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Abstract
Background and Objectives: The initiating steps and precise pathway of breast tumorigenesis are poorly understood and it is unclear
if Ductal Carcinoma In Situ (DCIS) progresses to invasive ductal carcinoma (IDCA) of the breast. This study was undertaken to identify
proteins that are differentially expressed between IDCA and DCIS and that may predict the invasive potential of breast tumors.
Methodology: It is utilized that the two-dimensional difference in gel electrophoresis technology (2D-DIGE) and tandem mass
spectrometry (LC-MS/MS) to perform proteomic analysis of IDCA (MCF-7 and BT-474) and DCIS (HCC-1500 and HCC-38) cell lines. Results:
Identified 10 proteins that were differentially expressed between IDCA and DCIS ($2-fold difference; p#0.05) and classified the proteins
according to their Gene Ontology (GO). Out of these proteins, 60 kDa mitochondrial heat shock protein (HSPD1), Heat Shock Protein Beta
1 (HSPB1) and the voltage-dependent anion-selective channel protein 1 (VDAC1) are over expressed in IDCA compared to DCIS.
Conclusion: The functional role of the differentially expressed proteins suggests that they may serve as biomarkers for identification of
tumors with invasive potential.
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cultured and maintained at 37.0EC in the presence of 95%
atmospheric air and 5% carbon dioxide (CO2) using a complete
growth medium (MCF-7 in ATCC-formulated Eagleʼs Minimum
Essential Medium, Catalog No. 30-2003, BT-474 in ATCC
Hybri-Care Medium; Catalog No. 46-× and HCC-38 and
HCC-1500 in ATCC-formulated RPMI-1640 Medium, Catalog
No. 30-2001) supplemented with fetal bovine serum. All tissue
culture experiments were performed at the Windber Research
Institute, Windber, PA, USA. At the end of cell culture, the cells
were harvested and re-suspended in ToPI-DIGE buffer
(ITSI-Biosciences Johnstown, PA, USA) and stored at -80EC
until analyzed.

INTRODUCTION
Breast cancer is the most commonly diagnosed cancer in
women and it accounts for a significant number of
cancer‒related deaths in women in Nigeria1,2. According to the
American Cancer Society3, breast cancer ranks second as the
cause of cancer death in women in America. It was estimated
that 234,190 new breast cancer cases will be diagnosed in the
US in 2015 and about 40,730 were expected to die from the
disease3.
There are different types of breast cancer. Cancer cells
that remain confined to the lobule and the ducts are called
in situ or non-invasive. They are sometimes also referred to as
pre-cancers in recognition of the fact that these cells have not
yet gained the ability to spread to other parts of the body,
which is the feature that most people associate with cancer.
The non-invasive breast cancers are ductal carcinoma in situ
also called intraductal carcinoma and lobular carcinoma in situ
and accounts for about 10% of all cases 4.
An invasive cancer is one, where the cells have moved
outside the ducts and lobules into the surrounding breast
tissue. Infiltrating ductal carcinoma, an invasive cancer,
penetrates the wall of a duct and is the most common form of
breast cancer constituting about 70% of all cases. Infiltrating
lobular carcinoma, also an invasive cancer spreads through
the wall of the lobule. It accounts for about 8% of all breast
cancer cases. The breast can be divided into 4 quadrants
excluding the nipple and cancer is most frequent in the upper
outer quadrant of the breast. Each quadrant has its rate and
percentage of occurrence4.
Ductal carcinoma in situ lies along a broad range of
related qualities of preinvasive lesions originating within
normal breast tissue with histologic progression from atypical
hyperplasia to invasive breast cancer5. Although, the initiating
steps and precise pathways of breast tumorigenesis remain
poorly defined, it appears that nearly all invasive breast
cancers arise from in situ carcinomas. Hence, this study was
undertaken to use proteomics to identify proteins that are
differentially expressed in invasive ductal carcinoma (IDCA)
when compared with Ductal Carcinoma In Situ (DCIS).
Differentially expressed proteins may serve as biomarkers
differentiating IDCA from DCIS and most importantly find
utility in predicting the onset of invasion of breast cancer.

