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Abstract

Background: Biomarkers accepted for clinical use in breast cancer have low
sensitivity and specificity. Thus, there is a need for new markers to assist in the
diagnosis, prognosis and follow-up of breast cancer patients. This study aims to
investigate the diagnostic, prognostic and follow-up role of serum Bcl-2, Bax and p53
proteins in breast cancer patients in comparison with those of serum CA 15-3 as the
most commonly used breast cancer marker.

Methods: We analyzed 50 breast cancer patients (before surgery, after one month
of surgery and after six cycles of chemotherapy) and 50 normal healthy controls for
serum Bcl-2, Bax, p53 and CA 15-3 levels.

Results: Mean serum Bcl-2 and CA 15-3 levels significantly increased, whereas
the mean serum p53 level significantly declined in breast cancer patients compared to
normal healthy controls. Using the ROC curve analysis, serum p53 had the greatest area
under the curve (85.6%). Serum Bcl-2 levels significantly decreased after six cycles
of chemotherapy compared with its level one month after surgery. Preoperative serum
levels of Bel-2, Bax, p53 and CA 15-3 were non-significantly correlated with patient's
disease-free survival.

Conclusion: Serum p53 was superior to Bcl-2 and CA 15-3 in the diagnosis of breast
cancer patients. Only Bcl-2 could be used for monitoring the effect of chemotherapy
on breast cancer patients. None of the assayed biomarkers had a role in monitoring the
effect of surgery on breast cancer patients. None of the assayed biomarkers had a
prognostic role for breast cancer patients.
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Introduction

In Egypt, breast cancer is the most common
female malignancy. In Alexandria, it accounts
for 42.7% of all malignancies in females.!
Apoptosis occurs in several normal and
pathological processes. The mechanisms of
apoptosis are highly complex involving an energy-
dependent cascade of molecular events. There
are two main apoptotic pathways: extrinsic (death
receptor pathway) and intrinsic (mitochondrial
pathway).>4

The Bcl-2 family of proteins regulates
apoptosis, cell cycle and differentiation. This
family is divided into two groups, anti-apoptotic
(e.g., Bcl-2 protein) and pro-apoptotic (e.g., Bax)
which work together to control healthy cells.’
Bcl-2 protein can inhibit the mitochondrial
apoptotic pathway via binding to its pro-apoptotic
protein Bax, thereby preventing the release of
cytochrome ¢ and activation of the apoptotic
cascade.®

Bax promotes apoptosis, induces permeabi-
lization of the outer mitochondrial membrane
(OMM), controls transition of cytochrome c
through the OMM and maintains endoplasmic
reticulum Ca?* levels.”

For apoptosis to occur, the Bax protein
concentration should be greater than the Bcl-2
protein. Studies have shown reductions in Bax to
be associated with a poor response to
chemotherapy in metastatic breast cancer.® Bax
expression is induced by y-radiation, chemother-
apeutic drugs and the p53 protein.”:10

p53 is a poly-functional tumor suppressor
protein essential for preventing inappropriate cell
proliferation and maintaining genome integrity
following genotoxic stress. Following various
intracellular and extracellular stimuli, such as
DNA damage, heat shock, hypoxia, and oncogene
overexpression, pS3 is activated and induces either
cell cycle arrest in cases of repairable damage or
apoptosis in cases of severe damage. p53 induces
apoptosis by stimulation of Bax activation and
down-regulation of Bcl-2.11-13

Cancer antigen 15-3 (CA 15-3) is a circulating
breast cancer-associated antigen.'# Preoperative

measurement of CA 15-3 is of little value in the
early detection of breast cancer and thus can not
be used for its early diagnosis.!> However it can
be used for monitoring the response of breast
cancer patients to therapy and in detecting
recurrent disease.!4

The aim of this work was to investigate the
diagnostic, prognostic and follow up roles of
serum Bcl-2, Bax and P53 proteins in breast
cancer patients in comparison with those of serum
CA 15-3 as the most commonly used breast cancer
marker.

