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Abstract MAGE-A are normally expressed in testis and
placenta. Among MAGEs, the MAGE-A subtype has been the
most characterized in cancers. Our study was conducted to
assess the expression of (MAGE-A1-MAGE-A6) m-RNA
using MMRPs and MAGE-A12 m-RNA in blood for evalu-
ating their clinical implications in breast cancer patients. RT-
PCR was carried out to detect the expression of (MAGE-A1-
MAGE-A6) m-RNA using MMRPs and MAGE-A12 m-RNA
in blood. The study included 100 breast cancer cases aged
41-62 years and 100 controls aged 36-53 years. MAGE
m-RNA expression was not detected in healthy donors. In
breast cancer patients, the positivity of (MAGE-A1-MAGE-
A6) m-RNA was 44 % (44 cases), while MAGE-A12 m-RNA
was expressed in 13 % (13 cases). The gene expressions of
MAGE-A1-A6 and MAGE-A12 were significantly associ-
ated with advanced TNM stages (P = 0.001 and 0.034,
respectively). Simultaneous estimation of the gene expres-
sions of MAGE-A1-A6 and MAGE-A12 can detect occult
hematogenous dissemination of tumor cells and may help to
monitor the effectiveness of the therapy and the development
of effective immunotherapeutic strategies in breast cancer.
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Introduction

Breast cancer is one of the most common causes of cancer-
related death in women worldwide [10]. The axillary
lymph node metastasis is the most important predictor of
distant metastasis [2]. Circulating tumor cells (CTC)
detection is considered as a promising noninvasive marker
for early prediction of disease prognosis [16].
Melanoma-associated antigen gene (MAGE) was first
isolated from an MZ-2 human melanoma cell line by Van
der Bruggen et al. [15]. In the following years, dozens of
new MAGEs were characterized and classified into 3
subgroups of acidic MAGEs, termed A, B and C, and one
basic subgroup, MAGE-D, that involves Necdin, Restin
and others [17]. According to expression patterns, the
MAGESs were further classified into subgroups I and II.
Type I MAGEs include more than 45 chromosome
X-clustered genes including MAGE-A, -B and -C sub-
families. They are normally expressed in testis, trophoblast
and placenta [4]. During development, type I MAGEs
expression is silenced by promoter DNA methylation.
However, demethylation of MAGE I promoters during the
epigenetic reprogramming that occurs in many tumors
triggers their expression [14]. Concerning subgroup II
MAGEs, they are normally expressed in various adult
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human tissues. They have been suggested to play important
roles in cell cycle withdrawal, neuronal differentiation and
apoptosis [1]. MAGE-AL, 2, 3, 4, 6, 8, 10, 11 and 12 were
found to be highly expressed in various tumors [13].

Low frequency of expression of individual MAGE has
limited the use of MAGEs in CTC detection. Many
researchers reported that at least one MAGE-A is expressed
in most carcinomas [9], so for the diagnosis of MAGE-
expressing cancer, it may be more valuable to detect
expressions of multiple MAGEs together than a single-
gene expression. Simultaneous detection of the gene
expressions of MAGE-A1-A6 together was allowed by
multiple MAGE-recognizing primers (MMRPs) designed
by Park et al. [11].

This study was conducted to assess the expression of
(MAGE-A1-MAGE-A6) m-RNA using MMRPs and
MAGE-A12 m-RNA in blood for evaluating their clinical
implications in breast cancer patients.

Subjects and methods

This research was carried out at the Medical Biochemistry
and General Surgery Departments, Faculty of Medicine,
Zagazig University.

Two hundred individuals were included in this study and
classified into two groups. Group I (healthy control): This
group included 100 apparently healthy individuals with
ages ranging from 36 to 53 years (with mean value + SD
of 43.9 £ 4.4) with no history (either familial or personal).
Group II: This group involved 100 breast cancer patients
with ages ranging from 41 to 62 years (with mean
value + SD of 51.8 £ 5.5). According to the TNM crite-
ria, patients were classified into four subgroups: 17 cases in
stage I, 28 patients in stage II, 34 patients in stage III and
21 patients in stage IV. A written informed consent was
obtained from each participant.

The diagnosis of breast cancer was based on history,
clinical examination of breast and axilla, radiological
examination using ultrasonography and mammogram of
both breast and axilla, chest X-ray, abdominal ultraso-
nography and pathological diagnosis, fine needle aspiration
cytology (FNAC) and true cut needle biopsy of breast mass
and estrogen and progesterone receptors evaluation.

Research investigations

The expression of (MAGE-A1-MAGE-A6) m-RNA using

MMRPs and MAGE-A12 m-RNA were determined in
blood by reverse transcription-polymerase chain reaction
(RT-PCR).
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Collection and handling of samples

Three milliliters of venous blood was collected in sterile
heparinized tubes. Peripheral blood mononuclear cells
(PBMCs) were isolated using Lymphoflot (Biotest, Drei-
eich, Germany) which is sterile filtered density gradient for
the isolation of lymphocytes. Each blood sample was
diluted with 3 ml RPMI1640 medium (Sigma, USA) sup-
plemented by 10 % fetal bovine serum and PBMCs layer
was collected after density gradient centrifugation.

