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Abstract

In colon cancer, biological markers continue to have a limited prognostic value, the results being controversial. Studies of cell-cycle regulatory
proteins and anti-apoptotic proteins aim to identify groups of patients that develop more aggressive tumors and might benefit from an
individualized therapy management. The present study evaluates the prognostic role of the p53, Bax, Bcl-2 and cyclin E immunoexpression in
colon cancer, using the tissue microarray (TMA) method. Tissue samples were obtained from 31 patients operated for colon cancer, embedded
in TMA paraffin blocks and immunohistochemically stained for p53, Bax, Bcl-2 and cyclin E. We evaluated the relationship between the
overexpression of these proteins and the clinico-pathological parameters, as well as the effect of these molecular markers on the survival
rate. 65.22% of the patients were p53 positive, 39.13% Bcl-2 positive, 78.26% Bax positive and 34.78% cyclin E positive. Bcl-2(+) patients
had significantly better differentiated tumors (p=0.043). Significantly poorly differentiated tumors were: Bax(+) patients (p=0.031), Bcl-2(-)/
p53(-) patients (p=0.042), Bcl-2(-)/Bax(+) patients (p=0.029), and Bcl-2(-)/p53(-)/Bax(+) patients (p=0.016). The individual expression of the
studied proteins did not influence the survival rate. A significantly lower survival rate was found in the following groups of patients: Bcl-2(-)/
p53(-) (40% vs. 83.3%, p=0.027), p53(-)/Bax(+) (40% vs. 83.3%, p=0.027), Bcl-2(-)/p53(-)/Bax(+) (25% vs. 84.2%, p=0.003). The current
study identified groups of patients with a significantly lower survival rate, which consequently are at an increased risk to develop tumors

with a more aggressive biological behavior.
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=& Introduction

Extensively studied over the past years, colorectal
cancer remains one of the most frequent cancers in medical
practice, being the third most frequent malignant neoplasm
in men and the second most frequent in women. In 2008,
there were approximately 1.2 million newly diagnosed
cases and 608 700 deaths worldwide [1]. Despite the
multitude of studies, prognosis in colorectal cancer remains
poor and depends on the stage at the time of diagnosis.
Biological markers are less useful for diagnosis but they
are important in estimating the patient’s prognosis or
for assessing the risk of recurrence and establishing the
therapeutic approach.

In colorectal carcinogenesis, the homeostasis of the
intestinal epithelium is disturbed by an imbalance that
occurs between the mitosis and apoptosis processes. In
the induction of apoptosis, genes encoding cell cycle
controlling proteins are involved: p53, Bax, cyclin, etc.
Anti-apoptotic proteins (the Bcl-2 protein family) are
supposed to induce a less metabolically active state of
the cell, thus protecting it from apoptosis.

The normal or wild type of the p53 gene stops the cell
cycle in phase G1 to allow for DNA repair. If DNA lesions
cannot be repaired, p53 initiates apoptosis, activating the
pro-apoptotic Bax gene. If mutations in the cell remain
permanent, neoplastic cells accumulate the mutated p53

protein, which can be identified by immunohistochemical
techniques. Bcl-2 is a proto-oncogene with anti-apoptotic
action encoding proteins that stabilize the mitochondrial
membrane function, thus preventing apoptosis [2]. Bcl-2
has mainly been located in the colon epithelial crypts [3,
4], and its expression is reduced with the progression
towards the surface intestinal epithelium. The Bax protein
is a pro-apoptotic protein belonging to the Bcl family, its
activation is induced by p53 and counteracts the anti-
apoptotic activity of Bcl-2.

The transition from one cell cycle stage to another
is triggered by cyclin-dependent kinases, which become
active by coupling with certain proteins specific for each
cell cycle stage, termed cyclins. Cyclins D and E are
synthesized during the G1 phase of the cell cycle.

This study aimed to analyze the relationship between
the expression of certain proteins (p53, Bcl-2, Bax, cyclin E)
and clinico-pathological parameters in colon cancer and
how the expression of these proteins influences prognosis.
The protein expression was evaluated by immunohisto-
chemical methods using the tissue microarray (TMA)
technique.

& Materials and Methods

This is a retrospective clinico-pathological study
performed on the operative specimens of 31 patients who
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had undergone surgical resection for colon cancer in the
3" Surgical Clinic of “Prof. Dr. Octavian Fodor” Regional
Institute of Gastroenterology and Hepatology in Cluj-
Napoca, Romania, between February 2005-May 2006.
The patients did not benefit from neoadjuvant chemo-
therapy. The study was approved by the Ethical Committee
of the Regional Institute of Gastroenterology and Hepa-
tology. The diagnosis was confirmed, independently, by
two anatomopathologists, and the histological type was
established according to the World Health Organization
(WHO) classification [5].

Subsequently, the operative specimens of these patients
were embedded in TMA paraffin blocks and immuno-
histochemical determinations were performed in the
Department of Pathology, “Prof. Dr. Chiricutd” Oncological
Institute, Cluj-Napoca. At the end of the study (40 months),
survival was evaluated using the Computerized Population
Register Service.

Preparation of TMA blocks

TMA blocks were created in order to ensure the unitary
analysis of the studied specimens, each block containing
histological sections from different patients. In the acceptor
paraffin block, the neoplastic tissue samples (2 mm in
diameter) extracted from each donor block (conventional
paraffin block) were introduced. The acceptor paraffin
block was introduced into an oven at 37°C for 30 minutes,
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Figure 1 — Tissue micro-
array paraffin block. staining).

Evaluation of the protein expression

The slides were examined with an Olympus CKX41
microscope. First, positive and negative tissue samples
were identified and evaluated. P53 and cyclin E stained
as a nuclear signal, while Bcl-2 and Bax stained as a
cytoplasmic signal. Only the percentage of positive tumor
cells (the number of labeled cells out of 100 visible cells
in the microscopic field) was assessed: 0-5% negative
and >5% positive, without taking into calculation the
intensity of immunolabeling, which is in accordance with
other published studies [6, 7].

