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Current cancer biomarkers suffer from low diagnostic sensitivity
and speciﬁcity and have not yet made a major impact on reducing
cancer burden. Proteomic methods based on mass spectrometry
have matured signiﬁcantly over the past few years and hold promise to deliver candidate markers for diagnosis, prognosis or monitoring therapeutic response. Because of the complex nature of
biological ﬂuids such as plasma, biomarker discovery efforts using
proteomics have not as yet delivered any novel tumor markers.
Recently, there has been a rise in the number of publications utilizing a cell culture-based model of cancer to identify novel candidate tumor markers. The secretome of cancer cell lines constitutes
an important class of proteins that can act locally and systemically
in the body. Secreted proteins, in addition to serving as serological
markers, play a central role in physiology and pathophysiology. In
this review, we focus on the proteomics of breast cancer and the
different strategies to mine for biomarkers, with particular emphasis on a cell culture-based model developed in our laboratory.
' 2008 Wiley-Liss, Inc.
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Renewed interest in biomarker discovery
The concept of early detection of various forms of cancer before
they spread, and become incurable, has attracted the attention of
physicians and scientists for decades.1 Forty percent of breast cancer patients have regional or distant spread of their disease at the
time of diagnosis.2 Moreover, survival rates of patients diagnosed
with advanced breast cancer have changed little over the past
20 years. It is known that survival is excellent for breast cancer
when early-stage disease is treated with existing therapies.1 Without doubt, shifting all cases to early detection will have a profound
impact on overall mortality and economic burden. Unfortunately,
other than deﬁnitive diagnosis by biopsy and histopathology, no
diagnostic or screening test is presently suitable for the early
detection of clinically relevant breast cancer. This is because sufﬁciently high sensitivity (the probability of the test being positive in
individuals with the disease) and speciﬁcity (the probability of the
test being negative in individuals without the disease) are usually
both not attributes of the same test; an increase in sensitivity tends
to result in a reduction in speciﬁcity, and vice versa. Newer diagnostic methods with improved sensitivity and speciﬁcity are
clearly needed to identify women with early stage breast cancer.
The ability to detect human malignancy via a simple blood test
has long been a major objective in medical screening. The advantages of such an easy to use, relatively noninvasive and operatorindependent test are self-evident. In this respect, cancer biomarkers can be DNA, mRNA, proteins, metabolites, or processes
such as apoptosis, angiogenesis or proliferation.3 An ideal tumor
marker should be measured easily, reliably and cost-effectively
using an assay with high analytical sensitivity and speciﬁcity.1 In
particular, an ideal tumor marker should be produced by the tumor
cells and enter the circulation and it should be present at low levels in serum of healthy or benign disease patients and increase signiﬁcantly in cancer (preferably in one cancer type). Moreover, an
ideal tumor marker should be present in detectable (or higher than
normal) quantities at early or preclinical stages and the quantitative levels of the tumor marker should reﬂect tumor burden.
Finally, it should demonstrate high diagnostic sensitivity and
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speciﬁcity. A caveat to currently used tumor markers is that generally, they suffer from low diagnostic speciﬁcity and sensitivity.
Only a few markers have entered routine use, and only for a limited number of cancer types and clinical settings. In the majority
of cases, the current markers are used in conjunction with imaging, biopsy and associated clinicopathological information before
a clinical decision is made.
The past decade has witnessed an impressive growth in the ﬁeld
of large-scale and high-throughput biology, which is attributed to
an era of new technology development. Most of the proteomic
technology platforms for biomarker discovery focus on the implementation of mass spectrometric techniques, in conjunction with
several other methods such as gel electrophoresis, isoelectric
focusing and chromatography. Mass spectrometry (MS) is an analytical technique that measures the masses of individual ionized
molecules and atoms. High detection sensitivity and molecular
speciﬁcity are hallmarks of MS. The advantages of MS are its
ability to provide molecular mass with high speciﬁcity, provide
high detection sensitivity (detects a single molecule), determine
structures of unknown compounds, its application to diverse samples (volatile, nonvolatile, polar, nonpolar, solid, liquid, gaseous
materials) and its ability to analyze complex mixtures.4 All information gathered from a mass spectrometer comes from the analysis of gas-phase ions. Therefore, the ﬁrst step is to convert the
analyte molecules into gas-phase ionic species (performed by an
ionization source) because once gaseous, their motion can be
manipulated (this cannot be done with neutral species).5 Then, a
mass analyzer separates the molecular ions and their charged fragments according to mass-to-charge (m/z) ratio. The ion currents
due to these mass-separated ions are detected by a detector and
displayed as a mass spectrum. All of these steps are carried out
under high vacuum to enable ions not to collide with other species.
The generated spectra are then analyzed by various algorithms.6
Furthermore, these MS-based technologies have matured over
the past few years and hence are capable of identifying thousands
of proteins simultaneously. These strategies should facilitate
delivery of potential candidate molecules for cancer diagnosis,
prognosis and prediction of therapy. These projected discoveries
may be instrumental in substantially reducing the burden of cancer
by providing prevention, individualized therapies and improved
monitoring post-treatment.

