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Abstract

Background: Transformed phenotypes are common to cell lines derived from various cancers. Proteome profiling
is a valuable tool that may reveal uncharacteristic cell phenotypes in transformed cells. Changes in expression of
glutathione S-transferases (GSTs) and other proteins interacting with glutathione (GSH) in model cell lines could be
of particular interest.

Methods: We compared the phenotypes of breast cell lines EM-G3, HCC1937, MCF7 and MDA-MB-231 using 2-D
electrophoresis (2-DE). We further separated GSH-binding proteins from the cell lines using affinity chromatography
with GSH-Sepharose 4B, performed 2-DE analysis and identified the main protein spots.

Results: Correlation coefficients among 2-DE gels from the cell lines were lower than 0.65, pointing to dissimilarity
among the cell lines. Differences in primary constituents of the cytoskeleton were shown by the 2-D protein maps
and western blots. The spot patterns in gels of GSH-binding fractions from primary carcinoma-derived cell lines
HCC1937 and EM-G3 were similar to each other, and they differed from the spot patterns of cell lines MCF7 and
MDA-MB-231 that were derived from pleural effusions of metastatic mammary carcinoma patients. Major
differences in the expression of GST P1-1 and carbonyl reductase [NADPH] 1 were observed among the cell lines,
indicating differential abilities of the cell lines to metabolize xenobiotics.

Conclusions: Our results confirmed the applicability of targeted affinity chromatography to proteome profiling and
allowed us to characterize the phenotypes of four breast cancer cell lines.

Background
Cell lines provide indispensable tools in many aspects of
laboratory research, particularly as in vitro models for
cancer research. About 6,500 new articles related to
cancer are retrieved every 30 days in PubMed, and
nearly 2,000 articles are retrieved with the key word ‘cell
line’.
Despite these advantages, the use of cell lines in can-

cer research is also disputatious [1]. A common argu-
ment for this is that cell lines are not representative of
the actual tumor diversity and heterogeneity [2].

It should be stressed that the use of different cancer
cell lines without considering their unique phenotypes is
a common problem neglected by many investigators.
For some in vitro applications (such as toxicological
assessments), it is essential to know the exact differen-
tiation state and functionality of the cells being used.
This can be approached through proteomic profiling
[3-5]. However, analysis of the complete proteome is a
complicated task. A common method for proteome ana-
lysis combines the protein separation by two-dimen-
sional electrophoresis (2-DE) with mass spectrometric
(MS) identification of selected protein spots [6,7].
Although 2-DE is capable of analyzing several thousand
proteins simultaneously, there are significant limitations
to this method. 2-DE cannot detect some potentially
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important proteins such as hydrophobic membrane pro-
teins and proteins with higher relative molecular mass.
Another problem is detection of proteins over their nat-
ural range of abundance [8].
A combination of affinity chromatography with pro-

teomic methodology is an attractive approach that may
lead to selective pre-fractionation of groups of proteins
of interest and enable detection of less abundant pro-
teins [9,10]. The expression of glutathione S-transferases
(GSTs) and other proteins interacting with glutathione
(GSH) in model cell lines is of particular interest. GSTs
are a superfamily of detoxification enzymes, and GSH is
in the front line of cellular defense against oxidative
stress [11,12]. Levels of GST expression are potentially
important determinants in the susceptibility of tissues
to the mutagenic effects of chemical carcinogens and
the response of tumors to chemotherapy [11]. The
impact of GST genetic polymorphisms on human can-
cer susceptibility has been addressed by many studies
[13]. GSTs are considered protein markers for indivi-
duation of chemotherapy [14,15]. Inhibitors of GSTs
can potentially be utilized to overcome tumor cell drug
resistance, or pro-drugs can be designed that are acti-
vated by GSTs and thereby take advantage of its overex-
pression [16].
The proportion of proteins interacting with GSH and

enzymes metabolizing GSH in a cell can potentially
denote the ability of a cell to survive in unfavorable con-
ditions [12]. In this study, we set out to enrich for GSH-
binding proteins from model breast cancer cell lines.
The most widely used breast cancer cell lines are

MCF7, established in 1973 [17], and MDA-MB-231
established in 1974 [18]. Both are derived from pleural
effusions of metastatic mammary carcinoma patients.
Line MCF7 expresses markers of the luminal epithelial
phenotype of breast cells and is used as a model for
estrogen receptor-positive tumors [19]. The MDA-MB-
231 line does not express epithelial markers but con-
tains a high level of vimentin, a marker of the mesench-
ymal phenotype. It is used as a model for estrogen
receptor-negative and HER-2/neu-negative breast can-
cers [20]. More recently, several permanent cell lines
were derived from primary breast tumors. Among these,
the line HCC1937 was isolated in 1998 from a primary
carcinoma of a germ-line BRCA1 mutation carrier [21].
Cell line EM-G3, derived from a primary lesion of infil-
trating ductal breast carcinoma, was established in 2006
[22]. It expresses mixed markers for the basal and lumi-
nal phenotypes and exhibits differentiation potential.
We separated the GSH-binding proteins in these cell

lines using affinity chromatography on GSH-Sepharose
4B, performed 2-DE analysis of proteins with affinity to
GSH and identified the main protein spots.

We also compared phenotypes of the breast cell lines
MCF7, MDA-MB-231, HCC1937 and EM-G3 using 2-
DE profiling. We have previously published the 2-DE
map of the EM-G3 cell line [23]. We prepared 2-DE
maps of the MCF7, MDA-MB-231 and HCC1937 cell
lines and analyzed the positions and intensities of the
main cellular protein spots. 2-DE is shown to be an easy
tool for straightforward comparison of cell phenotypes.
Besides compelling phenotypic differences, we found

considerable differences in the content of GSTs and
other GSH-binding proteins among the selected cell
lines.

