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Melanoma-associated antigen (MAGE) family members are generally described as tumor-specific antigens. An association

between MAGE-D4B and breast cancer has yet to be reported and the functional role of the encoded protein has never been

established. We performed microarray analysis of 104 invasive breast tumors and matched non-cancerous breast biopsies.

qPCR was used for validation in an independent biobank. To investigate the biological relevance of MAGE-D4B in breast

tumorigenesis, its phenotypic effects were assessed in vitro. Overall, MAGE-D4B was detected in 43% of tumors while

undetected in normal breast tissue. MAGE-D4B was found to correlate with tumor progression and to be an independent

prognostic marker for poor outcome in term of relapse-free and overall survival, with potential predictive relevance in relation

to response to chemotherapy. RNA interference-mediated knockdown of MAGE-D4B significantly hampered the invasive

properties of Hs578T cells by affecting anchorage-independent growth, adhesion, migration and invasion affecting anchorage-

independent growth, adhesion, migration and invasion and by modulating expression of invasion-suppressor gene E-cadherin.

Breast cancer is the most common cancer in women and one
of the leading causes of death1 and it is characterized by high
heterogeneity at the histopathologic and molecular levels,
which is ultimately reflected in the clinical course of the dis-

ease and responses to treatment. The prognosis and clinical
management of patients with breast cancer are commonly
determined by clinicopathological factors and immunochemi-
cal markers. Histological type, grade, tumor size, lymph node
involvement, estrogen (ER) and progesterone (PR) receptors
status and HER2-receptor overexpression/gene amplification
all influence prognosis and probability of response to sys-
temic therapies; however, they fail to fully capture the varied
clinical course of breast cancer.2

Expression of human melanoma-associated antigen
(MAGE) family genes has been recently associated with sev-
eral types of cancer.3–7 The first human MAGE family mem-
ber was discovered as a gene encoding a tumor-specific anti-
gen.8 Since then, more than 50 MAGE genes have been
identified and classified as type I and type II genes, based on
differences in gene structure and tissue-specific gene expres-
sion.9 Type II MAGE-D genes are characterized by a more
complex genomic structure compared to type I genes, with
an open reading frame encoded by multiple exons.10 One of
these genes, MAGE-D4B, has been reported in human malig-
nancies, including gliomas, non-small-cell lung cancers and
oral squamous cell carcinomas.11–13 However, an association
of MAGE-D4B expression with breast cancer has not previ-
ously been established and the functional role of the encoded
protein remains uncharacterized.

In this study, by genome-wide microarray analysis of a
large cohort of patients, we identified MAGE-D4B to be dif-
ferentially expressed in invasive breast tumors compared with
normal breast tissue and to be significantly associated with
poor outcome. Gene silencing experiments indicated that
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MAGE-D4B critically contributes to the tumorigenesis of
breast cancer cells by regulating anchorage-independent
growth, motility, invasiveness and expression of the invasion-
suppressor gene E-cadherin. MAGE-D4B may thus represent
a valuable prognostic biomarker for breast cancer and an
attractive target for cancer therapy.

Material and Methods
Patient characteristics and tissue sampling

The study involved analysis of 104 cases of primary breast
cancer from patients aged between 31 and 89 years at the time
of diagnosis. Nineteen non-cancerous breast biopsies were
included in the study. Tissue specimen were obtained from
patients undergoing surgery at St Vincent’s University Hospital
(SVUH, Dublin, Ireland) and were analyzed following ap-
proval from SVUH Ethics Committee and with patients’
informed consent. Patients were followed-up for a maximum
of 3,026 days. Following surgical resection and pathologic eval-
uation, tissues were snap frozen in liquid nitrogen and stored
at �80�C before RNA isolation. Tumors were typed, graded
and staging was performed as described previously.14

RNA extraction, cDNA preparation and quantitative real-

time PCR

Total RNA was isolated from tissue samples using Tri reagent
(Sigma-Aldrich, Arklow, Ireland) as described previously.15

RNeasy mini kit (Qiagen, Crawley, UK) was used for total
RNA isolation from cell lines according to the manufacturer’s
instructions. cDNA was prepared from 100 ng RNA using
MMLV reverse transcriptase (Sigma-Aldrich) according to the
manufacturer’s instructions. Real-time PCR was performed,
using a Mastercycler ep realplex2S system (Eppendorf, Cam-
bridge, UK) and TaqMan Gene Expression Assays (Applied
Biosystems, Warrington, UK). Samples were analyzed in tripli-
cate, cDNA-absent and minus reverse transcriptase samples
were included as negative controls. TaqMan Array Human
Tumor Metastasis Fast 96-well plates (Applied Biosystems)
were run on a 7900HT Fast Real-Time PCR System (Applied
Biosystems) according to the manufacturer’s instructions.
Expression was normalized to the endogenous control gene
GAPDH, identified as suitable based on our previous studies.16

The comparative CT method was used for data analysis.

