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Abstract MAGEC2 is a member of melanoma antigen

(MAGE) family of cancer-testis antigens and associated

with tumor relapse and metastasis. Here, we investigated

the expression of MAGEC2 in patients with breast cancer

and its clinical effects with underlying mechanisms. The

expression levels of MAGEC2 were compared between

420 invasive ductal carcinoma (IDC) and 120 ductal car-

cinoma in situ of the breast. Correlations between

MAGEC2 expression and clinico-pathologic factors or

survival of patients with IDC were analyzed. In addition,

MAGEC2 expression levels in tumor tissues dissected from

the primary focus and matched tumor-invaded axillary

lymph nodes were analyzed in 8 breast cancer patients. The

functional effects of MAGEC2 overexpression were

assessed in vitro using scratch assay and transwell chamber

assay. MAGEC2 expression was increased in metastatic

breast cancer in comparison to the non-metastatic.

MAGEC2 expression was significantly associated with ER

negative expression (P = 0.037), high tumor grade

(P = 0.014) and stage (P = 0.002), high incidence of

axillary lymph node metastasis (P = 0.013), and distant

metastasis (P = 0.004). Patients with tumor with

MAGEC2 positive expression have a worse prognosis and

a shorter metastasis free interval. Multivariate analyses

showed that MAGEC2 expression was an independent risk

factor for patient overall survival and metastasis-free sur-

vival. Breast cancer cells that overexpressed MAGEC2 had

stronger migratory and invasive potential than control-

treated cells. Epithelial markers (E-cadherin and cytoker-

atin) were down-regulated in MAGEC2-overexpressing

cells compared to controls, whereas mesenchymal markers

(vimentin and fibronectin) were upregulated. Our results

indicate that MAGEC2 has a role in breast cancer metas-

tasis through inducing epithelial-mesenchymal transition.

In addition, MAGEC2 is a novel independent poor prog-

nostic factor in patients with IDC. Thus, targeting

MAGEC2 may provide a novel therapeutic strategy for

breast cancer treatment.
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Introduction

Breast cancer is the leading cause of cancer mortality in

females worldwide [1]. Death from breast cancer primarily

results from cancer cells invading surrounding tissues and

metastasizing to distal organs, such as lung, bone, liver, or

brain. The epithelial-mesenchymal transition (EMT), a

developmental process in which epithelial cells lose

polarity and develop a mesenchymal phenotype, has been
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implicated in the initiation of cancer invasion and

metastasis.

EMT is a complex multistep event, which is character-

ized by a loss of intercellular adhesion of E-cadherin and

occludins, down-regulation of epithelial makers of cyto-

keratins, up-regulation of mesenchymal markers of

vimentin, and fibronectin, acquisition of fibroblast-like

morphology with cytoskeleton reorganization and increase

in motility, invasiveness, and metastatic capabilities [2–6].

In addition, the process known as ‘‘cadherin switching’’

(down-regulation of E-cadherin and up-regulation of mes-

enchymal cadherins such as N-cadherin or cadherin-11)

and the accumulation of b-catenin has also been associated

with EMT [4]. EMT is driven by a restricted number of

transcription factors that regulate the expression of

numerous proteins involved in cell polarity, cell-to-cell

contact, cytoskeleton structure, and extracellular matrix

degradation. These transcription factors mainly include

members of the three protein families Snail, Slug and Twist

[7, 8]. These factors act as transcriptional repressors of

E-cadherin [7, 9] and modulate directly or indirectly the

expression of a wide number of genes involved in cancer

invasion and metastasis [10, 11]. The EMT has been found

to endow mammary epithelial cells with stem cell-like

properties, including the ability to self-renew and effi-

ciently initiate tumors [11, 12]. Increasing evidence has

shown that malignant cells in breast cancer undergo EMT

to become more motile and invasive. This is particularly

the case in the most lethal and aggressive subtype of triple-

negative breast cancer [13, 14].

Cancer/testis antigens (CTAs) are a group of tumor-

associated antigens that have normal expression in the

adult testis, but aberrant expression in several cancer types,

particularly advanced cancers with stem cell-like charac-

teristics [14, 15]. Melanoma antigen (MAGE) family genes

were the first identified cancer-testis (CT) antigen [16].