Methods
Cell culture and sample preparation
The human breast cell line EM-G3 and primary cultures
of normal mammary epithelial (NME) cells from four
donors (NME23, NME35, NME36 and NME37) were
grown as described [22,24]. The samples were obtained
from women who underwent breast reduction at the
General Faculty Hospital in Prague. The written
patient’s informed consent approved by the Ethical com-
mittee of the General Faculty Hospital in Prague was
obtained prior to surgery.
Human breast cancer cell lines MDA-MB-231, MCF7

and HCC1937 were obtained from American Type Cul-
ture Collection (ATCC). Cells were maintained in MEM
supplemented with 10% bovine serum, 2% fetal bovine
serum, 2 mM L-glutamine, 100 U/ml penicillin and
100 μg/ml streptomycin.
Cells grown to confluence were washed with PBS then

harvested by treatment with trypsin/EDTA in PBS. Cells
were pelleted by centrifugation at 800 g for 10 min. Cell
pellets were washed three times with PBS and stored in
aliquots of 5 × 106 cells at -70°C.
Cell pellets destined for 2-DE analysis were lysed for

1 h in denaturing lysis buffer composed of 7 M urea, 2
M thiourea, 4% (w/v) CHAPS, 40 mM Tris, 65 mM
DTT and 2% (v/v) ampholytes (pH 9-11), using 60 μl
per 106 cells. The lysate was centrifuged at 16,000 g for
10 min at 20°C.
Cell pellets destined for affinity chromatography and/

or enzyme activity measurements were lysed for 30 min
in non-denaturing lysis buffer using 60 μl per 106 cells.
The buffer was composed of 20 mM Tris-Cl pH 8.0,
0.1% (w/v) CHAPS, 0.1 M NaCl, 0.25 M sucrose, 5 mM
DTT and 1 μl per 106 cells of protease inhibitor cocktail
P8340 (Sigma, USA). Cells were homogenized for
30 min at 0°C and sonicated three times for 2 s. The
lysate was centrifuged at 9,000 g for 10 min at 4°C,
resuspended (using 10 μl buffer per 106 cells), and the
combined supernatants were centrifuged at 16,000 g for
20 min at 4°C.
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Protein content was determined using the Bradford
assay [25]. Samples were stored in aliquots at -70°C.

Affinity chromatography on GSH-Sepharose 4B
The lysates from 107 cells of each cell line (EM-G3,
MCF7, MDA-MB-231 and HCC1937) in non-denaturing
buffer were applied to GSH-Sepharose 4B (GE Health-
care, Sweden) columns (1 × 1.5 cm). Affinity chromato-
graphy was performed according to the manufacturer’s
protocol with small modifications concerning buffer
supplementation and increased concentration of GSH in
elution buffer. All procedures were performed at 4°C.
Briefly, samples were incubated for 1 hour with resin
then washed with PBS supplemented with 0.05% (v/v)
protease inhibitor cocktail and 5 mM DTT. The
adsorbed proteins were eluted with 10 mM Tris-Cl pH
8.0 containing 5 mM GSH and 0.05% (v/v) protease
inhibitor cocktail.
The course of affinity chromatography was monitored

by absorbance at 280 nm and GST activity measure-
ments. Flow through fractions and GSH-eluted fractions
were concentrated and desalted using a Microcon cen-
trifugal filter device (Millipore, USA) with a 10 kDa
exclusion limit. GST activity was determined in the
samples. The samples destined for 2-DE were then
mixed with IEF rehydration buffer (7 M urea, 2 M
thiourea, 4% (w/v) CHAPS, 50 mM DTT and 0.8% (v/v)
ampholytes (pH 3-10)).

Glutathione S-transferase activity
GST activity was measured according to the method of
Habig et al. [26] using 1-chloro-2,4-dinitrobenzene
(CDNB) as the substrate. The reaction mixture (2 ml)
contained 50 mM potassium phosphate buffer pH 6.5,
1 mM GSH and 1 mM CDNB. The mixture was incu-
bated for 10 min at 25°C and the absorbance change at
340 nm was measured using a Lambda 25 UV/VIS spec-
trophotometer (Perkin Elmer, USA). Each determination
was performed in triplicate. Specific GST activity was
calculated using the S-(2,4-dinitrophenyl) glutathione
extinction coefficient ε340 = 9.6 mM-1·cm-1. One unit of
enzymatic activity is defined as the amount of enzyme
that catalyzes the formation of 1 μmol product per min-
ute under the specified conditions. Specific activity was
expressed as mM product per minute per mg protein.

2-DE
The cell lysates in denaturing buffer (70 μg or 15 μg of
protein) were applied to 18-cm linear IPG strips pH 4-7
or to 7-cm IPG strips pH 3-10 (GE Healthcare, Sweden).
The desalted and concentrated fractions after affinity

chromatography on GSH-Sepharose 4B that had been
transferred to IEF rehydration buffer were applied to
7-cm linear IPG strips pH 3-10.

2-DE was performed as described before [23], except
12% (4% stacking gel, 19 × 22 cm or 8 × 8 cm) polya-
crylamide gels were used instead of gradient gels. The
analytical gels were stained with silver stain according to
the Bloom method as modified by Rabilloud [27].
Preparative 1-D and 2-D gels (18-cm IPG strips pH

3-10) were prepared from the fractions eluted by GSH
from the GSH-Sepharose 4B. Preparative gels were
stained with colloidal Coomassie [28].

Image analysis
Gels were scanned with a GS-800 Calibrated Densit-
ometer (Bio-Rad, Hercules, CA) at 400 dpi resolution.
Gels were analyzed using PDQuest Advanced 8.0.1 2D
Gel Analysis Software (Bio-Rad, Hercules, CA). The
locations and intensities of spots in gels from whole cell
lysates differed considerably. The gels were analyzed in
pairs to minimize any mismatching of spots that was
pertinent to complex match sets. The same detection
parameters were used for each analysis. Correlation
coefficients among cell lines were determined after man-
ual editing of spot matching. Analysis of technical repli-
cates of gels from each cell line under the same
conditions was performed.
A match set was created from gels of GSH-binding

fractions. Spot detection and matching were edited
manually. Correlation coefficients among gels were
determined. Spot intensities in 2-DE gels of GSH-bind-
ing proteins eluted from the affinity columns were esti-
mated after normalization to the total density of the
image.

