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Abstract
Colorectal cancer is an important public health problem worldwide, being the fourth most common cancer in men and the third most
common in women. Colorectal cancer incidence is higher in developing countries due to the prevalence of obesity associated with reduced
physical activity. Rectal mucinous carcinomas, especially the “signet ring cell” type, have a worse prognosis compared with other varieties
of colorectal carcinomas, being diagnosed in more advanced stage and more prone to lymph node and peritoneal metastases. Our study
comprised 37 cases with rectal adenocarcinoma with mucinous component operated in the Surgical Clinics of the Emergency County
Hospital of Craiova, between 2006 and 2010. The aim of this study was to evaluate some molecular prognostic factors for rectal mucinous
carcinomas namely B-cell lymphoma 2 (Bcl-2) and epidermal growth factor receptor (EGFR), and their correlations with the main morphoclinical parameters of these patients. Thus, we immunohistochemically assessed the degree of apoptosis of tumor cells in mucinous rectal
carcinomas using the Bcl-2 marker, and tumor aggressiveness using the EGFR responsiveness. In our study, the percentage of Bcl-2+
cases was 43.24%, with no significant statistical correlation between the Bcl-2 expression and histopathological subtype of mucinous
adenocarcinoma. The evaluation of tumor aggressiveness in terms of EGFR responsiveness showed a reduced expression in carcinomas
correlated with the increase in quantity of the mucinous component. In addition, EGFR reactivity was increased in the tumor invasion front.
Keywords: colorectal carcinoma, mucinous adenocarcinoma, prognostic factors, EGFR, Bcl-2.

 Introduction
Colorectal cancer is a major health problem worldwide as it is the fourth most common cancer in men and
the third most common cancer in women [1]. In the last
decades, colorectal cancer showed high incidence rates
particularly in developing countries [1, 2], due to
increased consumption of highly calorigenic foods and
reduced physical activity. In terms of mortality,
colorectal cancer is the third cause of cancer death in
both genders.
The incidence of rectal mucinous carcinomas is
6.8% of all colorectal cancers and 61.5% of all
mucinous colorectal carcinomas respectively. Compared
to other varieties of colorectal carcinomas, the mucinous
and the “signet ring cell” types have a worse prognosis,
being diagnosed in advanced stages, and more prone to
lymph node metastasis, serous infiltration and peritoneal
dissemination. In addition, these two varieties of
carcinoma have a higher rate of local extension,
ISSN (print) 1220–0522

decreasing the chances of radical curative resection, and
hence the overall survival of these patients.
This study is primarily aimed at assessing key
clinical and morphological prognostic factors of rectal
mucinous carcinomas.
 Materials and Methods
The material studied was represented by 37 cases
with rectal adenocarcinoma with mucinous component,
from patients operated in the Surgical Clinics of the
Emergency County Hospital of Craiova, between 2006
and 2010.
The biological material was fixed in 10% neutral
formalin solution and then included in paraffin. For the
overall study and histopathological diagnosis, we used
the classical Hematoxylin–Eosin stain. For the immunohistochemical study, we used the ABC/HRP (Avidin
complexed with biotinylated peroxide) technique.
Inhibition of endogenous peroxidase was performed by
ISSN (on-line) 2066-8279
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incubation for five minutes in 3% hydrogen peroxide,
followed by washing with distilled water for 5 minutes,
and antigen retrieval was performed using microwaves,
three cycles, 750 W each. The primary antibodies used
were Bcl-2 and EGFR, with the characteristics listed in
Table 1.
Table 1 – Characteristics of primary antibodies used
Antibody Clone
Bcl-2

124

EGFR

H11

Antigen retrieval
Sodium citrate,
pH 6
Trypsin, 10 minutes

Dilution

Positive
control

1:50

Tonsil

1:200

Skin

to score 2 (immunohistochemical diagnosis algorithm)
(Table 2).
Table 2 – Scoring systems used in assessing tumor
immunoreactivity
Score 1
Positive cells
Score 2
Staining intensity

