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Abstract 

Breast cancer is one of the most common cancers that affect women globally and accounts for 
~23% of all cancers diagnosed in women. Breast cancer is also one of the leading causes of death 
primarily due to late stage diagnoses and a lack of effective treatments. Therefore, discovering 
protein expression biomarkers is mandatory for early detection and thus, critical for successful 
therapy. Two-dimensional electrophoresis (2D-E) coupled with lectin-based analysis followed by 
mass spectrometry were applied to identify potential biomarkers in the secretions of a murine 
mammary carcinoma cell line. Comparisons of the protein profiles of the murine 4T1 mammary 
carcinoma cell line and a normal murine MM3MG mammary cell line indicated that cadherin-1 
(CDH), collagenase 3 (MMP-13), Viral envelope protein G7e (VEP), Gag protein (GAG) and 
Hypothetical protein LOC433182 (LOC) were uniquely expressed by the 4T1 cells, and pigment 
epithelium-derived factor (PEDF) was exclusively secreted by the MM3MG cells. Further analysis 
by a lectin-based study revealed that aberrant O-glycosylated CDH, N-glycosylated MMP-13 and 
LOC were present in the 4T1 medium. These differentially expressed N- and O-linked 
glycoprotein candidates, which were identified by combining lectin-based analysis with 2D-E, could 
serve as potential diagnostic and prognostic markers for breast cancer. 
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Introduction 
Breast cancer is a type of molecular disease that 

is largely caused by mutations of the genes 
responsible for cell growth and proliferation [1]. 
Breast cancer can be sporadic or hereditary in nature. 
The predominant type of breast cancer is sporadic and 
caused by mutations that occur in somatic cells [2]. 
The inheritance of germ line mutations, better known 
as familial or hereditary breast cancer, represents 
approximately 5-10% of breast cancer cases [3]. 
Genetic mutations in cancer cells usually involve two 
major families of genes, i.e., oncogenes and tumor 
suppressor genes [4, 5]. 

 Breast cancer is a common type of cancer that 
affects women globally and accounts for 23-29% of all 
cancers diagnosed in women [6-8]. In 2010, over 
207,000 new invasive breast cancer cases were 
reported in the US, and 39,840 breast cancer patients 
died [9]. Moreover, 300,000 new cases were reported 
in 2013, and breast cancer was subsequently classified 
as the most common cancer in women [8]. According 
to the National Cancer Registry Report: Malaysia 
Cancer Statistics – Data and Figures 2007 published 
by the Ministry of Health Malaysia in 2011 [10], breast 
cancer was the most common cancer among women 
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in Malaysia in 2007. Breast cancer constitutes 32.1% of 
the total cancers among women and has an 
age-standardized incidence rate (ASR) of 29.1 per 
100,000 persons. Chinese women have the highest 
ASR (38.1 per 100,000 population) followed by Indian 
and Malay women with the ASRs of 33.7 and 25.4 per 
100,000 population, respectively. The majority of 
breast cancer incidences are detected in stage II, and 
these cases constitute 37% of the total breast cancer 
diagnoses, followed by stage III (24%), stage I (21%) 
and stage IV (18%). 

Although the mortality rate decreased by 26.58% 
from 1991 to 2005, breast cancer remains as one of the 
leading causes of death in women [11]. This high 
death rate is mainly due to late stage diagnoses and a 
lack of effective treatments. Therefore, early detection 
is critical for successful therapy and ultimately the 
survival of breast cancer patients. Presently, 
mammograms are one potential detection strategies 
for breast cancer, but they fail to differentiate benign 
and malignant lesions [12], and biopsies are required 
for confirmation [13]. Therefore, different detection 
strategies have been proposed in the past to evaluate 
the occurrence of breast cancers. These detections 
primarily rely on biomarkers and probes [13-17]. 
Thus, the identification of differentially expressed 
biomarkers will provide additional strength and 
hasten early detection. Among the various proposed 
strategies for searching for biomarkers, proteomic 
technology appears to be a powerful tool to facilitate 
the identification of potential disease-associated 
proteins that can be used for the diagnosis, prognosis, 
treatment and monitoring of disease [18-21]. 
Proteomic technology has been used extensively in 
the study of the pathogeneses of diseases and in the 
discovery of new biomarkers of disease. However, the 
biomarkers that are currently used in for the diagnosis 
and prognosis of breast cancer are not specific or 
sensitive [22]. There is a need to identify promising 
tumor markers that can be used individually or in 
combination with other biomarkers to increase the 
sensitivities and specificities of the diagnosis and 
prognostic of breast cancer. 

