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Background: DCIS is a malignant proliferation of mammary ductal epithelial cells without
invasion beyond the basement membrane. Bcl-2, bax, bcl-xl and p53 are implicated in regulation
of apoptosis. This study aimed to clarify the role of these gene products in DCIC.

Patients and methods: Immunohistochemical staining of 13 cases of DCIS with bcl-2, bax,
bcl-xI and p53 was performed.

Results: DCIS was graded into; 42% of low, 16% of intermediate, and 42% of high grade
cases. P53 was negative in all low grades, positive in 66.7% intermediate grade, and in all
high grade DCIS. Bcl-2 was positive in all DCIS with variable intensities. Bax was positive
in 80% of low grade, 100% of intermediate grade, and in 100% of high grade DCIS. Bcl-xI
was positive in 80% of low grade, and in all intermediate and high grade DCIS. P53 was
inversely correlated with bcl-2 expression in DCIS (p<0.02). Insignificant positive correlation
was present between p53 and bax expression and between p53 and bcl-xI expression in DCIS.
An inverse correlation was present between bcl-2 and bcl-xI expression and between bcl-2 and
bax expression in DCIS (p<0.01 for each). Positive correlation was present between bax and
bcl-xI expression (p<0.000) in DCIS.

Conclusions: p53 mutation is an early event in the evolution of breast cancer and its
expression correlates with high grade lesions. Strong positive correlation between bax and
bcl-xl, but the prognostic value of bcl-2 protein family in DCIC is still in need to more studies
to be clarified.
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Introduction:

The risk of breast cancer and death
due to breast cancer are clearly increasing
worldwide.1 Carcinoma in situ of the breast
(CIS) comprises a heterogeneous group of
lesions, covering a wide spectrum of clinical
conditions and histopathological changes.
With respect to biological behavior, CIS range
from biologically aggressive lesions with a
substantial risk of progression into invasive

carcinoma (IC), to lesions with a very low
malignant potential. Previous studies of
CIS indicate that approximately a third will
subsequently develop IC. Autopsy studies
indicate that CIS is frequently occurring and
it was estimated that about 20% of all women
will develop CIS during lifetime.2
Programmed cell death (apoptosis)
may play a role in tumor development
and progression. Dys-regulation of genes



controlling apoptosis may cause mammary
cells to become immortal and constitute a
cancer.3 Programmed cell death is controlled
by inhibitor of apoptosis proteins (IAP),
which include bcl-2 family members that
either promote (ie., Bax, Bcl-xS, Bad and
Bid) or counteract (ie.,Bcl-2, Bcl-xL and
Mcl-1) the signals that initiate apoptotic cell
death.4

In this study, we aimed to evaluate the
expression of apoptosis related proteins, bcl-
2, bax, bcl-xl and p53 protein in DCIS in
relation to its grade. Furthermore, we tried
to evaluate the possible correlations between
these proteins which may have an impact on
prognosis of DCIS and its progression to IC.

Patients and methods:

This study was done on 13 retrograde
formalin-fixed paraffin-embedded specimens
of DCIS of the breast. These specimens were
obtained by lumpectomy, incisional or Tru-
cut biopsies of breast masses which were
sent to Histopathology Laboratory of Sohag
University Hospital in the period between
2001- 2005. The diagnosis of DCIS was
established by examination of Hematoxylin
and Eosin (H&E) stained sections.

DCIS was classified into three grades
according to the criteria of Holland et al
(1994),5 into well-differentiated (grade 1),
moderately differentiated (grade II), and
poorly differentiated DCIS (grade IlI). In
specimens showing more than one histological
grade, DCIS was graded according to the
highest grade.

