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Abstract

Aims: To highlight possible correlations of type 2 diabetes mellitus (T2DM) with microscopic / macroscopic characteristics of colorectal
cancer tissues, along with the expression of Ten-Eleven Translocation 2 (TET2) and glutathione-S-transferase pi (GST-pi) proteins.

Materials and methods: Tumors from 46 patients were embedded in paraffin blocks, stained with hematoxylin-eosin and studied
microscopically. Immunohistochemical study of TET2 and GST-pi expression was performed. The results were analyzed and correlated
with T2DM as comorbidity.

Results: All tumors expressed GST-pi at three levels (weak, moderate, and strong); two out of three tumors showed either weak or
moderate TET2 expression. Patients without T2DM tended to have tumors with weak or no expression of TET2 (p=0.038) whereas
diabetic patients’ tumors showed a significantly higher percentage of strong or moderate GST-pi expression (p=0.034). On binomial
logistic regression, tumors excised from T2DM patients were 6.9 times more likely to show moderate (rather than weak and none) TET2
expression compared to tumors from non-diabetic patients (95% CI [1.33, 35.75]), and a 2.7-fold higher relative likelihood of showing
strong (rather than moderate and weak) GST-pi expression (95% CI [0.63, 12.09]), taking into account sex, age, and tumor size. The
association between T2DM and TET2 expression remains statistically significant in additional binomial analysis that was performed
taking into account certain histological tumor characteristics.

Conclusions: TET2 and GST-pi are expressed in malignant colon tumors. T2DM in CRC patients was associated with the highest observed
GST-pi expression; absence of T2DM was associated with the lowest observed TET2 expression. T2DM increases the probability of observ-
ing GST-pi and TET?2 expression at maximum levels, independent of specific tumor microscopic features and certain patient characteristics.
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Epigenetic Alterations in Colon Cancer and Diabetes Mellitus

INTRODUCTION

Epigenetics refers to heritable changes in phenotype which
result from molecular changes that do not involve gene mu-
tations, yet plays an important role in gene expression or
silencing, DNA replication and repair, cell differentiation
and stem cell development.'?) Epigenetic mechanisms
include DNA methylation, histone modifications and
non-coding RNA sequences; those mechanisms may lead
to reversible epigenetic modifications triggered by sever-
al lifestyle and environmental factors, including diet, age,
physical activity, smoking and stress.!*!

Colorectal cancer (CRC) remains a major health bur-
den as it is the third most common malignancy and the
second most common cancer-related cause of death world-
wide.[) Genetic as well as epigenetic factors seem to play
an important role in CRC pathogenesis. Multiple different
genes participating in molecular pathways and mutations
- namely APC, BRAE TP53, FBXW7, TCF7L2, and PTEN
— are thought to be involved in the process of malignant
transformation®); advanced age, a family history of CRC,
metabolic comorbidities, inflammatory bowel diseases, im-
munosuppression as well as alcohol misuse, smoking and
processed meat overconsumption are also well-established
risk factors for the disease.!®!

Type 2 diabetes mellitus (T2DM) is a major metabolic
disorder, which itself has been identified as a CRC-inde-
pendent risk factor.[”) It is known that T2DM has a strong
genetic basis but the crosstalk between genetics and epi-
genetics is crucial for the establishment of the disease and
its complications.!®!

CRC and T2DM share common epidemiological as
well as pathogenetic characteristics; they both thrive in
Western societies; they are linked to certain dietary and
lifestyle habits and they are causally associated.! Insu-
lin resistance, obesity advanced glycation end-products
(AGEs), low grade inflammation and reactive oxygen spe-
cies (ROS) are common pathways of colon tumorigene-
sis as well as compilations in diabetes.'®!! In respect of
genetics, genome wide association studies have shown
that there are certain T2DM susceptibility genes, such as
TCF7L2 and KLF14 which play an important role in CRC
development.l'?] As far as epigenetics is concerned, T2DM
and CRC share some epigenetic alterations, to name but
a few: Sept9 methylation, PPARGCIA promoter methyl-
ation, CDKNIA methylation and miR-21, miR-143, miR-
206 and many more.'3-1¢)

Ten-Eleven Translocation (TET) enzymes play a crucial
role in genomic stability, as they are involved in the DNA
demethylation process.['”) TET2 hypoexpression has been
linked to hematopoietic and solid malignancies and TET2
mutations may have an important role in patients’ prog-
nosis and response to treatment.!'8) Apart from malignan-
cies, there is accumulated evidence that TET2 dysfunction
results in activation of proinflammatory pathways, leading
to endothelial dysfunction, atherosclerosis and cardiovas-
cular diseases.[”]

Glutathione S-transferases (GST) comprise an enzyme
superfamily which participates in phase II detoxification,
playing a major role in xenobiotic metabolism and in
cellular protection against oxidative stress.?”) GST-pi is
a member of GST family and contributes to the cellular
protection against free radicals; in this way, GST-pi is re-
sponsible for tumor resistance to chemotherapy drugs.?!!
Additional studies have showed that GST-pi can promote
the survival of malignant cells by inhibiting MAPK path-
way either through JNK?2) or TRAF2 interplay!?*l. As the
hyperglycemia-induced oxidative stress is the cornerstone
of diabetes vascular complications, GST-pi polymorphisms
may aggravate endothelial dysfunction and promote ath-
erogenesis. >4

AIM

The aim of the study was to examine the microscopic and
macroscopic characteristics of colorectal cancer tissues,
along with the expression of TET2 and GST3 proteins and
highlight the possible correlation of these findings with
T2DM as comorbidity.