 Towards this goal, our study aimed to identify 
the secreted biomarkers in the culture media of 
murine mammary carcinoma cell line 4T1. 4T1 cell 
line is one of only a few breast cancer models with the 
capacity to metastasize efficiently to sites affected in 
human breast cancer and the later events that occur at 
the site of metastasis are most often responsible for 
patient mortality and morbidity [23]. Study on the 
secreted protein profile of the cell line could provide 
new information regarding to the factors involved in 
directing micro-environmental changes within the 
tumor that lead to tumor cell dissemination and 

metastasis, and eventually helps in analysis of cancer 
progression and evaluation of therapeutics for cancer 
treatment [24, 25]. Since a biomarker should exhibit 
relatively high specificity and be expressed at a higher 
level in the tumor [13], we compared the presence of 
markers of tumor cells against normal cells.  

Furthermore, many of the aberrantly expressed 
proteins in cancer are acute phase proteins, which are 
induced upon inflammation [26]. Majority of the acute 
phase proteins are glycosylated, and it has been 
shown that alterations in glycosylation may occur in 
inflammatory and malignant conditions. Therefore, 
alterations in glycosylation could be potential 
biomarkers in cancer and have been shown to 
correlate with disease severity in certain conditions 
[27]. Special attention was given to the analyses of 
post-translational modifications using the O- and 
N-linked glycoprotein profiles of the secreted proteins 
expressed by the 4T1 cell line. 

Materials and Methods 
Cell culture 

 The murine mammary carcinoma cell line 4T1 
(ATCC catalogue no.: CRL-2539), and the normal 
murine mammary cell line MM3MG (ATCC catalogue 
no.: CRL-6376), were purchased from the American 
Type Culture Collection (ATCC). The 4T1 and 
MM3MG cells were maintained in Dulbecco's 
modified eagle medium (DMEM) growth medium 
(Invitrogen, California, US) containing 10% fetal 
bovine serum (Invitrogen, California, US) and 
cultured at 37oC in a humidified atmosphere 
containing 5% CO2. 

Harvesting of the growth medium 
 The growth media were removed when the cells 

were approximately 80% confluent in a 75 cm2 flask. 
The cells were then washed three times with 
phosphate buffered saline (PBS) (Invitrogen, 
California, US) at pH 7.4, and incubated for an 
additional of 24 h in serum-free DMEM. After 24 h, 
the media were harvested and centrifuged at 2,000 x g 
to remove all cell debris and kept at -80oC. Before 
subjecting the harvested media to two-dimensional 
electrophoresis (2D-E), the media were concentrated 
100-fold using Vivaspin 10,000 molecular weight 
cut-off concentrators (Sartorius, Goettingen, 
Germany) and desalted with 2D Clean-Up Kits (GE 
Healthcare Bio-Sciences, Uppsala, Sweden). 

Two-dimensional electrophoresis (2D-E) and 
silver staining 

 The 2D-E was performed as previously 
described [28]. Briefly, 100 µg of concentrated proteins 
were rehydrated overnight with 250 μl of rehydration 
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buffer (8 M urea, 2 M thiourea, 4% CHAPS, 0.5% 
pharmalyte, 20 mM dithiothreitol) in 13 cm precast 
immobilized dry strips at pH 4-7 and pH 3-10 (GE 
Healthcare Bio-Sciences, Uppsala, Sweden). The strips 
were then subjected to first-dimensional separation 
using the Ettan IPGphor II IEF system (GE Healthcare 
Bio-Sciences, Uppsala, Sweden), followed by the 
second-dimensional separation at 16°C using sodium 
dodecyl sulfate–polyacrylamide gel electrophoresis 
(SDS–PAGE) with 8-18% gradient gels.  

The 2D-E gels were silver stained according to 
the methods of Heukeshoven and Dernick [29]. For 
mass spectrometry, the gels were silver stained as 
described by Shevchenko et al. [30] with 
modifications. 