First, the association between the expression of these
proteins and certain clinico-pathological characteristics
(age, gender, location, histological type, degree of differ-
entiation, etc.) was studied, and subsequently, the effect
of these molecular markers on the survival rate.

Statistical analysis

The statistical data processing used both descriptive
statistical methods and inferential statistical methods. For
describing the characteristics of the group, frequency
tables as well as dispersion and centrality indices were
used, depending on the data type. Inferential statistics
used the chi-square or the Fisher test, depending on the
case, according to the standard application criteria. Survival

Figure 2 — Tissue microarray sections (HE

to ensure a good adhesion between the neoplastic tissue
samples and the acceptor block paraffin. The TMA paraffin
block (Figure 1) was sectioned using a Leica microtome,
and the sections were Hematoxylin—Eosin (HE) stained or
were placed on silanated slides and prepared for immuno-
histochemical staining (Figures 2 and 3).

Immunohistochemical staining

The silanated slides were incubated in a thermostat at
37°C for 24 hours, then they were deparaffinized in xylene
and rehydrated in alcohol. The antigens were demasked by
heating in citric acid solution for 10 minutes. Endogenous
peroxidase activity was inhibited by incubation in 0.5—
3% hydrogen peroxide (H,0,) for 10 minutes. 100 pg
diluted primary antibody were deposited on the slides,
at 36°C, for 30 minutes—one hour; after rewashing with
tris-buffered saline (TBS) solution, 100 pg biotin-labeled
diluted secondary antibody was applied (30 minutes). Then,
the Streptavidin—Biotin—Peroxidase complex was applied to
convert the colorless chromogen to a colored final product.
Finally, the chromogen (DAB — 3,3’-diaminobenzidine)
solution was applied in order to visualize the reaction.

The following mouse anti-human monoclonal antibodies
were used: p53 (Dako, clone DO-7, 1:250 dilution), Ki-67
(Dako, clone MM, 1:80 dilution), Bax (Zymed, clone 2D2,
1:200 dilution), Bcl-2 (Dako, clone 124, 1:100 dilution),
cyclin E (Novocastra, clone 13A3, 1:40 dilution).

Figure 3 — Tissue microarrays containing spots
of tissue (immunohistochemical staining).

data were graphically described using the Kaplan—-Meier
survival curves, and statistical significance was calculated
with the Jog-rank test. Cox regression models were used,
with the determination of HR (hazard ratio) and 95% CI
(confidence interval). The limit of statistical significance
was p<0.05. For data processing, the statistical packages
SPSS ver. 13.0 (Chicago, IL, USA), and MedCalc ver.
8.3.1.1 were used.

= Results
Characteristics of the patient group

The study group included 31 patients: 15 (48.39%)
men and 16 (51.61%) women, with a mean age of 63+
11.71 years. 52% of the tumors (16 patients) were located
in the left colon and 48% (15 patients) in the right colon.
The tumor size varied between 2.5-8 cm, with a mean
value of 4.86+1.428 cm. 51.61% of the tumors were
exophytic (16 patients), and the rest of 48.39% (15
patients) were infiltrative and ulcero-infiltrative. Depending
on the histological type, 32.2% of the tumors (10 patients)
were mucinous colon adenocarcinomas (having more than
25% mucus pools), the rest being considered intestinal
adenocarcinomas. According to the American Joint
Committee on Cancer (AJCC) tumor staging [8], two
(4.3%) patients were in Dukes A stage, nine (30.44%)
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patients with Dukes B stage, 17 (56.5%) patients with  (39.13%) patients (Figure 5), and Bax positive in 24
Dukes C stage, and three (8.7%) patients with Dukes D (78.26%) patients (Figure 6). Eleven (34.78%) patients
stage. Venous invasion was present in seven (21.74%)  were positive for cyclin E.
patients and perineural invasion in seven (21.74%) patients. The correlations between proteins immunoexpression
Regarding histological grades, the majority of malignant  and clinico-pathological parameters are presented in
colon tumors (15 — 48.82%) were moderately differentiated,  Table 1.
nine (30.44%) tumors were well differentiated, and seven There were no statistically significant correlations
(21.74%) tumors were poorly differentiated. At the time  between the individual expression of p53 and cyclin E
of diagnosis, three (8.70%) patients had distant metastases.  proteins and any of the studied clinico-pathological
parameters (Table 1). A statistically significant difference
was noticed between the tumor differentiation degree and
the proteins involved in apoptosis: Bcl-2 and Bax. Bel-2(+)
Among the 31 patients, p53 protein expression (Figure 4)  patients (n=12) had significantly better differentiated tumors
was found in 20 (65.22%) patients, the rest of 11 (34.78%)  compared to Bcl-2(-) patients (p=0.043), while Bax(+)
patients being p53 negative. The immunoexpression of  tumors (7=24) were significantly more poorly differentiated
proteins involved in apoptosis was: Bcl-2 positive in 12~ compared to Bax(-) tumors (p=0.031) (Table 1).

The immunohistochemical expression of p53,
Bcl-2, Bax and cyclin E proteins

Table 1 — Relationship between clinico-pathological parameters and p53, Bcl-2, Bax and cyclin E immunohistochemical
expression (univariate analysis)