RNA extraction

Total RNA was extracted from PBMCs using EZNA total
RNA kit according to the protocol provided by the manu-
facturer (Omega Biotek, USA).

To determine purity and concentration of RNA, the
absorbance was measured at 260 and 280 nm in a spec-
trophotometer. A ratio of 1.8-2.0 corresponds to 90-100 %
pure nucleic acid. One OD unit measured at 260 nm cor-
responds to 40 pg of RNA per ml.

Reverse transcription and PCR amplification

Patient’s RNA is reverse transcribed with reverse trans-
criptase to synthesize the cDNA using a random primer.
Then, the reaction mixture is incubated at 95 °C to inac-
tivate the reverse transcriptase and denature the template.
PCR amplification requires Taq DNA polymerase and
gene-specific primers.

RT-PCR was performed using

e Maxime RT-PCR PreMixKit supplied by iNtRON
Biotechnology.

Each reaction contains RT System, RT-PCR buffer, ANTPs
and Taq DNA polymerase to generate PCR product from an
RNA template. It is optimized to allow the first-strand cDNA
synthesis and PCR reactions to proceed as a single tube.

e AmpGene DNA thermal cycler.
The amplified products were visualized using
1. EC 360 Submarine Gel electrophoresis system (Max-

icell, EC 360 MEC apparatus Cooperation St. Peters-
burg. Florida, USA).

2. The PCR products were visualized using 2 % agarose

gel and ethidium bromide under UV transillumination.
Expression was considered positive when the expected
band for each gene was observed.
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The reaction pellet was dissolved using diethylpyrocar-
bonate (DEPC)-ddH,O, and then, 200 ng of total RNA
template and PCR primers were added. The volume of the
reaction was completed with DEPC-ddH,O to result in a
final volume of 20 pl. Reverse transcription reaction was
carried out at 42 °C for 60 min, and then, the temperature
was adjusted to 95 °C for 5 min to inactivate the reverse
transcriptase and completely denature the template.

MAGE-A1-A6 assay

According to Park et al. [11], 0.5 uM of each PCR primer
was added. The MMRPs sequences and sizes of PCR
products were as follows: sense, 5-CTGAAGGAGAAGA
TCTGCCAGTG-3'; antisense, 5'-CCAGCATTTCTGCCT
TTGTGA-3'; size, 469-493 base pair (bp). The amplifi-
cation conditions were thirty cycles of 95 °C for 30 s,
60 °C for 45 s and 72 °C for 45 s followed by final
extension incubation at 72 °C for 10 min.

Detection of MAGE-A12 expression

0.4 uM of each PCR primer was added. The primer
sequences and size of PCR products were as follows: sense,
5-TCCGTGAGGAGGCAAGGTTC-3'; antisense, 5'-GAG
CCTGCGCACCCACCAA-3'; size, 181 bp. The amplifi-
cation conditions were 93 °C for 40 s, 58 °C for 30 s and
72 °C for 30 s for thirty cycles followed by a final exten-
sion at 72 °C for 2 min [6].

We determined B-actin gene to assess the RNA integ-
rity. The primer sequences and size of PCR products were
as follows: sense, 5'-GGCATCGTGATGGACTCCG-3'; anti-
sense, 5'-GCTGGAAGGTGGACAGCGA-3'; size, 613 bp.
The amplifications were 28 cycles of 94 °C for 45 s, 65 °C
for 45 s and 72 °C for 45 s [8].

Statistical analysis

The results were statistically analyzed using SPSS program
(version 16).

The frequencies of positivity of each gene between
groups were compared by chi-square test (1 test). P value
<0.05 was considered significant. To assess the validity of
the screening test, sensitivity and specificity were
calculated.

Results
Healthy control

No expression of any of MAGE m-RNA was detected in
healthy volunteers.

Table 1 Detection rate of MAGE transcripts among studied groups

Group Specificity ~ Sensitivity
(%) (%)
Control Breast cancer
(n = 100) (n = 100)
MAGE-A1-A6
Negative 100 (100 %) 56 (56 %) 100 44
Positive 0 (0 %) 44 (44 %)
MAGE-A12
Negative 100 (100 %) 87 (87 %) 100 13
Positive 0 (0 %) 13 (13 %)
MAGE-A1-A6, MAGE-A12
Negative 100 (100 %) 52 (51 %) 100 48
Positive 0 (0 %) 48 (49 %)

Breast cancer group
(MAGE-A1-MAGE-A6) m-RNA using MMRPs

The positive expression of MAGE m-RNA was 44 % (44 out
of 100 cases; Table 1; with significant association with
advanced TNM stages; P = 0.001; Table 2; Fig. 1a): two out
of 17 cases in stage I, 5 out of 28 cases in stage II, 20 out of 34
cases in stage [l and 17 out of 21 cases in stage IV. In the early
stage (stage I and II), the expressions of MAGE-A1-A6 were
detectedin 15.6 % (7 out of 45 patients), while in the late stage
(stage III and IV), the expression was 67.3 % (37 out of 55
patients; Fig. 1b, with significant increase in the late stage
than the early stage; P = 0.001).