Two-dimensional difference gel electrophoresis (2D-DIGE):
The samples were analyzed by 2D-DIGE and tandem mass
spectrometry. Briefly, total protein was isolated from each cell
line using the ToPI-DIGE kit, total protein concentration
determined using the ToPA protein assay6. For 2D-DIGE, the
minimal-labeling protocol previously described7 was used to
label 50 µg of total protein from each sample using 200 pmole
of Cy3 or Cy5 fluorescent dyes. Additionally, an equal aliquot
of protein from all samples in the study were pooled and
labeled with Cy2 dye. The Cy2 labeled pooled sample was
added to each gel and used as the universal internal control
(U) to allow for the quantitative comparison of all samples.
The Cy2, Cy3 and Cy5 labeled samples in addition to 175 µg of
unlabelled protein were mixed and loaded on a single 24 cm
IEF strip, pH 3-10 NL for the 1st dimension separation using
the Ettan IPGphor II (GE Healthcare, Piscataway, NJ). The strips
were rehydrated in the presence of the samples for 12 h at
30 V and then focused for a total of 65,000 V h6. For 2nd
dimension separation, each focused strip was loaded onto a
24×20 cm, 12.5% SDS-PAGE gel and run for 4 h. After 2D-DIGE
(1st and 2nd dimension separations) the gels were scanned at
three wavelengths with a DIGE enabled variable mode digital
scanner (Typhoon Trio; GE Healthcare Piscataway, NJ) to
capture the Cy3, Cy5 and Cy2 signals. Subsequently, each gel
was stained with Sypro Ruby, scanned and a pick list of
candidate proteins generated as previously described 6.
Image analysis: The captured gel images were analyzed using
the difference in gel analysis (DIA) module of DeCyder
software (version 6.0; GE Healthcare Lifesciences, Piscataway,
NJ, USA).
The normalized spot volumes generated in DeCyder that
showed $2-fold difference in abundance between the IDCA
and DCIS cell lines (p#0.05) were considered candidate
differentially expressed proteins. After DIA, each gel was
stained with Sypro Ruby to allow accurate identification and
matching of spots to be picked7.

MATERIALS AND METHODS
Human breast cancer cell lines: Four human breast cancer
cell lines namely MCF-7, HCC-38, HCC-1500 and BT-474 were
obtained from American Type Cultural Collection (ATCC),
Manassas, VA, USA and used for the study. The cell lines were
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Candidate protein spot processing: Candidate protein spots

pH

10

were picked using the Ettan robotic spot picker (GE Healthcare
Lifesciences, Piscataway, NJ, USA) and in-gel digested using
the Ettan robotic spot digester. Briefly, the spots were
picked into 96-well plates and digested with trypsin overnight
(15-16 h) at room temperature. The digested samples were
extracted in 50 µL of 50% acetonitrile/0.1% formic acid prior to
mass spectrometry6.
Protein identification by mass spectrometry: Protein
identification was performed using a thermo scientific
surveyor High-Performance Liquid Chromatography (HPLC)
system connected to an LCQ DECA XP plus iontrap
mass spectrometer with a nanospray ionization source
(ThermoFinnigan, San Jose, CA). Mass spectrometry conditions
were as previously described6.
Fig. 1: 2D-DIGE gel image showing candidate protein spots
from MCF-7 (Green) vs: HCC-38 (Red) cells

Database search: Each acquired MS/MS spectrum was
searched against the international protein index database
(human) version 3.72 using the SEQUEST search algorithm.
Proteins were identified when two or more unique peptides
had X-correlation scores above 1.5, 2.0 and 2.5 for respective
charge states of +1, +2 and +3 and the delta CN score was
greater than 0.1. Each candidate ID derived from the above
search was then manually examined in the SwissProt database
to eliminate redundancy of synonymous proteins. A proteinʼs
name and accession number were reported based on
SwissProt except for proteins that are only deposited in the
NCBI database.

3

pH

10

Gene ontology: Differentially expressed proteins identified by
2D-DIGE were further classified according to their Gene
Ontology (GO) using NCBI and KEGGS databases8. The GO
provides a controlled vocabulary to describe proteins in terms
of Molecular Function (MF), Cellular Component (CC) and
Biological Process (BP).

Fig. 2: 2D-DIGE gel image showing candidate protein spots
from HCC-1500 (Green) vs: BT-474 (Red)

Statistical analysis: The t-test was used to determine the

Table 1: Average protein concentrations of the cell lines
Sample name

statistical significance of the difference in protein expression
in IDCA compared with DCIS. For all comparisons, the level of
significance was set at p#0.05.

