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Abstract

We aimed to investigate immunohistochemical expression of the p53 tumor suppressor protein, and the B-cell ymphoma-2 (Bcl-2) apoptotic
protein in colorectal adenocarcinoma patients with or without type 2 diabetes mellitus (T2DM). Tissue sections from 95 paraffin-embedded
colorectal adenocarcinomas, originating from 52 T2DM and 43 non-diabetic patients, were immunostained for p53 [Ventana mouse monoclonal
primary antibody (mAb) in vitro diagnostic (IVD) anti-p53, clone Bp53-11] and Bcl-2 (Ventana mAb IVD anti-Bcl-2, clone Bcl-2/124). Imnmuno-
histochemistry analysis did not find statistically significant differences between the two groups, but analysis on subgroups of patients in terms
of presence or absence of obesity identified overexpression of p53 (>70% of cells) in the T2DM obese patients compared to non-diabetics.
Overexpression of p53 was present in 80% of tumor cells coming from T2DM obese patients compared to 37.2% of tumor cells coming from
non-diabetics obese and non-obese, and in 36.6% of tumor cells coming from non-diabetic non-obese patients (p=0.024). There was a single
non-diabetic obese patient with p53 overexpression. Most cancer cells of T2DM obese patients presented more frequently p53 overexpression
by comparison with cancer cells of the T2DM non-obese patients (80% vs 40.5%, p=0.028). Bcl-2/p53 co-expression was an infrequent event
in T2DM patients’ group. The results of this study suggest that patients with colorectal adenocarcinoma that associate T2DM and obesity exhibit
higher p53 protein expression in malignant cells. In conclusion, our research highlights that obesity is a potential key factor in the relationship

between T2DM and colorectal cancer.
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=& Introduction

Cancer and metabolic diseases, especially diabetes
mellitus (DM) and obesity are complex, frequent chronic
conditions with increasing incidence and prevalence
worldwide. Studies evidenced that people with type 2 DM
(T2DM) had a significantly risk for certain cancers, most
notably digestive and genital tract: colorectal [1-7],
pancreatic [8—13], hepatic [14-17], breast [18-21],
endometrial [22, 23] also with a higher cancer mortality
rate [24].

Obesity is an important risk factor in the pathophysiology
of the DM and colorectal cancer (CRC). Obesity, defined
by a body mass index (BMI) >30 kg/m?, is a strong risk
factor for T2DM and is positively associated with many
cancer types especially the CRC risk [25].

Diabetic patients present an approximately 30% higher
risk of developing CRC [1-7] compared to non-diabetics,
with an increased risk of complications, cancer recurrence
and death [24, 26, 27]. In particular, obesity appears to be

arisk factor for the increased incidence of CRC in T2DM
[28-33].

The B-cell lymphoma-2 (Bcl-2) antiapoptotic protein
(member of Bel-2 family proteins) and the p53 suppressor
protein, encoded by the tumor protein p53 (TP53) gene,
plays an essential role in regulating apoptosis [34—37] and
metabolism [38-42]. Through these various roles, the two
proteins can be a potential link between neoplastic disease
and metabolic diseases in general, and particularly between
cancer and T2DM.

Immunohistochemical (IHC) technique can be used
as a method of indirect detection of p53 gene mutation,
commonly used as a screening method for detecting the
presence of this mutation [43]. Under normal conditions,
the IHC method cannot detect the “wild-type” (WT) p53
protein due to its instability, with a very short lifetime
(approximately 5-30 minutes) and extremely low nuclear
expression [44]. However, the mutant form of p53 will
accumulate at the nuclear level [by inhibiting mouse
double minute 2 homolog (MDM2) metabolism] and will
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reach an IHC detection threshold due to increased aberrant
expression and longer lifespan [43, 44]. Thus, we can assert
that the IHC staining pattern of p53 can be considered a
surrogate marker for the p53 gene mutation in cancer [43,
45, 46].

Colorectal adenocarcinoma is the most common form
of CRC accounting for >90% of all histological types [47].
Studies evidenced an association between p53 and Bcl-2
in CRC [48-51], positive p53 expression being generally
associated with an unfavorable prognosis [48, 52].