MAGE-A12 m-RNA was expressed in 13 % (13 out of
100 cases; Table 1; with significant association with
advanced TNM stages; P = 0.034; Table 2; Fig. 2a): no
expression was detected in stage I, 1 out of 28 cases in
stage II, 7 out of 34 cases in stage Il and 5 out of 21 cases
in stage IV. In the early stage (stage I and II), the
expression of MAGE-A12 was detected in 2.2 % (one out
of 45 patients), while in the late stage (stage III and IV) the
expression was detected in 21.8 % (12 out of 55 patients;
Fig. 2b; with significant increase in late stage than early
stage; P = 0.004).

The expression of MAGE-A12 was associated with
other MAGE-A1-A6 in nine cases, so the final result was
48 % (48 cases) expressing at least one MAGE (Table 1;
Fig. 3). The negative expressions of MAGE-A1-MAGE-
A6 and MAGE-A12 among healthy volunteers indicate that
they are cancer specific (specificity = 100 %).

Discussion

Several tumor-associated antigens, such as carcinoembry-
onic antigen (CEA) are expressed in breast cancer cells, but

@ Springer



285 Page 4 of 5

Med Oncol (2014) 31:285

Table 2 Relationship between

) Patient Number of No. (%) positive for P value No. (%) positive for P value
MAGE expression and TNM characteristic patient MAGE-A1-6 MAGE-A12
stages
Stage 1 17 2 (11.8 %) 0 (0 %)
Stage 11 28 5179 %) 1 (3.6 %)
Stage 111 34 20 (58.8 %) 7 (20.6 %)
Stage IV 21 17 (81 %) 0.001 5 (23.8 %) 0.034
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Fig. 1 Relationship between MAGE-A1-MAGE-AG6 expressions and
TNM stages

their utility to predict the prognosis is limited by their
expression in various normal cells [5].

The MAGE-A subtype has been the most characterized
in cancers. Also, detection rate of MAGE-A m-RNA in
metastatic tumors is higher than that of the corresponding
primary tumors [3]. The dependence on a single-marker
assay is limited by high CTC heterogeneity even in the
same patient and low levels of individual MAGE-A
expression [7]. We estimated the expressions of MAGE-
Al, 2, 3, 4a, 4b, 5a, 5b and 6 (MAGE-A1-MAGE-AG6)
using MMRPs designed by Park et al. [11] and MAGE-A12
to assess their clinical significance in prognosis of breast
cancer.

Estimation of MAGE-A1-A6 and MAGE-A12 m-RNA
in PBMCs elucidated that 44 % (44 out of 100 breast
cancer cases) were positive for MAGE-A1-A6 m-RNA
and 13 % (13 out of 100 breast cancer cases) were positive
for MAGE-A12. All samples from healthy volunteers were
negative indicating that MAGE m-RNA is cancer specific
(specificity = 100 %).
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Fig. 2 Relationship between MAGE-A12 expression and TNM stages

Furthermore, we noticed that, MAGE expression in
PBMC:s is correlated to the pathological stages of breast
cancer; the detection rate of micrometastasis of cancer cells
in peripheral blood is increased in the late stages; MAGE-
A1-A6 transcripts were detected in 67.3 % (37 out of 55
patients) among the late stages, while in the early stages,
the expressions of MAGE-A1-A6 were detected in 15.6 %
(7 out of 45 patients; P = 0.001). Also, MAGE-A12
transcript was detected in 21.8 % (12 out of 55 patients)
among the late stages, while in the early stages, the posi-
tivity was 2.2 % (1 out of 45; P = 0.004).

The expression of MAGE-A12 was associated with
other MAGE-A1-A6 in nine cases, so the final result was
48 % (48 cases) expressing at least one MAGE, increasing
the detection rate of CTC. Also, Sang et al. [12] reported
that MAGE-A group is considered as promising targets for
cancer immunotherapy because they are tumor specific.

Furthermore, no micrometastasis should have been
detected in the breast cancer in the early stages. Detection
of MAGE transcripts (tumor-specific markers) revealed the
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Fig. 3 Detection rate of MAGE transcripts among studied groups

expressions of MAGE-A1-A6 in 15.6 % patients and
MAGE-A12 in 2.2 % patients in the early stage indicating
micrometastasis to the peripheral blood, so the studied
MAGE transcripts may help to detect CTC earlier than
other investigations and prefigure breast cancer metastasis.

Conclusion

Simultaneous estimation of the gene expressions of
MAGE-A1-A6 and MAGE-A12 can detect occult hema-
togenous dissemination of tumor cells and may help to
monitor the effectiveness of the therapy and the develop-
ment of effective immunotherapeutic strategies in breast
cancer. Furthermore, during follow-up, CTC detection by
evaluating the expression of (MAGE-A1-MAGE-A6)
m-RNA using MMRPs offers a noninvasive and cost-
effective assay to predict the prognosis of breast cancer
patients.
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