Microarray

A total of 100 ng of RNA isolated from each breast tissue
sample were amplified and labeled as described previously.14

Gene expression was examined using whole-genome microar-
rays (Affymetrix, U133 Plus 2.0) as reported previously.17

Cell culture and transfection

The Hs578Bst breast cell line was obtained from the Ameri-
can type culture collection (ATCC) and maintained accord-
ing to ATCC guidelines. The Hs578T breast cancer cell line
was obtained from ATCC and the highly invasive clone

Hs578Ts(i)8 was kindly provided by Susan McDonnell.18

These cells were grown in Dulbecco’s Modified Eagle’s Me-
dium (Sigma-Aldrich) supplemented with 10% fetal bovine
serum (FBS, Lonza, Wokingham, UK), 5% L-glutamine and
10 lg/mL bovine insulin (Sigma-Aldrich). Transfections of
small interfering RNAs (siRNAs) and plasmid vectors were
carried out with Lipofectamine 2000 (Invitrogen, Dun Laogh-
aire, Ireland) according to the manufacture’s instructions.
Transfected cells were harvested 48 hr post-transfection for
RNA extraction or biological assays and 72 hr after transfec-
tion for protein extraction. siRNA were purchased from
Ambion (Warrington, UK) and transfected at 50 nM. Two
independent siRNAs were used to target MAGE-D4B (siRNA
1, pre-designed ID 130972; siRNA 2, 50 CCCGGAGCUCA
GAGAGGAGtt 30) and a scrambled-siRNA (Silencer Negative
Control #1) was used as a negative control. MAGE-D4B full-
length cDNA was subcloned from pOTB7 vector (clone
ID3502168, Open Biosystems, Dublin, Ireland) by PCR into
pcDNA 3.1(þ) zeo vector (Invitrogen). The obtained con-
struct was verified by DNA sequencing.

Immunoblotting

Total cellular proteins were extracted by using the SDS lysis
buffer (250 mM Tris-HCl, pH 7.4, 2.5% SDS), quantified
with the micro BCA protein assay kit (Pierce, Dublin, Ire-
land) and dissolved in Laemmli sample buffer. Proteins were
resolved by 10% SDS-PAGE and transferred to PVDF mem-
branes (Millipore, Carrigtwohill, Ireland). Membranes were
blocked in 5% low-fat dry milk (Bio-Rad Laboratories, Bles-
sington, Ireland) and incubated with the indicated primary
antibodies (anti-MAGE-D4 clone H-188, Santa Cruz Biotech-
nology, Heidelberg, Germany; anti-b-tubulin, Sigma-Aldrich;
anti-Stat3, anti-phospho Stat3, anti-NFkB and anti-phospho
NFkB, Cell Signalling, Bray, Ireland). Membranes were incu-
bated with appropriate horseradish peroxidase-conjugated
secondary antibodies (Cell Signaling) and proteins were
visualized by chemiluminescence (Millipore). Detection was
performed with the Chemidoc exposure system (Bio-Rad
Laboratories).

Immunohistochemistry

All steps were performed at room temperature unless other-
wise indicated. Tissue sections were dewaxed in xylene (2 �
5 min), rehydrated in grading alcohols 100%, 90% and 70%
(2 � 3 min each) to H2O. Endogenous peroxidase activity
was quenched by placing tissue sections in 3% (v/v) H2O2/
distilled water for 15 min. All slides were blocked for non-
specific staining with normal serum, (Vestastain ABC Kit,
Vector Laboratories CA, PK-6101) for 20 min. Excess block-
ing serum was shaken off and 100 lL of the primary anti-
body (MAGE D4) was added to each section. Specifically,
anti-MAGE-D4 clone H-188 (Santa Cruz Biotechnology, Hei-
delberg, Germany) was diluted 1:500 in phosphate buffered
saline (PBS; pH 7) and incubated overnight at 4�C. Samples
were then washed (3 � 5 min) with PBS, followed by a 30
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min. incubation with biotinylated secondary antibody (Vec-
tastain ABC Kit, PK-6101). Finally, following another 3 � 5
min wash step, Vector DAB substrate for peroxidise (Vector
Laboratories, SK-4700) was applied for � 5 min. All slides
were washed (3 � 5 min) in running water. Tissue sections
were then lightly counter-stained with Harris Haematoxylin
for 1 min. After this, slides were dehydrated in grading alco-
hols 70%, 90% and 100% (2 � 3 min). Samples were then
cleared in xylene and mounted in DPX (BDH, UK). Positive
control using sections of glioma tissue (using same experi-
mental conditions) and negative control samples (in which
primary antibody were replaced with 100 lL PBS) were
included in all experiments.

