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Summary

Breast cancer is the most diagnosed cancer in women, accounting for approximately 
40,000 deaths annually in the USA. In Tunisia, the incidence of breast cancer is 
approximately 19 new cases per 100,000 women per year. Significant advances 
have been made in the areas of detection and treatment, but a significant number of 
breast cancers are detected late. The enormous progress in proteomics, enabled by 
recent advances in two dimensional gel electrophoresis (2-DE), has brought protein 
analysis back into the limelight of breast cancer research, reviving old areas as 
well as opening new fields of study. In breast cancer, the identification of markers 
for either early diagnosis, treatment response or for survival of breast cancer is 
of critical importance. The plasma carries an archive of important histological 
information whose determination may help to improve early disease detection. 
Using two dimensional gel electrophoresis and protein sequencing we investigated 
the changes in protein expression profiles derived from analysis of plasma from 
healthy Tunisian women and patients with breast carcinoma. In this study, we have 
found a high expression of haptoglobin which may display a clinical usefulness 
as potential diagnostic markers and provide a means for a better understanding of 
the molecular mechanisms underlying breast cancer development.

Introduction

Breast cancer is a major health problem and one of the leading causes of 
death among women worldwide. Its incidence is steadily rising in developing 
countries. For example, in the USA, breast cancer is estimated to be the most 
commonly diagnosed neoplasm in women in 2008, as it will account for 26% of 
all new female cancer cases 1. In addition, it is expected to be the second leading 
cause of USA cancer deaths in 2008 1. Invasive carcinomas represent 70-80% of 
all breast cancer and among these; infiltrating ductal carcinomas (IDCA) are the 
most aggressive forms and have a poor prognosis 2. Histopathologically identical 
breast cancers show a different biological behavior in terms of aggressiveness, 
progression, and response to therapy. Thus, there is a great need for new breast 
cancer biomarkers that might help to detect this cancer at an earlier stage, to 
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uncover prognostically distinct subclasses, and to provide best individual 
treatment 2. Currently, the search for specific cancer-related alterations largely 
focus upon clinically relevant biologically fluids such as serum and tissue 2. 
Proteomics with the recent advances in mass spectrometry has brought with it the 
hope of discovering novel biomarkers that could be used to diagnose diseases. 
Probably, the most widely used proteomic technology is the identification of 
alterations in protein expression between two samples through comparative 
2-DE. In such investigation a biomarker is defined as a protein having more 
or less intensity on one gel compared with the other and should be particularly 
associated with the disease. The search for biomarkers and specific alterations 
using proteomic methods largely focus upon plasma or serum. These biological 
fluids are clinically relevant since they could be obtained in sufficient quantities 
from patients. It is well known that during necrosis and apoptosis content of cells 
could be released into the plasma. In addition, plasma may contain proteins or 
peptides that are aberrantly shed or secreted from cells in response to a disease 
3. It might be expected that the presence of a disease could be determined 
by measuring the altered presence or abundance of the constituant molecular 
species and reinforces the benefits of using a 2-DE approach for identifying 
biomarkers for disease states.
Searching for human plasma alterations using 2-DE with regard to neoplastic 
disease has been extensively investigated. As early as 1974, 2-DE was carried to 
look for differences between protein patterns of individuals suffering cancer 4. 
Since, several markers were characterized and are currently used for diagnosis. 
As an example, increased levels of molecular markers such as prostate specific 
antigen (PSA) and CA 125 are now routinely used for the detection of cancer in 
the prostate and ovary respectively 5. Other markers are effective for diagnosing 
primary or advanced neoplastic diseases. The carcinoembryonic antigen (CEA) 
is used for detecting colorectal cancer, Her2/neu, CA 15-3 and CA 27-29 for 
advanced breast cancer 6. Kallikreins, a family of secreted serine proteases were 
highly associated with ovarian carcinoma as well as with breast and prostate 
cancers 7.
The plasma carries an archive of important histological information whose 
determination could help to improve early disease detection. In an effort to 
identify potential markers that have pathological significance for breast cancer, 
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proteomic analysis with 2-DE has been used in the current study. Protein extracts 
expressed in the plasma of breast cancer patients were compared to the plasma 
from healthy women using proteomic approaches. By comparing 2-DE profiles 
between tumor and non-tumor samples, we report herein the identification of 
protein of interest which up-expressed in the plasma from infiltrating ductal 
breast carcinoma patients among Tunisian women. Results are discussed with 
regard to the possible involvement of this protein in breast cancer development.