Different sources to mine for breast cancer biomarkers
In 1974, sera from normal volunteers, patients with a variety of
non-neoplastic diseases and patients with malignant or benign
tumors were examined by two-dimensional poly-acrylamide gel
electrophoresis.7 The authors did not identify speciﬁc proteins, but
rather, observed a differential expression pattern discriminating
the groups studied. However, despite the early searches for cancer
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biomarkers and despite the rapidly advancing proteomic techniques with superior sensitivity, none of the potential biomarkers
identiﬁed in proteomic experiments has found a niche for the management of breast cancer at the clinical level.8 Very few, if any,
serum tumor markers have been introduced to the clinic over the
past 15 years.9
Nevertheless, proteomics, and in particular mass spectrometry,
has been used to identify novel breast cancer biomarkers. Such
studies have predominantly examined breast tumor tissues and biological ﬂuids including serum, plasma, nipple aspirate or ductal
lavage as well as cancer cell lines.10 The intent of examining these
different sources include obtaining a better understanding of mammary oncogenesis11 and potentially leading to improvements in
screening, diagnosis as well as prognosis and/or prediction of therapeutic response. Because breast cancer is a complex and heterogenous disease, no single model or biological source is expected to
mimic all aspects of the disease.12 For this reason, an approach to
biomarker development should be well conceived and play to the
strengths of current technologies while acknowledging and
addressing the limitations.8
One of the sources to mine for potential biomarkers is serum or
plasma of breast cancer patients, when compared with serum of
healthy controls. Exploring biological ﬂuids is an attractive way to
look at secreted proteins. The analysis of plasma for breast cancer
biomarkers (and other cancer markers) is currently ongoing.9,13 It
has been estimated that blood contains more than 100,000 different protein forms with abundances that span 10–12 orders of magnitude.9 Unfortunately, the discovery of tumor-derived biomarkers
by analyzing plasma is challenging because the 20 most abundant
plasma proteins (concentration ranges in the mg/mL range)
account for 99% of the total protein mass and impede detection of
lower abundance tumor antigens.9 Potential tumor markers are
expected to exist in the low ng–pg/mL concentration range. Currently, without up-front fractionation techniques, the presence of
major proteins in blood represents a technological challenge for
the detection of the less abundant ones. The main concern is suppression of ionization of low abundance proteins by high abundance proteins such as albumin and immunoglobulins.
Fortunately for breast cancer, the mammary gland offers the
possibility to access local ﬂuids, which could be potential sources
for breast cancer biomarker discovery. Fluid found within the ductal and lobular system of the breast can be extracted through the
nipple using an aspiration device to obtain nipple aspirate ﬂuid
(NAF).14 Nonpregnant and nonlactating women continuously
secrete and reabsorb this ﬂuid.15 Consequently, NAF is a viable
source to me because it surrounds the ducts and breast epithelial
cells.16–18 Despite this, only a limited number of proteins have
been identiﬁed in NAF, predominantly owing to the presence of
high abundance plasma proteins.17,18
Alternatively, another source to me for potential biomarkers is
at the tissue level—examining normal mammary gland tissues and
breast tumors.19 Nevertheless, these structures are complex, incorporating different cell types with different proportions such as epithelial cells, adipocytes, myoepithelial cells and ﬁbroblasts.
Because of this multifaceted population, breast tumor cells comprise a minor fraction of this whole population of cells. Furthermore, tumor biopsies also contain blood components; therefore
proteomic analysis of breast tumor tissues also identiﬁes proteins
from circulating cells and from plasma.20 For tissue proteomics,
the hypothesis is that certain proteins originating in the tissue
could subsequently appear and be monitored in the bloodstream.
Leaky capillary beds, local production of proteases and the high
rates of cell death within the tumor mass are expected to facilitate
shedding or secretion of tumor proteins into the bloodstream. But
given the complexity of analyzing tissues, microdissection can be
regarded as a reasonable alternative for selectively isolating individual cell types. The limitations with this approach, though, are
the low amounts of material obtained, the large amount of sample
that is needed to perform an experiment and the quality of the dissected material which interfere with proteomic experiments.21