P53 Bcl-2 Bax Cyclin E
N=31 o . P- . . P- . . - o . -
Positive Negative Positive Negative Positive Negative Positive Negative
value value value value
Gender
Mal 15 11 4 5 10 12 3 4 11
ae 0.469 0.795 0.692 0.469
Female 16 9 7 7 9 12 4 7 9
Age [years]
<
60 1° 9 6 0.879 S 10 0.795 1 4 0.538 ! 8 0.304
>60 16 11 5 7 9 13 3 4 12
Site
Right colon 15 9 6 0.879 4 11 0.400 12 3 1.000 7 8 0.304
Left colon** 16 11 5 8 8 12 4 4 12
Gross appearance
Exophytic 16 13 3 6 10 15 1 7 9
iltrati 0.089 1.000 0.155 0.667
Infiltrative / 45 5 8 6 9 9 6 4 11
Ulcero-infiltrative
Size
<4 cm 188 > 685—— 8 oa17—12 1 03393 10 5379
>4 cm 18 12 6 7 11 12 6 8 10
Histological type
Inte§t|na| 21 16 5 0182 9 12 0.657 16 5 1,000 7 14 0.657
Mucinous 10 4 6 3 7 8 2 4 6
Grade
G1 9 8 1 7 2 9 0 3 6
G2 15 8 6 0.258 5 10 0.043 8 7 0.031 5 10 0.909
G3 7 3 4 0 7 7 0 3 4
Dukes staging [8]
A 2 1 1 2 0 2 0 1 1
B 9 U 2 0.817 5 4 0.260 ! 2 0.792 3 6 0.371
C 17 11 6 4 13 13 4 7 10
D 3 1 2 1 2 2 1 0 3
Venous invasion
Present ! > 0.433— 2 3 0280—2 2 o152 ° 0433
Absent 24 15 9 8 16 19 5 9 15
Perineural invasion
Present ! > 2 oas3—2 3 0280—2 2 oo15—23 t o782
Absent 24 15 9 8 16 19 5 8 16

*Right colon location: cecum and ascending colon; **Left colon location: transverse segment to the sigmoid. N: No. of cases; G1: Well
differentiated; G2: Moderately differentiated; G3: Poorly differentiated. P-value <0.05 was considered statistically significant.

Also, the clinico-pathological parameters were corre-  such as Bel-2(-)/cyclin E(+)/Bax(+) patients (n=2) (p=0.005)
lated with the simultaneous expression of two or more  or the Bel-2(-)/p53(-)/Bax(+) patients (n=5) when the
molecular markers. Significant association was noticed  difference was at the limit of statistical significance
between the histological type and certain molecular profiles, (p=0.067) (Table 2).
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Table 2 — Relationship between simultaneous expression
of molecular markers and histological type

Intestinal Mucinous

Profile Status N=31 ¢ P-value
ype type
Absent
Bcl-2 negative _ profile 24 19 5
. - 0.142
p53 negative  Profile
7 3 4
present
Absent
Cyclin E positive  profile 23 18 5
" - 0.318
Bax positive Profile
8 4 4
present
Absent
p53 negative profile 24 19 5
" - 0.142
Bax positive Profile
7 3 4
present
Absent
Bcl-2 negative __ profile 16 3 3 0193
Bax positive  Profile '
15 8 7
present
Bcl-2 negative Atr’sfe”gt 26 20 6
p53 negative l‘; o 0.067
Bax positive rotie 5 1 4
present
Bal-2 negative 0S8 o9 25 4
; . profile
Cyclin E positive Profi 0.005
p53 negative rote 5 0 2
present

N: No. of cases. P-value <0.05 was considered statistically significant.

Analyzing the relationship between the simultaneous
expression of the studied proteins and the histological
grade, we noticed that the following molecular profiles had
significantly more poorly differentiated tumors: Bcl-2(-)/
p53(-) (p=0.042), Bcl-2(-)/Bax(+) (p=0.029), Bcl-2(-)/
p53(-)/Bax(+) (p=0.016) (Table 3).

Table 3 — Relationship between simultaneous expression

of molecular markers and histological grade

Profile Status N=31 G1 G2 G3 P-value
Absent
Bcl-2 negative profile 24 9 123
53 negative Profil 0.042
po3 neg ofle 7 o0 3 4
present
Absent
Bcl-2 negative profile 16 6 00 0.029
Bax positive Profile 15 3 5 7
present
Bel-2negative oo™t 26 9 14 3
p53 negative |F:)> i 0.016
Bax positive ome 5 o0 1 4
present
Absent
p53 negative profile 24 8 133
Bax positive Profil 0.062
P ofe 7 1 2 4
present
Bcl-2 negative Atr’jfe"’: 27 9 14 4
Cyclin E positive l‘; o 0.111
Bax positive ome 4 o0 1 3
present
Bcl-2 negative Atr’cffe”gt 29 9 14 6
Cyclin E positive g o 0.152
p53 negative rotie 2 0 0 2
present

N: No. of cases; G1: Well differentiated; G2: Moderately differentiated;
G3: Poorly differentiated. P-value <0.05 was considered statistically
significant.

Survival analyses

Overall survival (OS) rate was 63.9% at 40 months and
mortality rate was 36.1% (Figure 7). The median survival
time for the studied group was 32.26+8.735 months.

No significant correlation was found between the
individual expressions of the studied markers: p53, Bel-2,
Bax, cyclin E and overall survival (Table 4; Figure 8,
A-D).

Patients with the Bcl-2(-)/p53(-) profile had a significant
lower survival rate compared to the rest of patients, 40%
vs. 83.3%, with a median survival time of 26.200+4.151
months vs. 37.000+£1.959 months (p=0.027) (Figure 9).
Also, survival rate was significantly lower for p53(-)/
Bax(+) patients (40% vs. 83.3%, p=0.027), but especially
for Bcl-2(-)/p53(-)/Bax(+) patients (25% vs. 84.2%, with a
mean number of survival months of 23+3.824 vs. 37.158
+1.867, p=0.003) (Figure 10; Table 4).

