermo
Fisher Scientific). Analysis of the SNP (rs1695) poly-
morphism of the GSTP1 gene was conducted using
the TagMan gqPCR method - endpoint genotyping
(Assay ID C_3237198_20). The deletion of copies of
genes GSTT1 (Assay ID Hs00010004_cn) and GSTM1
(Assay ID Hs02575461_cn) was analyzed using the
gPCR relative quantification method with the TERT
control gene. In all cases, the Light Cycler 96 instru-
ment and TagMan primer/probe kit (produced by Life
Technology) were used. PCR amplification using 10ng
of genomic DNA was performed with an initial step of
95°C for 10 min followed by 50 cycles of 95°C for 15 s
and 60°C for 90 s.

Statistical analysis

Continuous data were described by means, stan-
dard deviations, medians and interquartile ranges,
whereas categorical data were summarized by fre-
quencies and percentages. Group comparisons were
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Table 1. Demographic characteristics (age and sex) of the studied population divided by diseases

Parameter A B C D
CRC-, T2D- CRC-, T2D+ CRC+, T2D- CRC+, T2D+
(n = 55) (n = 55) (n = 55) (n = 55)
Age:
Mean (SD) 65.7 (7.0) 66.0 (6.5) 65.9 (6.6) 66.0 (6.5)
Median 65.0 66.0 66.0 66.0
Q, Q) (62.0, 70.0) (62.0, 70.0) (62.0, 70.0) (62.0, 70.0)
Range 47.0-81.0 51.0-81.0 51.0-81.0 52.0-80.0
Sex!:
Female 31 (56.4%) 28 (50.9%) 23 (41.8%) 21 (38.2%)
Male 24 (43.6%) 27 (49.1%) 32 (58.2%) 34 (61.8%)

CRC — colorectal cancer, T2D — type 2 diabetes. 'Group A vs. B p = 0.5662, group A vs. C p = 0.1271, group A vs. D p = 0.0562, group B
vs.Cp =0.3391, group Bvs. D p =0.1793, group Cvs. D p = 0.6971.

Table 2. GST gene polymorphism in T2D patients with CRC vs. T2D patients without CRC

Variable T2D+, CRC+  T2D+, CRC- OR! 95% CI P-value
(n = 55) (n = 55)

GSTP1:

lle/lle 24 (43.6%) 26 (47.3%)

Ile/Val 28 (50.9%) 20 (36.4%)

Val/Val 3 (5.5%) 9 (16.4%)
GSTP1:

Ile/Ile or lle/Val 52 (94.5%) 46 (83.6%) Ref. level

Val/Val 3 (5.5%) 9 (16.4%) 0.29 0.08-1.16 0.0796
GSTT1:

Wild type 45 (81.8%) 43 (78.2%) Ref. level

Null/null 10 (18.2%) 12 (21.8%) 0.80 0.31-2.03  0.6339
GSTM1:

Wild type 27 (49.1%) 28 (50.9%) Ref. level

Null/null 28 (50.9%) 27 (49.1%) 1.08 0.51-2.27 0.8488
Combined:

P1 = wild, M1 = wild,T1 = wild 10 (18.2%) 6 (10.9%)

P1 = wild, M1 = wild, T1 = null/null 1(1.8%) 6 (10.9%)

P1 = wild, M1 = null/null, T1 = wild 10 (18.2%) 12 (21.8%)

P1 = wild, M1 = null/null, T1 = null/null 3 (5.5%) 2 (3.6%)

P1 = SNP*, M1 = wild, T1 = wild 12 (21.8%) 14 (25.5%)

P1 = SNP*, M1 = wild, T1 = null/null 4 (7.3%) 2 (3.6%)

P1 = SNP*, M1 = null/null, T1 = wild 13 (23.6%) 11 (20.0%)

P1 = SNP*, M1 = null/null, T1 = null/null 2 (3.6%) 2 (3.6%)
GST polymorphism presence:

No 10 (18.2%) 6 (10.9%)