Mass spectrometry and protein identification
Proteins were excised from preparative gels and in-gel
digested with trypsin. Extracted peptides were concen-
trated in a SpeedVac (Thermo Fisher Scientific, USA).
The resulting peptide mixture was analyzed by LC-MS/
MS on an LTQ-ORBITRAP mass spectrometer (Thermo
Fisher Scientific, Germany) coupled to a Rheos 2000 2-D
capillary chromatograph (Flux Instruments, Switzerland).
The first dimension column was a Symetry C18, 180 μm
× 20 mm × 3 μm (Waters, UK) and the second dimen-
sion column was a PepMap C18, 75 μm × 150 mm ×
3 μm (LC Packings, USA). A data-dependent scan com-
posed of one full MS scan (resolution of 60,000) and
three CID MS/MS scans (resolution of 7,500) was used
as the mass spectrometry method. The mass tolerance
for peptide identification was 10 ppm and for searching
fragment ions was 50 ppm. The identities of all peptides
were confirmed by at least three fragment ions. Sequence
searches were performed against the Uniprot protein
database (version accessed at November 1, 2008) by Bio-
works Browser 3.3.1 SP1 and Sequest 2.0 software
(Thermo Fisher Scientific, USA).
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Immunoblotting
Cell lysates (20 μg protein) in denaturing buffer were
separated by SDS electrophoresis (12% SDS polyacryla-
mide gels) and electroblotted onto nitrocellulose mem-
branes at 12 V for 15 min in 20 mM CAPS/NaOH
buffer pH 10.3 containing 10% (v/v) methanol and 0.1%
(w/v) SDS. All incubations and washes were performed
at room temperature with 50 mM Tris/HCl buffer pH
7.5 containing 140 mM NaCl and 0.1% (v/v) Tween 20
(T-TBS). Membranes were blocked with 3% (w/v)
bovine serum albumin in T-TBS overnight. Membranes
were then incubated for 1 h with rabbit anti-actin anti-
body (A5060, Sigma, USA), mouse monoclonal anti-
vimentin antibody (RTU-VIM-V9, Novocastra, UK),
mouse monoclonal anti-CK19 antibody (NCL-CK19,
Novocastra, UK) and mouse monoclonal anti-CK13
antibody (NCL-CK13, Novocastra, UK).
Membranes were washed with T-TBS and incubated

for 1 h with anti-rabbit peroxidase-conjugated antibody
(A9169, Sigma, USA) or anti-mouse peroxidase-conju-
gated antibody (A9044, Sigma, USA). The membranes
were then washed with T-TBS and developed with dia-
minobenzidine or SuperSignal West Pico Chemilumi-
nescent substrate (Pierce, Rockford, IL) and detected
with a CCD camera Las-3000 (Fujifilm Life Science,
USA).

Results
Phenotypes of model cell lines
We prepared 2-DE protein maps for the MCF7, MDA-
MB-231 and HCC1937 cell lines in the pH range 4-7 and
compared them with our 2-DE protein map of the EM-
G3 cell line published in 2007 [23]. We performed image
analysis of the cell lines using PDQuest software.
Although the main cellular proteins could be matched
easily among the cell lines, the 2-DE protein maps dif-
fered considerably, pointing to the already known pheno-
typic differences among the lines. Quantitative
comparisons or searches for differentially expressed spots
have not been performed. Correlation coefficients among
2-D gels were used as a measure of similarity. Cell lines
were compared to each other, with a single image of each
cell line used to estimate the number of spots and corre-
lation coefficients among the lines. The correlation coef-
ficients between two technical replicates of gels from
each cell line were also determined. In total 10 analyses
were performed. The correlation coefficients are shown
in Table 1. The correlation coefficients among lines were
lower than 0.65, indicating their dissimilarity, while cor-
relation coefficients between technical replicates
exceeded a value of 0.80, indicating that high reproduci-
bility was achieved with our methodology [29].
The main cytoskeletal constituents of individual cell

lines are shown in Figure 1, together with Western blots

showing expression of actin, vimentin, CK19 and CK13.
High levels of mixed (basal and luminal) cytokeratins
were characteristic for the cell line EM-G3 [23]. The
MCF7 cells are known to express only the simple
epithelial CKs characteristic of the luminal mammary
cell phenotype [30]. MDA-MB-231 cells contain small
amounts of CKs but express the mesenchymal marker
vimentin [30]. The HCC1937 cell line does not express
basal CKs, and might be expected to express simple
CKs that are typical for luminal cells, as suggested from
our 2-DE protein maps. However, it does not express
CK19 but surprisingly contains a discernible amount of
CK13. Expression of CK13, which is not considered a
typical mammary gland cytokeratin, was observed in the
EM-G3 cell line [23].

GST activity in breast cell lines and primary cultures of
NME cells
The GST activity was measured in lysates from cells in
non-denaturing buffer. GST activities in lysates from the
permanent cell lines and four primary cultures of NME
cells were determined. The data are presented in Figure
2. The GST activities in the primary cultures ranged
between 200-500 mU/mg cell protein. Major differences
in GST activity were observed among the permanent
cell lines. The activity in MDA-MB-231 was about
200 mU/mg, the activity in EM-G3 was the highest
(912 mU/mg) while the GST activities in the lines
MCF7 and HCC1937 were negligible.

2-DE analysis of protein fractions retained on GSH-
Sepharose
Proteins fractions from lines EM-G3, HCC1937, MCF7
and MDA-MB-231 were eluted from GSH-Sepharose
columns with 5 mM GSH, concentrated and desalted by
ultrafiltration. The GST specific activity of eluted frac-
tions was about 100-200 fold higher then in cell lysates,
but the yields for the activity were only about 10-30% of
the total in the lysates before affinity chromatography.