0
<10%
0
absent

1+
10-25%
1
weak

2+
25-50%
2
mild

3+
>50
3
strong

 Results
Histopathological study

We used the LSAB2 visualization system (Dako,
Redox, Romania, code K0675), with the secondary
antibody applied at room temperature for one hour, and
Streptavidin–HRP for 30 minutes. The chromogen used
was diaminobenzidine (DAB).
The result of these reactions was the brown staining
of the investigated antigens. As negative controls,
sections of rectal mucinous carcinoma in which the
primary antibody was omitted were used.
Interpretation of immunohistochemical reactions
involved the expression of markers within the primary
tumora mass, metastases and adjacent colic mucosa.
Quantitative assessment of immunohistochemical
expression of antibodies used was performed according
to score 1 below, while the qualitative assessment of
the intensity of these stains was performed according

Depending on the extracellular amount of mucus
secreted, the 37 cases were included in one of the
following varieties of rectal mucinous adenocarcinoma:
▪ nine cases with pure mucinous adenocarcinoma,
with the mucinous component accounting for more than
80% of the tumor (PM);
▪ seven cases with mixed adenocarcinoma, with the
mucinous component between 50% and 80% of the
tumor (MM);
▪ 17 cases with mixed adenocarcinoma with the
mucinous component under 50% of the tumor (mM);
▪ four cases with “signet ring” cell adenocarcinoma
(SR), specific cells occupying 50% of the tumor.
Table 3 shows the main morpho-clinical parameters
of the 37 cases of mucinous rectal carcinoma investigated.

Table 3 – Morpho-clinical characteristics of mucinous carcinoma subtypes investigated
HP
subtype
PM/9
MM/7
Mm/17
SR/4

Age
[years]
<50
>50
4
3
7
3

5
4
10
1

Gender
M

F

5
3
9
3

4
4
8
1

Degree of
differentiation
WD–MD
PD
4
4
12
0

5
3
5
4

pTNM

Lymph node
metastases
N0
N1+N2

Invasion

II

III–IV

T1+T2

T3+T4

1
2
8
0

8
5
9
4

2
2
7
0

7
5
10
4

0
1
6
0

9
6
11
4

WD – well differentiated; MD – moderate differentiated; PD – poorly differentiated.

According to the data presented in the table above,
rectal mucinous carcinoma generally develops after
the age of 50 years (54%), especially in men (54%),
and is usually well to moderately differentiated (54%),
diagnosed in advanced pTNM stages (70%), with deeply
invasive T3 and T4 tumors (70%), and in most cases
with N1 and N2 lymph node metastases (81%). In
particular, pure mucinous forms and those with a
mucinous component >50% appear to be undifferentiated,
are more frequently diagnosed in advanced stages
(pTNM stage III and IV) and with N1 and N2 lymph
node metastases (N1 and N2). Also, the cases with
“signet ring” carcinomas tend to develop mainly in men
aged up to 50 years, being almost exclusively poorly
differentiated and diagnosed only in advanced stages of
disease with lymph node metastases.
Results of the immunohistochemical study
of rectal mucinous carcinomas
The results of the semiquantitative and qualitative
investigation of the anti-Bcl-2 immunostaining on the
37 cases of rectal mucinous carcinoma investigated are
shown in Table 4.

Table 4 – Semiquantitative and qualitative investigation of the anti-Bcl-2 immunostaining
Mucinous
adenocarcinoma
subtypes