MATERIALS AND METHODS

Patients

Forty-six patients who were diagnosed with colorectal ade-
nocarcinoma stage I-IV and underwent partial colectomy,
hemicolectomy or proctocolectomy were included in the
study. None of them was diagnosed with Familial Adeno-
matous Polyposis or Lynch Syndrome. The patients’ char-
acteristics and medical history were retrieved from their
medical records. Patients with comorbidities other than
T2DM were not included.

Methods

The macroscopic evaluation was followed by microscopic
examination of the tissues which were embedded in par-
affin, processed and stained with hematoxylin and eo-
sin (H&E). Two independent experienced pathologists
assessed the macroscopic characteristics of the tumors,
namely size, type, location as well as the microscopic ones,
namely T stage, differentiation, modes of invasive growth
pattern, vascular invasion, perineural invasion, lymph
node infiltration.

For immunohistochemical evaluation, serial 4-um sec-
tions were used. The sections were mounted on saline-coat-
ed glass slides. The antibodies used included Anti-GST3/
pi antibody [EPR8263] (abcam, ab138491) and Anti-Tet2
antibody [CL6873] (abcam, ab243323).

Protein expression was analyzed by two independent re-
searchers, who were blinded to clinical data of the patients.

Folia Medica | 2024 | Vol. 66 | No. 3

371

Folia Medica



Folia Medica

S. Papadatos et al.

The staining intensity was classified based on the percent-
age of positive cells, as follows: 0, absent; <10%, weak; 10%-
50%, moderate; >50% strong. The results were then quanti-
fied using the numerical scale from 0 to 3.

Statistical analysis

Statistical analyses were performed using the IBM® SPSS’
Statistics 23 software. The Kolmogorov-Smirnov test was
used to estimate the normal distribution of the variables.
The mean of continuous data was expressed as X+s. The x>
or Fisher’s exact test were used to analyze the associations
between categorical variables, whereas independent sample
t-test was used for continuous variables. Non-parametric
data were compared using Mann-Whitney U and Krus-
kal-Wallis tests. Phi and Cramer’s V were used as measures
of association between nominal variables and Pearson’s r
for continuous variables. Further analyses were performed
using binominal logistic regressions. For all analyses, the
significance level was set to 0.05.

Ethical considerations

This study was conducted according to the Ethical Guide-
lines for Medical and Health Research Involving Human
Subjects. The present study was approved by the University
Ethics Review Committee. No additional permissions were
required to review the patient records, including the hospi-
tals from which the records were obtained.

RESULTS

Clinicopathological data

The patients’ clinicopathological data are summarized in
Table 1. 57.8% of the participants were men. The mean age
of the patients was 74.11+10.07 years. 56.52% had lymph
node metastases and 15.22% presented with distant me-
tastases. One-third of patients had T2DM as comorbidi-
ty. Regarding macroscopic examination, the mean tumor
size was 4.42+1.75 cm, ranging from 1.5 cm to 8 cm, while
60.87% of the tumors were developed in the left colon.
36.96% of the adenocarcinomas were characterized as an-
nular and 34.78% as ulcerative. Concerning microscopic
examination, the majority of tumors (89.13%) were recog-
nized as the widespread streaming form of adenocarcino-
ma and, therefore, were characterized as infiltrating CRC.
Only 2.7% of the tumors were well-differentiated. Vascu-
lar and perineural infiltration was noticed in 58.7% and
67.39% of the tumors, respectively.

Immunohistochemistry results

GST-pi was expressed in all examined specimens. More
precisely, 36.96% of tumors showed weak GST3 expression,
32.61% moderate and 30.43% strong. After quantification
of the above data, GST3 expression was calculated to be
1.93+0.827. In contrast, TET2 expression was negative in
almost one-third of the examined tumors, while strong
expression was not observed. Quantitatively, TET2 expres-
sion was estimated at 0.93+0.772 (Fig. 1, Table 1).

CRC tissue specimens Weak expression Moderate expression Strong expression
(A) (B)
TET2 Not found
© (D) ~
5}0_"; # L
. <4
GST-pi
, ' F sk
: ) e &

Figure 1. Immunohistochemical staining of the expression levels of GST-pi and TET2 in CRC tissue specimens. Representative
staining patterns of CRC with weak (A) and moderate (B) staining intensity of TET2 as well as weak (C), moderate (D), and strong (E)
staining intensity of GST-pi. Magnification, x200. CRC: colorectal cancer; TET2: Ten-Eleven Translocation 2; GST-pi: glutathione-

S-transferase pi.
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Table 1. Clinicopathological characteristics of patients with
colorectal cancer included in the study

Frequency,

Characteristics N (:/t) / M);an +SD
Total number of patients 46
Age (years) 74.11+10.07
Sex

Male 27 (58.7)

Female 19 (41.3)
T2DM

Yes 15 (32.6)

No 31 (67.4)
pT stage

Tl 0(0)