Immunohistochemical staining for all
cases with antibodies for bcl-2, bax, bcl-
xI and p53 was performed using immuno-
peroxidase technique. Sections were pre-
treated by boiling for 9-15 min in citrate
buffer (pH 6.0). Incubation with the diluted
primary antibody with 1% blocking anti-goat
serum was applied for 1-2 hours. Antibodies
used were mouse monoclonal antibodies for
bcl-2 (Bcl-2 Ab 1, clone 100/D5, Catalogue
number; Cat # MS123-P0, LabVision), bax
(Bax Abl, clone 2D2, Cat # MS -771-PO,

LabVision), bcl-xI (Bcl-xI Ab2, clone 7D9,
Cat # MS -1334-P1, LabVision ) and rabbit
monoclonal antibody for p53 (clone Y5, Cat
# RM- 2103-R7, LabVision) at dilutions
of 1/100 for bcl-2, bax and bcl-xI and 1/25
for p53. The sections were then incubated
with the biotinylated secondary antibody
(Ultravision plus large volume detection
system, anti-polyvalent, HRP, Cat # TP-060-
HLX, LabVision) for 15 min. All dilutions
were made in phosphate buffered solution
(PBS), at pH 7.2, and all of the incubations
were performed in humid chambers at
room temperature. Between each two steps
in the staining procedures (except before
incubation with the primary antibody), the
slides were rinsed three times in PBS. Finally,
the sections were lightly counterstained in
Mayer’s Hematoxylin and mounted on glass
slides using DPX (BDH Ltd, Poole, United
Kingdom).

The immunostaining of bcl-2, bcl-xL,
bax, and p53 was analyzed and evaluated in
10 different tumor fields. For p53, nuclear
staining only was considered.5 Expression of
5% of tumor cells for the stain was considered
as the threshold of positive staining, as the
presence of more than 5% immunoreactivity
may be associated with p53 mutations.”
For bcl-2, bax, and bcl-xI tumor cells were
considered positive when they displayed
a distinct micropunctate golden yellow
cytoplasmic staining.

The mean percentage of tumor cells with
positive staining was evaluated and scored
as: 0 for < 5%, 1 for 5-25%, 2 for 25-50, 3 for
50-75, and 4 for >75 following Hussein et al
(2004)8 and Baltaziak et al (2006).°

Staining intensity (SI) was also considered
in the evaluation of the immunohistochemical
expression of p53, bcl-2, bax, and bcl-xl.
It is scored as; 1 for weak, 2 for medium,
3 for intense staining following Hussein et
al (2004).8 Immunohistochemical scores
(IHCS) were calculated by multiplying the
percentage of positive cells (PP) with the
staining intensity (SI). Validation of this
method has been described elsewhere.10



Statistical analysis:

Chi-Square and Pearson’s Correlation
Coefficient tests were used to evaluate
statistical significance of various markers in
relation to the grade of DCIS, and in relation
to each other, with a statistical significance of
p <0.05 for Chi-square test and p <0.02 for
Pearson’s Correlation Coefficient test.

Results:

Relations  between the  estimated
biological markers in DCIS and tumor grade:
Tables (1-5) and Figures (1-2) illustrate the
results of immunohistochemical expression
of p53, bcl-2, bax and bcl-xI in DCIS of the
breast. DCIS was graded into; 5/13 (42%)
low, 3/13 (16%) intermediate, and 5/13
(42%) high grade cases. Expression of p53
was negative in all low grades, positive in 2/3
(66.7%) intermediate grade, and in all high
grade 5/5 (100%) DCIS. Bcl-2 was positive
in all cases of DCIS with variable intensities.
Bax and Bcl-xI were positive in 4/5 (80%) of
low grade, and all (100%) intermediate and
high grade DCIS.

Relations between the estimated biological
markers in DCIS of the breast: Figure (3)
illustrates the correlations between the studied
markers in DCIS of the breast. Statistically
inverse relationship was present between p53
and bcl-2 expression in DCIS (r=-0.636,
p <0.02). Statistically insignificant positive
relationship was present between p53 and
bax expression and between p53 and bcl-xI
expression in DCIS (r=0.524, p<0.07 for
each). Significant inverse correlation was
present between bcl-2 and bcl-xI expression
and Dbetween bcl-2 and bax expression
in DCIS (r=-0.659, p<0.01 for each).
Significant positive correlation was present
between bax and bcl-xI expression (r=1.0,
p <0.000) in DCIS.