Yes 45 (81.8%) 49 (89.1%)

'Unadjusted. CRC — colorectal cancer, T2D — type 2 diabetes, GST — glutathione S-transferase. SNP* — GSTP1 polymorphism Ile105Val,
heterozygous (lle/Val) or homozygous Val/Val genotype.
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Table 3. GST gene polymorphism in T2D patients without CRC in comparison to the control group
Variable T2D+, CRC- T2D-, CRC- OR! 95% Cl P-value
(n =55) (n = 55)

GSTP1:

lle/lle 26 (47.3%) 26 (47.3%)

lle/Val 20 (36.4%) 24 (43.6%)

Val/val 9 (16.4%) 5(9.1%)
GSTP1:

Ile/lle or lle/Val 46 (83.6%) 50 (90.9%) Ref. level

Val/val 9 (16.4%) 5(9.1%) 1.96 0.61-6.27 0.2585
GSTT1:

Wild type 43 (78.2%) 46 (83.6%) Ref. level

Null/null 12 (21.8%) 9 (16.4%) 1.43 0.55-3.72 0.4680
GSTM1:

Wild type 28 (50.9%) 32 (58.2%) Ref. level

Null/null 27 (49.1%) 23 (41.8%) 1.34 0.63-2.85 0.4441
Combined:

P1 = wild, M1 = wild, T1 = wild 6 (10.9%) 14 (25.5%)

P1 = wild, M1 = wild, T1 = null/null 6 (10.9%) 3 (5.5%)

P1 = wild, M1 = null/null, T1 = wild 12 (21.8%) 8 (14.5%)

P1 = wild, M1 = null/null, T1 = null/null 2 (3.6%) 1(1.8%)

P1 = SNP*, M1 = wild, T1 = wild 14 (25.5%) 13 (23.6%)

P1 = SNP*, M1 = wild, T1 = null/null 2 (3.6%) 2 (3.6%)

P1 = SNP*, M1 = null/null, T1 = wild 11 (20.0%) 11 (20.0%)

P1 = SNP*, M1 = null/null, T1 = null/null 2 (3.6%) 3 (5.5%)

GST polymorphism presence:

No 6 (10.9%)

14 (25.5%)

Yes

49 (89.1%)

41 (74.5%)

'Unadjusted, CRC — colorectal cancer, T2D — type 2 diabetes, GST — glutathione S-transferase. SNP* — GSTP1 polymorphism Ile105Val,

heterozygous (lle/Val) or homozygous Val/Val genotype.

performed using y? or Fisher exact test for categorical
variables or Mann-Whitney test for continuous, non-
normally distributed variables (normality of distribu-
tion was checked with the Shapiro-Wilk test). Odds
ratios (OR) with 95% confidence intervals (95% CI)
were calculated in logistic regression models. A two-
tailed p-value < 0.05 was considered statistically sig-
nificant. All statistical analyses were performed using
the R software package version 3.6.2.

Results

The general characteristics of the studied popula-
tion divided into four groups are presented in Table 1.
The mean age of patients in each group is approxi-
mately 66 years, which is above the mean age of the
CRC and T2D onset in the Caucasian population [14,
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15]. There was no significant difference in sex distri-
bution between the analyzed groups.

The analysis of the frequency of GST gene poly-
morphisms in the group of patients with T2D and
CRC compared to patients with T2D showed no sta-
tistically significant differences (Table 2). Therefore,
it may be assumed that the polymorphism of the
GSTM1, GSTT1 or GSTP1 genes is not a factor associ-
ated with the increased risk of CRC in patients with
T2D. Tables 3-5 present the frequency of GST gene
polymorphisms in the 3 case groups (patients with
T2D, patients with CRC and patients with T2D and
CRC) in comparison to the control group (patients
without T2D and CRC). None of the case groups dif-
fered statistically significantly from the control group
in terms of the frequency of particular genotypes ana-
lyzed separately or in combination.
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Table 4. GST gene polymorphism in CRC patients without T2D in comparison to the control group