Interestingly, there has also recently been an effort to take
advantage of animal models in breast cancer research and their examination by proteomics.22 For example, a conditional HER-2/
neu-driven mouse model of breast cancer was used to examine the
proteome of tumor and normal mammary tissue.23 The authors
identiﬁed over 700 proteins. A caveat to using an animal model to
study human disease is whether the same genetic alterations transform both mouse and human epithelial cells.12 Furthermore, some
important aspects of breast cancer, particularly steroid hormone
dependence, are not well modeled in mice.24 Regardless of the
species differences, examining the tissues and/or biological ﬂuids
in the rodent model has the same limitations as examining them in
humans.
Tissue culture based biomarker discovery platform
using proteomics
Despite optimistic views that many more protein cancer biomarkers will be discovered through various high-throughput techniques, very few, if any, serum cancer biomarkers have been introduced at the clinic. These molecules have not yet been identiﬁed
presumably because their concentration in serum and/or biological
ﬂuids are too low and therefore cannot be measured or puriﬁed,
unless speciﬁc immunological reagents and highly sensitive
ELISA methods are available. Therefore, in the initial discovery
phase for novel cancer biomarkers, a less complex sample (elimination of high abundance proteins) is essential. Although clinical
validation of biomarkers must address variability arising from
genetic, environmental, and behavioral differences among
humans, optimization of the discovery and candidate veriﬁcation
processes involves controlling as many biological variables as
possible so that the current technologies being used can be directly
evaluated. Moreover, given that a secretome in a tumor microenvironment contains the extracellular matrix, constituted by proteins, receptors and adhesion molecules as well as a whole host of
secreted proteins such as cytokines, chemokines, growth factors
and proteases—all of which can be potential biomarkers,25 a cell
culture based model for sampling the secretome associated with
breast cancer appears promising. Secreted proteins play important
roles in physiology and pathophysiology and they can act locally
and systemically in the body. The secretome reﬂects the functionality of a cell in a given environment.26 For cell culture-based proteomic studies, the hypothesis is that proteins or their fragments
originating from cancer cells (hence present in the conditioned
media (CM)) may eventually enter the circulation. Therefore,
novel candidate tumor markers for breast cancer are secreted or
shed proteins that can be harnessed from tissue culture supernatants of human breast cancer cell lines using mass spectrometry.
CM as a source to mine for biomarkers is increasingly gaining
popularity, as illustrated by the rise in publications over the past
few years.
Breast cancer cell lines have been the most widely used models
to investigate how proliferation, apoptosis and migration become
deregulated during the progression of breast cancer.27 A number
of studies have used a cell culture model system where the cells
were grown in serum-free media (SFM) to perform proteomic
analysis.28–33 The clinical relevance of using a cell culture model
to understand biological processes and functions has been examined. Using DNA microarrays, the molecular subtypes of 31 breast
cell lines yielded 2 discriminating clusters corresponding to luminal cell lines and basal/mesenchymal cell lines.34 The basal subtype was further subdivided into Basal A and Basal B; this subdivision was not observed in primary tumors. In primary tumors,
gene expression patterns have been used to classify breast tumors
into 5 clinically relevant subgroups (luminal A, luminal B, basal,
ERBB2-overexpressing and normal-like).35,36 In general, the
luminal subtypes are estrogen receptor (ER) positive and grow
slowly, whereas basal-type lack ER and are usually high-grade
cancers that grow rapidly. Recently, the molecular taxonomy has
been conﬁrmed by protein expression proﬁling.37,38 Also recently,
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TABLE I – ADVANTAGES AND DISADVANTAGES OF A CELL
CULTURE-BASED MODEL FOR BIOMARKER DISCOVERY