Material and Methods

Patients and controls
Patients and controls were selected from the same population living in the 
middle coast of Tunisia. Plasma were obtained at the time of diagnosis prior to 
any therapy from 6 patients with histologically diagnosed breast cancer at the 
department of gynecology at Sousse Hospital after informed consent was given. 
Tumors classified as infiltrating ductal carcinomas (IDCA) were pathologically 
staged according to the tumor-node-metastasis classification system of UICC. 
Histological grade was assessed according to the system of Elston and Ellis. All 
patients were divided according to their disease stage. Stage grouping was based 
on TNM formula of the patient, depending on tumor size, presence of regional 
metastatic lymph nodes and presence of distant metastases. Plasma from 16 
age-matched healthy volunteer women who visited the general health check-up 
division at Sousse Hospital (age range: 27–74; median age, 45 years) and having 
no history of cancer or autoimmune disease were collected and used as controls. 
Plasma samples were stored at -80°C before analysis.

Two dimensional gel electrophoresis 
Isoelectrofocalisation of proteins and SDS-PAGE
To the plasma, four volumes of cold acetone (-20°C) were added and the solution 
was incubated for 1 Hour at -20°C. The pellet was washed with cold acetone 
(80%), dried under partial vacuum and solubilised in 7.0 M urea, 2.0 M Thiourea, 
4% (w/v) CHAPS, 0,5% w/v DTT and 2% ampholytes (1 part pH 3/10, 1 part pH 
5/7, 2parts pH 6/8). Acetone precipitation led to a better resolution of abundant 
plasma proteins, but there has been significant loss in lower molecular weight 
proteins. Protein contents were determined according to the procedure described 
by Bradford and modified by Ramagli and Rodriguez 8 and 9. Bovine serum 
albumin (Fraction V, Sigma) was used as a standard. Analytical 2D-PAGE was 
carried out in a Bio-Rad system (Miniprotean II). Equal amounts of proteins 
issued from control or breast cancer samples were subjected simultaneously to 
isoélectrofocalisation (IEF) and SDS-PAGE analysis. Extraction of proteins, 
solubilisation, IEF, SDS-PAGE and staining were carried under very similar 
conditions for the different samples. Each experiment was repeated for at least 
three times. Focused strips were equilibrated in SDS equilibration buffer and 
were then loaded onto SDS gel slabs for separation in the second dimension 10.

Gel staining
After separation in SDS-PAGE gels, the proteins were visualised by a sensitive 
colloidal coomassie G-250 stain (Neuhoff et al, 1985). The dye solution 
contained 17% (w/v) ammonium sulfate, 3% (v/v) phosphoric acid, 0,1% (w/v) 
coomassie G250 and 34% (v/v) methanol. The staining solution was changed 
once after 12 hours staining and the gel slabs
subjected to a 24 hours cycle for increasing dye deposition on low abundance 
proteins. The detection was then increased by placing the gel into 1% v/v acetic 
acid for producing a better
contrast between spots and gel. Silver staining was done according to Oakley 

et al, 11. All coomassie and silver–stained gels were scanned into adobe 
photoshop 6.0. Alterations in protein levels defined as clear differences in size 
and/or density of the protein spot on the gel were confirmed through differential 
analyses using melanie 3.0 software tools. Comparison of the 2-D patterns with 
published human plasma protein 2D-PAGEs of the Swiss-2D-PAGE database  
allowed characterization of the indicated plasma proteins.

N-terminal amino acid sequencing
As the experimental and theoretical positions of a protein may differ significantly, 
the identity of proteins of interest was confirmed by sequencing. Plasma 
proteins (500 mg) were fractionated on 12 cm IEF rod gels (1.5 mm diameter) 
at 300 volts for 1 hour, 450 volts for 2 hours and 650 volts for 15 hours. SDS-
PAGE was performed under constant current intensity (35 mA/gel). Following 
electrophoresis, proteins were electroblotted on Immobilon P using a semi-dry 
blotter system (Millipore) and stained with coomassie blue according to the 
manufacturer’s instructions. Spots on Immobilon membranes, corresponding 
to polypeptides of interest were collected ans subjected to Edman degradation 
using an applied biosystem modele (Procise). Amino acid sequence analysis 
and data base search were performed at the National Center for Biotechnology 
Information (NCBI) and comparison with the Swiss Prot data bases.