Bcl-2 immunostaining
Score 1

Score 2

0

1

2

3

0

1

2

3

PM/9

6

3

0

0

6

3

0

0

MM/7

4

3

0

0

4

3

0

0

Mm/17

7

7

3

0

7

10

0

0

SR/4

4

0

0

0

4

0

0

0

Normal mucosa from resection margins did not
reveal Bcl-2 positivity. Internal positive control showed
positivity for this marker in the lymphocytic infiltrate.
The proportion of Bcl-2-positive cases in our study
was 43.24% (16 cases). We found no significant statistical
correlation between the Bcl-2 expression and the histopathological subtype. Reactivity appears to be greater in
mM cases (Figure 1), but we noticed the presence of
reactivity in the lining carcinomatous epithelium and in
MP and MM subtypes (Figure 2). The reaction showed
a cytoplasmic pattern, with a maximum intensity in the
conventional adenocarcinomatous component associated
with the rectal mucinous carcinoma (Figure 3). Bcl-2
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reactivity was also seen in the carcinomatous islands or
isolated carcinomatous cells floating in the mucus lakes
(Figure 4).
The SR showed no reactivity for Bcl-2 in any of
the cases investigated (Figure 5). Statistical tests have
shown a good correlation between the expression of
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Bcl-2 and tumor invasion, with the highest rate of
reactivity observed in stages T1 and T2.
The results of the semiquantitative and qualitative
investigation of the anti-EGFR immunostaining on the
37 cases of mucinous adenocarcinoma immunohistochemically investigated are shown in Table 5.

Figure 1 – MM rectal mucinous adenocarcinoma: Bcl-2+ immunostaining of glandular carcinomatous proliferation
(left); Bcl-2- immunostaining of the mucous areas lining carcinomatous epithelium (right). Bcl-2 immunostaining,
×200.

Figure 2 – PM rectal mucinous adenocarcinoma, Bcl-2- immunostaining (left); MM rectal mucinous adenocarcinoma with Bcl-2+ immunostaining of the mucous areas lining carcinomatous epithelium and carcinomatous
isles floating in the mucus (right). Bcl-2 immunostaining, ×200.

Figure 3 – mM rectal mucinous adenocarcinoma: Bcl-2+ immunostaining in the associated conventional adenocarcinomatous component. Bcl-2 immunostaining, ×200 – left, ×400 – right.
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Table 5 – Semiquantitative and qualitative investigation of the anti-EGFR immunostaining
Mucinous
adenocarcinoma

Figure 4 – PM rectal mucinous adenocarcinoma:
Bcl-2+ immunostaining in the carcinomatous islands
and of isolated cells floating in the mucus. Bcl-2
immunostaining, ×200.

EGFR immunostaining
Score 1

Score 2

0

1

2

3

0

1

2

3

PM/9

5

4

0

0

5

4

0

0

MM/7

3

4

0

0

3

4

0

0

Mm/17

5

8

4

0

5

12

5

0

SR/4

1

2

1

0

0

4

0

0

“Normal” mucosa adjacent to carcinomatous
proliferation showed positive immunostaining for
EGFR in goblet cells membranes (Figure 6).
The percentage of EGFR+ cases is 62% (23 cases),
the highest scores being obtained especially in the mM
and SR subtypes. In carcinomatous proliferations, the
reaction pattern was mixed, in the membrane and
cytoplasmic.

Figure 5 – SR rectal adenocarcinoma: Bcl-2- immunostaining of carcinomatous cells. Bcl-2 immunostaining, ×200.

Figure 6 – mM rectal mucinous adenocarcinoma from the resection margin: EGFR+ immunostaining in the
membranes of normal goblet cells. EGFR immunostaining, ×200 – left, ×400 – right.

In the case of the mM subtype, the EGFR immunostaining was seen in both the associated conventional
adenocarcinomatous component and the carcinomatous
epithelium lining the mucus lakes. Reactivity was
particularly strong in the conventional adenocarcinomatous component, where it showed mostly a

membrane pattern (Figure 7). The carcinomatous
component lining the mucus lakes the reactivity
was present mostly in the membrane, towards the
mucus lakes, and when the lining epithelium was
stratified, membrane reactivity was more extensive
(Figure 8).
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In addition, we recorded, particularly in mM type
cases, an intense membrane reactivity at the invasion
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front of the conventional adenocarcinomatous component
(Figure 9).

Figure 7 – mM rectal mucinous adenocarcinoma: membrane (left) and cytoplasmic (right) EGFR immunostaining of
the associated conventional adenocarcinomatous component. EGFR immunostaining, ×200.

Figure 8 – mM rectal mucinous adenocarcinoma: membrane EGFR immunostaining of the carcinomatous component
lining the mucus lakes. EGFR immunostaining, ×200.

Figure 9 – mM rectal mucinous adenocarcinoma:
membrane EGFR immunostaining in the invasion
front of the conventional adenocarcinomatous
component. EGFR immunostaining, ×200.