Table 1 Correlation coefficients among cell lines and
number of spots detected in each cell line

EMG3 HCC1937 MDA-
MB231

MCF7 spotsa cor.
coef.b

EMG3 - 0.63 0.55 0.62 361 ±
13

0.88

HCC1937 - 0.62 0.65 388 ±
19

0.91

MDA-
MB231

- 0.46 401 ± 9 0.81

MCF7 - 344 ±
21

0.80

a) Number of spots detected in the gels from four analyses.

b) Correlation coefficient between two technical replicates of gels from a
given cell line.
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The protein concentrations in the eluted fractions were
very low.
2-DE gels of fractions from cell lines eluted with

5 mM GSH from GSH-Sepharose 4B columns are
shown in Figure 3. The 2-DE protein maps of GSH-
binding proteins contained several intensive spots and
many faint spots. The maps differed considerably among
cell lines. The main features distinguishing the protein
maps were the intense spots numbered 1 and 8 (Fig-
ure 3). We performed image analysis of the gels using
the PDQuest software. A single image of each GSH-
binding fraction was used to estimate the number of
spots and correlation coefficients among the gels. The
correlation coefficients are shown in Table 2. Although
the activity of GST was negligible in lines HCC1937 and
MCF7 as compared to lines EM-G3 and MDA-MB-231,
the overall spot patterns showed closer similarity
between lines HCC1937 and EM-G3, derived from the
primary tumors, when compared to the MDA-MB-231
and MCF7 lines derived from pleural effusions of meta-
static breast cancers.

Figure 1 Main constituents of cytoskeletons from the breast cell lines. Sections of the 2-DE gels (Mr 38-60, pI 4.6-5.7) from breast cell lines
showing the main constituents of the cytoskeleton. (A) The identities of spots are shown for cell line EM-G3. Spots corresponding to CKs are
framed. Simple CKs are in green, basal CKs are in blue and CKs atypical for mammary glands are in yellow. The data were subtracted from
Selicharova et al. [23]. Protein names are abbreviated as 40S rib.p.SA = 40S ribosomal protein SA, CK = cytokeratin, HSP = heat shock protein and
PDI = protein disulfide isomerase. (B) Estimated positions of CKs are shown for the cell lines HCC1937, MCF7 and MDA-MB-231. (C) Immunoblot
analysis. Proteins from each cell lysate were separated by 1-D SDS-PAGE and detected with rabbit anti-actin antibody and mouse monoclonal
anti-vimentin, anti-CK19 and anti-CK13 antibodies.

Figure 2 Specific activities of GST. Specific activities of GST in
four primary cultures (black columns) of NME cells (NME23, NME35,
MNE36 and NME37) and in permanent breast cell lines (white
columns).
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Protein identification
The fractions eluted by 5 mM GSH from GSH-Sepharose
4B contained very small amounts of protein. Only major
spots were visible in preparative gels. We succeeded in
identifying nine spots (Table 3). Seven spots were identi-
fied from 2-DE gels, and two more proteins were identi-
fied from bands in 1-D gels and their positions in 2-DE
gels were estimated (Figure 3). The relative quantities of
the spots in each cell line, as determined from the
PDQuest analysis, are presented in Table 4. The values
were normalized to total density in the gel image and are
expressed as thousandths of the total density.
The predominant protein retained on the GSH-affinity

column was GST P1-1, identified in three spots (no. 1, 2
and 3). The differences in pIs of the detected GST P1-1
isoforms might be caused by post-translational

modifications or they might rose from polymorphism of
the enzyme [Swiss-Prot:P09211]. These spots were
dominant in the EM-G3 and MDA-MB-231 cell lines
and almost undetectable in the MCF7 and HCC1937
cell lines. This is in accordance with the GST activity
measurements. We further identified GST M3-3 (spot
no. 4). This spot had a comparable intensity in each cell
line. Another large spot (no. 8) was identified as carbo-
nyl reductase [NADPH] 1. This protein was present in
the EM-G3 and HCC1937 cell lines and missing in the
MCF7 and MDA-MB-231 cell lines. We further identi-
fied elongation factors EF-1b (spot no. 5) and EF-1g
(spot no. 6) together with b-actin (spot no. 7) and lanC-
like protein 1 (LanCL 1, spot no.9).

Discussion
Our study had two goals: 1) to perform a basic compari-
son of breast cell line phenotypes by comparing protein
2-DE maps; and 2) to analyze the cellular sub-proteome
interacting with GSH in breast cell lines. Our results
confirmed the applicability of targeted affinity chromato-
graphy to proteome profiling and allowed us to charac-
terize the phenotypes of four breast cell lines.
Proteome profiling is a valuable tool providing infor-

mation about the phenotype, functionality and

Figure 3 GSH-binding proteins from the breast cell lines. Sections of the 2-DE gels (Mr 20-52, pI 4.3-9.3) for GSH-binding proteins from EM-
G3, HCC1937, MCF7 and MDA-MB-231 cell lines. Desalted and concentrated fractions from the affinity chromatography were focused on 7 cm
IPG strips pH 3-10 and separated in 12% SDS-PAGE gels. The proteins identified with numbered spots are listed in Table 3.

Table 2 Correlation coefficients among the GSH-binding
fractions and number of spots detected in each cell line

EMG3 HCC1937 MDA-MB231 MCF7 spots

EMG3 - 0.80 0.65 0.64 127

HCC1937 - 0.55 0.54 137

MDA-MB231 - 0.68 154

MCF7 - 132
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differentiation state of the cells. The challenge is that a
large number of proteins need to be clearly related to
specific functions. Suitable reference and control sam-
ples should be included in the analysis. This advanced
methodology for proteomic analysis and protein identifi-
cation should be combined with extensive bioinformatic
searches [4,5].
Here, we present a simplified approach that can be

utilized for basic comparisons of phenotypes for selected
cell lines. Major differences in proteomes of cell lines
selected for any application can be recognized directly
in a single 2-DE gel. Based on their similarity or dissimi-
larity a decision about usage of the cells can be made.
Analysis of whole cell lysates or of samples from tar-
geted pre-fractionation might also be used.
In this work, we took advantage of the previously

characterized proteome from the cell line EM-G3 [23].
Correlation coefficients among 2-D gels were used as a
measure of similarity [29]. Although all cell lines origi-
nated from breast cancer, their phenotypes were com-
pletely different as evidenced from our analysis. When