Cell proliferation assays

Cells were plated in 96-well plates at a density of 5 � 103

cells/well and proliferation was measured at the indicated
time points using the acid phosphatase assay.19

Anchorage-independent growth assays

Assays were performed using the CytoSelectTM 96-Well Cell
Transformation kit (Cell Biolabs) according to the manufac-
turer’s instructions. 7.5 � 103 cells/well were incubated for 8
days in a semisolid agar media before being lysed and
detected with the CyQuant GR Dye in a fluorescence plate
reader.

Anoikis assays

An amount of 1 � 105 cells/well were plated onto standard
24-well tissue plates or Poly(hydroxyethyl methacrylic) acid-
coated (Sigma-Aldrich) plates and cultured for 24 hr. 100 lL
of Alamar blue dye (Serotec, Oxford, UK) were then added
to each well and absorbance was measured at 570 nm, with a
reference wavelength of 600 nm.

Wound-healing assays

An amount of 2 � 105 cells/well were seeded on 6-well
plates, transfected and cultured for 48 hr to confluency.
Monolayers were scratched with a pipette tip and the result-
ing wounded areas were monitored by phase contrast micros-
copy and determined using NIH Image J software.

Migration and invasion assays

Assays were performed using 8 lm pore size 24-well Trans-
well chambers (BD Biosciences, Oxford, UK). For invasion
assays the inserts were pre-coated with ECM (Sigma-
Aldrich). An amount of 5 � 104 cells/well were seeded in the
upper compartment and allowed to migrate for 48 hr. Cells
in the upper chamber were mechanically removed and
migrated cells were stained with crystal violet. Staining was
solubilized in 10% acetic acid and absorbance was measured
at 595 nm.

Adhesion assays

Assays were performed on 24-well plates pre-coated with 25
lg/mL Collagen IV solution (Sigma-Aldrich). To inhibit non-
specific binding, plates were then incubated with 1% bovine
serum albumin (BSA) solution for 30 min at 37�C. Cells
were harvested and seeded in serum-free medium at 5 � 104

cells/well on pre-coated wells. After 30 min incubation at
37�C, unattached cells were removed by washing with PBS
and adherent cells were stained with crystal violet. Staining
was solubilized in 10% acetic acid and absorbance was meas-
ured at 595 nm.

Immunofluorescence

Cells were seeded onto glass coverslips and cultured for 24
hr. Cells were fixed with 3% paraformaldehyde solution, per-
meabilized with 0.4% Triton X-100 solution and stained with
rabbit anti-MAGE-D4B (SantaCruz) and mouse anti-Paxillin
(BD Biosciences) antibodies for 2 hr at 37�C. After extensive
washes with PBS, 30 min incubation at 37�C with Alexa
Fluor 544 anti-rabbit and 488 anti-mouse (Invitrogen) sec-
ondary antibodies, respectively, was performed. Coverslips
were mounted with Pro-Long Antifade reagent containing
DAPI (Invitrogen) and analyzed with an Olympus FV1000
Point-Scanning Confocal Microscope.

ELISA

PathScan Signaling Nodes Multi-Target Sandwich Elisa kit
(Cell Signalling) was used according to the manufacturer’s
instructions. Data were normalized according to total protein
content.

Statistical analysis

Statistical analyses of microarray results were performed
using the SPSS 16.1 software package as described previ-
ously.14 Student’s t-test or one-way ANOVA, followed by
Bonferroni’s post-test, were used to evaluate differences in
gene expression, cell proliferation, migration and survival
using Graph Pad Prism 5 (Graph Pad Software, La Jolla). A
value of p < 0.05 was considered statistically significant.