Image analysis 
 A GS-710 Imaging Densitometer (Bio-Rad, 

California, US) and PDQuest® software version 4.7.0 
(Bio-Rad, California, US) were used to capture, store 
and analyze the images of the 2D-E gels. The PDQuest 
software is able to match identical spots in a series of 
gels and normalize the gels to compensate for any 
variations between the gels. The results were 
normalized to the total density of the gel; the raw 
quantity of each spot in the gel was divided by the 
total intensity value over all of the pixels in the image. 
The normalized spot quantities were expressed as 
percentages of the volume contributions (vol %) to 
facilitate the data compilation.  

Statistical analysis 
 All protein concentration values on the gels are 

presented as the mean of the percentage volume (% 
volume) ± SE of triplicates of different cell batches. 
The Student’s t-test was used to analyze the 
significance of the differences between the normal 
and cancer samples and to examine the correlations 
between the variables. P-values below 0.05 were 
considered statistically significant. 

Protein identification using mass spectrometry 
(MS) 

 Highly resolved spots of interest were excised 
and subjected to in-gel digestion using a 
ProteoExtract™ All-in-One Trypsin Digestion Kit 
(Merck, Darmstadt, Germany). The trypsin-digested 
peptides were purified and concentrated using 
pre-packed C-18 Zip Tip Pipette Tips (Millipore, MA, 
US). The peptides were then mixed with 1 µl of CHCA 
(5 mg/ml of alpha-cyano-4-hydroxy-cinamic acid in 
0.1% trifluoroacetic acid and 50% acetonitrile in 
deionized distilled water) and spotted onto a 
matrix-assisted laser desorption/ionization (MALDI) 

target plate. The mass spectrometric analyses were 
performed at the Proteomic Centre of the Department 
of Biological Sciences, National University of 
Singapore. The peptide mass spectra were obtained 
using an ABI 4800 Proteomics Analyzer 
MALDI-TOF/TOF Mass Spectrometer (Applied 
Biosystems, Framingham, MA, US). The five most 
intense ions obtained from the MS were subsequently 
subjected to MS/MS analyses using air with collision 
energy of 2 kV and a collision gas pressure of ~ 1 x 10-6 

Torr. The stop conditions were implemented such that 
2000-3000 shots were accumulated based on the 
quality of the spectra. 

 For protein identification, the obtained mass 
spectra were searched against the NCBInr protein 
database using the MASCOT search engine (version 
2.1; Matrix Science, London, UK). The searches were 
performed with fixed modifications on the 
carbamidomethylations of the cysteines and variable 
modifications of the methionine oxidations. The 
following parameters were used in the MASCOT 
peptide mass fingerprint search: (i) enzyme: trypsin, 
(ii) one missed cleavage allowed, (iii) mass value: 
monoisotopic, (iv) peptide mass tolerance: ± 0.1Da 
and (v) peptide charge state: 1+. The same parameters 
were used in the MASCOT ion search, except the 
peptide mass tolerance and fragment mass tolerance 
were set to 100 ppm and 0.2 Da, respectively. Search 
scores above 50 indicated identity or extensive 
homology (p<0.05). 

N-glycosylation analysis using concanavalin A 
affinity chromatography  

Concanavalin A (Con A) is a tetrameric 
metalloprotein isolated from Canavalia ensiformis (jack 
bean). Con A coupled to sepharose is routinely used 
for the separation and purification of N-glycoproteins. 
To obtain the chromatographic profiles, 10 ml of 
harvested medium was mixed with 2 ml of Con-A 
sepharose (GE Healthcare Bio-Sciences, Uppsala, 
Sweden) and left overnight at 4oC on a rotator. The 
mixture was then loaded into a column (0.8 cm X 4 
cm; BioRad Laboratories, Hercules, CA, US), 
equilibrated and washed with equilibration buffer (20 
mM Tris-HCl, 0.5 M NaCl, pH 7.4) to remove the 
non-glycosylated and O-glycosylated proteins. The 
bound N-glycoproteins were then eluted with 0.3 M of 
methyl-α-D-glucopyranoside. The chromatographic 
process was monitored at an absorbance of 280 nm. 
The eluted fractions were concentrated 100 times 
using Vivaspin 10,000 molecular weight cut-off 
concentrators. The concentrated fractions were further 
desalted and subjected to 2D-E analyses. 
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Western blotting and detection of the 
O-linked glycosylation using champedak 
galactose binding (CGB) lectin 