T2 3(6.5)

T3 36 (78.3)

T4 7 (15.2)
pN stage

NO 20 (43.5)

N1 19 (41.3)

N2 7 (15.2)
pM stage

MO 39 (84.8)

Ml 7 (15.2)
Tumor location
Right colon 13 (28.3)
Left colon 28 (60.9)
Transverse colon 5(10.9)
Tumor size 4.42+1.75
Vascular invasion

Yes 27 (58.7)

No 19 (41.3)
Lymphatic invasion

Yes 26 (56.5)

No 20 (43.5)
Perineural invasion

Yes 31(67.4)

No 15 (32.6)
Tumor differentiation

Well differentiated 1(2.2)

Moderately differentiated 41 (89.1)

Poorly differentiated 4(8.7)
Tumor growth pattern

Exophytic 11(23.9)

Pedunculated 2 (4.35)

Ulcerating 16 (34.8)

Annular 17 (36.9)

Invasion type through the mucosa
to the subserosa

Infiltrating 41 (89.1)
Expanding 5(10.9)
GST-pi expression
Strong 14 (30.4)
Moderate 15 (32.6)
Weak 17 (37)
Negative 0(0)
TET2 expression
Strong 0(0)
Moderate 12 (26.1)
Weak 19 (41.3)
Negative 15 (32.6)

Associations between patients’
characteristics and histopathological
findings

No statistically significant differences were observed
in terms of location, degree of differentiation, vascu-
lar and perineural infiltration between male and female
patients. On the contrary, statistically significant differ-
ences emerged regarding the T staging of the primary
tumor (p=0.028), the identification of lymph node infil-
tration (p=0.049), and the existence of distant metastases
(p=0.015). More specifically, it appeared that more female
patients were diagnosed at stage T4 instead of T3 while
more male patients at stage T3 instead of T4 and more
women presented with lymph node as well as distant me-
tastases compared to the men. Exophytic tumors, com-
pared to all other morphological subtypes, were prominent
in female patients (p=0.036) and annular tumors in male
patients (p=0.002). Finally, it was shown that sex is related
to the pattern of tumor invasion in the deep tissues as male
patients exhibited higher frequency of infiltrating rather
than expanding pattern (p=0.008) (Table 2). Patients” age
did not appear to be related with tumor localization, tu-
mMOor macroscopic appearance, pattern of penetration into
the deep tissues, degree of differentiation, T stage of the
tumor, frequency of vascular and perineural infiltration as
well as the incidence of distant metastases, to a statistically
significant degree. On the contrary, it was found that the
mean age of the patients who presented with lymph node
metastases was lower compared to those who did not show
lymph node involvement (p=0.01).

Associations between patients/tumors
characteristics and immunohistochemistry
findings

No statistically significant difference was found when com-
paring the different degrees of TET2 and GST-pi expression
between male and female patients. Additionally, there was no
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Table 2. Significant differences in histopathological findings between male and female patients

Male Female
N (%) N (%) P
T3 24 12
T staging 0.015
T4 1 6
Yes 12 (26.1) 14 (30.4)
Lymphatic invasion 0.049
No 15 (32.6) 5 (10.9)
Yes 1(2.2) 6 (28.3)
Distant metastases 0.015
No 26 (56.5) 13 (13)
Infiltrating 27 (58.7) 14 (30.43)
Invasion type 0.008
Expanding 0(0) 5(10.87)
Annular 15 (32.61) 2 (4.35)
0.002
All other subtypes 12 (26.09) 17 (36.96)
Tumor growth pattern
Exophytic 2 (4.35) 9 (19.57) 0.004
All other subtypes 25 (54.35) 10 (21.74) '

statistically significant differences between the mean age of
the patients categorized in the different levels of expression of
the above proteins. No association was noticed between the
different levels of TET2 / GST-pi expression and the histo-
pathological findings of the examined tumors (Table 3).

Association between the expression of TET2
and GST-pi

When grouping the levels of expression of TET2 and GST-
pi in two categories, namely a group that includes the tu-
mors with the maximum observed protein expression and
a group with all the other levels of protein expression and
comparing them, it was found that high expression levels of
TET2 were more frequently observed in tumors with high
GST-pi levels (p=0.003).

Association between T2DM and
clinicopathological characteristics of the
patients.

No statistically significant differences were found between
patients with and without T2DM in terms of the degree
of differentiation, the presence of distant metastases and
lymph node infiltration, the tumor size and macroscopic
appearance. A statistically significant difference was ob-
served between the patients who had T2DM and those who
did not, concerning the location of tumors along the colon;
more specifically, it was shown that, compared to the rest of
the locations, T2DM patients presented with tumors in the
right colon more frequently (p=0.002), while non-diabetic
patients had left colon tumors more frequently (p=0.008).
The correlation between T2DM and tumor location ap-
peared to be very strong (Cramer’s V=0.49). Additionally, it
was found that patients with T2DM were mainly diagnosed
with T4 tumors and tumors with expanding growth pattern
compared to patients without T2DM who mainly present-
ed with T3 tumors (p=0.028) and tumors with infiltrating
growth pattern (p=0.033). Finally, only 18.5% of the tumors

with vascular infiltration were excised from patients with
T2DM (p=0.015).