MAGE expression in malignancies has been correlated

with aggressive clinical course, the acquisition of resis-

tance to chemotherapy, and poor clinical outcomes [16–

20]. MAGE expression has been shown to cause acceler-

ated cell cycle progression, to increase the rate of cell

migration and invasion in vitro, and to increase lung

metastases in an orthotopic mouse model of human thyroid

cancer [21–23]. MAGEC2 belongs to the MAGE-family of

CTAs, the gene shows significant homology with the

MAGEC1 gene and both genes map in close proximity to

chromosome Xq27.13. MAGEC2 is solely expressed in the

testis under normal circumstances but overexpressed in

many malignant neoplasms. MAGEC2 expression has been

found to suppress apoptosis, increase the likelihood of

metastasis and enhance the oncogenic nature of cancer

cells [17, 24–28]. Data showed that MAGEC2 expressed in

melanoma and prostate cancer is associated with tumor

progression and poor prognosis [21, 25]. Chen et al. [29]

recently determined that MAGEC2 was preferentially

expressed in hormone receptor-negative and high-grade

invasive ductal breast cancer [30]. However, the mecha-

nism by which MAGEC2 results in more aggressive tumors

that are likely to metastasize remains unclear, and further

investigations into the role and mechanism of MAGEC2 in

breast cancer are needed.

The aim of this study was to investigate the function of

MAGEC2 in breast cancer and its underlying mechanism.

We first compared MAGEC2 expression between metastatic

and non-metastatic breast cancer tissues and analyzed the

correlation between MAGEC2 expression and clinicopath-

ologic factors or survival of patients with IDC. We then

conducted in vitro studies to overexpress MAGEC2 in breast

cancer cell line to investigate the effects of MAGEC2 on the

metastatic potential of cancer cells. We demonstrate that

MAGEC2 is a unique activator of EMT in human breast

cancer cells, which promotes breast cancer progression. It

may, therefore, be a promising therapeutic target for breast

cancer and a potential prognostic biomarker.

Materials and methods

Patients and tissue specimens

In total, 540 breast cancer and 23 noncancerous breast tissues

were from the Tissue Bank of the Department of Pathology,

Xijing Hospital, Xi’an, China. Female patients were diag-

nosed with breast cancer between January 2001 and Decem-

ber 2002. Their diagnosis was confirmed by pathologists, and

comprises 120 cases of DCIS and 420 IDC of the breast. All

samples were fixed by formalin and a breast cancer tissue

microarray was constructed as previously described [31]. The

clinico-pathologic features of all patients are summarized in

Table 1. All patients had follow-up records for over 10 years.

The follow-up deadline was December 2011. The overall

survival (OS) was defined as the period from the first post-

operative day to the final follow-up visit or death. Metastasis-

free survival (MFS) was defined as the period from the first

postoperative day to the date that a distant metastasis (Refers

to metastasis to distant organs including bone, as well as lung,

liver, and brain.) was diagnosed.

In addition, surgical specimens were collected from 8

patients with invasive ductal carcinoma who underwent

modified radical mastectomy. Fresh tumors tissue from

primary focus and tumor-invaded axillary lymph nodes

were dissected by pathologist according to a standardized

protocol. Tumors tissue was snap-frozen in liquid nitrogen

and stored at -80 �C.

This study protocol was approved by the Institutional

Review Board of the Fourth Military Medical University
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(No. 2011039162). Tumor specimens were collected after

informed consent was obtained from each patient in

accordance with prior institutional guidelines (Nos.

2008039085 and 2008039085).

Immunohistochemistry

Anti-MAGEC2 monoclonal antibody (FMMU-CT10.5)

[32] was kindly provided by the Department of

Immunology at the Fourth Military Medical University.