 The 2D-E gels from the growth media were 
transferred onto a nitrocellulose membrane (0.45 μm) 
using a Multiphor II NovaBlot Kit (GE Healthcare 
Bio-Sciences, Uppsala, Sweden). The blotted 
membrane was blocked with 5% skim milk in Tween 
TRIS-buffered saline (TTBS) for 1 h at room 
temperature, washed 3 times with the same buffer 
and then incubated with CGB lectin conjugated to 
horseradish peroxidase (HRP) at a concentration of 
approximately 1 µg/ml at 4oC overnight. The purity 
and specificity of the interaction of CGB lectin with 
the O-glycosylated proteins have been described 
previously [31]. After the incubation, the membrane 
was washed twice and developed using freshly 
prepared substrate solution consisting of 0.03 g of 
3,3’-diaminobenzidine (Dako, Glostrup, Denmark) 
and 50 ul of H2O2 in 50 ml of Tris-buffered saline. The 

membrane was washed twice with deionized distilled 
water to terminate the reaction. The developed 
membrane was then air-dried and scanned using a 
GS-710 Imaging densitometer (Bio-Rad, California, 
US). 

Results and Discussion 
 The focus of this study was the analysis of the 

proteins involved in breast cancer progression 
because breast cancer is one of the major cancers that 
is reported all over the world as difficult to detect in 
the earlier stages. To fill this lacuna, the proteins 
secreted by the murine 4T1 mammary carcinoma cells 
were analyzed and compared with those of the 
normal murine MM3MG cells. The 4T1 cell line was 
derived from BALB/c mice, and the cancer arose 
spontaneously. The MM3MG cell line is a normal 
BALB/c mammary epithelial cell line. Separation of 
the 4T1 and MM3MG media by 2D-E produced clear 
and resolved protein profiles that consisted of diverse 
secreted proteins. Furthermore, differentially 

expressed proteins were identified in 
the comparisons of the observed 
protein biomarkers from the 4T1 
cells against those of the MM3MG 
cells (Figure 1a & b). 

Imaging analyses on the 2D-E 
resolved spot profiles 

 The 2D-E gels of the growth 
media of the 4T1 and MM3MG cells 
were scanned using a GS-710 
imaging densitometer and analyzed 
using PDQuest™ 2D gel analysis 
software. Comparative analysis 
revealed 6 spots of differentially 
regulated proteins in the media of 
the 4T1 and MM3MG cells. Five 
spots were preferentially expressed 
in the 4T1 cells, and one was 
preferentially expressed in the 
MM3MG cells. These spots were 
further subjected to mass 
spectrometric analysis for 
identification. 

Identification of secreted 
protein from murine 4T1 
mammary carcinoma cell line 

 The identification of the 
protein spots was performed using 
an ABI 4800 proteomics analyzer 
MALDI-TOF/TOF mass 
spectrometer. The obtained mass 
spectra were searched against the 

 
Figure 1. Comparison of 2D-E protein profiles derived from the growth media of MM3MG and 4T1 
cells. (a) Typical 2D-E growth medium profile of the MM3MG cell line. (b) Typical 2D-E growth medium profile 
of the 4T1 cell line. The growth media of the 4T1 and MM3MG cells were subjected to 2D-E and silver stained. 
PEDF was detected in the MM3MG growth medium, and CDH, MMP-13, VEP, GAG and LOC were clearly 
resolved in the 4T1 growth medium profile. 

 



Int. J. Med. Sci. 2016, Vol. 13 

 
http://www.medsci.org 

334 

NCBInr protein database using the MASCOT search 
engine. The parameters was set as follows: one missed 
cleavage allowed in the trypsin digestion; limited to 
Mus musculus; monoisotopic mass value; ±0.1 Da 

peptide mass tolerance; and 1+ peptide 
charge state. The mass spectra of the 
digested samples are shown in Figure S1. 
Search scores greater than 50, which 
indicated extensive homology, were 
obtained for the tested protein spots. The 
protein specifically secreted by the 
MM3MG cell line was identified by 
MS/MS as Pigment epithelium-derived 
factor precursor (PEDF) (Figure 1a). 
Additionally, the proteins detected in 4T1 
medium consisted of Cadherin-1 (CDH), 
Collagenase 3 Preproprotein (MMP-13), 
Viral envelope protein G7e (VEP), Gag 
protein (GAG) and Hypothetical protein 
LOC433182 (LOC) (Table 1; Figure 1b). 

