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Two dimensional gel electrophoresis analyses of
human plasma proteins. Association of retinol
binding protein and transthyretin expression with
breast cancer
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Summary
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. We have found an association between retinol binding protein,
transthyretin expression and breast cancer. The levels of acute phase proteins known to accompany both acute and
chronic inflammatory disorders comprising haptoglobin, serum amyloid P, apolipoprotein A1, α1-antitrypsin and
α1-acidic glycoprotein were also intimately associated with this neoplastic disease.
symptoms appear (Brenner, 2002). However, since a
tumor should be at least a few millimeters in size, it is
already late when breast cancer is detected. So, there is a
considerable need for the identification of useful
pathological markers that can help not only in early
detection but also for typing and treatment.
It is well established that changes that occur in
disease versus normal tissues at either the gene (genomic)
or protein (proteomic) level are regarded as an appropriate
way to identify markers of pathologies that could be
correlated with drug response and patient survival.

I. Introduction
Breast cancer is the most frequent malignancy among
women representing a major health problem in many
countries. Considering the cellular complexity and the
dynamic structures of mammary tumors breast cancer is
mainly classified according to the cellular origin of the
cancer cells and on the evolution of the disease
(Hondermarck, 2003). Current methods used to detect
breast tumors are based on mammography. It is a widely
used and clinically screening method that is effective in
detecting early stage breast cancer before clinical
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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 (Conrads
et al, 2003). 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 (Anderson and Anderson, 1977; Hoogland et al,
1999). 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 (Adkins et al, 2002). 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 (Wrotnowski,
1998).
Blood plasma like cells contains many high abundant
proteins. The major constituents include albumine,
haptoglobin, immunoglobulins, transferrin, lipoproteins,
fibrinogene B and fibrinogene γ. Other very low abundant
proteins are commonly present in plasma (Wrotnowski,
1998; Anderson and Anderson, 2002). They represent the
low molecular weight plasma proteome and could be
generated from larger proteins by proteolysis within the
circulatory system or in the environment of the tumors.
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 (Wright, 1974). 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 (Charrier et al, 2001;
Petricoin et al, 2002). 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 (Diamandis, 1996; Buzdor and
Hortobagy, 1999). Kallikreins, a family of secreted serine
proteases were highly associated with ovarian carcinoma
as well as with breast and prostate cancers (Yousef and
Diamandis, 2001).
The plasma carries an archive of important
histological information whose determination could help
to improve early disease detection. In the present study, by
using 2-DE investigations of human plasma proteins we
have found an association between the levels of retinol
binding protein (RBP), transthyretin (TTR) and breast
carcinoma among Tunisian women.

II. Materials and methods
A. Patients and controls
Plasma samples were collected from six untreated patients
diagnosed with infiltrating breast ductal carcinoma. Control
subjects (16) were healthy blood donors having no evidence of
any personal or family history of cancer (or other serious illness).
Controls and patients were selected from the same population
living in the middle coast of Tunisia. All the samples were
collected with informed consent according to protocols approved
by the institutional review boards of the respective hospitals.
Plasma samples were stored at -80°C before analysis.

B. Two dimensional gel electrophoresis and
evaluation of 2D data
1. Isoelectrofocalisation of proteins (first
dimension) 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 (Bradford, 1976) and modified by Ramagli and
Rodriguez (Ramagli and Rodriguez, 1985). 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 isoelectrofocalisation
(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
(Laemmli, 1970).

2. 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, (1980). 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 2D patterns with published human plasma
protein 2D-PAGEs of the Swiss-2DPAGE database (Sanchez et
al, 1995) allowed characterization of the indicated plasma
proteins.

3. 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 µg) were
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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.

