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Abstract MAGE-3 or MAGE-A3 is one of the best-
characterized tumor antigens. Due to its tumor-re-
stricted expression pattern and its recognition by both
cytotoxic and helper T cells it constitutes a promising
tumor antigen for anticancer immunotherapy, notably
of malignant melanoma. Surprisingly, however, only
very limited information is available on the frequency
and consistency of its expression in metastatic mela-
noma lesions. We have now investigated the presence of
MAGE-A3 mRNA in 316 tumor samples from 147
melanoma patients by RT-PCR. MAGE-A3 mRNA
was detectable in 62% of metastases, and expression did
not depend on the site of the metastases (skin, lymph
node, and internal organs), age, sex, or duration of
disease. Southern blot hybridization of the PCR product
enhanced sensitivity of detection, and 26% more sam-
ples (13/50 samples tested) scored positive, indicating an
even higher MAGE-A3 mRNA frequency than deter-
mined by simple ethidium bromide gel analysis. In 62
patients, we were able to investigate MAGE-A3
expression in several metastases from the same patient,
and unexpectedly, both MAGE-A3-positive and
MAGE-A3-negative metastases were found in 32% of
these patients (20 of 62). Immunohistochemistry (using
mAb 57B) demonstrated that the expression pattern was
usually also heterogeneous with positively and nega-
tively stained tumor cells within one metastasis. How-
ever, most (90%) of the metastases (47/52) gave a
partially positive signal. Taken together, MAGE-A3 is a
common and frequent tumor antigen in metastasized
melanoma, but its expression is often heterogeneous.
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Introduction

Therapyof stage IVmelanoma is still frustrating.Over the
past decades all chemotherapeutic approaches to curing
metastasized melanoma have failed. Hence, tumor
immunotherapy, especially in melanoma, has gained
increasing attention and promising success has been ob-
tained. In the search for promising targets suitable for an
immunotherapeutic approach, many melanoma-associ-
ated tumor antigens have been identified in recent years,
including cancer testis antigens (CTA), differentiation
antigens, mutational antigens, overexpressed proteins
and others. The ability of several of these antigens to in-
duce T cell immune responses in melanoma patients and
the development of immunogenic cancer vaccines target-
ing these antigens has brought them into the focus of
many tumor immunologists. Out of the extensive group of
tumor-associated antigens, CTA are one of the most
attractive candidates for immunotherapy. Two main
reasons account for this: (1) in adults CTA are almost
exclusively expressed in neoplastic tissue and testis (an
immune-privileged organ without MHC I expression),
and (2) their expression has been repeatedly documented
in metastatic melanoma [1–6].

After the isolation of the prototype CTA MAGE-1
(melanoma-associated gene-1) by CTL epitope cloning
[7] (subsequently renamed MAGE-A1), various addi-
tional members of the MAGE gene family and many
other CTAs have been isolated by other techniques such
as serological expression cloning (SEREX), differential
RNA analysis, and database mining [4, 8]. To date, more
than 20 CTA or CTA families have been identified and
their number is still growing. MAGE-A3 is a member of
the MAGE-A family (MAGE-A1 to MAGE-A12) and
is of particular interest to cancer immunologists since
several T cell epitopes (HLA I and HLA II) have been
characterized [1, 8, 9]. In addition, anti-MAGE-A3
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immunotherapy has been shown to be beneficial in the
treatment of metastasized melanoma [10–21]. The
expression of the tumor antigen MAGE-A3 is not re-
stricted to melanoma, but is well-documented for many
malignant tumors including lung, bladder, breast, as
well many other carcinomas and sarcomas [3, 4, 6].

Currently, only few data exist on the frequency of
MAGE-A3 expression in melanoma metastases [2, 22].
In the current study, we analyzed its frequency in 316
metastases by MAGE-A3-specific RT-PCR with or
without additional hybridization and by immunohisto-
chemistry. For the analysis of protein expression, the
monoclonal antibody (mAb) 57B was used which rec-
ognizes MAGE-A3 [23], but also MAGE-A1, -4, -6 and
-12 [24, 25]. Our investigation included, in contrast to
others, analysis of different metastases from the same
patient and metastases from different organs.