Table 4 — Relationship between OS and p53, Bcl-2,

Bax and cyclin E immunohistochemical expression

(univariate analysis)

OS (40 Age [years] P-

Profile Status N=31 months) (mean * SD) value
Negative 11 62.5% 30.000
+3.186
p53 6200 0326
Positive 20 80% ’
+2.321
Negatve 19 64.3% 55143
+2.232
Bcl-2 34333 0.242
- o .
Positive 12 88.9% +3.457
Negative 7 80% i?ggg
Bax 54'000 0.653
- o .
Positive 24 72.2% +2510
Negative 20  80% 3‘2";22
Cyclin E ;4'875 0.466
Positive 11 62.5% ’
+2.666
Absent o 37.000
Bcl-2 negative __profile 24 833% +1.959 0.027
p53 negative  Profile 7 40% 26.200 )
present 0 +4.151
Absent o 34.944
Bel-2 negative profile 24 833% 45564 0,081
Cyclin E positive Profile 7 40% 31.800 '
present ° +3.627
Absent o 35.476
p53negative  profile 20 182% 15052 0367
Cyclin E positive  Profile 2 50% 25.500 '
present ° +5.303
Absent o 34.235
Cyclin E positive _profile 2> 785% 157379 0678
Bax positive  Profile 8 66.7% 34.667 ’
present e +3.388
Absent o 37.000
p53 negative profile 24 83.3% +1.959 0.027
Bax positive  Profile 7 40% 25.400 )
present ° +3.737
Absent o 34.667
Bel-2 negative  profile  1© 833% 1564 0,200
Bax positive  Profile 15  63.6% 33.363 '
present 27 +2.847
Bcl-2 negative PSSt o5 g4y, S7-158
. profile +1.863
p53 negative Profile 53.000 0.003
" o .
Bax positive present 5 25% +3.824
Bcl-2 negative Absgnt 27 80% 35.750
; P profile +2.136
Cyclin E positive Profile 59.333 0.084
” o .
Bax positive present 4  33.3% +5.193

N: No. of patients; OS: Overall survival rate. P-value <0.05 was consi-
dered statistically significant.
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Figure 4 — Tissue microarray section of colon adeno- Figure 5 — Tissue microarray section of colon adeno-
carcinoma with positive nuclear immunostaining for p53 carcinoma with positive cytoplasmatic immunostaining
(%200). Jor Bcl-2 (x200).
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Figure 8 — Overall survival curve for individual protein expression: (A) p53 overexpression: — p53 negative; — — —
P33 positive; (B) Bcl-2 overexpression: — Bcl-2 negative; — — — Bcl-2 positive.
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Figure 8 (continued) — Overall survival curve for individual protein expression: (C) Bax overexpression: — BAX
negative; — — — BAX positive; (D) Cyclin E overexpression: — cyclin E negative; — — — cyclin E positive.
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Figure 9 — Overall survival curve for Bcl-2(-)/p53(-)
profile: — — — Bcl-2(=)/p53(-) molecular profile present;
— Bcl-2(-)/p53(-) molecular profile absent.

& Discussion

Although many studies have been reported regarding
tumor molecular markers, these markers continue to be an
issue of high current interest and, in colon cancer, they
may be useful in estimating prognosis and establishment
the therapeutic approach.

Our study aims to evaluate the prognostic role of
certain molecular markers (p53, Bcl-2, Bax, cyclin E) in
colon tumors, as well as the relationship between these
proteins expression and clinico-pathological parameters.

The immunohistochemical analysis of the samples was
performed on TMA blocks. The TMA method allows for
the uniform and rapid analysis, on the same slide, of tumor
tissue samples from different patients, all spots being
stained under the same conditions, with identical antibody
concentrations [9, 10].

An important characteristic of neoplastic processes is
uncontrolled cell proliferation. P53 and Bax proteins are
pro-apoptotic, cyclin E controls the cell cycle, and the
Bcl-2 protein family is supposed to induce a less
metabolically active state in the cell, protecting it from
apoptosis.

The mutated p53 protein can be detected immuno-

Survival probability (%)
& 8§ 8 83 3 8

[
(=]

15 20 25 30
Time (months)

Figure 10 — Overall survival curve for Bcl-2(-)/p53(-)/
Bax(+) profile: — — — Bcl-2(-)/p53(-)/Bax(+) molecular
profile present; — Bcl-2(-)/p53(-)/Bax(+) molecular
profile absent.

histochemically; it accumulates in the tumor cell nucleus.
In sporadic colorectal cancer, the frequency of p53 muta-
tions varies between 30—70% [7, 11-16]. In the studied
group, the mutated p53 protein occurred with a 65.22%
frequency.

In the present study, there were no significant corre-
lations between p53 expression and the studied clinico-
pathological parameters. Some authors reported similar
results [17-21], and other have shown significant corre-
lations with lymphatic and vascular invasion [22].

Regarding the relationship between the p53 protein
expression and OS, p53 had an independent unfavorable
prognostic role or is involved in appearance of tumor
recurrence in some studies [22, 23]. In contrast, other
authors [2, 24-28] did not identify in p53 an independent
prognostic factor for colon cancer. In a review of 25
studies analyzed by Macdonald ef al. on colon tumors [29],
14 studies revealed a correlation between the expression
of the mutated p53 gene and a lower survival, eight studies
established no correlation between p53 expression and the
survival rate, and three studies identified p53 expression
as a positive prognostic factor. All these results prove
once again that p53 overexpression has a controversial
prognostic role.
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Our study did not identify a correlation between p53
expression and the OS rate; it was even found that p53(+)
patients had a better survival compared to p53(-) patients
(80% vs. 62.5%), without a statistically significant differ-
ence. There are other authors who reported similar results,
i.e., an association between p53 expression and better
survival [11, 15, 30-33]. This could be explained by the
fact that in tumor processes, the mutated p53 protein loses
its normal function, reducing apoptosis, which leads to
uncontrolled cell proliferation.

The differences between the frequency of p53 immuno-
positivity in different studies might be due to the different
techniques used: fixation methods, antibodies used, antigen
extraction methods, threshold values and scores used for
interpretation [34], differences between the groups of
patients included in the study (regarding location, the
histological type, tumor stage, microsatellite instability), as
well as to a different biological behavior of tumors [35].

In conclusion, despite the many studies performed, it
cannot be stated with certainty that the expression of the
mutated p53 protein in the neoplastic cells has an impact
on the evolution and survival of patients with colorectal
cancer, so it is not recommended to perform this deter-
mination as routine in order to detect patients who should
receive adjuvant chemotherapy.

The overexpression of the Bcl-2 protein in tumor cells
involves a mutation that diminishes or suppresses its
mitochondrial membrane-stabilizing role, thus favoring
apoptosis [2, 31].