Association between T2DM and
immunohistochemistry results

The comparison between patients with and without T2DM
in terms of positive (any grade) and negative expression of
TET2 did not reveal any statistically significant difference.
Furthermore, after quantifying the levels of expression of
TET2 and GST-pi and comparing their means between
patients with and without T2DM, no statistically signif-
icant difference was found (Fig. 2). On the contrary, pa-
tients without T2DM show a significantly higher percent-
age of weak or no expression of TET2 compared to T2DM
patients (p=0.038). In fact, a strong correlation between
the absence of T2DM and low/no TET2 expression was
documented (Cramer’s V=0.326, p=0.027). Additionally,
patients with T2DM show a significantly higher percent-
age of moderate and strong GST-pi expression compared
to patients without T2DM (p=0.034) (Fig. 3).

In binomial logistic regression, tumors excised from
T2DM patients were approximately 7 times more likely
to have moderate (rather than weak and none) TET2 ex-
pression compared to tumors from non-diabetic patients
(OR 6.9, CI [1.33, 35.75]), and a 2.7-fold higher relative
likelihood of showing strong (rather than moderate and
weak) GST3 expression than tumors derived from non-di-
abetic patients (OR 2.7, CI [0.63, 12.09]), taking into con-
sideration sex, age and tumor size. The association be-
tween T2DM and the group of maximum observed TET2
expression remains statistically significant in an addition-
al binomial analysis that was performed examining the
histological characteristics of the tumors, namely vascular
infiltration, perineural infiltration and lymph node inva-
sion (OR 4.3, CI [1.09, 17.4]) (Tables 4A, 4B). In a similar
analysis for GST3, the results were close to statistical sig-
nificance (Tables 5A, 5B).
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Table 3. Associations between GST-pi and TET2 levels and the clinicopathological factors of patients with colorectal cancer. Each

subscript letter denotes a subset of each variable categories whose column proportions do not differ significantly from each other at the

0.05 level
GST-pi expression P-value TET?2 expression P-value
Characteristics N (%)
Weak Moderate Strong Negative Weak Moderate

Sex 0.38 0.78
Male 27(58.7)  8,(174) 9,(19.6)  10,(21.7) 8,(17.4) 11,(23.9) 8, (17.4)

Female 19 (41.3)  9,(19.6) 6, (13) 4. (87) 7.(152) 8 (17.4) 4 (87)

Tumor location 0.89 0.57
Right colon 13(283) 5,(10.9) 5, (10.9) 3 (6.5) 3,(65)  5,(109)  5,(10.9)

Left colon 28(60.9) 10,(21.7) 8, (17.4)  10,(21.7) 11,(23.9) 12,(26.1) 5,(10.9)
Transverse colon 5(10.9) 2,(43) 2,(43) 1,(22) 1,(22) 2,(43) 2,(43)

Tumor growth pattern 0.31 0.81
Annular 17 (37) 5,(10.9) 5 (10.9) 7 (15.2) 5,(10.9) 6,(13) 6, (13)
Ulcerating 16(34.8) 6,(13)  6,(13) 4,(8.7) 4.87) 8,(174)  4,(87)
Exophytic 11(293) 6,(13)  2,(43) 3 (65) 5,(109) 4.(87) 2, (43)
Pedunculated 2(4.3) 0, (0) 2,(43)  0,(0) 1,22 1,22 0,0

Invasion type 0.52 0.91
Infiltrating 41(89.1)  14,(30.4) 14, (304) 13,(28.3) 13,(28.3) 17,(37)  11,(23.9)
Expanding 5(109)  3,(65)  1,(2.2) 1,(22) 2,(43)  2,(43) 1,(2.2)

Tumor differentiation 0.24 0.57
Well differentiated 1(2.2) 0, (0) 0, (0) 1,(22) 1,22)  0,(0) 0, (0)
Moderately differen- 41 (89.1) 14, (30.4) 15,(32.6) 12, (26.1) 12,(26.1) 18 (39.1) 11 (23.9)

tiated
Poorly differentiated 4 (8.7) 3,(6.5) 0, (0) 1,(22) 2, 1,(22) 1,(22)

Vascular Invasion 0.18 0.06
Yes 27(58.7)  12,(26.1) 6,(13) 9,(19.6) 7, 15, 5,

No 19(413)  5(10.9) 9,(19.6) 5, (10.9) 8, 4, 7.

Perineural invasion 0.2 0.37
Yes 31(67.4) 14,(30.4) 8 (174) 9,(19.6) 9,(19.6) 15 (32.6) 7,(15.2)

No 15(32.6) 3.(65) 7,(152) 5, (10.9) 6,(13) 4,87  5(10.9)

Lymphatic invasion 0.59 0.9
Yes 26(56.5)  8,(174) 9,(19.6) 9, (19.6) 9,(19.6) 10,(21.7) 7,(15.2)

No 20(435)  9,(19.6) 6, (13) 5, (10.9) 6,(13)  9,(19.6) 5,(10.9)

Distant metastases 0.8 0.61
Yes 7(152)  2,(43) 3,(65 2 (43) 2,(43)  4,.(87) 1,(2.2)