Patients and Methods

One hundred premenopausal females in this
case-control study were enrolled. Females were
divided into two groups. Group I included 50
female patients with clinical stages II and III
invasive ductal carcinoma of the breast!® that was
recently detected. Patients had not undergone
surgery, nor did they receive chemotherapy. Their
mean age was 41.73+12.2 years. Patients were
recruited from the Departments of Experimental
and Clinical Surgery and Cancer Management
and Research of the Medical Research Institute,
Alexandria University in the period from January
2010 to August 2010. Group II (normal healthy
control group) included 50 normal healthy female
volunteers of comparable age (40.18+11.05 years),
menstrual cycle and socioeconomic status as the
patients.

After approval from the Ethical Committee,
Medical Research Institute, Alexandria University,
Egypt, signed informed consents were obtained
from all subjects who agreed to participate in the
study. Each patient underwent full history
recording, thorough clinical examination, routine
laboratory investigations that included complete
blood count (CBC), radiological investigations that
included breast mammography, ultrasonography
of the abdomen and liver, chest X-ray, CT scan and
bone scan when needed, in addition to a fine
needle aspiration cytology (FNAC) of the breast
mass to establish the pathological diagnosis.

Clinicopathologic data obtained from patients’
pathology reports included tumor size, tumor
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Table 1. ROC curve-based characteristics for serum Bcl-2, p53 and CA 15-3 in breast cancer patients before surgery.

Variables AUC** P-value Cut-off Sensitivity Specificity
(%) value (%) (%)

p53 (U/ml) 85.6 <0.05%* 2.82 80 87

Bcl-2 (ng/ml) 84.1 <0.05%* 1.47 77 76

CA 15-3 (1u/ml) 76.1 <0.05%* 25 47 100

*Significance was considered as P<0.05; **AUC: Area under the curve

pathological grade, axillary lymph node
involvement, vascular invasion, estrogen receptor
status (ER), progesterone receptor status (PR)
and Her-2 expression. Each breast cancer patient's
clinical stage was determined by the oncologist
according to the tumor-node-metastasis (TNM)
classification system.!©

All 50 breast cancer patients underwent
modified radical mastectomies,!” followed by
adjuvant combination chemotherapy [5-
fluorouracil, adriamycin and cyclophosphamide
(FAC)]'® for six cycles. After six cycles of
chemotherapy, breast cancer patients were
evaluated clinically, laboratory and radiologically
to estimate the clinical response. The patients
were followed up clinically for two years for
observation of disease-free survival (DFS; local
recurrence or metastasis).

Laboratory investigations

Blood samples were collected once from
normal healthy female volunteers and thrice from
breast cancer patients at the times before surgery,
after one month of surgery and after six cycles of
chemotherapy. Immediately after withdrawing
blood from the patients, the samples were allowed
to coagulate, then centrifuged for 20 min at 3500
rpm. The separated sera were aliquoted, frozen at
-80°C, and stored until assayed. After thawing,
each serum aliquot was assayed only once.
Determination of serum levels of Bcl-2, Bax, p53
proteins and CA 15-3 were carried out at the
Radioisotopes Laboratory of the Radiation
Sciences Department, Medical Research Institute,
Alexandria University, Egypt.

Determination of serum Bcl-2 levels
Human serum Bcl-2 levels were quantified
using a ready-for-use ELISA kit (eBioscience,

UK) according to the manufacturer's protocol.
Briefly, diluted sera were added to the
corresponding sample microwells, followed by the
addition of a diluted biotin conjugate solution.
Samples were allowed to incubate for 2 h at room
temperature. After washing, a diluted streptavidin-
HRP solution was added and the samples were
incubated at room temperature for 1 h. After
washing, TMB substrate solution was added and
the samples were incubated at room temperature
for 10 min in the dark. The reaction was stopped
by the addition of 1 M phosphoric acid.
Absorbance was measured at 450 nm. We
determined Bcl-2 serum levels by using a standard
curve. The sensitivity of the assay was 0.33 U/ml.