Tumor samples, materials and methods

Unfixed, fresh tumor specimens (n=316) obtained from
147 patients (56% male, 44% female, median age
52.5 years) with stage IV melanoma (AJCC/UICC) were
analyzed. Out of these metastases, 73% (230) were local-
ized to the skin, 17% (54) to lymph nodes, and 10%(32) to
other organs. All patients were informed and gave written
consent (according to the local Ethics Committee proto-
cols). Tumor specimens were immediately frozen in liquid
nitrogen and stored at �80�C. Sections stained with
hematoxylin-eosin (H&E) from these cryo-blocks were
reviewed to verify the diagnosis, and assess the presence of
representative tumor material. From 52 of the 316 me-
tastases, a small portion of the tumor was formalin-fixed
and paraffin-embedded following standard procedures
for further immunohistochemical analyses.

RNA isolation, c-DNA synthesis, and polymerase
chain reaction (RT-PCR)

Total RNA was isolated from frozen tumor samples
using an RNeasy Mini Kit (Qiagen, Hilden, Germany)
according to the manufacturer’s protocol, and digested
with RNAse free DNAse (Life Technologies, Karlsruhe,
Germany). DNAse-treated RNA (2 lg) was reverse-
transcribed into cDNA using Superscript (Life Tech-
nologies). The reaction was performed in the presence of
2 lM oligo(dT)15 and 0.5 m M dNTP in the supplied
reaction buffer for 1 h at 42�C and stopped by boiling
for 5 min. cDNA (3 ll) was used as a template for PCR.
As a control for cDNA synthesis, GAPDH-PCR was
performed with the following primers: GAPDH sense 5¢-
CAC CAC CAT GGA GAA GGC TGG-3¢, GAPDH
antisense 5¢-GAA GTC AGA GGA GAC CAC CTG-3¢
(398 bp). The MAGE-A3 PCR reaction included
0.4 lM MAGE-A3-specific sense (5¢-TGG AGG ACC
AGA GGC CCC C-3¢) and antisense (5¢-GGA CGA
TTA TCA GGA GGC CTG C-3¢) primers (725 bp),

200 lM dNTP, 2.5 U Taq polymerase (Amersham
Pharmacia Biotech, Freiburg, Germany) in the supplied
reaction buffer in a final volume of 50 ll. The PCR cy-
cling conditions for MAGE-A3 were 1 min at 94�C and
4 min at 72�C, and for GAPDH 45 s at 94�C, 45 s at
60�C and 1.5 min at 72�C. MAGE-A3 PCR was carried
out for 40 cycles; the GAPDH PCR for 30 cycles. PCR
cycling included an initial 4-min denaturation step at
94�C and a final 15-min extension at 72�C. Aliquots of
PCR reactions were loaded on 1.6% agarose gels and
stained with ethidium bromide.

Southern blot hybridization of MAGE-A3 mRNA
RT-PCR products

A subset of tumor samples (50/120) testing negative for
MAGE-A3 mRNA on ethidium bromide gels were
additionally investigated by hybridization with aMAGE-
A3-specific probe. Only a subset could be analyzed since
after performing the experiments with the ethidium bro-
mide gel and the confirmation tests, inmost cases noRNA
or corresponding tumor tissue was left. Thus, this subset
was selected purely by chance with the only limiting cri-
terion being whether or not enough RNA was available.
For Southern blot analysis, the PCR products were loa-
ded on agarose gels and blotted onto nitrocellulose.
Hybridization was performed according to standard
protocols in 50% formamide at 42�C. The full-length
MAGE-A3 cDNA was labeled with [32P]a-dATP using a
Random Prime DNA labeling kit (Boehringer Mann-
heim,Mannheim, Germany) and used as probe. The filter
was washed at 65�C three times with 2·SSC (standard
sodium citrate), 0.1% sodium dodecyl sulfate (SDS) and
twice with 1·SSC, 0.1% SDS. Bands were visualized by
autoradiography.