Advantages
Cell lines are readily available.
Cost-effective.
High-throughput.
Easily modiﬁed, versatile.
Easily propagated.
Enables secretome analysis.
Permits detection of low abundance proteins (do not represent
the dynamic range problem associated with plasma; less
complex mixture).
Allows for reproducibility (under well-deﬁned experimental
conditions, it yields reproducible and quantiﬁable results),
growth standardized.
The proteome of cancer cells should reﬂect the genetic
alterations they harbor.
Cancer cells can be grown as xenografts.
Disadvantages
No single cell line will reﬂect the heterogeneity of cancer.
Multiple variants of the same cell line exist.
Host stromal environment inﬂuencing tumor development and
progression is absent.
A reductionist approach; cannot mimic complexity of
mammary gland; does not take into account the complex
interplay between cell types and the tissue
microenvironment.
Does not provide insight into the evolution of breast cancer
from benign lesions and normal breast epithelial cells.
Subclassiﬁcation of breast cancer cell lines based on
microarray data did not yield similar clusters as primary
tumors.

it was found that cell lines display the same heterogeneity in copy
number and expression abnormalities as the primary tumors.39
Indeed, cancer cell lines that are invasive in culture do form
tumors in immune deﬁcient mice. This is primarily because the
cancer cells in culture represent the tumor-forming cells in vivo.
Although no single cell line is truly representative, a panel of cell
lines show the heterogeneity that is observed in primary breast
cancers.39 In Table I, we outline the advantages and disadvantages
to using a cell culture-based approach to discover biomarkers
using proteomics.
Important factors to consider when performing
a conditioned media proteomic analysis
Typically, proteomic analysis of CM involves culturing the
cells in SFM to ensure that the collected CM contain no other extraneous proteins, except for the secreted or shed proteins from the
cancer cells, thereby facilitating their identiﬁcation through MS.
Furthermore, given that the cell lines to be used are speciﬁc to epithelial breast cancer cells, the proteins present in the CM must
originate from the cancer cell and not from the surrounding
stroma, thereby avoiding unnecessary complications in the analyses. Seeding density, incubation time in SFM, volume of media
used, type of SFM, type of tissue culture ﬂasks are all variables
that need to be explored thoroughly to select the most optimal
conditions for growth. Culture conditions also need to determine
the amount of cell death and autolysis occurring in SFM. Measurements of lactate dehydrogenase, an intracellular protein which if
measured in the CM of cell lines is an indicator of cell death, can
be utilized. Alternatively, the amount of major cytosolic proteins
such as beta-actin or beta-tubulin can be used to optimize incubation times. Also, when performing a proteomic analysis of CM
from cell lines, it is important that the cells are extensively washed
to remove protein components arising from the fetal bovine serum
(FBS) used in culture. Therefore, an essential experiment to perform is to incubate tissue culture ﬂasks with no cells added, but
treated with the same wash conditions and incubation times to
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serve as negative controls. The proteins identiﬁed in the negative
controls, predominantly FBS-derived proteins, can be deleted
from the list of proteins identiﬁed in the CM as arising from
incomplete washing of the ﬂasks. Moreover, it is known that cell
growth is slower in SFM and that cells are prone to autolysis
resulting in nonspeciﬁc release of intracellular proteins into the
culture supernatant. Hence, it is important to obtain a proteome of