Determination of serum Bax levels

Serum Bax levels were determined using a
ready-for-use ELISA kit (USCN, USA) according
to the manufacturer's protocol. Briefly, sera were
added to the corresponding sample microwells,
followed by incubation for 2 h at 37°C. After
decantation, the detection reagent A was added to
each well followed by incubation for 1 hr at 37°C.
After decantation and washing, detection reagent
B was added to each well followed by incubation
for 30 minutes at 37°C. After decantation and
washing, substrate solution was added to each
well followed by incubation for 15-25 minutes at
37°C in the dark. The reaction was terminated by
addition of stop solution and absorbance was
measured at 450 nm using an ELISA reader.
Serum Bax levels were determined using a
standard curve.

Determination of serum p53 levels

Human serum p53 levels were determined
using a ready-for-use ELISA kit (eBioscience,
UK) according to the manufacturer's protocol.
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Briefly, diluted sera were added to the
corresponding sample microwells, followed by the
addition of a diluted biotin conjugate solution
and incubation for 2 h at room temperature. After
washing, a diluted streptavidin-HRP solution was
added, followed by incubation at room
temperature for 1 h. After washing, a TMB
substrate solution was added and the samples
were allowed to incubate at room temperature
for 10 min in the dark after which the reaction was
stopped by the addition of 1 M phosphoric acid.
Absorbance was measured at 450 nm. The p53
serum concentration was determined by referring
to a standard curve. The sensitivity of the assay
was 0.33 U/ml.

Determination of serum CA 15-3

The level of serum CA 15-3 was determined
using a ready-for-use Immunoradiometric Assay
(IRMA) kit (Diasource, Belgium) according to the
manufacturer's protocol. Briefly, serum was added
to a plastic tube coated with the capture antibody
Mabl and agitated for 90 min at room temperature.
After washing, 125 Iodine-labeled anti-CA 15-3
antibody (Mab2) was added and the reaction tubes
were agitated for 90 min at room temperature.
After washing, the bound radioactivity in each tube
was counted in a gamma counter (Perkin Elmer,
Finland) for 60 sec. Computer assisted data
reduction was used to simplify the calculations.
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Figure 1: Mean+S.E. Bcl-2 levels (ng/ml) in normal control
subjects and breast cancer patients before surgery, after one month
of surgery and after six cycles of chemotherapy; *Significantly
different from the control group; 0Significantly different from the
breast cancer patient group after one month of surgery. Significance
was considered at the level of P<0.05.

The 5-parameter logistic function curve was used
to calculate CA 15-3 levels in each serum sample.

Statistical analysis

Statistical analysis was performed using the
SPSS 11.5 software package. We used the non-
parametric Mann—Whitney U-test to study
differences between breast cancer patients and
controls regarding serum Bcl-2, Bax, p53 and
CA 15-3 levels. The non-parametric Kruskal-
Wallis test was used to study the differences in
serum parameters before and after surgery, and
after chemotherapy. The non-parametric
Spearman’s test was used to investigate
correlations between different serum parameters.
The diagnostic values of serum Bcl-2, P53 and CA
15-3 were compared using the Receiver Operating
Characteristic (ROC) curve analysis. Univariate
survival analysis of the studied parameters was
assessed using the Kaplan Meier method and the
log rank test was used for survival time. Statistical
differences between survival curves were
evaluated by the log-rank test. We considered P-
values less than 0.05 to be significant.