We know that Bcl-2 and p53 proteins are involved in
both metabolic and cancer pathogenesis: T2DM and obesity
(in B-cell regulation) and CRC (in apoptosis regulation),
and also know that hyperglycemia could influence the
expression of the Bcl-2 and p53 proteins [53—55] and that
CRC is more common in T2DM and in obesity compared
to the general population. Starting from these facts, we
propose to investigate the potential mechanism of pathogenic
association between cancer, diabetes, and obesity by
comparative quantification of IHC expression of these two
proteins. We supposed the existence of a diabetic environment
with related pathophysiological changes that lead to excessive
signaling in certain pathways which interfere with complex
p53 protein activity but also indirectly with Bcl-2 protein
activity either via p53 or by modifying the ratio of pro-
apoptotic and anti-apoptotic Bcl-2 family members.

Aim

The aim of the present research was to investigate
the THC expression of the p53 tumor suppressor protein
and the Bcl-2 apoptotic protein in CRC patients with or
without T2DM or obesity. This study set out to examine

the comparative relationship between the two proteins in
these important diseases.

= Patients, Materials and Methods

Our research had a retrospective design. The study
included 95 patients with CRC, which met the following
inclusion criteria: men and women age >18 years; patients
diagnosed with primary CRC; without a heredo-collateral
CRC history; without oncological treatment prior to CRC
diagnosis; patients diagnosed with T2DM prior to CRC
diagnosis (for the CRC diabetic group). Eligible patients
included 32 women and 63 men, aged 46-92 years (median
age of 69.88 years) divided into two groups: 52 T2DM
patients and 43 non-diabetes mellitus (non-DM) patients.
Our study also included four cases of non-tumoral (non-
lesional epithelium) colonic mucosa sample for control, from
patients who required surgery for non-neoplastic conditions.

Patients were selected from the database of the
Department of Anatomical Pathology, Bucharest Emergency
Clinical Hospital, Bucharest, Romania, hospitalized from
01.01.2012 to 30.08.2015 after receiving the agreement
of the Ethics Committee, Bucharest Emergency Clinical
Hospital (Approval No. 13918/11.06.2015). The cases
were identified using the Hipocrate Medical Informatics
Program, randomized (in order of selection, respecting
inclusion criteria), according to the 10 edition of the
International Statistical Classification of Diseases and
Related Health Problems (ICD-10). Data were extracted
from the discharge summary and the pathology reports.
Subsequently, for each case, one block of paraffin and the
Hematoxylin—Eosin (HE) stained slide were extracted from
the Laboratory Archive.

The subsequent blocks and slides were analyzed in
the Department of Histopathology of the Synevo Central
Laboratory, Bucharest, for IHC assessment and testing in
an anonymous manner, with no patient identification data,
clinical and paraclinical data. At reception in the Laboratory,
each case was assigned a unique identification number.
Paraffin blocks were cut using a conventional microtome
to obtain 2 pm thick sections. Further, each section was
recovered from the water bath on an electrostatically charged
slide. The slides were dehydrated at 58°C in a thermostat
for one hour.

IHC testing was performed in an automated system
using a Ventana BenchMark XT platform. The dehydrated
slides were labeled with a barcode associated with the
standardized protocol, the case number, and the block
number. A dual Bel-2/p53 IHC protocol was used, including
prediluted in vitro diagnostic (CE-IVD) antibodies: Ventana
mouse monoclonal primary antibody (mAb) immuno-
globulin G1 (IgG1) anti-Bcel-2 (clone Bel-2/124) and Ventana
mAb IgG2a anti-p53 (clone Bp53-11). The IHC protocol
steps included: dewaxing; antigen retrieval; incubation with
the anti-Bcl-2 antibody (16 minutes at 37°C); incubation
with the anti-p53 antibody (16 minutes at 37°C); counter-
staining. The IHC reactions were visualized using ultraView,
with 3,3’-Diaminobenzidine (DAB) chromogen for Bcl-2
and Red chromogen for p53. After automatic post-processing,
the glass slides were degreased, dehydrated, and mounted to
obtain permanent sealed slides for microscopic examination.