Variable T2D-, CRC+ T2D-, CRC- OR! 95% ClI P-value
(n =55) (n =55)

GSTP1:

Ile/lle 25 (45.5%) 26 (47.3%)

Ile/Val 24 (43.6%) 24 (43.6%)

Val/val 6 (10.9%) 5 (9.1%)
GSTP1:

Ile/Ile or Ile/Val 49 (89.1%) 50 (90.9%) Ref. level

Val/Val 6 (10.9%) 5(9.1%) 1.22 0.35-4.28 0.7509
GSTT1:

Wild type 49 (89.1%) 46 (83.6%) Ref. level

Null/null 6 (10.9%) 9 (16.4%) 0.63 0.21-1.90 0.4074
GSTM1:

Wild type 31 (56.4%) 32 (58.2%) Ref. level

Null/null 24 (43.6%) 23 (41.8%) 1.08 0.51-2.29 0.8472
Combined:

P1 = wild, M1 = wild, T1 = wild 17 (30.9%)

14 (25.5%)

GST polymorphism presence:

P1 = wild, M1 = wild, T1 = null/null 0 (0.0%) 3 (5.5%)
P1 = wild, M1 = null/null, T1 = wild 8 (14.5%) 8 (14.5%)
P1 = wild, M1 = null/null, T1 = null/null 0 (0.0%) 1(1.8%)
P1 = SNP*, M1 = wild, T1 = wild 13 (23.6%) 13 (23.6%)
P1 = SNP*, M1 = wild, T1 = null/null 1(1.8%) 2 (3.6%)
P1 = SNP*, M1 = null/null, T1 = wild 11 (20.0%) 11 (20.0%)
P1 = SNP*, M1 = null/null, T1 = null/null 5(9.1%) 3 (5.5%)

No 17 (30.9%)

14 (25.5%)

Yes 38 (69.1%)

41 (74.5%)

'Unadjusted. CRC — colorectal cancer, T2D — type 2 diabetes, GST — glutathione S-transferase. SNP* — GSTPI polymorphism Ile105Val,

heterozygous (lle/Val) or homozygous Val/Val genotype.

Discussion

This study attempts to better understand the role
of GST gene polymorphism as a potential factor in-
creasing the risk of CRC in T2D patients. As GST are
involved in the processing of reactive oxygen, lipid
peroxidation products and some key metabolites of
toxicants, the potential links between genetic poly-
morphisms of these enzymes and the pathogenesis
of T2D and CRC seem reasonable. Functional poly-
morphisms of GST genes have been reported to be
involved in the pathogenesis of T2D [16, 17]. One of
the risk factors for diabetes is oxidative stress which
is known to be implicated in insulin resistance, 3-cell
dysfunction and impaired glucose tolerance. Gluta-
thione S-transferases among other functions act as

scavengers for reactive oxygen species reducing the
oxidative stress in cells. That is why the GST gene vari-
ants associated with a decline or lack of catalytic ac-
tivity might increase the risk of T2D [17]. Moreover, it
is known that GST gene polymorphisms are involved
in the development of malignancies, such as gastric
cancer [18], lung cancer [19] or colorectal cancer [7].
The presence or absence of GST gene polymor-
phisms and their combined effects have been suggest-
ed as a risk factor for T2D and CRC, but the associa-
tion between GST gene polymorphism and the risk
of CRC in T2D patients has not yet been investigated.
Our results showed no relationship between stud-
ied polymorphisms and occurrence of CRC in T2D
patients. There were also no statistically significant
differences in the distribution of GST gene polymor-
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Table 5. GST gene polymorphism in T2D patients with CRC in

comparison to the control group

Variable T2D+, CRC+ T2D-, CRC- OR! 95% Cl P-value
(n = 55) (n = 55)

GSTP1:

Ile/lle 24 (43.6%) 26 (47.3%)

lle/Val 28 (50.9%) 24 (43.6%)