Results

Bcl-2 (ng/ml) serum levels in normal healthy
controls and breast cancer patients before surgery,

after one month of surgery and after six cycles of
chemotherapy

Serum Bax levels (ng/iml)

Before surgery After 1 month of
L surgery

After 6 cycles of
__chemotherapy

Y .
Normal control Breast cancer patients

subjects

Figure 2. Mean+SE Bax (ng/ml) levels in normal control subjects
and breast cancer patients before surgery, after one month of
surgery and after six cycles of chemotherapy.
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Table 2. Correlations between serum p53, Bcl-2 and Bax levels of breast cancer patients before surgery, after one month

of surgery and after six cycles of chemotherapy.

Bcl-2 Bax
(ng/ml) (ng/ml)
r -0.415 0.116
Before surgery
p 0.023* 0.381
P53 (U/ml) After 1 month of surgery f 0.09 0.125
p 0.614 0.512
After 6 cycles of chemotherapy f 0.089 0.069
p 0.642 0.717

*Significance was considered to be P<0.05

The mean£SE levels of serum Bcl-2 were
0.94+0.16 ng/ml in normal control subjects,
2.85+0.33 ng/ml in breast cancer patients before
surgery, 2.35+0.21 ng/ml one month after surgery
and 1.94+0.25 ng/ml after six cycles of
chemotherapy. Serum Bcl-2 levels in breast cancer
patients before surgery, one month after surgery
and after six cycles of chemotherapy were
significantly higher than those of the control group
(P<0.05). Surgical removal of the breast had a non-
significant effect on serum Bcl-2 levels (P>0.05).
Six cycles of chemotherapy resulted in a significant
reduction of serum Bcl-2 levels compared to one
month after surgery (P<0.05; Figure 1).

Serum Bax (ng/ml) levels in normal healthy
controls and breast cancer patients before surgery,

after one month of surgery and after six cycles of
chemotherapy

The mean+SE serum Bax levels were
75.7£3.94 ng/ml in normal control subjects,
67.1£3.6 ng/ml in breast cancer patients before
surgery, 68.5+£3.74 ng/ml one month after surgery
and 65.37+£5.21 ng/ml after six cycles of
chemotherapy. These results revealed that the
level of serum Bax in breast cancer patients either
before or after one month of surgery as well as
after six cycles of chemotherapy were
approximately within the same range and non-
significantly less than those of the control group
(P>0.05). Surgical removal of the breast and six
cycles of chemotherapy had no significant effects
on serum Bax levels (P>0.05; Figure 2).

Serum levels of p53 (U/ml) in normal healthy
controls and breast cancer patients before surgery,

after one month of surgery and after six cycles of
chemotherapy

Serum CA153 levels (Uimi)
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Figure 3. Mean+SE p53 (U/ml) levels in normal control subjects
and breast cancer patients before surgery, after one month of
surgery and after six cycles of chemotherapy; *Significantly
different from the control group; Significance was considered at
the level of P<0.05.

subjects

Figure 4. Mean+SE CA 15-3 (IU/ml) levels in normal control
subjects and breast cancer patients before surgery, after one month
of surgery and after six cycles of chemotherapy; *Significantly
different from the control group; Significance was considered at
the level of P<0.05.
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The mean+SE serum p53 levels were
3.33+0.13 U/ml in normal control subjects,
2.41£0.10 U/ml in breast cancer patients before
surgery, 2.31+0.14 U/ml one month after surgery
and 2.26+0.15 U/ml after six cycles of
chemotherapy. These results revealed that the
levels of serum p53 of breast cancer patients
before surgery, after one month of surgery as well
as after six cycles of chemotherapy were
significantly less than those of the control group
(P<0.05). Surgical removal of the breast and six
cycles of chemotherapy had non-significant effects
on serum p53 levels (P>0.05; Figure 3).