 The correlations of the aberrantly 
expressed proteins identified in this in 
vitro study with breast cancer were further 
investigated with glycosylation analysis. 
Glycosylation is a type of extensive 
post-translational modification that can 
significantly alter protein function and 
thus modify cellular characteristics. 
Several pieces of evidence have indicated 
that abnormal glycosylation can 
contribute to the development of cancer 
[32, 33]. Therefore, aberrantly glycosylated 
proteins might be useful for diagnostic 
purposes. In this study, post-translational 
modification analyses were performed for 
both N- and O- linked glycoproteins in the 
growth media of the 4T1 and MM3MG cell 

lines (Figure 2a, 2b and 4). The post-translational 
protein profiles were generated by detection with Con 
A and HRP-conjugated CGB lectins.  

 
 

Table 1: Mass spectrometric identification of the protein spots from the 4T1 and MM3MG growth media using the MASCOT search 
engine and the NCBI database. 

Spot 
Name 

Protein 
Name 

Mascot 
Accession 
number 

Theoretical 
pI 

Theoretical 
Mass (Da) 

No. of 
Peaks 
Matched 

Search 
Score 

CDH Cadherin-1 gi|6753374 4.70 98736 4 197 
MMP-13 Collagenase 3 

preproprotein 
gi|6678896 5.12 54376 2 82 

VEP Viral envelope 
Protein G7e 

gi|16118495 8.39 67039 2 87 

GAG Gag protein gi|34391479 7.63 60596 3 267 
LOC Hypothetical 

Protein LOC433182 
gi|70794816 6.37 47453 7 557 

PEDF Pigment epithelium-derived factor gi|117606335 6.48 46262 3 184 
 

 
Figure 2. Images of the glycoprotein profiles derived from the growth media of the 4T1 
cells. (a) Typical 2D-E N-glycoprotein profile of the 4T1 growth medium. (b) Typical representative 
O-glycoprotein profile of the 4T1 growth medium. The growth media harvested from the 4T1 cells were 
subjected to Con A and HRP-conjugated CGB lectin-based analyses. LOC and MMP-13 were detected as 
N-glycoproteins, and CDH was detected as an O-glycoprotein in the 4T1 growth medium. 
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Figure 3. Three-dimensional crystal structures. (a) Collagenase 3 Preproprotein (PDB accession code: 1CXV), (b) Hypothetical Protein (PDB accession code: 215T) and 
(c) Cadherin-1 (PDB accession code: 2QVF). The N and C terminals are shown in magenta and cyan, respectively. 

 

N-glycosylated proteins from the murine 4T1 
mammary carcinoma cell line 

When the 4T1 and MM3MG media were 
subjected to Con A chromatography and 
subsequently analyzed by 2D-E, distinctly different 
profiles were produced. Strikingly, no distinct 
N-glycoproteins were detected in the MM3MG 
medium, whereas the 4T1 cells expressed 
N-glycosylated LOC and MMP-13 (Figure 2a). 

LOC is a protein sequence that has been obtained 
from analyses of mouse cDNA sequences [34]. Little 
information is available regarding the protein’s 
functionality, but three-dimensional structural 
information about the different hypothetical LOC 
proteins is available (Example, PDB accession code: 
215T; Figure 3b). The detection of LOC in the medium 
of the 4T1 cells and not in the MM3MG medium 
might suggest that this protein sequence has a role in 
tumorigenesis. 

 Collagenase 3 is also known as matrix 
metalloproteinase-13 (MMP-13) and is member of the 
matrix metalloproteinase family, which breaks down 
the proteins of the extracellular matrix [35]. Matrix 
metalloproteinase plays important roles in tissue 
remodeling, tissue repair, embryogenesis and cell 
differentiation [36, 37]. The matrix metalloproteinase 
family can be classified into subgroups of 
collagenases, gelatinases, novel matrix 
metalloproteinases, membrane-type matrix 
metalloproteinases and stromelysins according to 
substrate specificity and structure [36, 37]. MMP-13 is 
able to degrade types I, II, III, IV, IX, X and XIV 
collagens, tenascin, fibronectin and aggrecan core 
protein [38-41]. The wide range of the substrate 
specificity of MMP-13 makes it an effective tool for 
tumor cells invasion. The expression of MMP-13 in 