MAGEC2 expression in the tissue microarray (TMA) was

analyzed using the EnVision-HRP detection system (Dak-

oCytomation Colorado Inc, Fort Collins, CO, USA)

according to the manufacturer’s protocol. Briefly, serial

sections were cut from TMA blocks for immunohisto-

chemical staining. The tissues were deparaffinized in

xylene and rehydrated through an ethanol gradient. Antigen

retrieval was performed by incubation for 2 min with Dako

target retrieval solution in a pressure cooker followed by

the treatment of slides with 0.3 % hydrogen peroxide for

10 min to block endogenous peroxide activity. Samples

were then incubated at 4 �C overnight with FMMU-

CT10.5 (1:1,000). After a further incubation with Envision

reagent for 30 min, slides were washed thoroughly with

PBS and the antibody reaction was visualized using a fresh

substrate solution containing DAB. The sections were

counter-stained with hematoxylin. Mouse IgG without the

primary antibody was used as the negative control.

Immunostaining scores

Two investigators (Xia Miao and Tao Zhang) separately

and independently evaluated the immunohistochemical

staining without knowledge of the clinical data. The results

of immunohistochemical staining for MAGEC2 were

semiquantitatively evaluated as described by Hideki et al.

[33]. The results were evaluated using the following

formula:

Immunohistochemical score ðhistoscoreÞ ¼
Xi¼4

i¼0

PðiÞ � i

where staining intensity (i) was rated from 0 (negative) to 4

(strongest) on a quantitative scale (P) from 0 to 100 % of

positive-staining cells. The range of possible scores was

from 0 to 400.

Western blotting

Frozen tissues or cells were washed with ice-cold phosphate-

buffered saline (PBS), then lysed with radioimmunoprecip-

itation assay lysis buffer (Beyotime, Shanghai, China) and

centrifuged at 10,000 9 g. Supernatants were collected and

the total protein was determined using a Bicinchoninic acid

(BCA) kit (Boster, Wuhan, China). The extracted proteins

(20 lg per lane) were separated on a 12 % SDS–poly-

acrylamide gel, and transferred to nitrocellulose filters. The

filters were blocked with TBST buffer (10 mM Tris–HCl,

pH 8.0, 0.15 M NaCl, 0.05 % Tween 20) containing 5 %

skim milk, before being incubated with a monoclonal anti-

body to MAGE2/CT10 (1:1,000 dilution) overnight. This

Table 1 Relationship of MAGEC2 expression and clinicopathologic

characteristics of patients with IDC

Variables MAGEC2/CT10 expression

Negative, n (%)

(n = 306)

Positive, n (%)

(n = 114)

P value

Age at menarche

B14 (years) 127 (77.4) 37 (22.6) 0.091

[14 (years) 179 (69.9) 77 (30.1)

Menopausal status

Premenopausal 165 (72.1) 64 (27.9) 0.685

Premenopausal 141 (73.85) 50 (26.6)

Tumor size

B2 cm 94 (69.1) 42 (30.9) 0.137

2–5 cm 115 (71.0) 47 (29.0)

[5 cm 97 (79.5) 25 (20.5)

Tumor grade

1 90 (78.9) 24 (21.1) 0.014*

2 120 (76.4) 37 (23.6)

3 96 (64.4) 53 (35.6)

Lymph node stage

1 (Negative) 98 (78.4) 27 (21.6) 0.013*

2 (1–3 LN

involved)

136 (75.6) 44 (24.4)

3 ([5) 72 (62.6) 43 (37.4)

Tumor stage

I ? II 196 (78.4) 54 (21.6) 0.002*

III ? VI 110 (64.7) 60 (35.3)

Distant metastasis

Yes 126 (66.0) 65 (34.0) 0.004*

No 180 (78.6) 49 (21.4)

ER

Negative 121 (67.6) 58 (32.4) 0.037*

Positive 185 (76.8) 56 (23.2)

PR

Negative 152 (75.2) 50 (24.8) 0.289

Positive 154 (70.6) 64 (29.4)

HER2

Negative 161 (69.7) 70 (30.3) 0.107

Positive 145 (76.7) 44 (23.3)

* Statistically significant (P \ 0.05)

Breast Cancer Res Treat (2014) 145:23–32 25

123



was followed by the addition of horseradish peroxidase-

linked anti-mouse IgG and ECL visualization of the bands.