Serum CA 15-3 (1U/ml) levels in normal healthy
controls and breast cancer patients before surgery,
after one month of surgery and after six cycles of
chemotherapy

The mean+SE serum CA 15-3 levels were
16.9440.84 1U/ml in normal control subjects,
24.92+1.82 IU/ml in breast cancer patients before
surgery, 23.95+1.77 IU/ml one month after surgery
and 20.61£1.89 IU/ml after six cycles of
chemotherapy. These results revealed that serum
CA 15-3 levels in breast cancer patients either
before or after one month of surgery were
approximately within the same range and
significantly higher than those of the control
group. Surgical removal of the breast had no
significant effect on serum CA 15-3 levels
(P>0.05). After six cycles of chemotherapy, the
CA 15-3 level non-significantly decreased
compared with its level after one month of surgery,
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Figure 5. ROC curves for serum Bcl-2 and CA 15-3 in breast cancer
patients before surgery.

however it was still significantly higher than its
level in the control group (Figure 4).

Comparison of the diagnostic values of Bcl-2,
p33 and CA 15-3 levels in breast cancer patients
before surgery using the receiver operating
characteristic (ROC) curve analysis

Receiver operating characteristic curve analysis
was used to compare the diagnostic values of
Bcl-2, p53 and CA 15-3 depending on the area
under the ROC curve (AUC). The higher AUC
corresponds to a better diagnostic test. Serum
Bcl-2 showed a significant AUC (84.1%, P<0.05)
with a 77% sensitivity and 76% specificity at a cut-
off value of 1.47 ng/ml. Serum p53 showed a
significant AUC (85.6%, P<0.05) with 80%
sensitivity and 87% specificity at a cut-off value
of 2.82 U/ml. Serum CA 15-3 showed a significant
AUC (76.1%, P<0.05) with 47% sensitivity and
100% specificity at a cut-off value of 25 IU/ml
(Table 1; Figures 5 and 6).

Correlations between serum Bcl-2, Bax and p53
levels with breast cancer clinicopathological
features before surgery

Serum Bcl-2 showed significant indirect
correlations with ER status (r=-0.438, P=0.015) and
Her-2 expression (r=-0.369, P=0.045). Serum p53
showed a significant direct correlation with ER
status (r=0.395, P=0.031) and a significant indirect
correlation with vascular invasion (r=-0.513,
P=0.004). Serum CA 15-3 showed significant direct
correlations with tumor size (1=0.464, P=0.01) and
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W
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3

.25
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0.00 .25 .50 75 1.00

1 - Specificity
Figure 6. ROC curve for serum P53 in breast cancer patients
before surgery.
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clinical stage (r=0.408, P=0.028).

Correlations between serum Bcl-2, Bax and p53 levels
in breast cancer patients before surgery, after one month
of surgery and after six cycles of chemotherapy

According to Table 2, serum p53 showed a
significant indirect correlation with serum Bcl-2
before surgery. The other correlations were non-
significant.

The prognostic value of serum Bcl-2, p53 and
CA 15-3 in breast cancer patients before surgery

To study the prognostic value of these
parameters, we constructed Kaplan-Meier DFS
curves. After the completion of six chemotherapy
cycles, patients were followed clinically,
radiologically and via laboratory analyses for 24
months for observation of any local recurrence or
metastases. Four patients had metastases, whereas
46 patients were free of metastases. As shown in
Figures 7-9, Kaplan-Meier survival curves for
breast cancer patients before surgery revealed
that patients with elevated serum Bcl-2 and CA 15-
3 levels had DFS that was non-significantly shorter
than patients with low levels according to log-rank
P-values (P=0.34 and P=0.069, respectively).
Patients with lower levels of serum p53 had DFS
that was non-significantly shorter than those with
higher levels according to the log-rank P-value
(P=0.5).

Discussion
Various biomarkers are used in conjunction

|l 4" ne 1l

I -1-]|_' lnl

Time {months)

Figure 7. Kaplan-Meir DFS curve of breast cancer patients in
relation to serum Bcl-2 before surgery.

with clinicopathological features to identify
patients at higher risk of relapse.!® Biomarkers
accepted for clinical use in breast cancer, such as
CA 15-3, CEA and CA 27-29, have low sensitivity
and specificity, and are thus more useful for
patients at advanced stages of breast cancer rather
than for early cancer diagnosis. Thus, there is a
need for new markers to assist with diagnosis
and prognosis of primary breast cancer.2’

Over the last several years, research on the
role of apoptosis in malignancy in general and in
breast cancer in particular has increased.?!-22
Apoptotic markers are now being investigated
and have a role in detecting the progression of
cancer and its response to various chemotherapeu-
tic agents.?