MCF-7
HCC38
HCC-1500
BT-474

Protein concentration (µg mLG1)
24,520
7,360
12,210
53,000

RESULTS
Identifying proteins differentially expressed in breast
Average protein concentrations: The average protein

tumor cell lines: The DeCyder software was used to analyze

concentrations of the cell lines (MCF-7, HCC-38, HCC-1500 and
BT-474) were as presented in Table 1. The BT-474 cell line had
the highest protein concentration (53,000 µg mLG1)
while HCC-38 cell line had the lowest protein concentration
(7,360 µg mLG1).

the 2D-DIGE gel images using the difference in gel analysis
workspace. A total of 18 candidate protein spots were
identified as differentially expressed between HCC-38 vs.
MCF-7 (Fig. 1) and between HCC-1500 vs. BT-474 (Fig. 2) by a
factor of at least 2-fold (Table 2).
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Table 2: Average ratio of protein expression between MCF-7 vs. HCC-38 and BT-474 vs. HCC-1500 cell lines
MCF-7/HCC-38
average ratio

Spot No.

Symbol

Protein name

355
509
523
573
614a
614b
614c
614d
638
639a
639b
677a
677b
695a
695b
699a
699b
704

HSPD1
HSPD1
TPI1
ACTB
G6PD
FGB
ALDH1A3
MCCC2
LASP1
VDAC1
SCYL2
ANXA5

60 kDa heat shock protein and mitochondrial
60 kDa heat shock protein and mitochondrial
Triosephosphate isomerase
Actin and cytoplasmic 1
Glucose-6-phosphate 1-dehydrogenase
Fibrinogen beta chain
Aldehyde dehydrogenase family 1 member A3
Methylcrotonoyl-CoA carboxylase beta chain and mitochondrial
LIM and SH3 domain protein 1
Voltage-dependent anion-selective channel protein 1
SCY1-like protein 2
Annexin A5
cDNA FLJ56307
Heat shock protein beta-1
Triosephosphate isomerase
Voltage-dependent anion-selective channel protein 1
Heat shock protein beta-1
26S proteasome non-ATPase regulatory subunit 7

HSPB1
TPI1
VDAC1
HSPB1
PSMD7

-1.19
-2.09
8.77
8.77
8.77
8.77
8.77
1.66
1.66
-1.13
-1.13
1.38
1.38
-6.53
-6.53
-

Protein identification by mass spectrometry: The selected

p-value

BT-474/HCC-1500
average ratio

0.046
0.010
0.014
0.014
0.014
0.014
0.014
0.021
0.021
0.660
0.660
0.084
0.084
0.003
0.003
-

-2.00
-3.53
6.12
1.84
2.79
1.83
1.83
-1.05
-1.05
2.20

p-value
0.021
0.001
0.023
0.023
0.003
0.008
0.008
0.320
0.320
0.016

DISCUSSION

protein spots were excised, in-gel digested with trypsin and
analyzed by LC-MS/MS. The raw data files were used to search
against the Swiss-Prot human database using Mascot as a
primary database search algorithm. Expasy Aldente was used
as a complementary algorithm for additional confirmation
to reduce the possibility of false positive identification.
Agreement between the apparent MW and pI observed on
the 2D-DIGE gel and the theoretical values of the
identified proteins provided additional support for positive
identification. Eleven proteins of interest were identified in
the HCC-38 vs. MCF-7 comparison (Fig. 3) and 13 were
identified in the HCC-1500 vs. BT-474 comparison. Out of
these, 10 proteins showed statistically significant difference in
spot volume ($2-fold) between the DCIS and IDCA cell lines
(Table 3). Three proteins out of the 10 proteins showed over
expression in IDCA cell lines when compared with DCIS cell
lines. Some of the identified proteins may exist in multiple
forms, as they were identified in spots picked from different
sections of the gel (Table 4 and Fig. 4). It is unclear as to
whether these proteins exist in multiple forms due to
biological differences or processing influences, such as
carbamylation, a common modification when using urea
buffer, which causes shifts in the isoelectric point of the
protein.

Proteomics is increasingly being used to identify proteins
that show differential expression in cancer9. Such protein
alterations may eventually contribute to increasing this
understanding of cancer pathogenesis as well as aid in the
development of effective strategies for cancer diagnosis and
treatment.
The proteins identified in this study span a wide range of
functions and if validated may have value as diagnostic
and prognostic biomarkers for breast cancer. Among the
proteins identified were 60 kDa heat shock protein,
mitochondrial (HSPD1), Heat Shock Protein Beta-1 (HSPB1)
and voltage-dependent anion-selective channel protein 1
(VDAC1), which showed increased expression in IDCA cell line
when compared with DCIS cell line.
The proteomic analysis revealed that the expression of
60 kDa HSPD1 was increased in IDCA cell lines (Table 2 and 4).
The observation that HSPD1 is over expressed in IDCA is of
interest and deserves further studies to determine if the
overexpression is a result of the induction or inhibition of
genes and/or degeneration or modification of proteins during
carcinogenesis.
The HSPD1 is constitutively expressed under normal
conditions and its expression is induced by stressful