the whole cell lysate derived from the same cell samples that were
the sources of CM to consider only proteins found uniquely in the
CM versus those that were found in the cell lysate. Finally, given
the selective ionization process of mass spectrometry, it is important to have at least biological triplicates (same cell line prepared
independently) in the analysis.
Tandem mass spectrometry analysis of breast cancer
conditioned media
Recently, we performed an extensive proteomic analysis of
supernatants from 3 breast cancer cell lines: MCF-10A, BT474
and MDA-MB-468.40 MCF-10A, a basal B subtype with intact
p53, was derived by spontaneous immortalization of breast epithelial cells from a patient with ﬁbrocystic disease and it has been
used extensively as a near-normal control in breast cancer studies.41 These cells do not survive when implanted subcutaneously
into immunodeﬁcient mice.41 BT474, a luminal subtype, obtained
from a stage II localized solid tumor, is positive for ER and progesterone receptor (PgR), which represent 50–60% of all breast
cancer cases.42 This cell line also displays ampliﬁcation of HER2/neu or erbB-2—which represents 30% of all breast cancer
cases.43 Finally, MDA-MB-468, a basal A-like subtype, obtained
from a pleural effusion of a stage IV patient,44 is ER and PgR negative (15–25% of breast cancer) and PTEN negative (30% of breast
cancer).45,46 Our comparative proteomic analysis of the CM of MCF10A, BT474 and MDA-MB-468 identiﬁed over 600, 500 and 700
proteins, respectively. A large portion of the proteins was present in
all 3 cell lines; however, a signiﬁcant portion contained proteins that
were unique to each of the lines. Various proteases, receptors, protease inhibitors, cytokines and growth factors were identiﬁed.
Another interesting study used tandem mass spectrometry to
sample the CM of 4 isogenic breast cancer cell lines differing in
aggressiveness.47 Three independent secreted proteome preparations (biological replicates) for each of the cancer cell lines were
performed. Using a protein fractionation strategy involving C2
columns previously reported to enrich for secreted proteins in the
CM,29 the authors identiﬁed over 250 proteins per cell line. From
the 37 most signiﬁcant secreted proteins across the isogenic cell
lines, 31 (87%) were also observed in our breast cancer CM analysis of 3 cell lines. More recently, another group analyzed the CM
of human mammary epithelial cells (HMEC) by LC-MS/MS and
identiﬁed 900 proteins.48 To speciﬁcally focus on proteins that
were secreted or shed, the authors compared their CM data with
their previous work on analyzing the proteome of whole HMEC
lysates. Approximately 150 proteins were identiﬁed to be enriched
in the extracellular compartment of HMEC. Eighty-three of these
proteins were also identiﬁed in our CM analysis (55% overlap).
Table II depicts the 13 extracellular and membrane proteins that
were common to all 3 CM analysis of breast cancer cell lines.
Quantitative proteomic approaches to discovery breast
cancer biomarkers using cell culture
The use of quantitative proteomic technologies to identify
promising candidate biomarkers is gaining popularity. Different
compounds with equal concentrations do not necessarily ionize
with the same efﬁciency. Therefore, techniques have been implemented to enable differential quantiﬁcation of proteins with MS.
In particular, the use of stable isotope labeling by amino acids in
cell culture (SILAC) is a promising strategy for comparative proteomics when using cell culture.49 SILAC relies on metabolic
incorporation of an isotopically labeled amino acid. Two groups
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TABLE II – OVERLAPPING EXTRACELLULAR AND MEMBRANE PROTEINS
ACROSS THREE INDEPENDENT STUDIES WITH BREAST CANCER CELL
LINE CONDITIONED MEDIA1
Protein name