Discussion:

It is widely held that breast cancer initiates
as the pre-malignant stage of atypical ductal
hyperplasia (ADH), progresses into the pre-
invasive stage of DCIS, and culminates
in IC.11 In the current study we tried to
investigate  the immunohistochemical

expression of some important apoptosis
related gene products namely; bcl-2, bax, and
bcl-xI proteins and tumor suppressor gene
p53; in 15 cases of breast in situ carcinoma in
relation to tumor grade. We also tried to find
possible relationships between expressions of
these proteins in DCIS.

Our study showed that, p53 is expressed
in areas of in situ carcinoma in 7/13 (48%),
and it’s expression correlated positively with
higher tumor grade (p <0.004) in agreement
with Mao et al, (2010),12 who found that
the frequency of p53 missense mutations
was significantly different among the three
overall histological grade categories of
DCIS; in 0/49 (0%) of low, 1/23 (4.35%) of
intermediate, and 9/22 (40.9%) of high-grade
DCIS (P<.0001). This finding indicated
that p53 mutations usually occur before
invasion during breast cancer progression,
and that p53 protein expression in DCIS is
an important indicator of cancer invasiveness
and prognosis of DCIS.13

In agreement with Kayaselcuk et al,
(2004),14 bcl-2 expression was not correlated
with the grade of DCIS, which suggests
that alterations in bcl-2 expression in breast
carcinoma are more prominent in invasive
rather than in in situ lesions.

In agreement with Rehman et al,
(2000),15 and Kayaselcuk et al, (2004),14
who found that bax expression did not
correlate with increasing histological grades
of DCIS, we found insignificant correlation
between bax expression and tumor grade
of DCIS. Contradictory findings were
obtained by Kapucuoglu et al, (1997)16 and
Anagnostopoulos et al, (2007),17 who found
that bax protein expression in DCIS was
related to more aggressive neoplasms. Bcl-
x| expression did not correlated to tumor
grade of DCIS (p<0.3), in concordance with
Kayaselcuk et al, (2004).14 This finding is
contradictory to the findings of Fernandez
et al, (2000),18 and Espaniia, et al, (2005)15
who found positive correlation between
bcl-xI expression and grade of DCIS. This
controversy reflects the complexity of bax and
bcl-xI regulation and the need for more studies
for these genes on both immunohistochemical



and molecular levels.

Bcl-2 is one member of a gene family,
products of which are involved in either
inhibition or promotion of cell death.20 A
large number of bcl-2 related proteins have
been isolated. Protein products of this gene
family share two highly conserved domains
BH 1 & BH 2.21 It is divided into 3 categories
(Tsujimoto and Shimizu, 2000): 1. Anti-
apoptotic members such as bcl-2, bcl-xl,
bcl-w & Mcl-1 and all of which exerts an
anti-cell death activity and share sequence
homology, particularly within the four
regions BH 1 through BH 4. 2. Pro-apoptotic
members such as bax, bak and bad, which
share sequence homology in BH1, BH2 and
BH3 butnot BH4. 3. BH3 only proteins, which
include bik, bid and bim and share sequence
homology only in BH3. They interact with
bcl-2 and antagonize its survival function.

One of the unique features of bcl-2 family
is their ability to physiologically bind each
other forming a complex network of homo-
and/or heterodimers.22 The above domains
BH1 and BH2 regulate heterodimerization,
and regulation of cell death by members of
this gene family may be achieved through
competing dimerization.23 They regulate
apoptosis in a rheostatic manner: in an
excess of bax, for instance, bax homodimers
predominate which favors apoptosis.24
Conversely, in an excess of bcl-2, bcl-2/
bax heterodimers are formed, which lead to
inhibition of apoptosis. Competition between
family members also has an effect. Bcl-xL
for example, inhibits and sequestering bax.
By binding bcl-2 and bcl-xL, bad on the other
hand, releases bax, which leads to bax homo-
dimerization and promotion of apoptosis.2®