In our study, Bcl-2 protein expression was found in
39.13% of patients, the rest of 60.8% being negative.
These data are in accordance with the results published
by other authors who found an absence of Bcl-2 protein
expression in more than half of the patients with colorectal
cancer, the positive reaction being seen in small groups
of patients [36, 37].

The analysis of the relationship between Bcl-2
expression and different clinico-pathological parameters
in our group of patients showed a statistically significant
correlation between the loss of Bcl-2 expression, Bel-2(-)
patients, and low degree of tumor differentiation (p=0.043),
result which has also been reported by other authors [38].
Other clinico-pathological parameters did not correlate
with Bcl-2 expression, our results being similar to some
other published studies [17, 36, 39].

Regarding the prognostic role of Bcl-2 expression,
some authors [4, 10, 17, 31, 40] reported an association
between Bcl-2 overexpression and good survival, while
others [36, 41] showed that the lack of Bcl-2 expression
indicated an unfavorable outcome. However, studies
performed in larger groups of patients could not identify
Bcl-2 as an independent prognostic factor for colorectal
cancer [10, 42, 43].

Our data did not show any significant effect of Bcl-2
protein on the survival rate, although Bcl-2(+) patients
had a better survival rate compared to Bcl-2(-) patients
(88.9% vs. 64%). The same findings were presented by
other authors [4, 10, 31, 38, 40, 44], who suggested that
tumors expressing the Bcl-2 protein have a less aggressive
biological behavior.

However, the question arises: Why is the absence of
Bcl-2 correlated with a higher tumor aggressiveness and
unfavorable prognosis, considering that its role is to inhibit

apoptosis? The role of this protein might be more complex
than known so far, including an anti-proliferative role
[4, 45], which is confirmed by some studies performed
on breast adenocarcinoma, where Bcl-2 overexpression
was associated with a reduced cell proliferation [17, 46].

Under these circumstances, the simultaneous expression
of the mutated Bcl-2 and p53 proteins was studied. Some
authors suggest that p53(+)/Bcl-2(-) patients had an
unfavorable outcome [4, 47]. In the present study, the
Bcel-2(-)/p53(-) profile was statistically significantly
correlated with a lower survival rate (40% vs. 83.3%,
p=0.027) and, also, with a low tumor differentiation degree
(»p=0.042). 78.36% of the patients had Bax protein over-
expression, similarly to other reported results [42, 48—50].
Our study also demonstrated that Bax overexpression was
correlated with the histological grade (p=0.031), and, in
Dukes D stage, a very low expression of this protein was
found. However, Bax expression could not be correlated
with other clinico-biological parameters. Other authors
reported that Bax expression is correlated with the tumor
differentiation degree and the histological type [48].

The significance of the Bax protein as an independent
prognostic factor in colorectal cancer is controversial. In
our group of patients, there was no statistically significant
relationship between the individual Bax protein over-
expression and the survival rate. In this aspect, these
results agreed with other reports [48, 51, 52], while
Giatromanolaki et al. [37] reported that Bax(+) patients
have a significantly lower survival and a higher recurrence
risk.

Some authors reported an unfavorable outcome in
p53(+)/Bax(+) patients [4, 42, 47]. In the current study,
the p53(-)/Bax(+) profile was significantly correlated with
a lower survival rate (40% vs. 83.3%, p=0.027), so the
activation of the Bax gene is probably not initiated only
by the p53 gene, but also by other mechanisms.

In the present study, the concomitant expression of
molecular markers revealed that the Bcl-2(-)/p53(-)/Bax(+)
molecular profile has been statistically correlated with a
lower survival rate (OS 25% vs. 84.2%, p=0.003) and
with a lower tumor differentiation degree (p=0.016).
Tsamandas ef al. [44] found that Bcl-2(-)/p53(+)/Bax(+)
patients had a significant worse prognosis.

Cyclin E is a protein synthesized during the G1 phase
of the cell cycle, required for the transition between G1
to S phase. In certain types of cancer (breast, gastric,
pulmonary, renal cancer), the authors noticed that over-
expression of cyclin E is correlated with poor survival
[53]. In colorectal cancer, data regarding cyclin E over-
expression are controversial and varies from 9.4% to
92% [53, 54]. The results of the present study revealed
cyclin E overexpression in 34.78% cases and no correlation
between protein immunoexpression and any of the patients
or tumor characteristics. Similar results were reported by
other authors [53, 55]. In contrast, Zhou et al. correlated
cyclin E overexpression with venous invasion [56].

In the current study, there was no significant correlation
between cyclin E overexpression and the survival rate.
However, some molecular profiles show a trend toward a
poor prognosis, the results being at the limit of statistical
significance: Bcl-2(-)/cyclin E(+) patients (OS 40% vs.
83.3%, p=0.081) and Bcl-2(-)/cyclin E(+)/Bax(+) patients
(OS 33% vs. 77.3%, p=0.084).
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& Conclusions

The individual expression of biological markers has a
limited prognostic value, which is why their simultaneous
expression is the focus of current studies, with the possibility
of detecting patients at high risk for developing tumors
with a more aggressive biological behavior, who might
benefit from an individualized therapy management. In
the present study, we identified three groups of patients
that were statistically significantly correlated with a lower
survival rate: Bcl-2(-)/p53(-)/Bax(+) patients, p53(-)/
Bax(+) patients, and Bcl-2(-)/p53(-) patients. For the
immunohistochemical analysis of biological markers,
the TMA method was used, allowing the rapid, uniform
and cost effective analysis of many tumor tissue sections
situated on the same slide. In the future, it is estimated that,
in addition to the study of clinico-pathological parameters,
the analysis of the molecular or genetic profile of colorectal
tumors will dictate the therapeutic decisions.

Conflict of interests
The authors declare that they have no conflict of
interests.

References

[11 Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D.
Global cancer statistics. CA Cancer J Clin, 2011, 61(2):69—
90.

[2] Barbulescu M. Factorii de prognostic ai cancerului colorectal
(I1). Jurnalul de Chirurgie (lasi), 2007, 3(3):215-229.