No 39(84.8) 15 (32.6) 12, (26.1) 12 (26.1) 13,(28.3) 15,(32.6) 11 (23.9)
DISCUSSION patients and non-T2DM patients in terms of the predomi-

The present study described the histopathological char-
acteristics of colorectal adenocarcinomas in a cohort of
patients with and without T2DM and investigated the re-
lationship between TET2 and GST-pi expression in these
patients. In the present study, patients with T2DM showed
higher rates of adenocarcinomas in the right colon, com-
pared to non-diabetic patients in accordance with a recent
meta-analysis.!?”) With regard to T staging, in the present
study a statistically significant difference between T2DM

nance of stage T4 and T3 tumors, respectively, was found;
such a difference did not reach the level of statistical signif-
icance in previous studies focusing on colon tumorigenesis
and hyperglycemic tumor microenvironment.!?*! Despite
the fact that hyperglycemic tumor microenvironment pro-
motes the proliferation as well as the hematogenous dis-
semination of malignant cells through a variety of modi-
fications in endothelial cells’ ligands!?”), our study failed to
demonstrate a statistically significant relationship between
T2DM and vascular infiltration in the examined tumors.
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Figure 2. Comparison of mean TET2 (A) and GST-pi (B) levels in tumors excised from patients with and without T2DM.
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Figure 3. Comparison of the different levels of expression of TET2 (A) and GST-pi (B) in tumors excised from patients with and
without T2DM.

Table 4. Binary logistic regression and relevant probability of maximum level of TET2 expression and T2DM, when examining clinical
(A) or histopathological (B) characteristics of the tumors

TET2
Relative probability =~ 95% Confidence Intervals  P-value
M a
U T2DM 6.886 1.326 - 35.748 0.022
% Age 0.963 0.897 - 1.033 0.292
Clinical characteristics Sex 0.264 0.050 - 1.384 0.115
w Tumor size 1.045 0.697 - 1.567 0.831
S
T2DM 4.316 1.089 - 17.39 0.043
. E Vascular infiltration 0.454 0.066 - 3.128 0.422
— Histopathological characteristics Perineural infiltration 1.439 0.196 - 10.58 0.721
£ Lymphatic infiltration 1.277 0.289 - 5.651 0.747
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Table 5. Binary logistic regression and relevant probability of maximum level of GST-pi expression and T2DM, when examining clini-

cal (A) or histopathological (B) characteristics of the tumors

GST-pi
Relative probability =~ 95% Confidence Intervals  p-value

A

T2DM 2.75 0.626 - 12.078 0.18

Age 1.009 0.741 - 1.081 0.806
Clinical characteristics Sex 0.323 0.071 - 1.474 0.145

Tumor size 1.139 0.783 - 1.656 0.496
B

T2DM 2.331 0.528 - 10.284 0.264

Vascular infiltration 4.084 0.398 - 41.945 0.236
Histopathological characteristics Perineural infiltration 0.312 0.029 - 3.381 0.338

Lymphatic infiltration 1.682 0.426 - 6.635 0.458

To the best of our knowledge, the concurrent immu-
nohistochemical study of TET2 and GST-pi expression in
colon adenocarcinoma tissues has not been studied be-
fore. Previous studies?®! have examined the expression
of TET2 in cytoplasm; yet we observed that GST-pi was
predominantly expressed in the cytoplasm and cytoplas-
mic membrane of malignant cells while TET2 enzyme
had predominantly nuclear expression. Data analysis in
the present study documented a weak negative correlation
between TET2 expression levels and the size of the stud-
ied tumors. Although the association was not statistically
significant, similar associations between TET2 expres-
sion and malignancies have also been reported; in head
and neck squamous cell carcinoma, it appeared that low
TET2 levels were significantly associated with larger tu-
mor size, advanced clinical stage and worse prognosis.'”!
Accordingly, in an experimental model of glioblastoma,
it was shown that TET2 overexpression in tumor cells re-
sulted in the development of smaller tumors.*%! Further-
more, no statistically significant difference was observed
between GST-pi expression levels and vascular and peri-
neural infiltration. Yet, Tan et al. previously showed that
high GST-pi expression levels were associated with ad-
verse histological features and decreased overall survival
in patients who had undergone surgery for stage C colon
adenocarcinoma.B!

Despite the fact that survival analysis goes beyond the
remit of the current study, it is worth mentioning that dif-
ferent studies have related the level of expression of GST-pi
with overall survival in patients with colon cancer; Jankova
et al. showed that survival did not differ among patients
with low GST-pi expression who had been on adjuvant che-
motherapy, patients with low GST-pi expression who had
not been on chemotherapy and patients with high GST-pi
expression who had been on chemotherapy. Only patients
with high GST-pi expression who had not received chemo-
therapy had poorer survival when compared to the other
three groups.32! On the other hand, Kang et al. showed that

the 5-year overall survival as well as the 5-year disease-free
survival rate of patients with high expression levels of TET2
were significantly higher compared to that of patients with
low TET2 levels.28!

Finally, the present study demonstrated that colon tu-
mors excised from patients with T2DM were more likely
to exhibit high GST-pi expression and moderate TET2 ex-
pression. It remains controversial whether certain GST-pi
genetic polymorphisms have an impact on susceptibility
to T2DM; yet there is evidence that GST-pi polymorphism
may affect the onset of T2DM and especially in patients
below the age of 40 years.[3334 Furthermore, certain TET2
mutations have been suggested to correlate with T2DM. 3!