Accession numbers

Clusterin precursor

IPI00291262,
IPI00400826
IPI00032293
IPI00028911
IPI00023673
IPI00294839
IPI00025110,
IPI00645972
IPI00032292,
IPI00642739
IPI00419585
IPI00007118

Cystatin C precursor
Dystroglycan precursor
Galectin-3-binding protein precursor
Lysyl oxidase homolog 2 precursor
Mesothelin isoform 1 preproprotein
Metalloproteinase inhibitor 1 precursor
Peptidyl-prolyl cis-trans isomerase A
Plasminogen activator inhibitor 1
precursor
quiescin Q6 isoform a
SPARC precursor

IPI00003590
IPI00014572,
IPI00654685
IPI00301812,
IPI00412898

Splice Isoform 1 of SPARC-related
modular calcium-binding protein
1 precursor
Thrombospondin-1 precursor
1

Data from previously published studies.

IPI00296099
40,47,48

of cells are grown in culture media that are identical except in 1
respect: the ﬁrst media contains the ‘‘light’’ and the other a
‘‘heavy’’ form of a particular amino acid (for e.g. L-leucine or deuterated L-leucine). Through the use of essential amino acids (those
not synthesizable by the cell-type) the cells are forced to use the
particular labeled or unlabeled form of the amino acid. In each
cell doubling, the cell population replaces at least half of the original form of the amino acid, eventually incorporating 100% of a
given light or heavy form of the amino acid. A variety of amino
acids are suitable in SILAC, including arginine, leucine, lysine,
serine, methionine and tyrosine. The different cell line CM can
then be combined and run together in a single MS run. The advantages of SILAC include the fact that the labeling process is highly
efﬁcient, it does not require additional puriﬁcations to remove
excess labeling reagent, nor does it involve multi-step labeling
protocols and the sample preparation bias introduced by the comparison of 2 separate preparation steps is avoided. As well, SILAC
allows the experimenter to use any method of protein or peptide
puriﬁcation (after enzymatic digestion) without introducing error
into the ﬁnal quantitative analysis. In 1 study, SILAC was utilized
to examine differential membrane expression between normal and
malignant breast cancer cells.50 Approximately 1,000 proteins
were identiﬁed with more than 800 of these proteins being classiﬁed as membrane or membrane-associated. Although the majority
of the proteins remained unchanged when compared with the corresponding normal cells, a number of proteins were found upregulated or down-regulated by greater than 3-fold.
Another relatively newer quantitative technology is Isobaric
Tagging Reagent for Absolute Quantitation (iTRAQ). It involves
the isobaric and amine labeling of peptides. The iTRAQ tag consists of a reporter group with 4 different masses in the low m/z
region (114, 115, 116 and 117), a balancer group and a peptide reactive group which covalently links the iTRAQ tag to each lysine
and N-terminus. After digestion with a protease, the peptides are
labelled with each of the respective iTRAQ tags and then combined together before MS. During MS/MS, the iTRAQ tag is
cleaved and the reporter group is released (114–117 mass range),
which is free from other common ions. The intensity of the reporter ions indicate the relative or absolute quantities of different
states examined. One of the major advantages of using iTRAQ is
that it enables comparison of up to 4 different samples in a single
LC-MS/MS run. Although iTRAQ has been used to label cell
lysates, in 1 study, the authors used iTRAQ to proﬁle the tyrosine
phosphorylation level of proteins in the MCF10AT model of
breast cancer progression.51