[3] Paunescu V. Aspecte actuale in carcinogeneza colo-rectala.
Rolul apoptozei. Jurnalul de Chirurgie (lasi), 2006, 2(4):344—
351.

[4] Torsello A, Garufi C, Cosimelli M, Diodoro MG, Zeuli M,
Vanni B, Campanella C, D’Angelo C, Sperduti I, Perrone
Donnorso R, Cognetti F, Terzoli E, Mottolese M; Colorectal
Disease Management Team, Regina Elena Cancer Institute,
Rome, Italy. P53 and bcl-2 in colorectal cancer arising in
patients under 40 years of age: distribution and prognostic
relevance. Eur J Cancer, 2008, 44(9):1217-1222.

[6] Hamilton SR, Aaltonen LA (eds). Pathology and genetics of
tumours of the digestive system. World Health Organization
(WHO) Classification of Tumours, 4™ edition, International
Agency for Research on Cancer (IARC) Press, Lyon, 2000,
104-106.

[6] Lyall MS, Dundas SR, Curran S, Murray Gl. Profiling markers
of prognosis in colorectal cancer. Clin Cancer Res, 2006,
12(4):1184-1191.

[71 Kruschewski M, Mueller K, Lipka S, Budczies J, Noske A,
Buhr HJ, Elezkurtaj S. The prognostic impact of p53 expression
on sporadic colorectal cancer is dependent on p21 status.
Cancers (Basel), 2011, 3(1):1274-1284.

[8] Edge S, Byrd DR, Compton CC, Fritz AG, Greene FL, Trotti A
(eds). AJCC cancer staging manual. 7" edition, Springer-
Verlag, New York, 2010.

[9] Chen WC, Lin MS, Zhang BF, Fang J, Zhou Q, Hu Y, Gao HJ.
Survey of molecular profiling during human colon cancer
development and progression by immunohistochemical
staining on tissue microarray. World J Gastroenterol, 2007,
13(5):699-708.

[10] Ismail HM, El-Baradie M, Moneer M, Khorshid O, Touny A.
Clinico-pathological and prognostic significance of p53, Bcl-2
and Her-2/neu protein markers in colorectal cancer using
tissue microarray. J Egypt Natl Canc Inst, 2007, 19(1):3-14.

[11] Mehta KU, Goldfarb MA, Zinterhofer LJ. Absent p53 protein
in colorectal tumor cells reflects poor survival. J Appl Res,
2003, 2(3):169-174.

[12] Duffy MJ, van Dalen A, Haglund C, Hansson L, Holinski-
Feder E, Klapdor R, Lamerz R, Peltomaki P, Sturgeon C,
Topolcan O. Tumour markers in colorectal cancer: European
Group on Tumour Markers (EGTM) guidelines for clinical use.
Eur J Cancer, 2007, 43(9):1348-1360.

[13] Booth RA. Minimally invasive biomarkers for detection and
staging of colorectal cancer. Cancer Lett, 2007, 249(1):87-96.

[14] lacopetta B, Russo A, Bazan V, Dardanoni G, Gebbia N,
Soussi T, Kerr D, Elsaleh H, Soong R, Kandioler D, Janschek E,
Kappel S, Lung M, Leung CS, Ko JM, Yuen S, Ho J, Leung SY,
Crapez E, Duffour J, Ychou M, Leahy DT, O’'Donoghue DP,
Agnese V, Cascio S, Di Fede G, Chieco-Bianchi L, Bertorelle R,
Belluco C, Giaretti W, Castagnola P, Ricevuto E, Ficorella C,
Bosari S, Arizzi CD, Miyaki M, Onda M, Kampman E,
Diergaarde B, Royds J, Lothe RA, Diep CB, Meling Gl,
Ostrowski J, Trzeciak L, Guzinska-Ustymowicz K, Zalewski B,
Capella GM, Moreno V, Peinado MA, Lénnroth C, Lundholm K,
Sun XF, Jansson A, Bouzourene H, Hsieh LL, Tang R, Smith DR,
Allen-Mersh TG, Khan ZA, Shorthouse AJ, Silverman ML,
Kato S, Ishioka C; TP53-CRC Collaborative Group. Functional
categories of TP53 mutation in colorectal cancer: results of
an International Collaborative Study. Ann Oncol, 2006, 17(5):
842-847.

[15] Sarasqueta AF, Forte G, Corver WE, de Miranda NF, Ruano D,
van Eijk R, Oosting J, Tollenaar RA, van Wezel T, Morreau H.
Integral analysis of p53 and its value as prognostic factor in
sporadic colon cancer. BMC Cancer, 2013, 13:277.

[16] Theodoropoulos GE, Karafoka E, Papailiou JG, Stamopoulos P,
Zambirinis CP, Bramis K, Panoussopoulos SG, Leandros E,
Bramis J. P53 and EGFR expression in colorectal cancer:
a reappraisal of ‘old’ tissue markers in patients with long
follow-up. Anticancer Res, 2009, 29(2):785-791.

[17] Zhao DP, Ding XW, Peng JP, Zheng YX, Zhang SZ. Prog-
nostic significance of bcl-2 and p53 expression in colorectal
carcinoma. J Zhejiang Univ Sci B, 2005, 6(12):1163-1169.

[18] Wu J, Qiu T, Pan P, Yu D, Ju Z, Qu X, Gao X, Mao C, Wang L.
Detection of serum anti-P53 antibodies from patients with
colorectal cancer in China using a combination of P53- and
phage-ELISA: correlation to clinical parameters. Asian Pac
J Cancer Prev, 2011, 12(11):2921-2924.

[19] Soong R, Powell B, Elsaleh H, Gnanasampanthan G, Smith DR,
Goh HS, Joseph D, lacopetta B. Prognostic significance of
TP53 gene mutation in 995 cases of colorectal carcinoma.
Influence of tumour site, stage, adjuvant chemotherapy and
type of mutation. Eur J Cancer, 2000, 36(16):2053-2060.

[20] Graziano F, Cascinu S. Prognostic molecular markers for
planning adjuvant chemotherapy trials in Dukes’ B colorectal
cancer patients: how much evidence is enough?. Ann Oncol,
2003, 14(7):1026-1038.