Results
MAGE-D4B is differentially expressed in breast tumors

compared to normal tissues and is a prognostic marker of

poor outcome

To identify mRNA transcripts differentially expressed in
breast cancer with potential value as prognostic biomarkers,
we performed a whole-genome microarray analysis of an
extensive range of invasive breast tumors and non-cancerous
breast biopsies. We found MAGE-D4B mRNA to be present
in 43% (45/104) of the breast tumor specimens analyzed,
while it was undetectable in all normal breast tissue samples
(p < 0.0001). We then analyzed the relationship between
MAGE-D4B expression and characteristics of the primary
breast carcinomas. As detailed in Table 1, Chi-Square
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analysis indicated significant associations between MAGE-
D4B mRNA expression and advanced tumor grade (p ¼
0.045), ER negativity (p ¼ 0.013) and Ki67 expression (p ¼
0.004) in the tumor cells. MAGE-D4B mRNA expression also
tended to be associated with PR negativity (p ¼ 0.050) and
with spread to lymph nodes (p ¼ 0.074), although statistical
significance was not reached. Interestingly, MAGE-D4B was
also associated with relapse-free survival (RFS, p ¼ 0.027)
and overall survival (OS, p ¼ 0.008) within 5 years of diag-
nosis. These data were further supported by Kaplan-Meier
analysis, which indicated a significant unfavorable association
between RFS (p ¼ 0.037) or OS (p ¼ 0.013) and expression
of MAGE-D4B [Fig. 1a(i,ii)]. Incidentally, to assess potential
predictive relevance of MAGE-D4B, Kaplan-Meier analysis
was independently performed on the sub-groups of cases
where chemotherapy (in this case, CMF) was administered
[Fig. 1a(iii,iv)] or was not used [Fig. 1a(v,vi)], respectively.
While the numbers in each sub-group were limited, this anal-
ysis suggest MAGE-D4B to be predictive of poor response to
chemotherapy in terms of OS (p ¼ 0.029). A similar associa-
tion was also found for RFS, although statistical significance
was not reached (p ¼ 0.073).

Other factors investigated in this study by univariate anal-
ysis, which were found to be significantly associated with
RFS and OS, include tumor size and grade, PR status, HER2
status, Ki67 expression and lymph node status (Supporting
Information Table 1). To further validate the prognostic
value of MAGE-D4B, multivariate analysis was performed
and significant factors are summarized in Supporting Infor-
mation Table 2. The Cox regression model indicated that
expression of MAGE-D4B is an independent prognostic
marker for RFS (p ¼ 0.035) and OS (p ¼ 0.019).

MAGE-D4B mRNA upregulation in tumors was further
confirmed by qRT-PCR validation, performed on nine cancer
biopsies and matching non-lesional breast tissues from the
same patients. MAGE-D4B transcript was identified at vari-
ous levels in eight tumor specimens, while its expression was
below the detection sensitivity in all the normal matching
samples (Fig. 1b). MAGE-D4B expression at protein level
was also evaluated by immunohistochemical analysis on
tumor and normal specimen, where possible. Consistently
with the results obtained at the mRNA level, MAGE-D4B
protein was undetectable in normal breast tissue, while dis-
playing a marked staining in tumor tissues (representative
images are shown in Supporting Information Fig. S1).

Taken together, these results indicate that MAGE-D4B
expression is up-regulated in breast tumors and associates
with reduced relapse-free survival and overall survival of
breast cancer patients.

MAGE-D4B expression correlates with invasiveness in

syngenic breast cell lines

The triple-negative Hs578T breast cancer cell line was
selected as a suitable model for functional studies, given
the availability of a syngenic non-tumorigenic cell line

(Hs578Bst), established from normal tissue peripheral to
the tumor,20 and a highly invasive (Hs578Ts(i)8) isogenic
subclone.18 We evaluated MAGE-D4B mRNA levels by
qRT-PCR in these cell lines. Interestingly, MAGE-D4B

Table 1. Correlation between clinicopathological factors and
expression of MAGE-D4B mRNA in breast carcinomas

MAGE-D4B

Characteristics
No. of positive/negative
cases (% positivity) p

Age (yr)

<50 12/27 (44.4) 0.886

>50 33/77 (42.9)

Tumor size

T1 (<2 cm) 7/18 (38.9) 0.667

T2 (2–5 cm) 36/83 (43.4)

T3 (>5cm) 2/3 (66.7)

Lymph node metastasis

Negative 15/45 (33.3) 0.074

Positive 30/59 (50.8)

Histology grade

I and II 17/51 (33.3) 0.045*

III 28/40 (70)

Histology type

IDC 39/82 (47.6) 0.088

ILC 6/17 (35.3)

Special 0/5 (0)

ER status

Negative 21/34 (61.8) 0.013*

Positive 24/67 (35.8)

PR status

Negative 22/39 (56.4) 0.050

Positive 11/33 (33.3)

HER2 status

Negative 29/68 (42.6) 0.330

Positive 13/24 (54.2)

Ki67

Negative 16/46 (34.8) 0.004*

Positive 20/29 (68.9)

RFS (relapsed �5 yr of diagnosis)

No 18/54 (33.3) 0.027*

Yes 23/41 (56.1)

OS (died �5 yr of diagnosis)

No 21/64 (32.8) 0.008*

Yes 18/29 (62.1)

p values are from X2 analyses.
*indicates significant parameter.
Abbreviations: IDC: invasive ductal carcinoma; ILC: invasive lobular
carcinoma.
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Figure 1. MAGE-D4B is expressed in human breast tumors and is associated with reduced relapse-free and overall survival.