Cell lines and transfection

Breast cancer cell lines of SK-BR-3, MDA-MB-231 and

MCF-7 were obtained from American Type Culture Col-

lection (ATCC). Breast cancer cell lines of Bcap-37(ER

positive) were kindly provided by the Department of

Radiation Medicine at the Fourth Military Medical Uni-

versity. All cell lines were cultured in RPMI-1640 medium

at 37 �C in 5 % CO2. Culture medium was supplemented

with 10 % fetal bovine serum, penicillin (100 U/ml), and

streptomycin (100 lg/ml). The CMV4-MAGEC2 eukary-

otic expression vector and CMV4-flag mock vector were

transfected into MCF-7 cells using Fugen HD (Roche).

Transfected cells were subsequently selected in the pre-

sence of 500 lg/mL G418 (Invitrogen, Carlsbad, CA). The

resistant clones were selected by trypsinization in cloning

cylinders and grown separately under selective conditions.

Scratch assay [34]

The cells were seeded onto 24-well plates at a density of

2 9 105 per well and incubated until they reached conflu-

ency. Confluent monolayers were serum-starved for 24 h

and washed with PBS. The cell layers were then scored with

a sterile 200-lL pipette tip to generate one homogeneous

wound. After washing with PBS, the cells were incubated

with culture medium (1 % FBS) for 36 h. Then, the images

were captured by microscope at 100 9 magnifications

(TE2000; Nikon, Tokyo, Japan). The movement distance of

the cells across the wound was measured using Vision

Assistant 8.6 software (National Instruments, Austin, TX).

Transwell chamber assay

The invasive ability of cells was performed in 24-well

transwell chambers. The polycarbonate filters containing

8-lm pores were coated on ice with 80 lL of Matrigel

(Sigma-Aldrich) at 5 mg/L. After blocking with 1 % BSA

for 1 h at 37 �C the cells (5 9 105/mL) were suspended in

serum-free culture medium, and 100 lL were added to the

upper compartments of a transwell chamber. In each lower

chamber, 600 lL of medium (5 % FBS) was added. After

12 h incubation, the cells from the upper compartment of

the filter were removed with a cotton swab, and then the

cells on the lower surface of the filter were fixed in ethanol

and stained with hematoxylin-eosin. The cells that invaded

through the Matrigel and reached the lower surface of the

filter were quantified by counting the number of cells that

migrated in 10 random microscopic fields per filter at a

magnification of 2009 (TE2000,Nikon).

Immunofluorescence

Cells were plated on round coverslips (Boster, Wuhan,

China), and cultured in six-well plates until *80 % con-

fluency was reached. Cells were fixed in 4 % paraformal-

dehyde for 15 min, permeabilized with 0.1 % Triton/PBS

for 3 min at room temperature, and blocked by 5 % normal

goat serum for 30 min. The cells were then incubated with

primary antibodies (Boster, Wuhan, China) for 1 h, fol-

lowed by incubation with the Alexa Fluor� 488 or Alexa

Fluor� 555 conjugated secondary antibodies for 30 min at

37 �C. Finally, cells on the round coverslips were photo-

graphed with a confocal laser scanning microscope (FV-

1000, Olympus).

Statistical analysis

SPSS version 16.0 was used for the statistical analyses.

P\ 0.05 was considered significant. Correlation between

MAGEC2 expression and clinico-pathological parameters

was estimated using the Pearson correlation method.

Parametric variables between groups were compared using

Student’s t test. Kaplan–Meier survival curves were cal-

culated using tumor metastasis or death as the end points

[35]. Differences in the MFS or OS rates were examined by

log-rank tests. In addition, the Cox proportional hazard

regression model was used to identify independent prog-

nostic factors for MFS and OS [35].

Results

MAGEC2 expression in tumor tissue correlated

with tumor metastasis

To analyze the function of MAGEC2 in breast cancer

progression, we evaluated MAGEC2 protein expression in

23 noncancerous breast, 120 DCIS and 420 IDC samples.