Gene ontology classification: The proteins of interest were

conditions such as heat shock, mitochondrial damage and

categorized using NCBI and KEGGS databases to determine
their molecular function, cellular component and biological
process (Table 4). The most significant pathway associated
with the differentially expressed proteins identified was the
apoptosis signaling pathway.

mtDNA depletion10-14. The overexpression of HSPD1 in
IDCA breast cancer cell lines suggests that this protein
play a different role in breast carcinogenesis15,16.

might
Paepe

15

and Cappello et al.17 reported that

elevated

expression of HSPD1 may have a protective role against cancer
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Primary gel 1Cy3.gel

Secondary gel 1Cy5.gel

Reset

Spot no: 2287
Position: 1481.517
Pick pos.:

Reset

Volume:
1.239e+007
Peak height: 17239
Area:
1828

Spot no: 2287
Position: 1481.517
Pick pos.:

Volume:
1.955e+007
Peak height: 25823
Area:
1828

Fig. 3: Representative simulated 3D images of candidate protein spots differentially expressed between MCF-7 (Cy3) and HCC-38
(Cy5)
Table 3: List of proteins differentially expressed between IDCA and DCIS
Accession
Spot No. Symbol
Protein name
No.
MW
355
HSPD1
60 kDa heat shock protein, mitochondrial
P10809
61017.4
509
HSPD1
60 kDa heat shock protein, mitochondrial
P10809
61017.4
523
TPI1
Triosephosphate isomerase
P60174
27110.1
573
ACTB
Actin, cytoplasmic 1
P60709
41710.7
614a
G6PD
Glucose-6-phosphate 1-dehydrogenase
P11413
63787.3
614b
FGB
Fibrinogen beta chain
P02675
55893.3
614c
ALDH1A3
Aldehyde dehydrogenase family 1 member A3
P47895
56073.8
614d
MCCC2
Methylcrotonoyl-CoA carboxylase beta chain, mitochondrial
Q9HCC0
61295.4
638
LASP1
LIM and SH3 domain protein 1
Q14847
29699.2
639a
VDAC1
Voltage-dependent anion-selective channel protein 1
P21796
30754.6
639b
SCYL2
SCY1-like protein 2
Q6P3W7
103643.4
677a
ANXA5
Annexin A5
P08758
35915.4
677b
cDNA FLJ56307
B4DPD5
35159.5
695a
HSPB1
Heat shock protein beta-1
P04792
22769.5
695b
TPI1
Triosephosphate isomerase
P60174
27110.1
699a
VDAC1
Voltage-dependent anion-selective channel protein 1
P21796
30754.6
699b
HSPB1
Heat shock protein beta-1
P04792
22769.5
704
PSMD7
26S proteasome non-ATPase regulatory subunit 7
P51665
37003.5
*Sequence coverage (%) and No. of peptides identified with #1%, PI: Protease inhibitor and MW: Molecular weight
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pI
5.59
5.59
8.24
5.18
6.44
8.23
6.98
7.51
6.67
8.86
8.22
4.78
5.30
5.97
8.24
8.86
5.97
6.31

Peptides
matched
6
10
5
1
3
3
3
2
2
7
1
2
1
5
3
9
5
1

*Percent sequence
coverage
13.96
32.29
24.10
4.80
9.27
6.92
7.81
5.68
10.34
31.80
1.94
6.56
4.87
34.15
17.27
32.86
35.12
3.40
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pH

3

10

G6PD, FGB, ALDH1A3, MCCC2
HSPD1
NPD
HSPD1

TPI1
ACTB

NPD

LASP1

VDAC1, SCYL2
HSPB1, TPI1
PSMD7
ANXA, PUP

NPD

VDAC, HSPB1

Fig. 4: Location of 14 differentially expressed proteins identified by mass spectrometry
Table 4: Expression pattern and gene ontology of differentially expressed protein in IDCA/DCIS cell lines
Protein name
Pattern
Biological process
Cellular components
60 kDa heat shock protein
ATPase activity, DNA replication
Mitochodrial inner membrane
mitochondrial
and chaperone
and matrix and cell surface