The apoptotic process is controlled by several
genes. The balance between expressions of these
genes regulates the cell cycle and apoptosis. This
balance is regulated by other stimuli such as p53
protein or estrogen receptors in breast carcinomas.
Excess Bcl-2 promotes cell survival by inhibiting
apoptosis, whereas excess Bax accelerates cell
death.?* Therefore, in the present study, serum
Bcl-2, Bax, p53 and CA 15-3 have been quantified
and their predictive, prognostic and follow-up
roles were compared in breast cancer patients.

Bcl-2 is a protein that has the capability to
block most pro-apoptotic stimuli, 2° and therefore
promotes cell survival. Bel-2 regulates the intrinsic
mitochondrial apoptotic pathway that responds to
numerous stress stimuli such as DNA damage or
deprivation of growth factors. It maintains the
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Figure 8. Kaplan-Meir DFS curve of breast cancer patients in
relation to serum P53 before surgery.
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integrity of mitochondria by preventing pro-
apoptotic proteins such as Bax or Bak from
initiating this pathway.2°

In the present study, there were significantly
higher serum Bcl-2 levels in breast cancer patients
before surgery than in normal healthy controls.
According to this result, serum Bcl-2 could be used
to differentiate breast cancer patients from normal
healthy controls. Our results agreed with those of
Mahdy et al.?? and Kallel-Bayoudh et al.?” who
reported high levels of Bcl-2 in breast cancer
patients before surgery compared with normal
controls.

The increase of Bcl-2 in cancer cells points to
a potentially critical role of this anti-apoptotic
protein in breast cancer progression.
Overexpression of Bcl-2 protein may serve as a
determinator of an advantageous cell survival in
breast tumor cells, ultimately leading to tumor
progression and metastases. This hypothesis has
previously been supported by in vivo experimental
studies.?® 2

Previous studies reported the expression of
human Bcl-2 in 80% of breast cancers and showed
significant direct correlation with the expression
of ER and PR, good prognostic features in breast
cancer.’? This surprising association between the
apoptosis inhibitor and good prognostic features
was confirmed by improved survival of patients
with tumors that were Bcl-2 positive compared
with Bcl-2 negative tumors. However, in the
current study, serum Bcl-2 showed a significant
indirect correlation with ER expression. Our
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Figure 9. Kaplan-Meir DFS curve of breast cancer patients in
relation to serum CA15.3 before surgery.

finding could be confirmed from in vitro and in
vivo studies where Bcl-2 contributed to cell
transformation and tumor progression, as
indicators of a bad prognosis in breast cancer.3! It
has been suggested that Bcl-2 protein
overexpression may have a pro-apoptotic function
in some circumstances by increasing the half-life
of the Bax protein.3?

At one month following a modified radical
mastectomy, we expected that the level of Bcl-2
would be decreased compared to its pre-surgery
level, however the comparative analysis showed
a non-significant difference. In view of these
results, two possible probabilities may be
responsible for maintaining a high level of Bcl-2.
The first may be the presence of free circulating
malignant cells that have already escaped from the
primary tumor. The second may be due to
incomplete clearance of this protein from the
circulation.

The results of the current study demonstrated
that the level of serum Bcl-2 after six cycles of
chemotherapy significantly decreased compared
to its level one month after surgery. It is well
known that chemotherapeutic drugs kill cancer
cells by inducing apoptosis. As Bcl-2 is an anti-
apoptotic protein, its decline after six cycles of
chemotherapy means that the interaction with
Bcl-2 may play a prominent role in the mechanism
of action of chemotherapeutic drugs.?? These
results may lead us to predict that some
chemotherapeutic regimens, including FAC,
induce apoptosis by decreasing Bcl-2 levels.