[21] Allegra CJ, Parr AL, Wold LE, Mahoney MR, Sargent DJ,
Johnston P, Klein P, Behan K, O’Connell MJ, Levitt R,
Kugler JW, Tria Tirona M, Goldberg RM. Investigation of the
prognostic and predictive value of thymidylate synthase, p53,
and Ki-67 in patients with locally advanced colon cancer.
J Clin Oncol, 2002, 20(7):1735-1743.

[22] Russo A, Bazan V, lacopetta B, Kerr D, Soussi T, Gebbia N;
TP53-CRC Collaborative Study Group. The TP53 Colorectal
Cancer International Collaborative Study on the prognostic
and predictive significance of p53 mutation: influence of tumor
site, type of mutation, and adjuvant treatment. J Clin Oncol,
2005, 23(30):7518-7528.

[23] Roth A, Tejpar S, Yan P. Correlation of molecular markers
in colon cancer with stage specific prognosis: results of the
translational study on the PETACC 3 — EORTC 40993-SAKK
60-00 trial. American Society of Clinical Oncology (ASCO)
2009 Gastrointestinal Cancers Symposium, San Francisco,
CA, USA, January 15-17, 2009 [Abstract 288].

[24] Petersen S, Thames HD, Nieder C, Petersen C, Baumann M.
The results of colorectal cancer treatment by p53 status:
treatment-specific overview. Dis Colon Rectum, 2001, 44(3):
322-333; discussion 333-334.

[25] Tornillo L, Lugli A, Zlobec I, Willi N, Glatz K, Lehmann F,
Spichtin HP, Maurer R, Stoios D, Sauter G, Terracciano L.
Prognostic value of cell cycle and apoptosis regulatory
proteins in mismatch repair-proficient colorectal cancer: a
tissue microarray-based approach. Am J Clin Pathol, 2007,
127(1):114-123.

[26] Meyer A, Merkel S, Brickl W, Schellerer V, Schildberg C,
Campean V, Hohenberger W, Croner RS. Cdc2 as prognostic
marker in stage UICC Il colon carcinomas. Eur J Cancer,
2009, 45(8):1466-1473.




The prognostic significance of p53, Bax, Bcl-2 and cyclin E protein overexpression in colon cancer... 89

[27] Soubeyran |, Mahouche |, Grigoletto A, Leste-Lasserre T,
Drutel G, Rey C, Pedeboscq S, Blanchard F, Brouste V,
Sabourin JC, Bécouarn Y, Reiffers J, Ichas F, De Giorgi F.
Tissue microarray cytometry reveals positive impact of
homeodomain interacting protein kinase 2 in colon cancer
survival irrespective of p53 function. Am J Pathol, 2011,
178(5):1986—1998.

[28] Lotter O, Amr A, Safi F. Prognostic significance of p53-
expression in colorectal carcinoma as measured by a lumino-
metric immunoassay. Ger Med Sci, 2010, 8:Doc24.

[29] Macdonald F, Ford CHJ, Casson AG. Molecular biology of
cancer. 2" edition, Garland Science/BIOS Scientific Publishers,
2004, 115-117.

[30] Noske A, Lipka S, Budczies J, Miiller K, Loddenkemper C,
Buhr HJ, Kruschewski M. Combination of p53 expression and
p21 loss has an independent prognostic impact on sporadic
colorectal cancer. Oncol Rep, 2009, 22(1):3-9.

[31] Kahlenberg MS, Sullivan JM, Witmer DD, Petrelli NJ. Molecular
prognostics in colorectal cancer. Surg Oncol, 2003, 12(3):
173-186.

[32] Backus HH, van Riel JM, van Groeningen CJ, Vos W, Dukers DF,
Bloemena E, Wouters D, Pinedo HM, Peters GJ. Rb, mcl-1 and
p53 expression correlate with clinical outcome in patients with
liver metastases from colorectal cancer. Ann Oncol, 2001,
12(6):779-785.

[33] Lan YT, Chang SC, Li AF, Lin TC, Chen WS, Jiang JK, Yang SH,
Wang HS, Lin JK. p53 protein accumulation as a prognostic
marker in sporadic colorectal cancer. Int J Colorectal Dis,
2007, 22(5):499-506.

[34] Tang R, Changchien CR, Wu MC, Fan CW, Liu KW, Chen JS,
Chien HT, Hsieh LL. Colorectal cancer without high micro-
satellite instability and chromosomal instability — an alternative
genetic pathway to human colorectal cancer. Carcinogenesis,
2004, 25(5):841-846.

[35] Sereide K, Nedrebg BS, Knapp JC, Glomsaker TB, Sareide JA,
Kgrner H. Evolving molecular classification by genomic and
proteomic biomarkers in colorectal cancer: potential implica-
tions for the surgical oncologist. Surg Oncol, 2008, 18(1):31—
50.

[36] Poincloux L, Durando X, Seitz JF, Thivat E, Bardou VJ,
Giovannini MH, Parriaux D, Barriere N, Giovannini M,
Delpero JR, Monges G. Loss of Bcl-2 expression in colon
cancer: a prognostic factor for recurrence in stage Il colon
cancer. Surg Oncol, 2009, 18(4):357-365.

[37] Giatromanolaki A, Sivridis E, Stathopoulos GP, Fountzilas G,
Kalofonos HP, Tsamandas A, Vrettou E, Scopa C, Poly-
chronidis A, Simopoulos K, Koukourakis MI. Bax protein
expression in colorectal cancer: association with p53, bcl-2
and patterns of relapse. Anticancer Res, 2001, 21(1A):253—
259.

[38] Ofner D, Riehemann K, Maier H, Riedmann B, Nehoda H,
Toétsch M, Bocker W, Jasani B, Schmid KW. Immunohisto-
chemically detectable bcl-2 expression in colorectal carcinoma:
correlation with tumour stage and patient survival. Br J Cancer,
1995, 72(4):981-985.