al, 1991) and heart disease (Cassler et al, 1992). The levels
of other acute phase proteins such as serum amyloid A
were altered after a severe head injury (Choukaite et al,
1989) or viral infections (Bini et al, 1996). By comparative
proteome analysis, Vejda et al (2002) found elevated
levels of degradation products of antiplasmin and laminin
γ-chain in cancer samples. They also found significantly
elevated levels of the acute phase proteins α1-acidic
glycoprotein, α1-antitrypsin, α1-antichymotrypsin and
haptoglobin. The α1-antitrypsin and laminin γ-chain were
described as being anti-apoptotic factors (Yoshida et al,
2001; Vejda et al, 2002). Kuhajda et al, (1989) reported
that haptoglobins could be associated with phenotypically
aggressive neoplasia and serve as mediators of some
malignant processes in breast cancer. They were also
found to stimulate collagen synthesis in fibroblasts from
cancerous body fluids (Viellard et al, 1974). Detection and
quantification of haptoglobins could also be a useful
diagnostic procedure in cancer. A recent study of
haptoglobin polymorphism in breast cancer patients
demonstrates that haptoglobin 1 and 2 alleles were overrepresented in patients with familial and non familial
breast cancer respectively (Awadallah and Atoum, 2004).
Other studies provided evidence that the haptoglobin α
subunit is specifically increased in sera of ovarian cancer
patients. It has been postulated that Hpα might affect the
immune response as a potent immunosuppressant (Bini et
al, 2003). The study we carried out showed an increase in
the levels of haptoglobin (β chain) in all breast cancer
samples (Figure 1). However, we were unable to draw
conclusions concerning α1 and α2 chains because of the
genetic polymorphism associated with the corresponding
gene. In the case of two other protein family members, α1acidic glycoprotein and α1-antitrypsin, showing elevated
levels in our breast cancer samples, a direct anti-apoptotic
mode of action has been demonstrated on tumor necrosis
factor-induced apoptosis of hepatocytes (Van Molle et al,
1997). The increase in the levels of protease inhibitors in
plasma such as α1-antitrypsin and α1-antichymotrypsin
could be related to the high proteolytic activity mediated
by proteases such as plasmin in cancer samples (Anderson
et al, 1993; Vejda et al, 2002). These two related
glycoprotein protease inhibitors, present in plasma could
also neutralize proteases released by leucocytes in
response to trauma and inflammatory stimuli (Bergman et
al, 1993). Serum amyloid P (SAP), a plasma glycoprotein,
shows also a slight increase in breast cancer samples
(Figure 1). This pentraxin protein has been shown to bind
chromatin in apoptotic and necrotic cells, thus preventing
antinuclear auto-immunity (Bickerstaff et al, 1990). The
SAP protein recognizes ligands from necrotic cells, binds
to late apoptotic cells and is involved in their phagocytosis
by human monocyte derived macrophages (Familian et al,
2001; Bijl et al, 2002).
A second set of proteins designed as negative acute
phase proteins comprising TTR and retinol binding protein
(RBP) displayed interestingly increased intensities in all
the breast cancer samples (Figure 1). A lower amount of
RBP and TTR was found in all control samples regardless
to the age. This result suggests that the association

III. Results and Discussion
Plasma proteomic analysis of six malignant breast
cancer samples and 16 samples from human healthy
donors were compared by high resolution two dimensional
gel electrophoresis. Several proteins were up-regulated in
all of the breast cancer samples compared to that of
healthy controls. The majority of the protein
identifications appeared to represent differences in overall
abundance. 2-DE investigations showed elevated levels of
acute phase proteins such as haptoglobin (β-chain), serum
amyloid P, α1-antitrypsin, α1-antichymotrypsin and α1acidic glycoprotein in plasma from patients diagnosed
with breast cancer (Figure 1). Two other proteins, highly
elevated in cancer plasma, were identified as RBP and
TTR.
The first group of proteins designed as positive acute
phase proteins is known to accompany both acute and
chronic inflammatory disorders (Doherty et al, 1998).
During tumoral growth, acute phase proteins have also
been described to accumulate at high levels and could be
used to distinguish tumor type and prognosis (Negishi et
al, 1987; Schmid et al, 1995; Alaiya et al, 2000). This is
well described for prostate cancer where the association of
antichymotrypsin and PSA is well investigated to help in
the differential diagnosis of prostate cancer from benign
prostate hyperplasia (Charrier et al, 2001). In a recent
study, Cho W C et al, (2004) identified serum amyloid A
as a serum biomarker that could be useful in the diagnosis
of relapse in nasopharyngeal cancer.
As our investigation, several studies have examined
aspects of the acute phase response in which many high
abundant plasma proteins increase or decrease following a
range of inflammatory insults or cancer (Bini et al, 1992).
In acute inflammatory responses and in rheumatoid
arthritis, differences in the levels of 19 acute phase
proteins were reported to be affected. These studies, based
on quantitative serum analysis, showed that high abundant
acute phase–related proteins could be good prognostic
markers of inflammation (Doherty et al, 1998). Gianazza
and co-workers (Miller et al, 1999, Eberini et al, 2000)
identified, using 2-DE, 34 proteins with human
homologues showing changes in protein abundance and
were associated with inflammatory diseases. Several other
2-DE studies have examined aspects of the acute phase
response following an inflammatory insult. Changes in
haptoglobin levels were reported in duchenne muscular
dystrophy (John and Purdom, 1989), human gonadotropin
isoforms in patients with trophoblastic tumors (Hoemann
et al, 1993) and ApoA-1 during parturition (Del Piore et
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Figure 1. Two dimensional gel electrophoresis analyses of plasma proteins derived from (A) a healthy donor and (B) a breast cancer
patient. Partial 2-DE images from a control gel (A) and from a breast cancer sample (B) are shown. Abr: STF: serotransferrin ; ALB:
albumin ; ACT: anti-chymotrypsin ; ATR: anti-trypsin ; AGP: acidic glycoprotein ; Hp: haptoglobin ; Fb: fibrinogen beta chain ; ApoAI:
apoAI lipoprotein ; SAP: serum amyloid P ; RBP: retinol binding protein.