Criteria for breast cancer candidate biomarker selection
Using a cell culture based model, a proteomic platform for biomarker discovery can be utilized, which consists of 3 major
phases. The ﬁrst phase involves the identiﬁcation of markers using
multi-dimensional protein identiﬁcation technology (discovery
phase). Following identiﬁcation, the proteins must be prioritized
to select a subset of marker candidates based on several criteria
such as availability of reagent set for assay development and literature association to disease biology. The second phase consists of
developing preliminary assays to measure the levels of the
selected proteins in a relevant biological ﬂuid comprising cancer
and normal patients (veriﬁcation phase). The ﬁnal phase requires
expanding the number of samples used to evaluate only the candidates that continued to show promise in discriminating cancer
from normal from the veriﬁcation phase (validation phase). This
step involves the development of a robust analytical method such
as immunoassay to measure the proteins accurately in clinical
samples.
A major rate-limiting step for a biomarker discovery platform
thus far has been in the selection of candidate molecules to investigate further as breast cancer biomarkers from the over 100–
1,000s of proteins identiﬁed in the discovery phase. Given the different experimental questions being asked, a standard procedure
for candidate selection from a discovery platform could not be
established. However, a number of ﬁltering criteria exists that can
be applied to a dataset. In our proteomic analysis of breast cancer
cell lines, we chose to focus on only the extracellular and membrane proteins identiﬁed because it is these proteins that have the
highest chance of entering the circulation and hence serving as
serological markers. As well, 1 of the properties of an ideal tumor
marker is that it should be tissue speciﬁc. Currently, 1 of the few
markers used in the clinic that are tissue-speciﬁc is prostate-speciﬁc antigen (PSA) for prostate cancer. Therefore, it may be
important to examine tissue speciﬁcity of the narrowed list of proteins from the discovery phase using the Unigene database or in
silico analysis52 or comparing the proteome of breast cancer tissues to the proteome of CM and focusing only on the overlapping
members. In fact, among the 54 proteins identiﬁed by Alldridge et
al as being strongly over-expressed in breast tumors when compared with healthy control tissues, only a handful of proteins were
classiﬁed by localization as extracellular or membrane proteins,
which would have the highest chance of entering the circulation.19
Nevertheless, our CM analysis did identify approximately half of
the differentially expressed breast tissue-speciﬁc proteins (data not
shown). Another criterion to select a more limited set of proteins
for future exploration as potential breast cancer biomarkers is to
compare the dataset with mRNA microarray databases53 as well
as to examine overlapping proteins with proteomes of relevant biological ﬂuids such as NAF or tumor interstitial ﬂuid (TIF).54
Additionally, it is also equally important to perform literature
searches to identify molecules that have not been previously studied as serological markers for breast cancer.
Some of the secondary ﬁltering criteria that may assist in selection of candidate molecules include examining factors such as reagent availability (recombinant protein, antibodies and ELISA) and
focusing on proteins known to participate in pathways or signaling
cascades relevant to cancer progression. If different cell lines were
used in the discovery phase differing in aggressiveness, then,
proteins can be selected that are expressed only in the early or
advanced stages of cancer and not in the normal cell line.
Table III lists some of the criteria that can be applied to investigate
further only the proteins that have the highest chance of being successful in the veriﬁcation and validation phases.
Where the future lies
The classical tumor markers carcinoembryonic antigen and
alpha-feto protein were discovered in the ’60s mainly due to
the introduction of novel and relatively sensitive immunological

TISSUE CULTURE-BASED BIOMARKER DISCOVERY
TABLE III – PROPOSED FILTERING CRITERIA FOR CANDIDATE
SELECTION

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Focus on extracellular and membrane proteins.
Examine tissue speciﬁcity (Unigene database, SAGE1).
Compare to mRNA microarray databases.
Compare to proteins identiﬁed in other biological ﬂuids.
Examine molecules not previously examined as serological
markers for the cancer type (literature searches).
Perform tissue proteomics on relevant tissues to the cancer
type and compare with cell line data to select only
candidates that overlap between the two.
Reagent availability such as ELISA, antibodies etc.
Focus on proteins known to participate in pathways/signaling
related to cancer.
Focus on differentially expressed proteins (based on label-free
or quantitative proteomics).
Exclude high-abundance (lg/mL) serum proteins, especially
liver products and acute-phase reactants.