The optical microscopy step was the central point of
histopathological (HP) evaluation of tissue sections and was
performed independently by two pathologists according to
current professional standards. The tissue sections were
initially reevaluated in standard HE staining for conventional
HP characteristics. Subsequently, the glass slides with dual
IHC staining were examined. The intensity (low, medium,
or high) of the reactivity to the anti-p53 antibody, marked
by red nuclear reaction and to the anti-Bcl-2 antibody marked
by brown cytoplasmic reaction was scored for each case as
a percentage of total viable tumor cells.

Bcl-2 immunoreactions were considered positive if
present in >3% of tumor cells and grades, as follows: low
positive reaction in 3—10% tumor cells; high positive in
>10% reaction in tumor cells.

Evaluation of p53 immunoreactions was performed
using the following algorithm: score 0, reaction in <25%
of tumor cells, of low small and/or medium intensity;
score 1, reaction in 26—70% of tumor cells, of low and/or
medium intensity; score 2, reaction in >70% of tumor cells,
of predominantly high intensity (overexpression).

Score 2 reactivity indicates the existence of an abnormal
p53 protein because of an epigenetic or genetic event in
the 7P53 gene. Reactions scored 1 most likely represent non-
mutational events, but not excluding post-transcriptional
modulation of 7P53 gene expression. Reactions scored 0
are interpreted as negative (non-mutational) except for
the complete absence of reactivity (0%) in which there is
the suspicion of a truncated 7P53 gene mutation with null
immunophenotype.

Based on the immunophenotypic profile (presence
or absence of the reactivity to anti-Bcl-2 and anti-p53
antibodies), the 95 tested cases were subdivided into four
IHC classes: class I, Bcl-2(-) and p53(-) (score 0); class II,
Bcl-2(+) and p53(-) (score 0); Class III, Bcl-2(-) and
pS53(+) (scores 1 and 2); class IV, Bel-2(+) and p53(+)
(scores 1 and 2). Class division is dependent on the
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predominant aspect of the expression (reaction in most
cells); cases that contained a definite minority of tumor
cells co-expressing Bel-2 and p53 were classified according
to the predominant pattern of reactivity with “class IV
clone”.

Statistical analysis was performed using Microsoft
Office Excel 2013 and Statistical Package for the Social
Sciences (SPSS) ver. 15.00. Data were synthesized as
percentage and the significance level used in the statistical
tests was p<0.05. We performed Fisher’s exact test and
Bonferroni’s correction.

= Results

Compared with the non-DM group, the T2DM group
showed a slightly higher frequency of female sex, prevalence
of elderly patients >65 years and an older age, averaging
approximately one year at CRC diagnosis. There were no
significant differences between the two groups according
to the rural/urban area. Regarding tumor location, the T2DM
group present tumor located more frequent on colon and
rectum, while non-DM exhibit tumors located on sigmoid
colon (Table 1).

Table 1 — Comparison of demographic data, histological type, and tumor location in T2DM and non-DM groups

Variables non-DM (n=43) T2DM (n=52) Total (n=95)
n Percent n Percent n Percent

Sex Male 30 69.8% 33 63.5% 63 66.3%

Female 13 30.2% 19 36.5% 32 33.7%

) Age [years] <65 18 51.4% 17 48.6% 35 36.8%

Demographic 798V >65 26 43.3% 34 56.7% 60 63.2%
Average age [years] 69.5 70.2 69.8

Area Urban 35 82.7% 43 81.3% 78 82.1%

Rural 8 17.3% 9 18.7% 17 17.9%

Colon 22 51.2% 34 65.4% 56 59.0%

Tumor location Sigmoid 18 41.9% 13 25% 31 32.6%

Rectum 3 6.9% 5 9.6% 8 8.4%

Histological type: adenocarcinoma 43 52 95 100%

n: No. of cases; non-DM: Non-diabetes mellitus; T2DM: Type 2 diabetes mellitus.