between RBP and TTR expression in plasma and breast
cancer is unlikely to be related to the age.
Further characterization of the RBP and TTR spots
was performed by protein sequencing. The two spots were
electroblotted on immobilon P and subjected to N-terminal
amino acid sequence analyses. The deduced sequences
(RBP:1ERDCRVSSFRVKENFDKARF20;TTR:1GPTGTGE
SKCPLMVKVLDAV20) were compared with the Swiss
Prot data bases and found to correspond, respectively, to
retinol binding protein and transthyretin.
The high levels of RBP and TTR found in plasma of
Tunisian patients with breast cancer as revealed by 2D-

PAGE were not reported for other populations (Mehta et
al, 1987; Basu et al, 1988;1989; Russell et al, 1988; Vejda
et al, 2002). This may be attributable to differences in
study design, to the analyzed populations, as well as to the
presence of different confounding factors.
The retinol binding protein is a member of the
lipocalins family and has been used as a marker of
diseases associated with inflammation and cancer (Xu and
Venge, 2000). It is synthesized predominantly by the liver
and is the principal carrier of all-trans retinol (vitamin A)
in the blood stream (Goodman, 1984). Transthyretin acts
as a transport protein for thyroxin T4 and is the primary
542
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indirect carrier of vitamin A through its interaction with
retinol binding protein. It is well established that the
metabolism of RBP and TTR is highly associated with that
of vitamin A (Rosales et al, 2000). In the blood, the
retinol/ RBP complex further binds to transthyretin at a
ratio of 1:1:1 and is then transported to the target cells.
Retinol is then metabolized to its active form, retinoic acid
(RA), which is an important transcription modulator that
acts in the regulation of proliferation and differenciation of
many cell types (Blomhoff, 1994). Retinoids act also as
cancer chemopreventive and chemotherapeutic agents
(Honk and Sporn, 1997). They were also reported to
inhibit the growth of several breast cancer cell lines (Chen
et al, 1997). The action of retinol and RA is mediated by
their binding to cellular retinol (CRBP) and retinoic acid
binding proteins (CRABPI and CRABPII) and through
two different families of nuclear RA receptors. The latters
behave as ligand-activated–trans-acting transcription
factors that can regulate the expression of several retinoidresponsive genes and hence alters the growth of normal
and cancer cells (Mangelsdorf et al, 1994).
Recent studies indicate that the metabolism of retinol
to retinoids is greatly reduced in several human carcinoma
cell lines and tumor specimens (Guo and Gudas, 1998;
Guo et al, 2000, 2001). Carcinoma cells from the breast
showed a decrease in their ability to esterify retinol to
retinyl esters (Chen et al, 1997). It has been suggested that
this could lead to an inappropriate growth and to the loss
of normal differenciation processes (Mira-Y-Lopez et al,
2000). Another frequent event in a subset of human breast
cancers is the loss of CRBP expression. This protein is
postulated to regulate the formation of retinyl esters and
the synthesis of retinoic acid (Ong et al, 1994). It was
suggested that CRBP down regulation occurs through
DNA hypermethylation in human breast cancer and
contributes to breast tumor progression (Arapshian et al,
2004). The decrease in the levels of CRBP leads to a
restriction of the effects of intracellular vitamin A levels
on breast cells (Kuppumbatti et al, 2000; Arapshian et al,
2004). Furthermore, it has been shown that increasing the
levels of CRABPII, an intracellular lipid-binding protein
that associates with retinoic acid, in mammary carcinoma
cells (MCF7) strongly enhances their sensitivity to retinoic
acid-induced growth inhibition (Budhu and Noy, 2002).
These data provide the evidence that increasing the
intracellular levels of retinyl esters in malignant cells
could be a good approach to treat patients with breast
cancer. The increase in the plasma levels of RBP and TTR
could thus be linked to the lack of sufficient internal
retinyl ester stores necessary to regulate retinoid
responsive genes in malignant cells.
In conclusion, the present study showing the high
production of RBP and TTR in plasma of patients with
breast cancer suggests that overproduction of these
proteins could correlate with a decrease of retinyl esters in
tumor cells.

l’Enseignement Supérieur and le Ministère de la Santé
Publique de la République Tunisienne.
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