comparing whole cell lysates, the most diverse cell lines
were MCF7 and MDA-MB-231. However, this was not
the case when we compared the GSH-binding fractions.
The spot patterns in gels from cell lines HCC1937 and
EM-G3 derived from primary carcinomas were mutually
more similar, and differed from the spot patterns in the
cell lines MCF7 and MDA-MB-231 that are derived
from pleural effusions of metastatic mammary carci-
noma patients. Extensive changes in the GSH-binding
sub-proteome may be a characteristic feature of the
metastatic cell phenotype [14,31]. Alternatively, the
changes in GSH-binding proteomes might be partially
caused by extensive cultivation of the MCF7 and MDA-
MB-231 cell lines that were established long time ago
(in 1971 respectively in 1974) compared to the relatively
“younger” cell lines HCC1937 and EM-G3.
The GST activities among breast cell lines differed

widely. An inverse correlation between estrogen recep-
tor (ER) status and GST pi expression has been reported
for breast cancer [32]. This might explain the decreased
levels of GST pi in the MCF7 cell line, which is ER

Table 3 Proteins identified from GSH-binding fractions of breast cell lines

Spot no. Accession no. Protein name Theor. Mr/pI Meas. Mr/pI Seq. cov. (%) Pept. seq.

1 P09211 GST P1-1 23,2/5,4 25/5,5 52 15

2 P09211 GST P1-1 23,2/5,4 25/5,7 47 7

3 P09211 GST P1-1 23,2/5,4 25/5,3 51 10

4 P21266 GST M3-3 26,4/5,4 27/5,6 33 8

5 P24534 EF 1-b 24,6/4,5 30/4,5 24 6

6 P26641 EF 1-g 50,0/6,3 50/nda 18 7

7 P60709 b-actin 41,6/5,3 44/5,3 18 7

8 P16152 Carbonyl reductase [NADPH] 1 30,2/8,5 32/8,5 20 5

9 O43813 LanCL 1 45,3/7,9 40/nda 5 2

For each protein spot we show the accession number in the Swiss-Prot database, the protein name or its abbreviation, the theoretical (Theor.) and experimental
(Meas.) relative molecular weight (in kDa) and isoelectric point (Mr/pI), the sequence coverage and the number of peptides sequenced. Protein names are
abbreviated as GST = glutathione S-transferase, EF = elongation factor, LanCL 1 = LanC-like protein 1.

a) The proteins were identified from 1-D SDS-PAGE gels, and their positions in 2-D gels were estimated according to their Mr/pI (Figure 3).

Table 4 Relative intensities of spots in the gels from GST-binding fractions

Spot no. Accession no. Protein name Relative intensity of spotsa

EM-G3 HCC1937 MDAMB231 MCF7

1 P09211 GST P1-1 49 6 48 6

2 P09211 GST P1-1 16 - 7 -

3 P09211 GST P1-1 10 - 11 3b

4 P21266 GST M3-3 2 3 6 12

5 P24534 EF 1-b 11 26 5 2

6 P26641 EF 1-g 8 8 3 1

7 P60709 b-actin 17 34 24 32

8 P16152 Carbonyl reductase [NADPH] 1 15 22 1 -

9 O43813 LanCL 1 4 9 14 -

For each protein spot we show the accession number in the Swiss-Prot database, the protein name or its abbreviation. Relative intensities of spots in the gels
were estimated by PDQuest analysis. Protein names are abbreviated as GST = glutathione S-transferase, EF = elongation factor, LanCL 1 = LanC-like protein 1.

a) The values were normalized to total density in the gel image and are expressed as thousandths of total density.

b) The measured density corresponds to a proportional part of a diffuse spot that overlaps the respective position of spot no.3 (Figure 3).
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positive, and increased levels in the EM-G3 and MDA-
MB-231 cell lines that are ER negative. However it does
not explain the low levels of GST activity in the
HCC1937 cell line, which is also ER negative. Variability
in localization of GST pi between normal epithelial cells
and tumor cells was reported by Forrester et al. [33];
further, in some of their samples, GST pi was almost
absent from tumor tissue. Buser et al. [14] suggested
that low levels of GST activity are associated with more
aggressive and more advanced disease, while high levels
of GSTs are part of the initial phenotype of malignant
cells. We detected the highest specific activity of GST in
the cell line EM-G3, which represents a pre-malignant
population of mammary epithelial cells progenitors [22].
It is clear that expression of GST varies among breast
cancers. Exact determination of its expression is crucial
to ascertain the utility of drugs based on GST inhibitors
or activated by GST [16].
Comparison of 2-DE protein maps for proteins eluted

from GSH-Sepharose confirmed differences in the mea-
sured specific activities of GSTs and revealed deeper
divergences among cell lines.
We succeeded in identifying only the most abundant

proteins retained on the column. Faint spots were unde-
tectable in the preparative gels. The main proteins iden-
tified were GST P1-1 in three spots, GST M3-3 and
carbonyl reductase [NADPH] 1. All of these proteins are
involved in the metabolism of xenobiotics. GSTs cata-
lyze conjugation of glutathione with a wide variety of
electrophilic compounds [11]. Carbonyl reductase
[NADPH] 1 catalyzes reduction of a wide variety of car-
bonyl compounds including quinones, prostaglandins
and various xenobiotics [34]. It has high affinity for
GSH-conjugated substrates. Major divergences in
expression for these enzymes among the cell lines were
observed. Carbonyl reductase was missing in lines
MCF7 and MDA-MB-231, which are of metastatic ori-
gin. GST P1-1 was largely decreased in lines MCF7 and
HCC1937. These cell lines showed some similarity when
analyzing whole cell lysates, probably reflecting their
relation to the luminal phenotype of mammary cells as
based on their CK expression profiles [30].
Surprisingly we have not identified other typical GSH-

binding proteins, such as GSH peroxidase, GSH reduc-
tase or glyoxalase. These proteins were probably
retained on the column but not concentrated in suffi-
cient quantities for identification.
We also detected b-actin, which is one of the most

abundant proteins in cell lysates and was likely
retained on the column because it is a “sticky” protein
that interacts with many partners. Actin polymeriza-
tion is regulated by reversible glutathionylation, thus

the interaction with glutathione might be specific to a
certain extent [35].
We also identified two subunits of elongation factor 1