(a) Kaplan-Meier survival curves for MAGE-D4 presence or absence indicating a significant unfavorable association with

(i) disease/relapse-free survival (RFS) and (ii) overall survival (OS). For patients who received adjuvant chemotherapy, while MAGE-D4

expression was not significantly associated with (iii) RFS, its presence was significantly associated with shortened (iv) overall survival

times. This association was not found [(v) and (vi)] for those who did not receive adjuvant chemotherapy. (b) qRT-PCR analysis

showing MAGE-D4B mRNA to be absent from normal breast specimens and generally present in matching breast tumor specimens.

Data are expressed as relative to a calibrator sample obtained by pooling equal amounts of all specimens.
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expression was found to progressively increase moving
from the normal-like to the highly aggressive cancer cell
line (Fig. 2a). Similar differences in expression where
observed at protein level by immunoblotting analysis (Fig.
2b), indicating a correlation between MAGE-D4B expres-
sion and invasiveness.

To examine whether MAGE-D4B contributes to the main-
tenance of transformed and invasive phenotype, gene silenc-
ing was carried out in the Hs578T cell line. Two siRNAs

were used to selectively inactivate MAGE-D4B transcript and
a scrambled siRNA sequence was used a control. MAGE-
D4B mRNA expression was significantly reduced upon trans-
fection of both MAGE-D4B-targeted siRNAs, whereas no
change was observed in scrambled-transfected Hs578T con-
trol cells compared to non-transfected cells (Fig. 2c). Immu-
noblotting analysis confirmed MAGE-D4B knockdown show-
ing a marked reduction of MAGE-D4B protein levels in
siRNAs-targeted cells (Fig. 2d).

Figure 2. MAGE-D4B is differentially expressed in syngenic breast normal and tumor cell lines and can be efficiently down-regulated by RNA

interference. (a) qRT-PCR analysis of syngenic cell lines showing increased MAGE-D4B mRNA expression in the tumor (Hs578T) compared to

the non-tumorigenic (Hs578Bst) cells. The invasive subclone (Hs578Ts(i)8) displayed even higher expression levels. (b) MAGE-D4B protein

levels were analyzed in the same cell lines by immunoblotting showing a concordant expression pattern. b-tubulin immunoblotting

confirmed equal loading. (c) qRT-PCR analysis showing reduced MAGE-D4B mRNA expression upon transfection of the Hs578T cell line with

MAGE-D4B-targeted siRNAs. No variation was observed in scrambled-transfected cells when compared to non-transfected (nt) cells. D,

immunoblotting analysis indicating a marked reduction of MAGE-D4B protein levels in Hs578T cells transfected with MAGE-D4B specific

siRNAs compared to scrambled-transfected and non-transfected cells. b-tubulin confirmed equal loading.**p < 0.01; ***p < 0.001.
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MAGE-D4B influences anchorage-independent growth and

survival of breast cancer cells

To determine whether MAGE-D4B could affect the mitogenic
activity and metastatic potential of breast cancer cells, we
examined the effects of MAGE-D4B gene silencing on an-
chorage-independent growth of Hs578T cells. Colony forma-
tion in soft-agar was dramatically reduced in MAGE-D4B
siRNA-targeted cells compared to control cells (Fig. 3a).
However, monolayer cell growth was not affected by MAGE-
D4B gene knockdown. Proliferation assays indeed showed a
comparable growth rate in cells transfected with MAGE-D4B
specific siRNAs relative to control cells (Fig. 3b). Therefore,
MAGE-D4B-mediated effects on soft-agar growth of Hs578T
cells cannot be attributed to enhanced cell proliferation. To
determine whether the reduced anchorage-independent
growth observed upon MAGE-D4B gene silencing was related
to a greater sensitivity to anoikis, we examined cell survival
in conditions of prevented adhesion.21 Transfection of
MAGE-D4B-targeted siRNAs resulted in increased cell death
under anoikis conditions compared to control cells (Fig. 3c).
Thus, MAGE-D4B plays a role in maintenance of tumori-
genic potential of Hs578T breast cancer cells, most likely by
regulating detachment-induced apoptosis.