Immunostaining revealed that MAGEC2 protein was not

found in noncancerous breast samples but was positive in

DCIS and IDC samples. As shown in Fig. 1A, differential

MAGEC2 expression between DCIS and IDC tissue could

be observed: the percentage of MAGEC2 positivity in

patients with DCIS was 8.33 % (10/120) which increased

to 27.14 % (114/420) in patients with IDC. MAGEC2

protein levels were much higher in patients with IDC than

DCIS. The average MAGEC2 histoscore was 65 in patients

with DCIS which was increased to 175 in patients with

IDC (Fig. 1B). To evaluate intraindividual difference,

MAGEC2 protein expressed in tumor tissues dissected

from the primary focus and matched tumor-invaded axil-

lary lymph nodes were analyzed in 8 breast cancer patients
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by Western blot. The result verified that MAGEC2

expression was increased in metastatic lesions (Fig. 1C).

MAGEC2 expression and clinico-pathologic features

According to the expression of MAGEC2, the patients with

IDC were divided into MAGEC2 positive (histoscore [ 0)

and negative (histoscore = 0) groups. Correlation analysis

was then performed. The results are summarized in

Table 1. There was no significant difference (P [ 0.05) in

age at menarche, menopausal status, tumor size, PR, and

HER2 expression between the MAGEC2-negative group

and the MAGEC2-positive group. However, MAGEC2

expression was significantly associated with ER status

(P = 0.037), tumor stage (P = 0.002), Tumor grade

(P = 0.014), lymph node stage (P = 0.013), and distant

metastasis (P = 0.004). Patients with MAGEC2 positive

expression were more frequently with ER negative

expression, high tumor grade and stage, high incidence of

axillary lymph node metastasis, and distant metastasis.

Correlation between MAGEC2 expression and survival

To examine the hypothesis that MAGEC2 may impact the

survival of patients with IDC, Kaplan–Meier analysis and

the COX hazard proportional model were employed to

analyze survivability. To analyze a more homogeneous

group of patients, Kaplan–Meier analysis stratified by

MAGEC2 status was conducted in different tumor grade.

As shown in Fig. 2, the positive MAGEC2 staining is

significantly related to OS and MCF in both low- and high-

grade tumors. Patients with positive MAGEC2 expression

have a worse prognosis and a shorter metastasis free

interval.

The Cox multiple variable analysis showed that

MAGEC2 was an independent factor that could determine

OS and MFS durations (Table 2).

Expression of MAGEC2 in breast cancer cell lines

We selected four breast cancer cell lines, SKBR-3, MDA-

MB-231, Bcap-37, and MCF-7, to investigate their

MAGEC2 expression levels as determined by Western

blot. High expression of MAGEC2 was observed in SKBR-

3 and MDA-MB-231, whereas Bcap-37and MCF-7 showed

no expression of MAGEC2 (Fig. 3a).

MAGEC2 increases migration and invasion of breast

cancer cells

To further confirm the effect of MAGEC2 on the metas-

tasis of breast cancer cells, MCF-7 cells were stably

transfected with full-length human MAGEC2 and the cell

lines showing high-level expression of MAGEC2 were

Fig. 1 Expression of MAGEC2 in metastatic and non-metastatic

breast cancer tissues. A expression of MAGEC2 in noncancerous

breast (a, b), DCIS (c, d) and IDC (e, f) tissues determined by

immunohistochemistry. B histoscores of MAGEC2 expression in

patients with DCIS and IDC (above) and representative staining

intensity ranged from1–4(below). C expression of MAGEC2 in tumor

tissues dissected from the primary focus and matched tumor-invaded

axillary lymph nodes detected by immunoblot using b-tubulin as a

loading control (P, primary tumor. L, the matched lymph node

metastasis)
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selected. Elevated MAGEC2 levels were confirmed by

Western blot analyses (Fig. 3b). The migratory and inva-

sive properties of cells were determined by scratch assay

and transwell chamber assay. The result shows that

MAGEC2-overexpressing cells displayed significantly

increased migration and invasion as compared with control

cells (Fig. 3c, d).

Overexpression of MAGEC2 induced EMT

Based on the association between MAGEC2 expression

and the migration and invasion of cancers, and given that

EMT plays a crucial role in cancer metastasis and invasion,

we compared the expression of epithelial and mesenchymal

markers in cancer cells using Western blotting. As shown

in Fig. 4a, the epithelial markers, E-cadherin, and cyto-

keratin, were significantly down-regulated in MAGEC2-

overexpressing cells compared with the control mock-

transfected cells. In contrast, the mesenchymal markers,

vimentin, and fibronectin were upregulated in MAGEC2-

overexpressing cells. These observations were also con-

firmed by immunofluorescence assays (Fig. 4b).