(EF-1): EF1-b and EF1-g. EF1-b contains a GST C-term-
inal domain and, together with EF1-δ, stimulates the
exchange of GDP that is bound to EF-1-alpha for GTP.
EF1-g contains both GST C-terminal and N-terminal
domains and probably plays a role in anchoring its com-
plex to other cellular components [36]. The role of GST
domains in elongation factor subunits is not clear. They
might be involved in the regulation of protein folding
and assembly [37].
The final protein identified was LanCL1. LanCL1 is a

mammalian ortholog of the prokaryotic enzyme lanthio-
nin synthase and its function in eukaryotes is unknown
[38]. Similar to our analysis, LanCL1 is one of the main
proteins from bovine brain lysates retained on GSH-
Sepharose [39]. It has been suggested that LanCL1
might be significant for neurodegenerative diseases and
in cellular signaling and differentiation [38].

Conclusions
To conclude, we analyzed the four breast cell lines EM-
G3, HCC1937, MCF7 and MDA-MB-231, and showed
major differences in their phenotypes especially in GSTs
activities and GSH-binding proteomes. It can be
deduced that such diversity might exist among other
cell lines and among activities of many other proteins.
Various cell lines are often used in parallel. They are
employed in determinations of bioactivities for various
compounds [40,41], in cytotoxicity measurements
[42,43] and also in studies of specific protein functions
and genes after gene manipulations [44,45]. Such com-
parisons of the behavior of cell lines should be inter-
preted considering their phenotypes. Particularly,
relevance of GST activity for toxicological studies is
obvious. Expression of GSTs in cell lines selected as
models for toxicological studies should be determined
and possibility of metabolization of tested compounds
should be considered.
The usefulness of targeted affinity in proteome profil-

ing has been demonstrated. However, when applying
this methodology certain issues should be taken into
account. The main restriction is a significant consump-
tion of a sample, while the yields of proteins retained on
affinity columns are very low. Introducing numerous
steps to sample handling is a source of contamination
and undefined protein losses. Affinity chromatography is
not a scavenger method, and complicated affinity equili-
bria for various proteins towards the ligand should be
anticipated [46]. Nevertheless, our study produced com-
pelling data that validates our approach.

Mladkova et al. BMC Cancer 2010, 10:449
http://www.biomedcentral.com/1471-2407/10/449

Page 8 of 10



List of abbreviations
2-DE: two dimensional electrophoresis; CK: cytokeratin; GSH: glutathione;
GST: glutathione S-transferase; MS: mass spectrometry; NME: normal
mammary epithelial

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
JM performed affinity chromatography, GST activity measurements and
prepared 2-DE gels, prepared the samples for identification of proteins and
contributed to writing of the manuscript. MS performed the LC-MS/MS
experiments and protein identifications. EM established and handled the cell
cultures. IS designed and coordinated the study, performed the analysis of
2-DE gels and Western blots and drafted the manuscript. All authors read
and approved the final manuscript.

Acknowledgements
This work was supported by the Chemical Genetics Consortium No. LC06077
of the Ministry of Education, Youth and Sports of the Czech Republic and
Research Project Z4 055 0506 of the Academy of Sciences of the Czech
Republic (to IOCB) and Research Project MSM0021620808 of the Ministry of
Education, Youth and Sports of the Czech Republic.

Author details
1Institute of Organic Chemistry and Biochemistry, Academy of Sciences of
the Czech Republic v.v.i., Prague, Czech Republic. 2Institute of Biochemistry
and Experimental Oncology, 1st Faculty of Medicine, Charles University,
Prague, Czech Republic. 3Prague Burn Centre, 3rd Faculty of Medicine,
Charles University, Prague, Czech Republic.

Received: 7 April 2010 Accepted: 23 August 2010
Published: 23 August 2010

References
1. Lacroix M, Leclercq G: Relevance of breast cancer cell lines as models for

breast tumours: an update. Breast Cancer Res Treat 2004, 83:249-289.
2. Burdall SE, Hanby AM, Lansdown MRJ, Speirs V: Breast cancer cell lines:

friend or foe? Breast Cancer Res 2003, 5:89-95.
3. Patterson SD, Aebersold RH: Proteomics: the first decade and beyond.

Nature Genet 2003, 33:311-323.
4. Slany A, Haudek VJ, Zwickl H, Gundacker NC, Grusch M, Weiss TS, Seir K,

Rodgarkia-Dara C, Hellerbrand C, Gerner C: Cell characterization by
proteome profiling applied to primary hepatocytes and hepatocyte cell
lines Hep-G2 and Hep-3B. J Proteome Res 2010, 9:6-21.

5. Hathout Y, Gehrmann ML, Chertov A, Fenselau C: Proteomic phenotyping:
metastatic and invasive breast cancer. Cancer Lett 2004, 210:245-253.

6. Gorg A, Drews O, Luck C, Weiland F, Weiss W: 2-DE with IPGs.
Electrophoresis 2009, 30(Suppl 1):S122-S132.

7. Weiss W, Gorg A: High-resolution two-dimensional electrophoresis.
Methods Mol Biol 2009, 564:13-32.

8. Zuo X, Echan L, Hembach P, Tang HY, Speicher KD, Santoli D, Speicher DW:
Towards global analysis of mammalian proteomes using sample
prefractionation prior to narrow pH range two-dimensional gels and
using one-dimensional gels for insoluble and large proteins.
Electrophoresis 2001, 22:1603-1615.

9. Lee WC, Lee KH: Applications of affinity chromatography in proteomics.
Anal Biochem 2004, 324:1-10.

10. Collinsova M, Castro C, Garrow TA, Yiotakis A, Dive V, Jiracek J: Combining
combinatorial chemistry and affinity chromatography: highly selective
inhibitors of human betaine: homocysteine S-methyltransferase. Chem
Biol 2003, 10:113-122.