The mM and PM subtypes showed a decreased
reactivity because of the ratio between the associated

conventional adenocarcinomatous component and the
mucinous component.
Maximum reactivity was noted in the glandular
neoplastic proliferations, which decreased in the
carcinomatous epithelium lining the mucus lakes
(Figures 10 and 11).
EGFR immunostaining was present even in the
carcinomatous cell groups or the isolated carcinoma
cells floating in the mucus lakes (Figure 12).
The second in terms of immunoreactivity among our
cases of rectal mucinous carcinoma was the SR-type
carcinoma.
Reactivity was present in three out of four cases,
EGFR staining being one of low intensity, mostly in the
membrane, but sometimes also cytoplasmic (Figure 13).
Statistical tests showed a significant correlation
between EGFR expression and tumor stage. Otherwise,
we could not establish any correlation with the other
clinico-pathological parameters investigated (gender,
age, degree of differentiation, lymph node metastasis
rate).
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Figure 10 – mM rectal mucinous adenocarcinoma: membrane EGFR immunostaining in the associated conventional
adenocarcinomatous component (left) and mixed membrane and cytoplasmic immunostaining in the carcinomatous
epithelium lining the mucus lakes. EGFR immunostaining, ×200.

Figure 11 – PM rectal mucinous adenocarcinoma: membrane and cytoplasmic EGFR immunostaining in the
carcinomatous epithelium lining the mucus lakes. EGFR immunostaining, ×200.

Figure 12 – PM rectal mucinous adenocarcinoma:
membrane and cytoplasmic EGFR immunostaining in
an isolated carcinomatous cell floating in the mucus
lake. EGFR immunostaining, ×400.
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Figure 13 – SR rectal mucinous adenocarcinoma: membrane and cytoplasmic EGFR immunostaining of
carcinomatous cells. EGFR immunostaining, ×200 – left, ×400 – right.

 Discussion
Bcl-2 (B-cell lymphoma 2) is a member of the Bcl-2
protein family modulating apoptosis, encoded by the
Bcl-2 gene [3, 4]. It is responsible for inhibiting
apoptosis in a variety of cells, including neurons and
hematopoietic line cells [5].
It is usually expressed by stem cells on the basement
membrane of a series of epithelia, including the
epidermis, prostatic and bowel epithelium, but not in
differentiated cells from the surface of these epithelia,
cells that undergo apoptosis [6]. It seems that it
regulates cell death either by inhibiting the activity of
caspases, or by preventing cytochrome c release from
mitochondria and/or by binding to the apoptotic
protease-activating factor 1 (APAF-1).
Numerous studies have shown that the immunohistochemical expression of Bcl-2 protein in colorectal
adenocarcinomas is relatively common [7–12]. Most
studies give an average of 20–25% positivity in
colorectal cancers for Bcl-2. In one study [13], we
found that 50% of colon adenocarcinomas were positive
for this marker. Most often, for the rectal location, the
percentage of Bcl-2-positive cases varies between
31.4% and 37% [12].
In our study, the positivity rate of rectal mucinous
carcinomas was 43% and the immunostaining was not
significantly different according to the histopathological
subtype. Immunostaining intensity was higher in the
associated conventional adenocarcinomatous component.
SR rectal mucinous carcinomas were negative for this
marker. Statistical tests indicated that there is a good
correlation between Bcl-2 expression and tumor
invasiveness, with a maximum intensity in T1 and T2
cases.
Studies on the relationship between Bcl-2 expression
and survival in colorectal cancer showed conflicting
results. Thus, some studies showed that Bcl-2 is
associated with a favorable prognosis, while other
studies showed that its expression correlates with a poor
prognosis [8]; other authors have failed to prove any
link between the expression of Bcl-2 and the survival of
patients with colorectal cancer [14]. Furthermore, it
appears that Bcl-2 would prevent apoptosis induced