Discussion

In this study, we are unique in demonstrating that

MAGEC2 is a positive regulator of ductal breast cancer

Fig. 2 Kaplan-Meier curves for OS and MFS of patients with IDC. Patients with MAGEC2 positive expression had a significantly shorter OS

and DFS time in tumor grade I (a, b), grade II (c, d) and grade III (e, f)

Table 2 Multivariate cox

regression analysis of OS and

MFS in the patients with IDC

HR hazard ratio, CI confidence

interval

* Statistically significant

(P \ 0.05)

Variable OS MFS

HR (95 % CI) P HR (95 % CI) P

Grade (3 vs 1, 2) 3.12 (1.54–13.26) \0.001* 6.54 (1.45–14.35) \0.001*

LN Stage (2, 3 vs 1) 4.27 (1.03–10.25) 0.005* 7.13 (1.85–24.32) 0.015*

tumor size (C5 cm vs \5 cm) 2.14 (0.62–5.23) 0.061 1.05 (0.78–6.27) 0.058

Distant metastasis (positive vs negative) 3.36 (1.46–18.10) \0.001* 6.58 (2.35–34.27) \0.001*

Tumor stage (III-VI vs I-II) 2.34 (1.61–7.63) 0.031* 4.65 (1.06–15.42) 0.032*

ER (positive vs negative) 0.62 (0.34–5.63) 0.135 0.68 (0.34–7.13) 0.082

HER2 (positive vs negative) 3.35 (0.83–4.16) 0.135 3.42 (0.91–5.26) 0.103

PR (positive vs negative) 0.71 (0.24–3.45) 0.506 0.63 (0.25–4.83) 0.182

MAGEC2/CT10 (positive vs negative) 3.07 (1.47–12.01) 0.003* 5.17 (1.36–16.19) 0.002*
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metastasis. We confirm this finding by providing the fol-

lowing evidence. First, MAGEC2 was more frequently and

much higher expressed in the metastatic breast cancer.

Second, we identified MAGEC2 expression as an inde-

pendent indicator of poor prognosis of IDC. Third,

MAGEC2 overexpression enhanced the migration and

Fig. 3 MAGEC2 increases

migration and invasion of breast

cancer cells. a expression of

MAGEC2 in four breast cancer

cell lines was detected by

immunoblot using b-tubulin as a

loading control. b MCF-7 cells

were stably transfected with

MAGEC2 as described in

Materials and Methods.

c Scratch assay was performed

to compare the migratory

capabilities of cells. d Transwell

chamber assay was used to

compare the invasive

capabilities of cells.

*Significant difference

(P \ 0.05)

Fig. 4 MAGEC2 induces EMTs in human breast cancer cells. a expression of MAGEC2 and EMT markers analyzed by immunoblot.

b expression of MAGEC2 and EMT markers analyzed by immunofluorescence
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invasion of breast cancer cells. Finally, MAGEC2 over-

expression in breast cancer cells induced a mesenchymal

phenotype. Collectively, these results are strong evidence

that MAGEC2 plays a pivotal role in breast cancer

progression.

Our studies revealed that MAGEC2 was preferentially

expressed in patients with metastatic or ER negative breast

cancer. we detected MAGEC2 expressed in 27.14 % of

patients with metastatic disease of IDC, but only in 8.33 %

of organ confined disease of DCIS. MAGEC2 was more

frequently expressed in ER negative IDC and was negative

in ER positive breast cancer cell lines of Bcap-37 and

MCF7. MAGEC2 has been shown to be a reliable predictor

of lymph node metastasis of melanoma, and be more fre-

quently expressed in metastases than primary tumors [36].

Additionally, this gene is commonly expressed in both

metastatic and advanced cases of prostate cancer, and is an

independent predictor of recurrent disease [27]. Chen et al.