Val/Val 3 (5.5%) 5(9.1%)
GSTP1:

Ile/1le or Ile/Val 52 (94.5%) 50 (90.9%) Ref. level

Val/val 3 (5.5%) 5 (9.1%) 0.58 0.13-2.54  0.4673
GSTT1:

Wild type 45 (81.8%) 46 (83.6%) Ref. level

Null/null 10 (18.2%) 9 (16.4%) 1.14 0.42-3.06 0.8009
GSTM1:

Wild type 27 (49.1%) 32(58.2%)  Ref. level

Null/null 28 (50.9%) 23 (41.8%) 1.44 0.68-3.06  0.3398
Combined:

P1 = wild, M1 = wild, T1 = wild 10 (18.2%) 14 (25.5%)

P1 = wild, M1 = wild, T1 = null/null 1(1.8%) 3 (5.5%)

P1 = wild, M1 = null/null, T1 = wild 10 (18.2%) 8 (14.5%)

P1 = wild, M1 = null/null, T1 = null/null 3 (5.5%) 1(1.8%)

P1 = SNP*, M1 = wild, T1 = wild 12 (21.8%) 13 (23.6%)

P1 = SNP*, M1 = wild, T1 = null/null 4(7.3%) 2 (3.6%)

P1 = SNP* M1 = null/null, T1 = wild 13 (23.6%) 11 (20.0%)

P1 = SNP*, M1 = null/null, T1 = null/null 2 (3.6%) 3 (5.5%)
GST polymorphism presence:

No 10 (18.2%) 14 (25.5%)

Yes 45 (81.8%) 41 (74.5%)

CRC - colorectal cancer, T2D - type 2 diabetes, GST — glutathione S-transferase. SNP* — GSTPI polymorphism lle105Val, heterozygous

(lle/Val) or homozygous Val/Val genotype.

phisms between T2D, CRC and T2D/CRC patients and
population without T2D and CRC.

Recently published meta-analysis indicates
that the GSTMI null genotype is associated with
an increased CRC risk in Asians and Caucasians,
the GSTTI1 null and GSTM1/GSTT1 null genotypes
were associated with an increased CRC risk in Asians
[20]. Meta-analysis of 25 studies evaluating the role
of GSTM1/GSTT1 null polymorphisms in determin-
ing the risk of T2D showed that GSTM1 and GSTT1
null genotypes increase the risk of T2D alone, in com-
bination or with regards to ethnicity [21]. In fact, it
may not be uncommon that the same polymorphism
played different roles in CRC and T2D risk among dif-
ferent ethnic populations and may contribute to the
inconsistency of results. Moreover, environmental
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factors, such as metformin-induced chemoprevention
for CRC [22, 23], the CRC protective effect of thiazoli-
dinediones in the treatment of diabetes [24] may have
contributed to the lack of correlation between the
GST gene polymorphism and the risk of developing
CRC in the Polish population.

To date, little research investigated the genetic fac-
tors associated with the cancer risk in T2D patients.
Sun et al. found that in T2D patients, rs1111875 but
not the rs7923837 in HHEX gene was associated with
the occurrence of CRC and indicated that the two
variants of HEEX gene could be risk factors for CRC
in the general population, independent of T2D [25].
De Kort et al. showed that the presence of unfavorable
alleles in insulin-like growth factor gene increased
the risk of CRC in T2D patients [26]. To the best of our
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knowledge, our study is the first to simultaneously
consider T2D with GST gene polymorphisms in rela-
tion to CRC risk.

The limitation of the study is a relatively small
number of patients in each group, which leads to the
conclusion that it should be viewed as a pilot study.
Nevertheless, the data obtained are possibly stimulat-
ing for further investigation in this area. Both T2D and
CRC are complex chronic diseases and their develop-
ment is affected by genetic as well as environmental
factors. Therefore, extending the analysis to further
genetic and environmental factors and taking into ac-
count their mutual interactions will be a further step
in the search for the relationship between T2D and an
increased risk of CRC.
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