Immunochemistry showed negative p53 and Bcl-2 protein
expression in all four controls (non-tumoral tissue of colonic
mucosa) (Figure 1). Positive p53 expression was marked
by red nuclei staining and Bcl-2 expression was marked by
brown cytoplasm staining (Figures 2—6). Presence of Bcl-2
in stromal lymphocytes was marked by brown cytoplasmic
Bcl-2 staining and served as internal positive control. The
suppressor p53 and Bcl-2 THC staining (intensity and
extension) showed variable results, p53 positivity rate ranging
from 0 to 99% in both T2DM and non-DM groups, Bcl-2
reactivity ranging from 0 to 80% in non-DM group and from
0% to 65% in T2DM groups, also Bcl-2/p53 co-expression
varied widely from 0 to 90% in T2DM group and from 0 to
75% in non-DM patients (Figure 2—6). There was a unique
case in our investigation, a T2DM patient which associates

tumoral clones with mono-expression of Bel-2 and p53
proteins and clone with Bcl-2/p53 co-expression. We
considered p53 reactivity in over 70% of cells with moderate
and high intensity as highly suggestive for TP53 gene
mutation.

Although, Bcl-2 expression in tumoral cells was less
frequent, it was better represented in non-DM patients than
in T2DM patients. The p53 protein was overexpressed in
T2DM-CRC group. Generally, Bcl-2/p53 co-expression was
also a rare phenomenon in colorectal tumors but was more
frequently seen in T2DM patients than in non-DM patients.
Thus, the T2DM compared to the non-DM associated more
frequently immunophenotypic class III and immuno-
phenotypic class IV and showed a downregulated Bcl-2
expression without statistical significance (Table 2).

Table 2 — Comparison of p53 and Bcl-2 expressions between T2DM and non-DM groups

Protein expression non-DM (n=43) T2DM (n=52) Total (n=95) p value
n Percent n Percent n Percent

0 (<25%) 27 62.8% 25 48.1% 52 54.7%
1(26-70%) 1 2.3% 3 5.8% 4 4.2%
p53 expression 2 (>70%) 15 34.9% 24 46.2% 39 41.1%
0+1 28 65.1% 28 53.8% 56 58.9%
2 15 34.9% 24 46.2% 39 41.1%
- 36 83.7% 48 92.3% 83 87.4%
Bcl-2 expression + (3—-10%) 3 7.0% 1 1.9% 4 4.2%
++ (>10%) 4 9.3% 3 5.8% 8 8.4%

- 40 93% 46 88.5% 86 90.5% NS*
Bcl-2/p53 + (3-10%) 1 2.3% 4 7.7% 5 5.3%

co-expression

++ (>10%) 2 4.7% 2 3.8% 4 4.2%
| 19 44.2% 21 40.4% 40 42.1%
Il 7 16.3% 3 5.8% 10 10.5%
IHC class I 14 32.6% 22 42.3% 36 37.9%
Il clone 4 2 4.7% 4 7.7% 6 6.3%
\Y, v 1 2.3% 2 3.8% 3 3.2%
IV (total) 3 7% 6 11.5% 9 9.6%

*NS: p>0.05. Bcl-2: B-cell lymphoma-2; IHC: Immunohistochemical; n: No. of cases; non-DM: Non-diabetes mellitus; NS: Not significant; T2DM:

Type 2 diabetes mellitus.
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Although the THC analysis of the two groups did not
identify statistically significant differences, the subgroup
analysis in terms of the presence or absence of obesity,
identified statistically significant differences between over-
expression of pS3 (>70% of cells) in the cancer cells of
T2DM obese patients compared to non-DM or T2DM non-
obese patients with colorectal tumors. Overexpression of
p53 was present in 80% of cancer cells of T2DM obese
patients compared to 37.2% in non-DM (obese and non-
obese) tumors, respectively of 36.6% in non-DM non-obese
tumors (p=0.024) and in 40.5% of T2DM non-obese tumors
(p=0.028). There was a single p53(+) non-DM obese patient
(Table 3).