After completion of six chemotherapy cycles,
patients were followed clinically, with radiological
and laboratory analyses, for 24 months for the
presence of recurrence or metastases. Four patients
had metastases, whereas 46 patients were free
from metastases. Thus. the FAC combination
chemotherapy used in this study might be effective
in killing and removing residual tumor cells that
remain after mastectomy, in addition to the
prevention of metastases and local recurrence.
According to these results, protection from
apoptotic cell death by Bcl-2 could prevent these
drugs from working properly; perhaps the
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circulating breast cancer cells would be the source
of metastases.

In the present study we found a non-significant
correlation between preoperative serum Bcl-2
protein levels and DFS of the patients. These
results confirmed those of Gaballaah et al.3*

Bax is one of the main effectors in breast
cancer. However, in contrast with the Bcl-2
protein, there are relatively few clinical studies on
the biological role of Bax in breast cancer. The
balance between the expressions of both genes is
an important regulator of apoptosis.?®> In the
present study, we have determined that serum
Bax levels in breast cancer patients either before
or after one month of surgery as well as after six
cycles of chemotherapy approximated those of the
control group. These results supported the
histopathological findings of Vargas-Roig et al.3
who stated that intensity of nuclear Bax expression
was weak or moderate in breast cancer cells, with
no significant change after drug administration. In
addition we found non-significant correlations
between serum Bax levels and the clinicopatho-
logical features of breast cancer patients.

The tumor suppressor p53 protein is an
important negative regulator of cellular
proliferation. The p53 gene product is induced in
response to DNA damage. Evidence has shown
that the expression of p53 protein leads to cell
cycle arrest in G1 to allow for DNA repair and, in
some cases, to apoptosis to prevent the replication
of damaged DNA.37-38 Alterations in p53 lead to
loss of its cell growth regulatory function, resulting
in accelerated cell growth and increased rate of
DNA mutation. The unchecked propagation of
these mutations is thought to contribute to the
development of human cancers.??

The results of the present study showed
significantly lower serum p53 levels in breast
cancer patients than normal healthy controls. Our
results contradicted those of Balogh et al.*? who
found that the positive rates of p53 protein in
breast cancer patients were significantly higher
than normal healthy controls. This contradiction
might be due to the fact that p53 is a tumor
suppressor protein with pro-apoptotic properties,

so it is logical for p53 to be lower in breast cancer
patients compared with normal healthy controls,
which supports the findings of the present study.

The present study showed a significant direct
correlation between p53 and the expression of
ER. These results agreed with those by Nadasi et
al.*! However, no significant change was observed
in serum p53 levels after one month of surgery and
after six cycles of chemotherapy. Thus, the p53
protein has no role in monitoring the response of
breast cancer patients to surgery and
chemotherapy.

In the present study, serum p53 showed a
significant indirect correlation with the vascular
invasion ability of breast cancer cells. As p53 is
a tumor suppressor protein, its decline in breast
cancer cells may promote the progression and
metastasis of these cells to other organs. Our
results have confirmed those by other authors
who suggested that p53 mutations can be used as
a predictor of risk for breast cancer, since p53
mutations are more likely to be found in highly-
invasive, poorly-differentiated, high-grade breast
tumors. 4243

In the present study we found a non-significant
correlation between preoperative serum p53
protein levels and DFS of the patients. These
results confirmed those of Gunel et al.** who
found a non-significant correlation between DFS
and p53. In contrast to our results, Allred et al.#
found that p53 was a significant predictor of
reduced DFS.

Several studies reported a significant indirect
correlation between Bcl-2 and p53 in breast
cancer.*% 47 The current study has confirmed this
indirect correlation between Bcl-2 and p53
suggesting that p53 is a negative regulator of Bcl-
2 expression and the mutation or in-activation of
p53 is somehow related to regulation of Bcl-2 in
breast cancer patients.