Some of the limitations of the present study include its
retrospective nature, the relatively small number of the
included patients and the lack of some data concerning
T2DM, such as disease duration, which is partially known.

CONCLUSION

To conclude, our study supports the idea that GST-pi and,
mainly, TET2 could serve as useful immunohistochem-
ical markers of colorectal cancer tumors in patients with
T2DM and no other comorbidities. TET2 and GST-pi
are highly expressed in malignant colon tumors. History
of T2DM in CRC patients was associated with the high-
est observed GST-pi expression and the absence of T2DM
was associated with the lowest observed TET2 expression
in the studied tumors. High levels of TET2 expression are
significantly more likely to be observed in tumors from pa-
tients with T2DM, regardless of the clinical (age, sex, tumor
size) and histopathological (vascular, perineural, lymphatic
invasion) characteristics. In the era of precision medicine,
treatment, prevention, and diagnostic methods are not
one-size-fits-all approaches; further studies are needed to
fully establish GST-pi and TET?2 as a predictive biomarkers
or therapeutic targets for CRC among the diabetics.

Folia Medica | 2024 | Vol. 66 | No. 3

377

Folia Medica



Folia Medica

S. Papadatos et al.

Acknowledgments

The authors received no financial support for the research,
authorship, and/or publication of this article.

Conflict of Interest

None.

REFERENCES

10.

11.

12.

13.

14.

15.

Margueron R, Reinberg D. Chromatin structure and the inheritance
of epigenetic information. Nat Rev Genet 2010; 11(4):285-96.
Khavari DA, Sen GL, Rinn JL. DNA methylation and epigenetic con-
trol of cellular differentiation. Cell Cycle 2010; 9(19):3880-3.

Nilsson EE, Sadler-Riggleman I, Skinner MK. Environmentally in-
duced epigenetic transgenerational inheritance of disease. Environ
Epigenet 2018; 4(2):dvy016.

Colorectal Cancer Awareness Month 2022 [Internet]. World Health
Organization. World Health Organization; [cited 2023 Nov 2]. Avail-
able from: https://www.iarc.who.int/featured-news/colorectal-can-
cer-awareness-month-2022/

Mamlouk S, Simon T, Tomds L, et al. Malignant transformation and
genetic alterations are uncoupled in early colorectal cancer progres-
sion. BMC Biol 2020;18(1):116.

American Cancer Society. Colorectal Cancer Facts & Figures 2020-
2022. Atlanta: American Cancer Society; 2020.

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(19):6026-31.

Yamunadevi A, Pratibha R, Rajmohan M, et al. Basics of epigenetics
and role of epigenetics in diabetic complications. ] Pharm Bioallied
Sci 2021; 13(Suppl 1):5336-S343.

Ling S, Brown K, Miksza JK, et al. Association of type 2 diabetes with
cancer: a meta-analysis with bias analysis for unmeasured confound-
ing in 151 cohorts comprising 32 million people. Diabetes Care 2020;
43(9):2313-22.

Hua E Yu J-J, Hu Z-W. Diabetes and cancer, common threads, and
missing links. Cancer Lett 2016; 374:54-61.

Park S, Kang HJ, Jeon JH, et al. Recent advances in the pathogenesis
of microvascular complications in diabetes. Arch Pharm Res 2019;
42(3):252-62.

Vincent EE, Yaghootkar H. Using genetics to decipher the link be-
tween type 2 diabetes and cancer: shared aetiology or downstream
consequence? Diabetologia 2020; 63(9):1706-17.

QOrntoft M-BW, Nielsen HJ, @rntoft TE, et al. Danish study group on
early detection of colorectal cancer. Performance of the colorectal
cancer screening marker Sept9 is influenced by age, diabetes and ar-
thritis: a nested case-control study. BMC Cancer 2015; 15:819.

Raciti GA, Desiderio A, Longo M, et al. DNA methylation and type
2 diabetes: novel biomarkers for risk assessment? Int ] Mol Sci 2021;
22(21):11652.

Cho YA, Lee ], Oh JH, et al. Genetic variation in PPARGC1A may
affect the role of diet-associated inflammation in colorectal carcino-
genesis. Oncotarget 2017; 8(5):8550-8.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

Wang H. MicroRNA, diabetes mellitus and colorectal cancer. Bio-
medicines 2020; 8(12):530.

Kohli RM, Zhang Y. TET enzymes, TDG and the dynamics of DNA
demethylation. Nature 2013; 502(7472):472-9.

Bray JK, Dawlaty MM, Verma A, et al. Roles and regulations of TET
enzymes in solid tumors. Trends Cancer 2021; 7(7):635-46.

Fuster JJ, MacLauchlan S, Zuriaga MA, et al. Clonal hematopoiesis
associated with TET2 deficiency accelerates atherosclerosis develop-
ment in mice. Science 2017; 355(6327):842-7.

Board PG, Menon D. Glutathione transferases, regulators of cel-
lular metabolism and physiology. Biochim Biophys Acta 2013;
1830(5):3267-88.