either by irradiation or chemotherapy, and therefore
cancer cells expressing this marker are considered
chemo- and radio-resistant, a reason for the prognosis of
these tumors to be reserved [14]. Instead, it turned out
that Bcl-2 slows the cell proliferation rate by prolonging
the G1 phase of the cell cycle and therefore these cells
have a low proliferation rate [16].
Neoplastic clones with low proliferation rate also
appear to be characterized by a low rate of acquisition
of new genetic defects, and therefore tumor progression
is also slowed down. In these cases, Bcl-2-positive
colorectal tumors appear to be associated with a better
clinical prognosis. Some authors [16] showed that Bcl-2
expression in colorectal cancers was significantly
associated with the tumor stage, the expression of this
marker being seen mainly in superficial invasive tumors
(pT1 and pT2) and in cases without metastasis. In
contrast, other authors [17] found no correlation between
Bcl-2 expression and stage, grading and vascular
invasion.
EGFR is a transmembrane glycoprotein with liganddependent tyrosine-kinase activity, and its activation
in both normal and malignant cells has important
consequences on growth, differentiation and proliferation
[18]. EGF receptor activation is also responsible for
promoting malignant transformation, angiogenesis and/or
metastatic spread [19].
Over time, several methods for determining EGFR
expression in tumors were used, such as RNA transcription and DNA analysis, but immunohistochemistry
remains the most used method [20]. The literature cites
an EGFR immunohistochemical expression in colorectal
carcinomas of 25–82% [21, 22]. Studies on the
prognostic value of immunohistochemical expression of
EGFR in colorectal carcinomas are quite controversial
primarily because of the variety of interpretation
methods for the expression of this marker [20]. Most
studies used the signal intensity as part of EGFR score
despite its subjective nature. In addition, whenever we
want assess immunohistochemical reactions, we will
have to consider variations in signal intensity that can
be influenced by fixation conditions, tissue processing
procedures and the preservation time of the sample
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[20, 23]. When comparing scores we will also have to
take into account the arbitrary value of the “cutoff”
value for the reference score [24], and whether the
scoring procedure will take into account the reaction
extension besides signal intensity [22].
In our study, the EGFR immunohistochemical
positivity rate was 62% of the mucinous carcinomas
investigated. Maximum reactivity was seen in the mM
cases, followed by the SR-subtype. The reaction pattern
was predominantly a membrane one, but we also
encountered a cytoplasmic expression of this marker
within the carcinomatous proliferation. EGFR reactivity
appears to decrease with the increasing proportion of
mucinous component and is more intense within the
tumor invasion front. The only statistical correlation
was between EGFR expression levels and tumor stage.
In some studies, EGFR expression in colorectal
cancer was associated with tumor stage, metastatic
potential, absence of recurrence and overall survival rate
[25, 26], while other authors found no such correlations
[27, 28].
Some authors [29] showed that EGFR immunoreactivity was significantly higher in deep regions of the
tumor as opposed to superficial areas. Other authors
[30] reported an increase in EGFR expression at the
invasion front of colorectal cancers. Very few managed
to establish a relationship between EGFR expression
and the degree of tumor differentiation [25, 28]. Patients
with colorectal cancer have an increased risk of liver
and mesenteric lymph node metastasis [21, 31]. In
addition, some studies [32] showed that the elevated
expression rate in lymph node metastases from colorectal cancer seems to be a more accurate predictor of
survival than the expression of this marker in the
primary tumor.
Most studies have failed to prove an influence of
EGFR expression on survival in these patients [21, 33],
while other studies [34] found a significant association
between EGFR expression and the absence of complete
regression after preoperative radiotherapy. Some studies
[35] could not confirm such a correlation. In addition,
other studies [36] have established a significant improvement in survival in patients with EGFR+ advanced
colorectal cancer treated with cetuximab. The authors
concluded that such an anti-EGFR therapy might improve
prognosis of EGFR+ colorectal cancers and of radiosensitive ones treated with high dose endorectal brachytherapy [37].
 Conclusions
The evaluation of the apoptotic profile showed a
certain variability of the Bcl-2 immunoreactivity
depending on the ratio between the mucinous and
carcinomatous components, the highest reactivity being
present in mM type carcinomas. Also, there was a
decrease in Bcl-2 immunoreactivity with the increasing
tumor T-stage.
The evaluation of the tumor progression potential
through EGFR reactivity revealed a decrease in immunoreactivity parallel with the increase of the mucinous
component. EGFR immunoreactivity increases with

tumor T-stage and the maximum intensity is seen at the
tumor invasion front.
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