relation to cancer has been detected in breast cancer 
[42], squamous cell carcinomas of the head and neck 
[43], chondrosarcomas [44] and colorectal cancer [45]. 
Structural information about mouse collagenase is 
easily accessible (PDB accession code: 1CXV; Figure 
3a) and provides details about the specificity of 
collagenase and drug design [46]. In the present 
study, we detected an abnormal secretion of MMP-13 
in the 4T1 medium and not in the MM3MG medium. 
The secretion of MMP-13 from the 4T1 cells may play 
a role in the breakdown of the extracellular matrix 
surrounding the cells and thus aid in tumor invasion 
and progression [47]. We also observed the presence 
of MMP-13 as an N-glycoprotein in the 4T1 medium. 
A previous study by Knauper et al. [40] reported the 
presence of an N-glycosylation site on the human 
MMP-13. However, no study has demonstrated the 
presence of an N-glycosylation site in the mouse 
MMP-13. 

O-glycosylated proteins from the murine 4T1 
mammary carcinoma cell line 

 Examinations of the secreted O-glycosylated 
proteins in the 4T1 and MM3MG media were 
performed using blotting with HRP-conjugated CGB 
lectin. Notably, Cadherin-1 (CDH) was detected as an 
O-glycoprotein in the 4T1 media (Figure 2b).  

CDH is also known as L-CAM epithelial 
cadherin (E-cadherin) and uvomorulin and has been 
reported to be a calcium-dependent glycoprotein that 
regulates cell-cell adhesion [48]. CDH is usually 
expressed on the surfaces of epithelial cells in 
adherens junctions [49]. CDH is associated with gland 
formation and the stratification and polarization of 
epithelial cells [50]. CDH is encoded by the CDH1 
gene located on chromosome 16q22.1, which is known 
to be a tumor suppressor gene [51, 52]. The loss of 
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CDH protein has been associated with increases in the 
invasiveness and metastasis of tumors [52, 53]. 
Diverging levels of CDH expression have been 
associated with cancer invasiveness. Decreased 
expression of CDH has been reported in tumors of the 
ovary, esophagus and stomach [54-56]. In contrast, 
elevated CDH levels have been observed in 
inflammatory breast cancer and epithelial ovarian 
cancers [57, 58]. The structural information about the 
mouse CDH is currently available in the RCSB Protein 
Data Bank (PDB accession code: 2QVF; Figure 3c). In 
this study, we detected CDH in the secretome of the 
4T1 cell line but not in that of the MM3MG cell line. 
We also detected an aberrant glycosylation of CDH in 
the 4T1 secretome. CDH was detected as an 
O-glycoprotein in the medium of the 4T1 cells. 
O-glycosylated CDH has previously been reported in 
the MDA-MB-231 breast cancer cell line [59]. Another 
study also reported that induced O-glycosylated CDH 
in a breast cancer cell line is linked to the blocking of 
cell surface transport and reduced intercellular 
adhesion [60]. We postulate that the aberrantly 
glycosylated CDH is associated with the increased 
invasiveness and metastatic ability of the cancer cell 
line via reductions in the intercellular adhesion force.  

Suppression of pigment epithelium-derived 
factor in the murine 4T1 mammary carcinoma 
cell line 

 Glycosylation analysis of the 4T1 cells 
demonstrated 3 different post-translationally 
modified N- and O-linked MMP-13, LOC and CDH 
glycoproteins. These glycoproteins were not observed 
in the normal MM3MG cells. In contrast, 
O-glycosylation analysis of the media from the 
MM3MG cells revealed Pigment epithelium-derived 
factor (PEDF) (Figure 4).  

PEDF is a 50-kDa secreted glycoprotein that 
belongs to the serine protease inhibitor superfamily 
[61, 62]. PEDF was initially discovered in the 
secretions of retinal pigment epithelial cells [63] but 
was later found to be expressed by several tissues, 
including the plasma, bone, prostate, heart, lungs, 
brain and spinal cord [64]. PEDF is a potent inhibitor 
of angiogenesis that neutralizes the pro-angiogenic 
effect of vascular endothelial growth factor [65, 66]. 
Moreover, PEDF also acts as an anti-angiogenic agent, 
an anti-inflammatory agent [67], an anti-fibrosis agent 
[68] and an anti-vasopermeability agent [69]. Thus, 
PEDF is a multifunctional protein.  