Molecular function
Protein folding and RNA
degradation and apoptosis

Triosephosphate isomerase

Carbohydrate metabolism and
fatty acid anabolism

Cytosol, nucleus and soluble
fraction

Isomerase activity and protein
binding

Glucose-6-phosphate
1-dehydrogenase

NADPH regeneration, pentose phosphate
pathway and carbohydrate metabolism

Cytoplasm and internal side
of plasma membrane

NADP or NADPH binding and
glucose binding

Fibrinogen beta chain

Blood coagulation, platelet activation and
degranulation and response to calcium ion

Cheperone binding, protein binding
and receptor binding

Aldehyde dehydrogenase
family 1 member A3

Positive regulation of apoptosis and
retinoic acid biosynthesis

Cell cortex, external side of
plasma membrane and platelet
alpha granule
Cytoplasm

Methylcrotonoyl-CoA
carboxylase beta chain,
mitochondrial
LIM and SH3 domain
protein 1

Branched chain amino acid catabolism
and leucine catabolism

Mitochodrial matrix

Ion transport

Cell cortex, cortical actin
cytoskeleton and cytoplasm

Voltage-dependent
anion-selective channel
protein 1
Heat shock protein beta-1

Anion transport and apoptosis

Membrane, mitochodrial
inner and outer membrane

NAD binding, aldehyde
dehydrogenase (NAD) and (NADP)
activity
ATP binding, ligase activity and
methylcrotonoyl-CoA carboxylase
activity
Actin binding, ion transmembrane
transpoter activity and protein
binding
Porin activity, protein binding and
voltage-gated anion channel activity

Anti-apoptosis, cell death, response to
heat, virus and unfolded protein

Cytoplasm, cytoskeleton,
nucleus and plasma membrane

Protein binding and ubiquitin
binding

26S proteasome non-ATPase
regulatory subunit 7

Regulation of apoptosis and DNA
damage repair

Proteasome complex

Protein binding

: Overexpressed and : Underexpressed
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development (i.e., the blockade of apoptotic machinery that
usually takes place during cancer progression).
The involvement of HSPD1 in the process of apoptosis
and tumorigenesis is still in dispute12,15,16. An antiapoptotic
effect of HSPD1 and down-regulation of HSPD1 have been
reported in cardiac myocytes and bronchial cancer17. On the
other hand, overexpression of HSPD1 has been reported in
prostate and ovarian carcinomas and myeloid leukemia15,17,18.
Moreover, recent studies showed upregulation of HSPD1
during carcinogenesis of the large bowel and the uterine
exocervix15,17,18.
The results of the study work revealed overexpression of
Heat Shock Protein Beta-1 (HSPB1) in IDCA breast cancer cell
lines. The HSPB1 belongs to the family of small stress proteins
that are constitutively abundant and ubiquitously present in
cells12,14,15. The HSPB1 regulates apoptosis through its ability to
interact with key components of the apoptotic-signaling
pathways15,16. Changes in the intracellular redox balance and
production of reactive oxygen species initiate the apoptotic
cascade through changes in the mitochondria and release of
pro-apoptotic factors14,15. The HSPB1 can maintain both the
redox homeostasis and mitochondrial stability in the cell14.
The HSPB1 helps protect cells under adverse conditions
such as infection, inflammation, exposure to toxins, elevated
temperature, injury and disease10. Heat shock proteins block
signals that lead to programmed cell death or apoptosis10,14.
Up-regulated expression of HSPB1 has been reported in
several cancers such as ovarian cancer, renal cancer, various
leukemias, bladder cancer, etc.19-22. The overexpression of HSPs
in tumorous tissues has been implicated to have prognostic
value in patients with ovarian, renal and bladder
cancer15,20,23,24.
Recently, there have been reports that high HSPB1
expression levels are associated with a poor prognosis
for specific cancers including gastric, liver and prostate
carcinomas and
osteosarcomas10,12,14,15. Furthermore,
expression of HSPB1 in primary breast cancers is associated
with a short survival for node-negative patients and increased
HSPB1 expression levels have been found in highly metastatic
variant breast cancer cells10,15,23,25. However, osteolytic bone
metastases of human breast cancer cells are reduced by
HSPB1 overexpression26. It is suggested that overexpression of
HSPB1 may render tumors more resistant to some commonly
used chemotherapeutic agents that induce apoptosis 27.
The HSPB1 is highly expressed in Her2-positive tumors10,28.
The HSPB1 is one of the downstream effectors of p38 MAP
kinase-mediated matrix metalloproteinase type 2 activation
and is a modulator of Stat3-regulated apoptosis29,30. The Ser78
phosphorylation of HSPB1 is mainly regulated by the Her2-p38