1

SAGE: Serial analysis of gene expression.

techniques (such as radial immunodiffusion), which allowed for
the detection of these antigens in cancer tissues with high speciﬁcity and reasonable sensitivity. The most contemporary cancer biomarkers used at the clinic today (such as carbohydrate antigen CA
125, CA 15.3, CA 19.9 and PSA) were mainly developed due to
the emergence, in the late ’70s, of the monoclonal antibody technology. Most of these tumor markers were discovered by using
cell lines or tumor extracts as immunogens and then selecting speciﬁc hybridoma clones which recognized these tumor antigens.55
Therefore, it is conceivable that novel tumor markers may be identiﬁed in the CM of cancer cell lines using newly emerging technologies such as mass spectrometry. The assumption that cancer biomarkers to be discovered will be secreted or shed proteins is reasonable, because it is expected that secreted or membrane-bound
proteins, the latter having the potential to be cleaved, have a high
chance of reaching the circulation and can be found in serum,
where they can be measured with immunological techniques. All
currently known cancer biomarkers are indeed secreted or shed
proteins.
It is conceivable that either the tumor itself or its microenvironment could be sources for biomarkers that would ultimately be
shed into the serum proteome, allowing for early disease detection
and for monitoring therapeutic efﬁcacy.56 However, in a tissue
culture-based model for discovery, the role of the microenvironment as being a source of biomarkers is currently not considered.
A major limitation of in vitro cell culture studies is that the culture
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conditions used to grow the cells do not mimic the breast microenvironment. The use of 3D culture methods of breast epithelial and
tumor cell lines may be considered as an alternative to the traditional 2D culturing on plastic. The modeling of the microenvironment in 3D cultures has previously been reviewed.57,58 Likewise,
during tumor growth, it is known that that the stroma plays an important role in establishing a paracrine interaction to facilitate tumor progression.12 Given that 2D cell cultures consist of an interaction of cells of the same type, they do not represent the ‘‘true’’
interaction. Alternatively, coculturing of cells to build a heterotypic culture may allow for the interactions between tumor cells
and stromal cells to occur and hence mimic an in vivo situation.
Cocultures have been used in the elucidation of breast cancer signaling pathways59 but as of yet, the use of cocultures to perform
proteomic analysis on the resulting CM for biomarker identiﬁcation has not been performed.
Furthermore, a commonly stated limitation for a tissue culturebased model of cancer is that no single cell line is truly representative of a complex and heterogenous disease such as breast cancer.
However, proteomic analysis of a relatively large panel of cell
lines may circumvent this limitation. Indeed, it is possible that performing a secretome analysis on at least 10 carefully selected
breast cancer cell lines may yield a more complete spectrum of
proteins to represent the complexity of the disease. Such an
approach poses mass spectrometry workload and bioinformatic
challenges. Pooling supernatants is a reasonable consideration.
Given that several breast cancer cell lines exhibit hormone dependence, the role of estrogen and progesterone-regulated signaling pathways in breast cancer can be elucidated by proteomics.
Using a cell culture-based model, hormonal stimulation of the
cells followed by proteomic analysis, to examine differentially
expressed proteins may be promising. Another emerging area is
drug stimulation of breast cancer cell lines to study responses
related to speciﬁc pathways. The ﬁeld of pharmaco-proteomics is
particularly interested in identifying proteins that are expressed
upon drug stimulation so that these proteins can serve as surrogate
markers of drug response in the clinic.
Although a less complex mixture can be utilized in the discovery phase to identify hundreds of proteins using mass spectrometry, once the list of promising biomarkers is selected, veriﬁcation
and validation must take place with biological ﬂuids such as serum
or urine. As quantitative proteomic technologies mature, the prospects of discovering novel cancer markers are increasing. If these
new technological advances prove to be successful in identifying
cancer biomarkers for early cancer detection, the clinical beneﬁts
are likely to be enormous.
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