Results and Discussion

The plasma proteome is an ideal source of diagnostic markers and therapeutic 
targets for several human diseases. In cancer, if a sensitive biomarker can be 
detected in plasma, its clinical use, especially for screening or early diagnosis is 
great 12.  In the current study, analysis of plasma proteins from untreated patients 
with infiltrating ductal breast carcinomas and from healthy controls was achieved 
using a 2-DE approach and differentially expressed proteins identified by protein 
sequencing. 2-DE investigations showed elevated levels of haptoglobin in plasma 
from patients diagnosed with breast cancer (Figure 1).  Further characterization of 
the haptoglobins spots (Acute Phase Protein) was performed by protein sequencing. 
The three spots were electroblotted on Immobilon P and subjected to N-terminal 
amino acid sequence analyses. The deduced sequences ( Hp : 1V  D  S  G   G   D  
V  R  D  I  A  A  S D  S   E P  N   P   P 20) was compared with the Swiss Prot data 
bases and found to correspond, respectively, to haptoglobin.
Hp, an acute phase protein, is synthesized as a single inactive polypeptide 
containing both α and β chain components that is prototypically processed post-
translationally to form the α- and β- subunits of the native protein. Post-translational 
events result in the proteolytic removal of the signal sequence at the late-stage 
secretory process. Other post-translational modifications result in the inclusion 
of the oligosaccharide side chains into the β-regions, as well as, in the cleavage 
of both α and β regions of two precursor proteins and their linkage via disulfide 
bonds to form the native form of haptoglobin, a 90 kDa tetramer composed of 
two non identical α- and β-subunits 13. 
In conjunction with our findings, several studies have reported increased 
concentrations of plasma haptoglobin, as well as, changes in the distribution of 
its phenotypes for several kinds of malignancies. In ovarian cancer, Hp expression 
has been correlated with poor outcome for survival, although it was not dependent 
on the histological type or grade of malignancy 14. 
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Fig 1: Two dimensional gel electrophoresis analyses of plasma proteins derived from (A) a breast cancer patient and (B) a healthy donor. Partial 2-DE 
images from a breast cancer sample (A) and from a control gel (B) are shown. 
Abr: ALB: albumin; Hp: haptoglobin and ApoAI: Apolipoprotein AI.
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Using a SELDI–TOF method, elevated serum levels of dissociated fragments of 
Hp in ovarian cancer, namely Hpα have been suggested as a factor that inhibits 
the native Hp-hemoglobin complex and interferes with immune cellular responses 
through its potent immunosuppressant activities. Although the cause of elevated 
levels of Hpα in sera from cancer patients is still not clear, it has been speculated 
that the dissociation of α- and β-subunits from the native Hp is a key step 15. 
Also, in sera from head and neck cancer patients, the expression levels of two 
isoforms of haptoglobin chain were found to be up regulated 16. 
In neoplastic diseases including breast cancer, the significance of increased 
expression of haptoglobin is not yet elucidated. Haptoglobin is a well known acute 
phase glycoprotein that is mainly secreted by liver cells, as well as, by cancer cells. 
It prevents renal damage by binding to hemoglobin and recycling the iron, protects 
DNA and tissues against oxidative stress, suppresses T-helper cell type 2 cytokine 
release and regulates both epidermal cell transformation and immune responses 
17. In cancer, Hp has been regarded as a marker of inflammation, tissue necrosis 
or malignancy that is mainly triggered by released cytokines like interleukin-6 and 
tumor necrosis-factorα (TNF-α) 13. From our findings, it is reasonable to suggest 
therefore, that enhanced hepatic synthesis of the protein will occur due to an acute 
phase response in breast cancer patients resulting in enhanced plasma haptoglobin  
concentration. Higher Hp levels in breast cancer may also have anti-inflammatory 
and immunosuppressive effects as this acute phase protein inhibits prostaglandin 
synthesis by blocking the catalytic activity of cyclooxygenase enzymes 18.  It may 
also play an important role in cell migration since it is a natural inhibitor of collagen 
degradation, a process that is often encountered in pathological conditions such 
as in breast cancer leading to extracellular matrix degradation and cell migration 
19. In this field, Hp has been reported to possess a significant inhibitory activity 
against cathepsin B, a well known protease involved in breast carcinogenesis. 
Besides Hp favors a dominant T-helper 1 cell mediated immune response which 
is an essential defence mechanism against tumors and acts as a major contributing 
factor in the host defence response to neoplasms by with holding free iron which 
is directly linked to breast cancer development through the generation of oxidants 
and suppressing immunity 20.
In conclusion, the present study showing the high production of haptoglobin in 
plasma of patients with breast cancer suggests that this protein may constitute 
new and useful marker of breast cancer that offer a clue to a better understanding 
of inflammatory pathways and carcinogenesis events linked to breast cancer 
progression.
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