[39] Pryczynicz A, Gryko M, Niewiarowska K, Cepowicz D,
Ustymowicz M, Kemona A, Guzinska-Ustymowicz K. Bax
protein may influence the invasion of colorectal cancer. World
J Gastroenterol, 2014, 20(5):1305-1310.

[40] Zavrides H, Zizi-Sermpetzoglou A, Elemenoglou |, Papa-
theofanis |, Peros G, Athanasas G, Panousopoulos D.
Immunohistochemical expression of bcl-2 in UICC stage | and
Il colorectal carcinoma patients: correlation with c-erbB-2, p53,
ki-67, CD44, laminin and collagen IV in evaluating prognostic
significance. Pol J Pathol, 2006, 57(3):149-159.

[41] Han HS, Park YM, Hwang TS. Differential expression of
Bcl-2, Bel-XL and p53 in colorectal cancer. J Gastroenterol
Hepatol, 2006, 21(7):1108-1114.

Corresponding author

[42] Nehls O, Okech T, Hsieh CJ, Enzinger T, Sarbia M, Borchard F,
Gruenagel HH, Gaco V, Hass HG, Arkenau HT, Hartmann JT,
Porschen R, Gregor M, Klump B. Studies on p53, BAX and
Bcl-2 protein expression and microsatellite instability in stage
IIl (UICC) colon cancer treated by adjuvant chemotherapy:
major prognostic impact of proapoptotic BAX. Br J Cancer,
2007, 96(9):1409-1418.

[43] Garrity MM, Burgart LJ, Mahoney MR, Windschitl HE, Salim M,
Wiesenfeld M, Krook JE, Michalak JC, Goldberg RM,
O’Connell MJ, Furth AF, Sargent DJ, Murphy LM, Hill E,
Riehle DL, Meyers CH, Witzig TE; North Central Cancer
Treatment Group. Prognostic value of proliferation, apoptosis,
defective DNA mismatch repair, and p53 overexpression in
patients with resected Dukes’ B2 or C colon cancer: a North
Central Cancer Treatment Group Study. J Clin Oncol, 2004,
22(9):1572-1582.

[44] Tsamandas AC, Kardamakis D, Petsas T, Zolota V, Vassiliou V,
Matatsoris T, Kalofonos H, Vagianos CE, Scopa CD. Bcl-2,
bax and p53 expression in rectal adenocarcinoma. Correlation
with classic pathologic prognostic factors and patients’ outcome.
In Vivo, 2007, 21(1):113-118.

[45] Zinkel S, Gross A, Yang E. BCL2 family in DNA damage and
cell cycle control. Cell Death Differ, 2006, 13(8):1351-1359.

[46] Callagy GM, Webber MJ, Pharoah PD, Caldas C. Meta-
analysis confirms BCL2 is an independent prognostic marker
in breast cancer. BMC Cancer, 2008, 8:153.

[47] Watson NF, Madjd Z, Scrimegour D, Spendlove |, Ellis 10,
Scholefield JH, Durrant LG. Evidence that the p53 negative /
Bcl-2 positive phenotype is an independent indicator in good
prognosis in colorectal cancer: a tissue microarray study of
460 patients. World J Surg Oncol, 2005, 3:47.

[48] Jansson A, Sun XF. Bax expression decreases significantly
from primary tumor to metastasis in colorectal cancer. J Clin
Oncol, 2002, 20(3):811-816.

[49] Miquel C, Borrini F, Grandjouan S, Aupérin A, Viguier J,
Velasco V, Duvillard P, Praz F, Sabourin JC. Role of bax
mutations in apoptosis in colorectal cancers with micro-
satellite instability. Am J Clin Pathol, 2005, 123(4):562-570.

[50] Ouyang M, Zhang GY, Xu MH. Expression of PGE,, Bcl-2
and Bax in carcinogenesis of colorectal mucosa. World Chin
J Digestol, 2005, 13(11):1305-1309.

[51] Cascinu S, Graziano F, Catalano V, Staccioli MP, Rossi MC,
Baldelli AM, Barni S, Brenna A, Secondino S, Muretto P,
Catalano G. An analysis of p53, BAX and vascular endothelial
growth factor expression in node-positive rectal cancer.
Relationships with tumour recurrence and event-free survival
of patients treated with adjuvant chemoradiation. Br J Cancer,
2002, 86(5):744—749.

[52] Samowitz WS, Curtin K, Neuhausen S, Schaffer D, Slattery ML.
Prognostic implications of BAX and TGFBRII mutations in
colon cancers with microsatellite instability. Genes Chromo-
somes Cancer, 2002, 35(4):368-371.

[53] Jung YH, Choi SH, Park DG. Expression of the low molecular
weight cyclin E is early event in colorectal carcinogenesis.
Cancer Res Treat, 2003, 35(5):419-424.

[54] Kitahara K, Yasui W, Kuniyasu H, Yokozaki H, Akama Y,
Yunotani S, Hisatsugu T, Tahara E. Concurrent amplification
of cyclin E and CDK2 genes in colorectal carcinomas. Int J
Cancer, 2006, 62(1):25-28.

[55] loachim E. Expression patterns of cyclins D1, E and cyclin-
dependent kinase inhibitors p21waf1/cip1, p27kip1 in colorectal
carcinoma: correlation with other cell cycle regulators (pRb,
p53 and Ki-67 and PCNA) and clinicopathological features.
Int J Clin Pract, 2008, 62(11):1736—1743.

[56] Zhou YJ, Wan FL, Yao LH, Feng LY. Prognostic value of
cyclin E and its relation to blood vessel invasion in rectal
cancer. Zhonghua Wei Chang Wai Ke Za Zhi, 2008, 11(2):
167-171.

Carmen Mihaela Mihu, Professor, MD, PhD, Discipline of Histology, Department of Morphological Sciences,
“luliu Hatieganu” University of Medicine and Pharmacy, 4-6 Louis Pasteur Street, 400349 Cluj-Napoca, Romania;
Phone +40750-774 404, e-mail: carmenmihu2004@yahoo.com

Received: November 18, 2014

Accepted: February 20, 2016