MAGE-D4B mediates control of invasive properties of

breast cancer cells

We then examined whether MAGE-D4B expression is
required for maintenance of the motile and invasive pheno-
type in breast cancer cells. Wound-healing assays were used

to model the effects of MAGE-D4B gene silencing on
Hs578T cell motility. While the area of the wound was signif-
icantly recovered within 24 hr by the migrating control cells
transfected with scrambled siRNA, only a partial closure of
the wound was observed in cells transfected with either
of the MAGE-D4B specific siRNAs (Fig. 4a). The influence
of MAGE-D4B knockdown on cellular motility and invasive
capacity of Hs578T cells was independently assessed by using
Transwell assays. MAGE-D4B siRNA-targeted cells displayed
decreased motility, as their migration through 8.0 lm pore
size membranes was significantly reduced when compared to
control cells (Fig. 4b). Comparable results were obtained
when migration across a basement membrane-like layer was
measured, indicating a role for MAGE-D4B in the regulation
of breast cancer cells invasiveness (Fig. 4c). Notably, when
MAGE-D4B overexpression in Hs578T cells was carried out,
we observed a significant increase in both cell migration and
invasion (Supporting Information Fig. S2). Together, these
data suggest MAGE-D4B to be a critical regulator of invasive
properties of breast cancer cells.

MAGE-D4B gene silencing promotes adhesion of breast

cancer cells and enhances E-cadherin expression

To further confirm the involvement of MAGE-D4B in the
invasive phenotype of breast cancer, cell adhesion assays
were carried out. When plated on a collagen IV substrate,
Hs578T cells transfected with MAGE-D4B siRNAs showed a
significant increase of adhesion compared to control cells
(Fig. 5a), indicating that MAGE-D4B expression may favor

Figure 3. MAGE-D4B gene silencing affects anchorage-independent cell growth and survival. (a) Soft agar assays showing a marked

reduction in colony formation upon MAGE-D4B-targeted siRNAs transfection of Hs578T cells. Relative fluorescence unit (RFU) is expressed

as mean 6 SE of three independent experiments. (b) Proliferation assays on siRNA-transfected Hs578T cells indicating that monolayer cell

growth was not affected by MAGE-D4B gene silencing. Cell proliferation is expressed as mean 6 SE of three independent experiments,

relative to absorbance of seeded cells. (c) Anoikis assays were performed by culturing Hs578T cells on poly-HEMA coated dishes or

uncoated control dishes. The level of anoikis was assessed as the percentage cell death relative to adherent controls, and expressed as

mean 6 SE of three independent experiments. MAGE-D4B gene silencing resulted in a significant increase of cell death under anoikis

conditions. **p < 0.01; ***p < 0.001.
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cell detachment and spreading. The focal adhesion-associated
protein paxillin has been described as an important regulator
of cell adhesion dynamics.22 We therefore analyzed the effects
of MAGE-D4B silencing on paxillin immunostaining in
Hs578T cells by confocal microscopy. In scrambled-trans-
fected cells MAGE-D4B was predominantly distributed in the
perinuclear region, while its signal was strongly reduced in
cells transfected with either MAGE-D4B-targeted siRNAs,
confirming the specificity of the detection (Fig. 5b). Noticea-
ble changes in cell morphology were observed in MAGE-D4B

siRNAs-transfected cells; these cells appeared more rounded
and displayed fewer protrusions than control cells. Interest-
ingly, focal adhesion distribution and morphology appeared to
be altered by MAGE-D4B gene silencing, as seen by an
increase in the number of paxillin-positive focal adhesions,
which were longer and appeared clumpy when compared to
control cells (Fig. 5b). This effect on paxillin distribution was
confirmed by more simply staining for paxillin following
MAGE-D4B siRNA transfection (Fig. 5c, example results
showing scrambled and siRNA #2 effects). In an attempt to

Figure 4. MAGE-D4B gene silencing hampers Hs578T cells motility and invasiveness. (a) The healing of wounds by migrated Hs578T cells

0, 6 and 24 hr after scratching of confluent monolayers was imaged (left; visual field at �4). Image analysis of four different wounds was

performed and percentage of repaired wound 6 SE relative to time 0 is plotted (right). Cells transfected with MAGE-D4B-targeted siRNAs

displayed reduced motility compared to that of scrambled-transfected control cells. (b) Migration assays were performed in Transwell

chambers and migrated Hs578T cells to the undersurface were stained with crystal violet and imaged (representative images are shown in

lower panel, visual field at �10). After solubilization of the dye, migration was expressed as percentage of the absorbance relative to

scrambled-transfected cells (upper panel; mean 6 SE of four independent experiments). (c) Invasion assays were performed as in b, using

Transwell chambers coated with ECM basement membrane. The assays showed a significant reduction of migration and invasion of Hs578T

cells transfected with MAGE-D4B-targeted siRNAs when compared to scrambled-transfected cells. **p < 0.01; ***p < 0.001. [Color figure

can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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identify the molecular mechanisms underlying MAGE-D4B
tumorigenic activity, a screening by qRT-PCR of the expres-
sion levels of 93 metastases-related genes was performed.
Noteworthy, analysis of the results revealed a significant up-
regulation of the adhesion molecule E-cadherin, which was the
only gene reaching a 5-fold modulation threshold following
siRNA MAGE-D4B transfection. Indeed, a more than 30-fold
increase of E-cadherin mRNA level was observed when
MAGE-D4B-silenced cells were compared to control cells (Fig.
5d). These results clearly indicate that MAGE-D4B plays a role
in invasiveness also by inhibition of cell adhesion, involving
perturbation of focal adhesion and negative modulation of the
invasion-suppressor gene E-cadherin.