MAPK pathway and is significantly correlated with Her2 and
lymph-node positivity10,28.
Overexpression of Voltage Dependent Anion-selective
Channel (VDAC1) was observed in the IDCA breast cancer cell
lines studied. Shoshan-Barmatz and Mizrachi 31, Zhang et al.28
and Shinohara et al.32 have also reported the overexpression
of VDAC1 in IDCA. The overexpression of VDAC1 could be
linked to a number of apoptotic stimuli in the IDCA cell lines.
The VDAC is located in the mitochondrial outer membrane,
functions as gatekeeper for the entry and exit of mitochondrial
metabolites and thus controls cross-talk between
mitochondria and the cytosol31,33.
The VDAC also serves as a site for the docking of cytosolic
proteins, such as hexokinase and is recognized as a key
protein in mitochondria-mediated apoptosis31,32. The role of
VDAC in apoptosis has emerged from various studies showing
its involvement in cytochrome C release and apoptotic cell
death as well as its interaction with proteins regulating
apoptosis, including the mitochondria-bound isoforms of
hexokinase HK-I and HK-II31,32.
The role of VDAC1 in regulating apoptosis has been the
subject of considerable debate31. Knockout of all three
isoforms of VDAC was shown to have no effect on
mitochondrial apoptosis in mouse embryonic fibrosis31,34,
whereas conflicting data has indicated that the N-terminal of
VDAC1 is essential for release of cytochrome C following
various apoptotic stimuli31,35. The VDAC1 promotes aerobic
glycolysis in cell lines through its interaction with hexokinase
at the outer mitochondrial membrane31,36,37.
Other studies have shown that hexokinase binds to
mitochondria via the N-term of VDAC1 and that this is
associated with resistance to mitochondrial apoptosis31,35,38.
These reported interactions between VDAC1 and hexokinase
imply a pro-survival rather than pro-apoptotic role for VDAC1
activity in cancerous cells.
Thus, VDAC may act as a Mitochondrial Permeability
Transition Pore (MPTP) on the outer mitochondrial membrane.
It was reported that O2 but not H2O2 induces a rapid and
massive release of cytochrome C from mitochondria, which is
a central event in apoptosis31,39,40. Reduced cytotoxicity of
FNQ13 in VDAC knockdown cells might be due to lower
cytochrome C release and therefore, reduced induction of
apoptosis31,41.
On the other hand, VDAC1 in the plasma membrane has
recently been shown to possess NADH-ferricyanide reductase
activity, which could directly catalyze the reduction of
ferricyanide in the presence of NADH31,39. Simamura et al.41
showed that FNQs induces the NADH-dependent production
of ROS on the mitochondrial outer membrane and proposes
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2.

that VDAC has a similar function as NAD(P)H-quinone
oxidoreducase 1 and therefore, mitochondrial VDAC may
catalyze the reduction of anticancer drugs such as
furanonaphthoquinones and leading to mitochondrial
production

of

ROS.

However,

3.

NAD(P)H-quinone

oxidoreductase 1, which activates mitomycin C is localized in
the cytosol but not on the mitochondrial outer membrane and
mediates the two-electron reduction of substrates, suggesting

4.

that VDAC and NAD(P)H quinone oxidoreductase1 have
different functions31,42.
5.

CONCLUSION
The combination of 2D-DIGE and nano-LC-MS/MS
technologies enabled the identification of proteins
differentially expressed between invasive ductal carcinoma
(IDCA) and Ductal Carcinoma In Situ (DCIS) breast cancer cell

6.

lines. The expression levels of 60 kDa mitochondrial heat
shock protein (HSPD1), Voltage Dependent Anion-selective
Channel protein 1 (VDAC1) and Heat Shock Protein Beta 1
(HSPB1) were higher in IDCA. However, no far reaching

7.

conclusions can be made from the data obtained since cell
lines were used in the study. Nevertheless, we were
encouraged because other studies have identified differential

8.

expression of similar proteins in cancer. It is expected that this
study will stimulate further studies utilizing tumor biopsies to
determine if the 60 kDa HSPD1, VDAC1 and HSPB1 are also
differentially expressed in clinical specimens. If independently

9.

validated using tumor biopsies, then HSPD1, VDAC1 and
HSPB1 may represent a new set of biomarkers that can be
used to predict the invasive potential of breast tumors.

10.
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