Goto S, Kamada K, Soh Y, et al. Significance of nuclear glutathione
S-transferase pi in resistance to anti-cancer drugs. Jpn ] Cancer Res
2002; 93(9):1047-56.

Adler V, Yin Z, Fuchs SY, et al. Regulation of JNK signaling by GSTp.
EMBO ] 1999; 18:1321-34.

Wu Y, Fan Y, Xue B, et al. Human glutathione S-transferase P1-1 in-
teracts with TRAF2 and regulates TRAF2-ASKI1 signals. Oncogene
20065 25:5787-800.

Su H, Cao Y, Li ], et al. GST null polymorphisms may affect the risk
of coronary artery disease: evidence from a meta-analysis. Thromb J
2020; 1;18:20.

Xiao W, Huang J, Zhao C, et al. Diabetes and risks of right-sided and
left-sided colon cancer: a meta-analysis of prospective cohorts. Front
Oncol 2022; 12:737330.

Prieto I, Del Puerto-Nevado L, Gonzalez N, et al. Diabetes Can-
cer Connect Consortium. Colon cancer modulation by a diabetic
environment: a single institutional experience. PLoS One 2017;
12(3):e0172300.

Vasconcelos-Dos-Santos A, Loponte HF, Mantuano NR, et al. Hyper-
glycemia exacerbates colon cancer malignancy through hexosamine
biosynthetic pathway. Oncogenesis 2017; 6(3):¢306.

Kang DH, Jeong DJ, Ahn TS, et al. Expression of AMP-activated pro-
tein kinase/ten-eleven translocation 2 and their clinical relevance in
colorectal cancer. Oncol Lett 2021; 21(2):164.

Huang R, Wang Y, Ge H, et al. Restoration of TET2 deficiency inhib-
its tumor growth in head neck squamous cell carcinoma. Ann Transl
Med 2020; 8(6):329.

Garcia MG, Carella A, Urdinguio RG, et al. Epigenetic dysregulation
of TET2 in human glioblastoma. Oncotarget 2018; 9(40):25922-34.
Tan KL, Jankova L, Chan C, et al. Clinicopathological correlates and
prognostic significance of Glutathione S-Transferase Pi expression in
468 patients after potentially curative resection of node-positive co-
lon cancer. Histopathology 2011; 59(6):1057-70.

Jankova L, Robertson G, Chan C, et al. Glutathione S-transferase Pi
expression predicts response to adjuvant chemotherapy for stage C
colon cancer: a matched historical control study. BMC Cancer 2012;
12:196.

Amer MA, Ghattas MH, Abo-Elmatty DM, et al. Evaluation of glu-
tathione S-transferase P1 genetic variants affecting type-2 diabetes
susceptibility and glycemic control. Arch Med Sci 2012; 8(4):631-6.
Klusek J, Bloniska-Sikora E, Witczak B, et al. Glutathione S-transferas-
es gene polymorphism influence on the age of diabetes type 2 onset.
BM]J Open Diabetes Res Care 2020; 8(2):e001773.

Opstad TB, Solheim S, Pettersen AR, et al. TERT and TET2 genetic
variants affect leukocyte telomere length and clinical outcome in cor-
onary artery disease patients - a possible link to clonal hematopoiesis.
Biomedicines 2022; 10(8):2027.

378

Folia Medica | 2024 | Vol. 66 | No. 3



Epigenetic Alterations in Colon Cancer and Diabetes Mellitus

JKcnpeccus Ten-Eleven Translocation 2 n rnytaTnoH-
S-TpaHcepasbl NU-1 y NayueHTOB C KONOpeKTa/lbHbIM
pakom c caxapHbIM gnadéeTtom 2 Tuna n 6e3 Hero

Cramaruc C. [Tamagaroch?, Anturonn Muueny?, EBanrenn Jlamnpu?, Kpuctuuna Bann?,
Awnronna Beuy®, Auna Bapykun’, Koncraurtunoc Kauanoc®, Bacummku Fanann?

I Omoenerue enympenux 6onesneil, bonvruya ,Ce. Enena’; Adunol, Ipeyus

2 Kagpedpa anamomuu, zucmonozuu u smbpuonozuu, Meduvyurckuii paxynvmem Yuueepcumema Srunvt, Srnuna, Ipeyus
3 Kagbedpa cydebroii namonozoanamomuu, Meduyunckuii axynomem Ynusepcumema numot, Tnuna, Ipeyus

* Kagpedpa namonozoanamomuu, Meduyurckuii paxynvmem Yuueepcumema Snumvt, Tnuna, Ipeyust

® Kagpedpa xupypeuu, Meduyurckuii paxynvmem Yrusepcumema nurvl, nuna, Ipeyus

° Yrusepcumem Yopux, WMG, Kosenmpu, Coedunénroe koponescmso

7 Omoenenue 8Hympenux 6onesneil, 6onvruya ,Iunnokpam’; Canonuxu, Ipeyus

8 Kagpedpa zacmpoarimeponozuu, Meduyunckuil paxynvmem Ynusepcumema nunol, Tnuna, [peyust

Appec ans koppecnoHeHumn: Bacumku [ananu, Kadenpa anaromunu, rucronornu u sM6puonornu, MepuiHckuit ¢paxynpret YHuBepcurera SIHm-

Hbl, SlHuHa, [perms; Email: vgalani@uoi.gr

Jata nonyyenus: 10 mapra 2024 ¢ flata npuemMku: 24 anpens 2024 ¢ lata nyonukaumm: 30 momns 2024

OGpaseLl, uMTMpoBaHnA: Papadatos SS, Mitselou A, Lampri E, Bali C, Betzou A, Varouktsi A, Katsanos K, Galani V. Expression of ten-
eleven translocation 2 and glutathione-S-transferase pi in colorectal cancer patients with and without type 2 diabetes mellitus. Folia Med
(Plovdiv) 2024;66(3):370-379. doi: 10.3897/folmed.66.e122713.