Discussion
Recent microarray-based expression profiling studies have
shed light on the molecular heterogeneity of breast cancer,
which can be considered as a collection of molecularly
distinct neoplastic diseases.23 Currently, diagnosis is mainly
based on clinical and histopathological features and immuno-
chemical markers. However, relatively few markers have
established prognostic power to date. Therefore, there is a
recurrent drive to identify biomarkers that will aid in its early
diagnosis, prognosing outcome and predicting response to
therapy, ultimately facilitating personalized therapies.

The results obtained by microarray analysis on the large
cohort of patients tested in our study, revealed that MAGE-

Figure 5. MAGE-D4B gene silencing increases adhesion and E-cadherin expression in Hs578T cells. (a) Adhesion assays, performed on

collagen IV matrices, showed a significantly higher percentage of adhering cells upon MAGE-D4B-targeted siRNAs transfection. (b)

Immunofluorescence analysis of Hs578T cells exhibiting merged signals of MAGE-D4B (red), paxillin (green) and DAPI (blue) nuclear

counterstain (two representative fields are shown, visual field at �60). Cells transfected with either of the MAGE-D4B siRNAs displayed

weaker MAGE-D4B signals and an increased number and size of paxillin-positive focal adhesions. (c) This effect of re-localization of paxillin

following MAGE-D4B siRNA transfection was confirmed by staining for paxillin (green) only (DAPI red here) (scrambled and MAGE-D4B siRNA

#2 shown as example results, visual field at �60). (d) TaqMan Array analysis of metastases-related genes revealed marked upregulation of

E-cadherin expression in Hs578T transfected with either of the MAGE-D4B specific siRNAs.
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D4B is a valuable candidate as a novel biomarker in breast
cancer. MAGE family genes were initially identified as genes
encoding tumor-specific antigens, and since then MAGE type
I genes have been extensively studied as attractive targets for
anti-tumor immunotherapy.24,25 While expression of MAGE
type I genes is restricted to a small number of normal tissues
and specific stages of the embryonal development, MAGE
type II genes are widely expressed in normal adult tissues.9,10

MAGE-D4B gene (previously known as MAGE-E1 and
MAGE-D4) is a type II MAGE gene characterized by a
unique distribution within normal tissues -being specifically
expressed in brain and ovary- and with high expression levels
documented in a variety of malignancies.11–13 Our whole-ge-
nome microarray analysis indicated MAGE-D4B transcript to
be undetectable in normal mammary tissue and to be present
in a large proportion (43%) of breast cancer specimens. This
result adds the mammary tissue to the list of adult tissues
lacking MAGE-D4B and enlarges the spectrum of cancers
where it has been found aberrantly expressed. The qRT-PCR
analysis of a cohort of matched normal and tumor specimen
from the same patients, further confirmed that the activation
of MAGE-D4B expression is restricted to lesional tissues.
Our study assigns for the first time a prognostic value to
MAGE-D4B expression in breast cancer and our follow-up
analysis demonstrated that MAGE-D4B expression is signifi-
cantly associated with poor outcome in term of either overall
survival or relapse-free survival. This is in accordance with
the observation that MAGE-D4B positivity in our cohort is
associated with known indicators of bad prognosis, such as
high Ki67 expression, advanced tumor stage and ER negativ-
ity; which is in line with previous findings in lung cancer.26

Nevertheless, multivariate analysis demonstrated that MAGE-
D4B is an independent predictor of poor outcome, thus
strongly supporting its value as a novel prognostic marker in
breast cancer.

Incidentally, while the numbers of cases were more lim-
ited when sub-grouped into those who did and did not
received adjuvant chemotherapy, the results of this analysis
suggest the presence of MAGE-D4B to be predictive of
poorer response to chemotherapy.