11. Di Pietro G, Magno LA, Rios-Santos F: Glutathione S-transferases: an
overview in cancer research. Expert Opin Drug Metab Toxicol 2010,
6:153-170.

12. Ballatori N, Krance SM, Notenboom S, Shi S, Tieu K, Hammond CL:
Glutathione dysregulation and the etiology and progression of human
diseases. Biol Chem 2009, 390:191-214.

13. Marahatta SB, Punyarit P, Bhudisawasdi V, Paupairoj A, Wongkham S,
Petmitr S: Polymorphism of glutathione S-transferase omega gene and
risk of cancer. Cancer Lett 2006, 236:276-281.

14. Buser K, Joncourt F, Altermatt HJ, Bacchi M, Oberli A, Cerny T: Breast
cancer: pretreatment drug resistance parameters (GSH-system, ATase, P-
glycoprotein) in tumor tissue and their correlation with clinical and
prognostic characteristics. Ann Oncol 1997, 8:335-341.

15. Chekhun VF, Zhylchuk VE, Lukyanova NY, Vorontsova AL, Kudryavets YI:
Expression of drug resistance proteins in triple-receptor-negative tumors
as the basis of individualized therapy of the breast cancer patients. Exp
Oncol 2009, 31:123-124.

16. Mahajan S, Atkins WM: The chemistry and biology of inhibitors and pro-
drugs targeted to glutathione S-transferases. Cell Mol Life Sci 2005,
62:1221-1233.

17. Soule HD, Vazguez J, Long A, Albert S, Brennan M: A human cell line from
a pleural effusion derived from a breast carcinoma. J Natl Cancer Inst
1973, 51:1409-1416.

18. Cailleau R, Young R, Olive M, Reeves WJ Jr: Breast tumor cell lines from
pleural effusions. J Natl Cancer Inst 1974, 53:661-674.

19. Horie K, Urano T, Ikeda K, Inoue S: Estrogen-responsive RING finger
protein controls breast cancer growth. J Steroid Biochem Mol Biol 2003,
85:101-104.

20. Rochefort H, Glondu M, Sahla ME, Platet N, Garcia M: How to target
estrogen receptor-negative breast cancer? Endocrine-Related Cancer 2003,
10:261-266.

21. Tomlinson GE, Chen TTL, Stastny VA, Virmani AK, Spillman MA, Tonk V,
Blum JL, Schneider NR, Wistuba II, Shay JW, Minna JD, Gazdar AF:
Characterization of a breast cancer cell line derived from a germ-line
BRCA1 mutation carrier. Cancer Res 1998, 58:3237-3242.

22. Brozova M, Kleibl Z, Netikova I, Sevcik J, Scholzova E, Brezinova J,
Chaloupkova A, Vesely P, Dundr P, Zadinova M, Krasna L, Matouskova E:
Establishment, growth and in vivo differentiation of a new clonal
human cell line, EM-G3, derived from breast cancer progenitors. Breast
Cancer Res Treat 2006, 103:247-257.

23. Selicharova I, Smutna K, Sanda M, Ubik K, Matouskova E, Bursikova E,
Brozova M, Vydra J, Jiracek J: 2-DE analysis of a new human cell line EM-
G3 derived from breast cancer progenitor cells and comparison with
normal mammary epithelial cells. Proteomics 2007, 7:1549-1559.

24. Matouskova E, Dudorkinova D, Krasna L, Vesely P: Temporal in vitro
expansion of the luminal lineage of human mammary epithelial cells
achieved with the 3T3 feeder layer technique. Breast Cancer Res Treat
2000, 60:241-249.

25. Bradford MM: A rapid and sensitive method for the quantitation of
microgram quantities of protein utilizing the principle of protein-dye
binding. Anal Biochem 1976, 72:248-254.

26. Habig WH, Pabst MJ, Jakoby WB: Glutathione S-transferases. The first
enzymatic step in mercapturic acid formation. J Biol Chem 1974,
249:7130-7139.

27. Rabilloud T: A Comparison Between Low Background Silver Diammine
and Silver-Nitrate Protein Stains. Electrophoresis 1992, 13:429-439.

28. Candiano G, Bruschi M, Musante L, Santucci L, Ghiggeri GM, Carnemolla B,
Orecchia P, Zardi L, Righetti PG: Blue silver: A very sensitive colloidal
Coomassie G-250 staining for proteome analysis. Electrophoresis 2004,
25:1327-1333.

29. Challapalli KK, Zabel C, Schuchhardt J, Kaindl AM, Klose J, Herzel H: High
reproducibility of large-gel two-dimensional electrophoresis.
Electrophoresis 2004, 25:3040-3047.

30. Williams K, Chubb C, Huberman E, Giometti CS: Analysis of differential
protein expression in normal and neoplastic human breast epithelial cell
lines. Electrophoresis 1998, 19:333-343.

31. Vydra J, Selicharova I, Smutna K, Sanda M, Matouskova E, Bursikova E,
Prchalova M, Velenska Z, Coufal D, Jiracek J: Two-dimensional
electrophoretic comparison of metastatic and non-metastatic human
breast tumors using in vitro cultured epithelial cells derived from the
cancer tissues. BMC Cancer 2008, 8:107.

32. Gilbert L, Elwood LJ, Merino M, Masood S, Barnes R, Steinberg SM,
Lazarous DF, Pierce L, d’Angelo T, Moscow JA: A pilot study of pi-class
glutathione S-transferase expression in breast cancer: correlation with
estrogen receptor expression and prognosis in node-negative breast
cancer. J Clin Oncol 1993, 11:49-58.

33. Forrester LM, Hayes JD, Millis R, Barnes D, Harris AL, Schlager JJ, Powis G,
Wolf CR: Expression of glutathione S-transferases and cytochrome P450
in normal and tumor breast tissue. Carcinogenesis 1990, 11:2163-2170.