[29] have demonstrated that MAGEC2 was preferentially

expressed in hormone receptor-negative and high-grade

IDC. Our finding corroborates previous studies and is of

clinical significance. It is believed that metastatic and ER-

negative breast cancers carried a much poorer prognosis

than nonmetastatic and ER-positive tumors and better

treatment modalities are highly desirable and continuously

sought for [37]. Antibody-based immunotherapy and vac-

cine-mediated immunotherapy have been considered to be

the hopeful approach to cure patients with metastatic and

ER-negative breast cancers [38]. MAGEC2 has been

shown to be able to induce specific immune responses in

the autologous host. Cytotoxic T lymphocytes directed

against MAGEC2 epitopes have been found in patients

with melanoma and hepatocellular cancer [39]. MAGEC2

may be a candidate for adjuvant and palliative vaccination

in the subset of patients with metastatic and ER-negative

breast cancers.

Our studies elucidated the clinical significance of

MAGEC2 expression in IDCs. Previous studies have

shown that MAGEC2 was more frequently expressed in

hormone receptor-negative and high-grade IDC

[29]. However, the clinical relevance of MAGEC2

expression in IDC has not yet been investigated. In this

study, we showed that MAGEC2 expression was signifi-

cantly associated with tumor stage, histologic grade, lymph

node metastasis, and distant metastasis and is an indepen-

dent poor risk factor for predicting survival in patients with

IDCs. Our results suggest that MAGEC2 might play an

important role in IDC tumorigenesis and be useful as a

potential prognostic biomarker for patients with IDCs.

Our studies clarified the functional role of MAGEC2 in

IDC progression. Our results showed that MAGEC2

overexpression in breast cancer cells of MCF-7 can repress

the epithelial phenotype, induce a mesenchymal

phenotype, and dramatically increase migratory and inva-

sive behaviors. MAGEC2 acts by binding to a well-studied

transcriptional repressor, KAP1, which plays a critical role

in proliferation and differentiation of both normal and

tumor cells [40]. The binding of MAGEC2 to KAP1

increases the ubiquitin E3 ligase activity of KAP1 through

the recruitment and/or stabilization of E3 ubiquitin-conju-

gating cascades, which in turn increases the ubiquitination

and degradation of the tumor suppressors, p53, and

ZNF382 [41]. Additionally, this process induces the

expression of oncogenes, including ID1. Overexpression of

ID1 can promote cadherin switching and induce EMT [42–

44]. KAP1 also binds to a cis-acting promoter element

named fibroblast transcription site-1 (FTS-1) which exists

in the promoters of genes that are known to modulate a

broader EMT transcriptome, including FSP1, Twist, Snail,

E-cadherin, b-catenin, vimentin, and a-smooth muscle

actin [45]. It is surprising, but intriguing that KAP-1 acts as

a co-repressor but functions to activate transcription. The

binding of MAGEC2 with KAP1 might explain this

apparent contradiction.

More recently, the EMT program has been shown to

endow normal and transformed mammary epithelial cells

with stem-cell like properties, including the ability to self-

renew and efficiently initiate tumors [46]. MAGEC2 belongs

to a family of CT antigens which had been implicated in

stem cell differentiation pathways. MAGEC2 is normally

expressed in the nuclei of spermatogonia, including sper-

matogonial stem cells [47, 48]. The specific expression of

MAGEC2 in tumor cells raises the question of whether it is

an anomalous form of reactivated expression that confers a

selective advantage to these cells, or could represent the

presence of MAGEC2-expressing cells as a consequence of

the clonal proliferation of a single aberrant cancer stem cell.

MAGEC2 may endow those cells with stem cell properties

through the induction of EMT which may have numerous

implications in the progression of breast tumors.

In conclusion, we demonstrate that MAGEC2 plays a

critical role in promoting breast cancer progression via the

induction of EMT, which increases the motility and inva-

siveness of tumor cells. The utility of MAGEC2 expression

as a marker of lymph node metastasis and distant metas-

tasis, in addition to survival rates, implies that this could be

a useful prognostic biomarker. Further in vitro and clinical

studies will be required to understand the mechanisms by

which this gene induces EMT and increases the likelihood

of metastasis, and to determine whether this would be a

useful therapeutic target.
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