It is reasonable to speculate that among all cancer bio-
markers, some can play a functional role in tumor biology,
while the deregulated expression of others can merely be an
epiphenomenon of the malignant transformation, with poor
or no contribution to tumor formation and progression.
Thus, the selection and characterization of the molecular
mechanisms that play a key functional role in tumor behav-
ior may contribute toward identifying novel targeted thera-
peutic approaches.27–29 The investigation of the functional
relevance of MAGE-D4B expression was of particular rele-
vance, since the biologic activities of this protein were yet to
be elucidated. Searching for a suitable cellular model to per-
form an in vitro investigation of MAGE-D4B effects, we
performed a preliminary qRT-PCR analysis of 10 breast
cancer cell lines and found detectable levels of MAGE-D4B

transcript in 50% (not shown), in accordance with the in
vivo results on tumor specimens. The selection of the triple-
negative Hs578T cell line allowed us to observe an increase
in MAGE-D4B expression levels moving from a syngenic
non-tumorigenic cell line to a highly invasive isogenic sub-
clone. This finding suggested a possible role of MAGE-D4B
in the tumorigenic and invasive potential of Hs578T cells,
which was then confirmed by loss-of- and gain-of-function
experiments. Indeed, the effects of MAGE-D4B on migra-
tion, adhesion, invasion and anchorage-independent growth
suggest a functional role for this protein in breast cancer tu-
morigenesis, at least in aggressive triple-negative cancer
cells. In our patient cohort, it was not possible to verify an
association of MAGE-D4B expression with triple-negativity,
likely as a consequence of the limited number of triple-neg-
ative cases (n ¼ 11). Nevertheless, 55% of triple-negative
tumors expressed MAGE-D4B, suggesting that it could be a
potential candidate for the management of this subset,
where the lack of molecular therapeutic targets is limiting.
The effects of MAGE-D4B on cell motility, adhesion and
anoikis are in accordance with the observation that MAGE-
D4B gene silencing induces an increase in the number of
focal adhesions and a redistribution of paxillin staining.
Indeed, focal adhesions play a critical role in the regulation
of cell migration and are also important sites of signal
transduction.30

The results here reported, which demonstrate for the first
time a biological relevance of MAGE-D4B protein, are in
contrast with that observed for MAGE-D1, which has been
shown to promote cell cycle arrest and to impair migration
and invasion of breast cancer cells.31,32 The different behavior
of the two MAGE family members is in agreement with gene
expression data, which indicate a reduced expression of
MAGE-D1 in 38% of breast carcinoma cell lines,31 as
opposed to the upregulation of MAGE-D4B in the tumor
specimens observed in our study. Despite the presence of the
Mage homology domain (MHD) in both proteins, MAGE-D1
and MAGE-D4B significantly differ at their amino-terminal
portions, possibly accounting for their opposite activities.
Noteworthy, it has been proposed, based on interaction stud-
ies, that functional antagonism among MAGE family proteins
may exist.33 Future studies are needed to address the molecu-
lar mechanisms underlying MAGE-D4B biological activities.
Our results indicate that a contribution to MAGE-D4B
tumorigenic potential could be credited to the downregula-
tion of the tumor suppressor E-cadherin, which plays a
crucial role in the maintenance of cell–cell adhesion. Loss of
E-cadherin expression has been described in several tumors,
and has been shown to correlate with poor prognosis
in breast cancer patients.34,35 The effect of MAGE-D4B on
E-cadherin expression is currently under investigation and
our preliminary results indicate that the inhibition of the
activities (i.e., reduced phosphorylation) of transcription
factors STAT3 and NFkB may be involved (see Supporting
Information Fig. 3).

C
an

ce
r
C
el
l
B
io
lo
gy

2000 MAGE-D4B in breast cancer tumorigenesis

Int. J. Cancer: 130, 1991–2002 (2012) VC 2011 UICC



In conclusion, while analysis of larger numbers of normal
specimens would be required before diagnostic relevance
could be claimed for MAGE-D4B and to assess the true like-
lihood that a selective cancer therapy could be developed
based on interdiction of MAGE-D4B, the novel data pre-
sented here indicate MAGE-D4B as a new prognostic bio-
marker in breast cancer, whose importance can be greatly
enhanced by future prospective longitudinal studies analyzing
its potential role as a marker predictive of response to ther-
apy. Furthermore, these studies suggesting that MAGE-D4B

may be predictive of poor response to adjuvant chemother-
apy should be advanced in larger studies and looking at
responsiveness to other forms of chemotherapy as well as
newer, more targeted, therapies. The presence of other
MAGE type 2 proteins in normal tissues should be consid-
ered with particular regards when designing anti-MAGE-D4B
therapies. In conclusion, our results—which we believe for
the first time—assign a functional role to MAGE-D4B, may
form the basis of future studies aimed at the characterization
of MAGE-D4B as a target of therapeutic intervention.
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