Pe3tome

Lienu: Boigemntb BO3MOXKHBIe Koppersaiuy caxapHoro anabera 2 tuma (ClI2) ¢ MUKPOCKOMMYeCKIMIL/ MAKPOCKOIINIeCKIMIL XapaKTe-
PUCTUKaMU TKaHell KOJIOPeKTaIbHOTO paKa, a Takxke ¢ akcrpeccueit 6enkos Ten-Eleven Translocation 2 (TET2) 1 rryTaTnon-S-TpaHc-
dbepassr mn-1 (GST-pi).

Matepuanbl n metofbl: Omyxos 46 maIyeHToB ObIIM IOMELIEHBI B TapapUHOBbIe 67I0KH, OKPaIlleHbl TeMaTOKCHINTHOM-3031HOM 1
UCCTIEiOBaHbI MMKPOCKOIINYECKN. BbIIo MpoBefieHO MIMMYHOTUCTOXYMITYecKoe nccnegosanme akcrpeccuy TET2 n GST-nu-1. Pesynb-
TaThl OBIIM IPOAHAIM3UPOBAHEI M COOTHeceHBI ¢ CJI2 KaK COIMyTCTBYIOLIMM 3a00/eBaHMEM.

Pesynbratbl: Bee onyxonu skcnpeccupoBanu GST-mu-1 Ha Tpéx ypoBHAX (c/1abblil, yMEpeHHbI ¥ CUIbHDIIL); 1BE 13 TPEX OIyXOoJIei
nokasamy mmbo crmabylo, mbo ymepeHnyo sxcnpeccuto TET2. IManyentsr 6e3 CJI2, Kak IpaBuiIo, UMeN OIyXOIM €O Caboil mim
orcyTcTByloueit akcrpeccuert TET2 (p=0.038), Torga Kax oIyxoam HalyieHTOB ¢ AnabeToM MOKasaly 3HaYUTeNbHO 0o/lee BBICOKMIT
IIPOLIEHT CU/IbHON Mm yMepeHHoi akcnpeccun GST-mu-1 (p=0.034). ITpu 6GuHOMMATBHON JTOTUCTUYECKON Perpeccui OIyXOJIi, BbI-
pesannble y manuentos ¢ C/I2, B 6.9 pasa dalie JeMOHCTPYPOBAIN YMEPEHHYIO (a He cabyro 1 HuKakyro) akcrpeccuio TET2 mo cpas-
HEHUIO C OIYXO/LAIMM Y NanyeHTos 6e3 nuabera (95% IV [1.33, 35.75]), u B 2.7 pasa 6ojee BBICOKYI0 OTHOCUTE/IbHYIO BEPOATHOCTD
IeMOHCTpAIM CUIbHOI (a He yMepeHHO 1 cmaboir) skcnpeccun GST-mm-1 (95% AN [0.63, 12.09]), npuHMMas BO BHUMaHue IO,
BO3pacT 1 pasMep onyxomu. Ceasb mexxay CI2 u sxcnpeccueit TET2 ocTaéTcs cTaTUCTHYECKY 3HAYMMOI B IOIOTHUTE/IBHOM OMHO-
MIa/IbHOM aHaJIi3€e, KOTOPbIL OBUI IPOBEAEH C Y4ETOM OIPEMIeNIEHHBIX TUCTONOTMYECKMX XapaKTePUCTHUK Oy XOJII.

3akntoueHne: TET2 u GST-nu-1 skcIpeccupyoTcs B 3/10Ka4eCTBEHHBIX OIYX0/IsX TocTol Kutuky. ClI2 y maumentos ¢ KPP 6bir1 cBs-
3aH € caMoJt BBICOKOIT HabmioaeMoit skcrpeccueit GST-mu-1; orcyrcersue CII2 6110 CBA3aHO € CaMOit HU3KOIT HAO/MIOaeMOit 9KCIIpec-
cueit TET2. CJI2 yBenuuuBaeT BepoATHOCTD HabmogeHus akcnpeccyn GST-mu-1 n TET2 Ha MaKcHMa/IbHBIX YPOBHSX, HE3aBUCHMO OT
KOHKPETHBIX MIKPOCKOIIMYECKIX 0COOEHHOCTET OITYXO/II U OIpefieéHHIX XapaKTePICTUK MalJieHTa.

KnwoueBble cnoBa

KOJIOpeKTa IbHbII PaK, CaXapHBIi i1abeT, SIIUIeHeTHKa, [Ty TaTuoH-S-Tpancdepasa mu-1, 6enox TET2, Tum 2
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