In the current study, we detected the presence of 
PEDF in the medium of the MM3MG cell line but not 
in that of the 4T1 cells. PEDF has been shown to 
possess anti-tumor properties mediated by the 
induction of apoptosis, the promotion of tumor 

differentiation and the inhibition of angiogenesis [65, 
70-72]. Other studies have also reported significant 
reductions in PEDF expression in breast cancer [73], 
ovarian cancer [74], prostate cancer [75] and 
pancreatic adenocarcinoma [76]. Hence, the lack of 
PEDF in the 4T1 medium suggested that the tumor 
cells were able to suppress PEDF expression to aid 
tumor progression. Conversely, we detected the PEDF 
as an O-glycoprotein in the MM3MG medium. The 
finding of O-glycosylated PEDF is consistent with 
previous studies that have revealed an 
O-glycosylation site in the human PEDF [77].  

Non-glycosylated proteins from the murine 
4T1 mammary carcinoma cell line 

 In addition to the N- and O-glycosylated 
proteins, there were two non-glycosylated proteins 
that were detected in the 4T1 cell, i.e., viral envelope 
protein G7e (VEP) and Gag protein (GAG).  

VEP is a protein that is encoded by novel gene 
G7e. This gene is transcribed in lymphoid tissues to 
produce a 3 kb mRNA. The G7e gene is located in a 
region in which recombination preferentially occurs, 
and several disease susceptibility genes have been 
mapped to the same region [78]. Studies of this 
protein since its discovery are limited. The detection 
of VEP protein expression in the medium of the 4T1 
cells is suggestive of this protein’s role in 
tumorigenesis. Because the gene that encodes the VEP 
protein is located in close proximity to a recombinant 
region, the integration of this gene into a cancer 
causing gene may form a new recombinant protein 
that could play a certain role in tumorigenesis.  

  GAG is a protein that is found in mouse 
mammary tumor virus and coordinates the assembly 
of completed viral capsids in the cytoplasm that are 
subsequently transported out of the cells [79]. In the 
current study, we detected the presence of the GAG 
protein in the medium of the 4T1 cell line. A previous 
study reported an elevation in gene expression related 
to the envelope of the murine acquired 
immunodeficiency syndrome (MAIDS) virus 
following burn injury and the inflammatory response 
[80]. Our data revealed findings that were similar to 
those of a previous study that found that the 
expression of viral-related GAG is detectable in the 
secretions of the 4T1 cell line. This finding suggests 
that the reactivation of defective or dormant 
virus-related sequences might be affected by 
pathophysiological states such as cancer. The 
expression of this virus-related sequence might affect 
the transcriptional activities of adjacent genes in the 
integration region, which may then produce new 
recombinant proteins and induce the progression of 
cancer.  
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Figure 4. Typical representative image of an O-glycoprotein profile derived from the MM3MG growth medium. The harvested growth media were subjected to 
2D-E, blotted and developed with HRP-conjugated CGB lectin. PEDF was detected as an O-glycoprotein in the MM3MG growth medium. 

 

Conclusions 
 Breast cancer is one of the leading causes of 

death primarily due to late stage diagnoses and the 
lack of effective treatments. To enhance the survival 
rate, this study identified differentially expressed and 
glycosylated proteins in the secretion of a murine 
mammary cancer cell line. We employed a proteomics 
approach using 2D-E coupled with lectin-based 
analysis to identify the aberrantly expressed N- and 
O-linked glycoproteins in the secretome. Subsequent 
analyses of the murine 4T1 tumor cells revealed the 
unique expressions of the CDH, MMP-13, VEP, GAG 
and LOC proteins in the medium of the 4T1 cell line 
and not in the medium of the MM3MG cells. 
However, the unique expression of PEDF in the 
medium of the MM3MG cells was noted. The 
lectin-based analysis revealed that CDH was 
aberrantly O-glycosylated and that MMP-13 and LOC 
were differentially N-glycosylated in the 4T1 growth 
medium. The findings of the current study identified 
interesting potential biomarkers for the diagnosis and 
prognosis of breast cancer. Therefore, the use of 
lectin-based analysis coupled with 2D-E provided a 
more sensitive method for detecting and verifying 
differentially glycosylated proteins in breast cancer 
samples. Further studies have to be done on the 
identified biomarkers to reveal the actual 
role/functions of these biomarkers in breast cancer. 
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