Mladkova et al. BMC Cancer 2010, 10:449
http://www.biomedcentral.com/1471-2407/10/449

Page 9 of 10

http://www.ncbi.nlm.nih.gov/pubmed/14758095?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14758095?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12631387?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12631387?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12610541?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19678649?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19678649?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19678649?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15183541?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15183541?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19441019?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19544015?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11425216?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11425216?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11425216?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14654038?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12618183?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12618183?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12618183?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20078251?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20078251?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19166318?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19166318?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15992993?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15992993?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9209662?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9209662?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9209662?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9209662?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19550405?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19550405?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15798895?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15798895?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4357757?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4357757?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4412247?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4412247?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12943693?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12943693?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12790787?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12790787?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9699648?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9699648?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17063277?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17063277?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17366476?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17366476?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17366476?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10930112?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10930112?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10930112?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/942051?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/942051?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/942051?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4436300?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4436300?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1425556?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1425556?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15174055?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15174055?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15349946?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15349946?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9548300?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9548300?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9548300?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18416831?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18416831?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18416831?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18416831?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8418241?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8418241?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8418241?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8418241?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2265468?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2265468?dopt=Abstract


34. Bateman RL, Rauh D, Tavshanjian B, Shokat KM: Human carbonyl reductase
1 is an S-nitrosoglutathione reductase. J Biol Chem 2008,
283:35756-35762.

35. Johansson M, Lundberg M: Glutathionylation of beta-actin via a cysteinyl
sulfenic acid intermediary. BMC Biochem 2007, 8:26.

36. Ejiri S: Moonlighting functions of polypeptide elongation factor 1: from
actin bundling to zinc finger protein R1-associated nuclear localization.
Biosci Biotechnol Biochem 2002, 66:1-21.

37. Koonin EV, Mushegian AR, Tatusov RL, Altschul SF, Bryant SH, Bork P,
Valencia A: Eukaryotic translation elongation factor 1 gamma contains a
glutathione transferase domain–study of a diverse, ancient protein
superfamily using motif search and structural modeling. Protein Sci 1994,
3:2045-2054.

38. Zhang W, Wang L, Liu Y, Xu J, Zhu G, Cang H, Li X, Bartlam M, Hensley K,
Li G, Rao Z, Zhang XC: Structure of human lanthionine synthetase C-like
protein 1 and its interaction with Eps8 and glutathione. Genes Dev 2009,
23:1387-1392.

39. Chung CH, Kurien BT, Mehta P, Mhatre M, Mou S, Pye QN, Stewart C,
West M, Williamson KS, Post J, Liu L, Wang R, Hensley K: Identification of
lanthionine synthase C-like protein-1 as a prominent glutathione
binding protein expressed in the mammalian central nervous system.
Biochemistry 2007, 46:3262-3269.

40. Warleta F, Campos M, Allouche Y, Sanchez-Quesada C, Ruiz-Mora J,
Beltran G, Gaforio JJ: Squalene protects against oxidative DNA damage in
MCF10A human mammary epithelial cells but not in MCF7 and MDA-
MB-231 human breast cancer cells. Food Chem Toxicol 2010, 48:1092-1100.

41. Pichot CS, Hartig SM, Xia L, Arvanitis C, Monisvais D, Lee FY, Frost JA,
Corey SJ: Dasatinib synergizes with doxorubicin to block growth,
migration, and invasion of breast cancer cells. Br J Cancer 2009,
101:38-47.

42. Aroui S, Brahim S, Waard MD, Kenani A: Cytotoxicity, intracellular
distribution and uptake of doxorubicin and doxorubicin coupled to cell-
penetrating peptides in different cell lines: a comparative study. Biochem
Biophys Res Commun 2010, 391:419-425.

43. Huang Y, Hager ER, Phillips DL, Dunn VR, Hacker A, Frydman B, Kink JA,
Valasinas AL, Reddy VK, Marton LJ, Casero RA Jr, Davidson NE: A novel
polyamine analog inhibits growth and induces apoptosis in human
breast cancer cells. Clin Cancer Res 2003, 9:2769-2777.

44. Susila A, Chan H, Loh AX, Phang HQ, Wong ET, Tergaonkar V, Koh CG: The
POPX2 phosphatase regulates cancer cell motility and invasiveness. Cell
Cycle 2010, 9:179-187.

45. Mineva ND, Wang X, Yang S, Ying H, Xiao ZX, Holick MF, Sonenshein GE:
Inhibition of RelB by 1,25-dihydroxyvitamin D3 promotes sensitivity of
breast cancer cells to radiation. J Cell Physiol 2009, 220:593-599.

46. Wilchek M, Miron T, Kohn J: Affinity chromatography. Methods Enzymol
1984, 104:3-55.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2407/10/449/prepub

doi:10.1186/1471-2407-10-449
Cite this article as: Mladkova et al.: Phenotyping breast cancer cell lines
EM-G3, HCC1937, MCF7 and MDA-MB-231 using 2-D electrophoresis
and affinity chromatography for glutathione-binding proteins. BMC
Cancer 2010 10:449.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Mladkova et al. BMC Cancer 2010, 10:449
http://www.biomedcentral.com/1471-2407/10/449

Page 10 of 10

http://www.ncbi.nlm.nih.gov/pubmed/18826943?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18826943?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18070357?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18070357?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11866090?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11866090?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7703850?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7703850?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7703850?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19528316?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19528316?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17305318?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17305318?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17305318?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20138105?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20138105?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20138105?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19513066?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19513066?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19914216?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19914216?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19914216?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12855657?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12855657?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12855657?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20016286?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20016286?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19373868?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19373868?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6371446?dopt=Abstract
http://www.biomedcentral.com/1471-2407/10/449/prepub

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Cell culture and sample preparation
	Affinity chromatography on GSH-Sepharose 4B
	Glutathione S-transferase activity
	2-DE
	Image analysis
	Mass spectrometry and protein identification
	Immunoblotting

	Results
	Phenotypes of model cell lines
	GST activity in breast cell lines and primary cultures of NME cells
	2-DE analysis of protein fractions retained on GSH-Sepharose
	Protein identification

	Discussion
	Conclusions
	List of abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References
	Pre-publication history