Figure 1 — Immunohlstochemtstiy image (160%). Coltm
adenocarcinoma, moderately differentiated, stage 1. Tumor
cells without Bcl-2 or p53 expression.

Table 3 — Obesity impact on p53 expression in T2DM
and non-DM groups

p53 expression

N ive Positiv Total
CRC / Groups ;gzt:% )e (:got%)e
n Percent n Percent n Percent n
non- BMI>30kg/m?> 1 50% 1 50% 2 100% 43
DM  BMI<30kg/m? 26 63.4% 15 36.6% 41 100%
BMI>30kg/m? 3 20% 12 80% 15 100%

T2DM 52
BMI<30 kg/m? 22 59.5% 15 40.5% 37 40.5%

Total 52 54.7% 43 453% 95 100% 95

BMI: Body mass index; CRC: Colorectal cancer; n: No. of cases; non-
DM: Non-diabetes mellitus; T2DM: Type 2 diabetes mellitus.

Figure 2 — Immunohtstochemlstry image (110%). Colon
adenocarcinoma, moderately differentiated, metastatic
stage 1V. Bcl-2 reactivity (brown cytoplasm) in 80% of
tumor cells, absent p53 reactivity (mdtcated by arrows).

Figure 3 — Immunohtstochemlstry image (90><) Colon
adenocarcinoma, moderately differentiated, stage 11A.
Co-expression of p53 (red nuclei) and Bcl-2 (brown
cytoplasm) is observed in 25% of tumor cells, single p53
expression in 75% of tumor cells (indicated by arrows).

',\
7.0 ‘
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Figure 5 — Immunohistochemistry image (400%). Colon
adenocarcinoma, moderately differentiated, stage 11A.
Co-expression of p53/Bcl-2 visualized by expression of
P53 (red nuclei) and Bcl-2 (brown cytoplasm) in 75% of
tumor cells, single p53 expression in 25% of tumor cells
(indicated by arrows).

Flgure 4 - Immunohtstochemtstry image (90%). Rectal
adenocarcinoma, moderately differentiated, stage I111B.
Dual p53/Bcl-2 immunostaining: co-expression of p53
(red nuclei) and Bcl-2 (brown cytoplasm) in 90% of tumor
cells, single p53 expression in 10% of tumor cells (indicated
by arrows).

Flgure 6— Immunohtstochemtstiy image (400><) Colon
adenocarcinoma, moderately differentiated, stage I11A.

Co-expression of p53/Bcl-2 visualized by expression of
P53 (red nuclei) and Bcl-2 (brown cytoplasm) in 25% of
tumor cells, single p53 expression in 75% of tumor cells
(indicated by arrows).
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= Discussions

A lot of studies [56—60] have indicated an increased
variability in IHC expression of Bcl-2 and p53 proteins in
CRC. Compared with other studies, the current study revealed
a moderate expression of p53, but a lower expression of
Bcl-2. This variability can be explained by the higher
heterogeneity of the groups (without any specificity in terms
of clinical-morphopathological parameters, ethnicity, presence
of DM or obesity) and also by increased variability of genetic
tumor mutations or of the epigenetic changes.

Single p53 expression or in combination with Bcl-2
presents a reserved prognostic marker [51, 56]. In the current
research, the p53 expression score 2 had an increased
frequency in tumor cells of T2DM group compared to the
non-DM group (p=0.306). Analysis of T2DM patients
identified a statistically significant difference in the
expression of the p53 protein between the subgroup of
T2DM obese patients and DM non-obese patients and even
T2DM non-obese patients. Thus, the subgroup of T2DM
obese patients exhibited a higher expression of p53(+)
score 2 compared to T2DM non-obese (p=0.028) or non-
DM (p=0.024) patients.