CA 15-3 is the most widely used serum marker
in breast cancer.*® Currently, its main uses are in
surveillance of patients with diagnosed disease and
monitoring the treatment of patients with advanced
disease.*® The results of the present study have
shown significantly higher CA 15-3 levels in
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breast cancer patients than normal healthy controls.
At the same time, serum CA 15-3 significantly
correlated with tumor size and clinical stage.
These results indicated that high levels of CA
15-3 appeared to be related to tumor burden or
implied the presence of malignant disease. These
results supported the study of Hewala et al.>°

One month following modified radical
mastectomy, we expected that the level of CA 15-
3 would be significantly decreased compared to
its level before surgery. However a comparative
analysis showed a non-significant decline.
However, this decline was significantly higher
than its level in normal healthy controls. This
result might be attributed to the long half-life of
CA 15-3 as previously reported by Kerin et al.’!
who stated that, since CA 15-3 has a long half life,
a significant drop in CA 15-3 might not become
obvious until three months after removal of the
bulk mass of the tumor. From this clinical point
of view, our results showed that serum CA 15-3
had no role in monitoring the response of breast
cancer patients to surgery.

Also, a non-significant decline was observed
in serum CA 15-3 levels after six cycles of
chemotherapy compared with its level one month
after surgery, which was significantly higher than
its level in normal healthy controls. Although
many studies? have reported that serum CA 15-
3 plays a role in monitoring the response of breast
cancer patients to chemotherapy, the absence of
this role of CA 15-3 in the present study may be
due to: 1) the small sample size and 2) the toxic
effect of the chemotherapy on normal epithelia,
which manifests clinically as hand-foot
syndrome.>3

In the present study we found a non-significant
correlation between preoperative serum CA 15-3
levels and DFS of the patients. Although our
results contradicted many studies,>* this
contradiction might be due to the small sample size
and the short follow-up duration (24 months) of
the current study.

In the present study, serum Bcl-2, p53 and CA
15-3 were significant predictive markers for breast
cancer patients. To compare their predictive value,

ROC curve analysis was applied in such a way that
the higher AUC corresponded to the superior
diagnostic marker. Serum p53 showed the greatest
AUC (85.6%) followed by Bcl-2 (84.1%) and CA
15-3 (76.1%). Regarding the AUC for Bcl-2, our
results confirmed those by Mahdy et al.?° who
found a nearly typical AUC of 84.2% for Bcel-2.

For p53, at a cut-off value 2.82 U/ml, there was
a sensitivity of 80% and a specificity of 87%.
Bcl-2, at a cut-off value 1.47 ng/ml, had 77%
sensitivity and 76% specificity. For CA 15-3, at
a cut-off value 25 IU/ml, the sensitivity was 47%
and specificity was 100%. These results suggested
that serum p53 was superior to serum Bcl-2 and
CA 15-3 for prediction of breast cancer in patients.
Although serum p53 and Bcl-2 proteins have
been investigated in breast cancer patients, to the
best of our knowledge, this is the first study that
compares the diagnostic value of serum p53 and
Bcl-2 proteins with that of serum CA 15-3, with
a determination of the precise cut-off value,
sensitivity and specificity of each protein in breast
cancer patients.

Conclusion

From this study, we concluded that serum Bcl-
2, p53 and CA 15-3 were good diagnostic
biomarkers for breast cancer patients. However,
of these, p53 was the best. Only serum Bcl-2
could be used for monitoring the effect of
chemotherapy on breast cancer patients. None of
the assayed biomarkers had a role in monitoring
the effect of surgery and none have shown a
preoperative prognostic role in breast cancer
patients. Further studies with larger sample sizes
are required to establish the diagnostic, follow-up
and prognostic role of the assayed parameters in
breast cancer patients and in other tumors.
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