Many members of the bcl-2 family such as
bcl-2, bel-xL and bax, are resident proteins of
the mitochondrial membranes, endoplasmic
reticulum and nuclear envelope in which
they are inserted via their carboxyl terminal
ends. In the mitochondria, they form pores
and act as ion channels. This is probably
the key to their function in apoptosis.
Namely induction of apoptosis is almost
invariably accompanied by disruption of the
mitochondrial transmembrane potential and

release of caspase- activating substances,
such as cytochrome C and AIF, from the
mitochondria.2®

As the expression of this gene family
seems to be differentially regulated among
cell types and their stage of differentiation,
so biological impact of any bcl-2 family
member on a cell is dependent on the level,
selective expression, and dimerization status
of the gene family.26.27

The death antagonistic and death promoting
members of the bcl-2 family function as
potential oncogenes and tumor suppressor
genes respectively. The Darwinian selection
of cancer cells by adverse intrinsic conditions
(limited trophic supply, oxygen shortage),
and/or therapeutic agents (chemotherapy,
radiotherapy) may favor survival of the

proliferating cells, which overexpress
antiapoptotic gene products.28
We found an inverse relationship

between p53 and bcl-2 which is statistically
significant (p<0.02) in agreement with
several authors.29-31 Interestingly, it has been
demonstrated that in human breast carcinoma
cell lines, a mutated and/or wild-type p53
down-regulates bcl-2 expression.32

Although p53 is a direct transcriptional
activator of bax,33.34 statistically insignificant
relationship was present between p53 and bax
expression in DCIS of the breast in agreement
with Veronese et al, (1997),35> Rehman et al,
(2000),36 and Baccouche et al, (2003).37 This
indicates that regulation of bax is complex,
and may be explained by the presence of
p53 mutations which affect its interaction
with bax protein, or by intervention of other
molecules which may modulate the function
of either or both proteins.36

In the current study, negative correlation
between bax and bcl-2 expression was
detected in DCIS (p <0.01), which concurs
with Kapucuoglu et al, (1997),38 who found
that while both proteins were expressed at the
same time in normal and benign epithelium,
different staining patterns were observed
according to the degree of differentiation of
the neoplastic epithelium.

In this study inverse correlation was
present between bcl-2 and bcl-xI expression



Figure (1): A. P53, B. Bcl-2, C. Bax and D. Bcl-xlI expression in DCIS according to tumor grade.

Figure (2): A. Strong p53, B. weak bcl-2, C. Strong bax and D. Strong bcl-xI expression in
comedo (A & B) and cribriform (C &D) DCIS of the breast. Magnifications: X 200 (A & B) and

X 400 (C &D).

in DCIS of the breast (p <0.01). This finding
can be explained by that although bcl-2 and
bcl-xI are homologues and both of them
encode membrane-associated proteins that
protect neoplastic cells from DNA damage-
induced apoptosis, differential expression
and regulation of bcl-2 and bcl-xI in different
tumors is present.39

Although bax gene is proapoptotic and
bel-x] is antiapoptotic, highly significant
positive correlation was present between bax
expression and bcl-x1 expression (p <0.000)
in DCIS. This is in agreement with Guo et
al, (2002),40 Baltaziak et al, (2006),44 and

Wincewicz et al, (2007),42 who found a
positive correlation between bcl-xl and bax in
several types of malignant tumors. This result
could be due to possible heterodimerization
of bax and bcl-x1,4344 which may affect the
expression of both or either proteins.

We conclude that p53 mutation is an early
event in evolution of breast cancer and its
expression correlates with high grade lesions.
Inaddition, itappears that the relation between
bcl-2 family members is too complex, with
strong positive correlation between bax and
bcl-xl, and that their prognostic value is less
important in DCIC of the breast than in IC.



Figure (3): Relation between A. P53 and bcl-2, B. P53 and bax, C. P53 and bcl-xI, D. bcl-2 and
bcl-xl, E. bcl-2 and bax, and bax and bcl-xI in DCIS of the breast.
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