Based on Bcl-2/p53 immunophenotypic profiles, studies
have shown that there are immunophenotypic classes with
different aggressiveness in CRC [51, 56, 61-63]. Thus, the
lowest prognosis is for p53(+)/Bcl-2(-) immunophenotypes,
and the best prognosis for p53(-)/Bcl-2(+) [51, 56, 61-63]
with a higher risk of death of 6.38 [56] between the two
immunophenotypes. At the same time, there is an inversely
correlation between the presence of Bcl-2 and p53, also
evidenced in the studied groups [60]. Basically, the risk of
death in CRC increases progressively depending on the
immunophenotypic profile, from p53(-)/Bcl-2(+) to p53(-)/
Bcl-2(-), to p53(+)/Bcl-2(+) (associated chemoresistance) to
the highest p53(+)/Bcl-2(-) (associated radioresponsiveness)
[56]. In our research, the T2DM tumors presented immuno-
phenotypes associated with poorer prognosis in terms of
immunophenotypic profiles. Colorectal tumors in T2DM
patients expressed the p53(+)/Bcl-2(-) dominant immuno-
phenotypes, while non-DM tumors expressed more common
less aggressively p53(-)/Bcl-2(-) immunophenotypes.

All these changes in the expression of these proteins
in the T2DM tumor cells may explain the excessive risk
of mortality in CRC attributable to the presence of T2DM
and obesity [27, 29, 30, 32, 33, 64]. The presence of obesity
is associated with an increased risk of both malignancy
and mortality [29, 30, 32, 33, 65]. There is a direct
relationship between cancer mortality (regardless of the
type of cancer) and glucose levels, based on data from the
Diabetes Epidemiology: Collaborative analysis of Diagnostic
criteria in Europe (DECODE) study [66], which highlighted
an increase in cancer mortality in those presenting gluco-
regulations disorders, rising linearly with increasing glucose
concentrations [66]. In a meta-analysis conducted by
Barone et al. [24], there was an increased risk of long-term
mortality of all causes in patients diagnosed with pre-
existing cancer and diabetes compared to non-diabetics
[24, 66] with higher risk for all types of cancer compared
with normoglycemic individuals [24]. In the same study,
subtype cancer analysis revealed an increased risk of
mortality for CRC diabetic patients [24]. Other meta-analyzes
revealed an increased risk of both long-term and short-term
mortality in patients with pre-existing CRC and DM [24, 66],

but also an increased frequency of therapeutic complications,
such as post-chemotherapy but also an increased recurrence
of CRC [24]. Maintaining good metabolic control is essential
both before and after diagnosis of CRC, good metabolic
control being associated with decreased mortality [24, 65].

Two studies of the same group of authors on diabetic
murine models indicate an association between the presence
of the diabetic environment and changes in p53 expression
in oral carcinogenesis [67, 68]. However, the same authors
did not identify an association for the Bcl-2 family of proteins
(for Bax/Bcl-2 proteins) [68]. In these models, DM is
associated with an increased frequency of mutations in the
TP53 gene and there is an increased expression of the altered
p53 protein in all stages of carcinogenesis, from the initial
stages to the advanced stages [67]. Interestingly, several
studies have shown low expression of Bcl-2 in DM-specific
complications, such as in glomerular cells from diabetic
nephropathy or vascular endothelium from diabetic
retinopathy, the presence of Bcl-2 being associated with
a decrease in the risk of complications [69, 70].

The presence of p53 protein score 2 expressed in CRC
cells of patients associating T2DM and obesity in our study
can be explained by multiple mechanisms. The p53 protein
appears to be involved in the differentiation processes of
adipose tissue both in vivo and in vitro [71]. Thus, it exerts
a positive regulatory effect on the brown adipose tissue
but has a suppressive effect on the white adipose tissue
on both human and murine mouse cells [71]. Adipocyte
hypertrophy by lipid accumulation in adipocytes, activates
p53 that maintains homeostatic status by repressing the
peroxisome proliferator-activated receptor gamma (PPARy)
key adipogenic factor [71]. The abrogation of p53 function
in the skeletal muscle tissue alters its differentiation capacity
in brown adipose tissue and induces an abnormal morphology
in adult mice [71], a mechanism mediated by the “positive
regulatory 16” transcription factor: PR-domain containing
16 (PRDM16) protein [71]. The p53 protein can thus play
a dual role depending on the adipogenic differentiation
program [71]. This type of direct, cell-dependent regulation
reflects an additional way for p53 to maintain homeostatic
status at cellular levels [71]. Altering the expression of pS3
function can lead to changes in the differentiation process
with the increase in the accumulation of white adipose
tissue [71]. The p53 mutation is associated with loss of
p53 function and stimulation of Warburg phenotype, which
explains the poorer prognosis of T2DM and obese patients
with the p53(+)/Bcl-2(-) immunophenotype [72]. All these
changes may be a potential link between obesity, metabolic
alterations, and cancer.

It is very interesting that besides the more frequent
mutational events of pS3 in DM, p53 can be inactivated by
non-mutational phenomena. Although the p53 expression
in the current study was increased, in the general group of
T2DM patients compared to non-DM it was not statistically
significant (p=0.306). This lack of association of abnormal
expression of p53 in the diabetic group can be hypothetically
justified by increasing the frequency of non-mutagenic
phenomena of p53 tumor suppressor protein from DM-CRC.
These phenomena may further explain both the increased
risk of CRC mortality and increased mortality in DM. A
relative recent cell culture study indicates a non-mutational
mechanism of inhibiting WTp53 action based on blood
glucose levels [53]. Thus, there is a level of direct
proportionality between glycemic value and p53 activity
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[53]. An increased level of glucose (hyperglycemic medium)
inhibits p53 activity at the specific apoptosis-activating site,
and a low level of glucose activates p53 and decreases the
pro-oncogenic activity of mutant p53 [53]. Inhibition of p53
activity at Ser46 (Serine) by phosphorylation (p53Ser46)
is performed only for WTp53 and not mutant p53 (mutant
Ser46D p53) [53]. Blocking p53 function either through
mutational or non-mutational mechanisms, explains the
increased resistance to treatment encountered in diabetes
(hyperglycemic) and may be a molecular mechanism for
linking metabolic diseases (diabetes, obesity) and onco-
genesis [53].

The findings from this research make several contributions
to the current literature. A key strength of the present study
was the originality. To our knowledge this is the first research
that investigates in parallel, factors involved in both the
pathogenesis of DM and CRC (expression of Bel-2 and
p53 proteins) in humans. Until now, these markers have
not been studied together as a tandem, but separately for
each pathology, either in DM or in various types of cancer.
Another important strength of this study was the use of
the dual THC detection technique. This technique is used
to identify the concomitant expression of Bcl-2 and p53
protein in the same tumor cell. The dual Bcl-2/p53 THC
staining method has the advantage of correct identification
of various tumor immunophenotypes compared to the
individual testing of the two markers [56] and has allowed
the recognition of several different clonal populations within
the same tumor (e.g., clones with p53 overexpression
coexisting with clones with Bcl-2/p53 co-expression).

Study limitations

Finally, a few important limitations need to be considered.
The findings in this paper are subject to at least two major
limitations. First issue of the current study refers to the
limited number of patients included in our investigation.
Second, another weakness of this study was the paucity of
data regarding diabetes. The lack of information includes
limited data from the discharge summary and pathology
reports, without any information regarding diabetes history,
glucose control level prior to diagnosis of colorectal
adenocarcinoma, about type of oral hypoglycemic drugs,
regimen of insulin therapy or lifestyle factors. A limitation
in using of this kind of data precludes the analyses of
factors related to T2DM or obesity, our study being unable
to analyses these variables.

& Conclusions

This project is the first investigation to study the Bcl-2/
p53 proteins IHC expression in colorectal tumor cells of
T2DM patients and has been one of the first attempts to
study the IHC expression of the two proteins in tumors which
associate these two conditions. The current research has not
been able to establish a relationship between Bcl-2/p53
immunophenotypes in T2DM-CRC cells and non-DM-CRC
cells. However, analysis on subgroups of T2DM patients in
terms of presence or absence of obesity identified the most
significant findings to emerge from this study: the IHC
overexpression of p53 protein in colorectal malignant cells
of T2DM obese patients. Compared to the other subgroups,
the T2DM obese subgroup of patients exhibited the highest
p53 protein expression in tumor cells. Further studies need
to be carried out to validate the results of our investigation.
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