Immunohistochemistry

Immunohistochemistry was performed using paraffin-
embedded tissue blocks (n=52). Sections of thickness
5 lm were deparaffinized and antigens retrieved by heat-
ing the sections in amicrowave oven for 10 min in a buffer
solution comprising 10 m M citric acid and 100 m M so-
dium citrate. The antibody mAb 57B (kindly provided by
Dr. G. Spagnoli, Basel, Switzerland) was used to detect
MAGE-A expression (MAGE-A1, -3, -4, -6 and -12, see
above) at a working dilution of 1:25. Omission of the first
antibody and isotype control stainings served as controls.
Following antibody incubation for 60 min, the sections
were incubated with a biotinylated secondary antibody
and a streptavidin-horseraddish peroxidase using the ul-
traTech AP streptavidin-biotin system (Coulter-Immu-
notech Diagnostics, Germany). Finally, the signal was
visualized by application of theAECchromogen. Sections
were counterstained with hematoxylin for 2 min, rinsed
and coverslipped using Aquatex (Merck, Darmstadt,
Germany). Two independent investigators (C.R. and
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P.D.) blinded to the antibodies reviewed each slide using a
Leitz microscope to assess the percentage of positively
stained cells. The results were categorized: negative, no
staining; focal, single cells or small clusters of cells (fewer
than 5%) stained positive; +, 5–25% of melanoma cells
stained positive; ++, 25–50% of melanoma cells stained
positive; +++, 50–75% of melanoma cells stained po-
sitive; ++++, >75% of melanoma cells positive.

Results

MAGE-A3 mRNA is frequently found in melanoma
metastases

We investigated the presence ofMAGE-A3mRNA in 316
tumor samples from 147 patients with malignant mela-
noma by RT-PCR (Table 1). The overall frequency of
MAGE-A3mRNA in 316metastases was 62% (196/316).
No significant difference was found in the analysis of
cutaneous/subcutaneous metastases (63%, 145/230),
lymph node metastases (65%, 35/54), and internal organ
metastases (mostly liver, samples were retrieved by fine
needle puncture; 53%, 17/32). In 62 patients more than
onemetastasis was removed and tested. The vast majority
of these patients had multiple skin melanoma metastases
(n=51) due to their easy availability. Of these 62 patients,
7 had multiple lymph node metastases, and in 4 patients
more than one internal organ metastasis was analyzed.
MAGE-A3 RNA detection was unstable in 32% (20 of
62) of these patients with MAGE-A3-positive and
MAGE-A3-negative metastases. Of these 20 patients, 17
hadmultiple skinmetastases which were either positive or
negative for MAGE-A3, 2 had multiple lymph node
metastases, either positive or negative, and 1 had different
internal organ metastases (lung and liver) which varied in
their MAGE-A3 positivity. MAGE-A3 positivity of all
testedmetastases derived from the samepatientwas found
in only 44% (27/62), and negativity in 24% (15/62). No
significant influence of sex or agewas noted.Furthermore,
MAGE-A3 mRNA detection in the analyzed metastases
was independent of the histological type of the primary
melanoma (i.e., superficial spreading, nodular, acral len-
tiginous, or lentigo maligna; data not shown) and of the
cytology of the tumor cells.

Frequency of MAGE-A3 expression is independent
of the time between primary melanoma
and metastases excision

We further investigated whether the time between the
excision of the primary melanoma and the appearance of

the analyzed metastasis had an influence on the fre-
quency of MAGE-A3 mRNA detection by RT-PCR
(Table 2). Data were available for 193 of our tumor
samples. Of these 193 metastases, 118 occurred within
3 years after excision of the primary melanoma and
MAGE-A3 mRNA was detected 60% (71/118). For
metastases occurring after up to 5 years, MAGE-A3 was
found in 68% (26/38), after up to 10 years in 56% (15/
27), and after more than 10 years in 70% (7/10).
Unfortunately, we could not analyze the corresponding
primary melanomas. However, the time to metastasis
occurrence seems to be without influence on the MAGE-
A3 positivity.

Southern blot hybridization technique improves
the detection of MAGE-A3 mRNA RT-PCR products

Fifty tumor samples (out of 120) which were negative for
MAGE-A3 in the ethidium bromide gel analysis
underwent further investigation by Southern blot
hybridization using a MAGE-3-specific DNA probe.
Interestingly, for 26% (13/50) of these metastases the
presence of MAGE-A3 mRNA was demonstrated with
this more sensitive detection method (Fig. 1). Thus, the
frequency of MAGE-A3 mRNA expression in mela-
noma metastases appears to be even higher than deter-
mined by RT-PCR and ethidium bromide gel analysis
(Tables 1 and 2). Unfortunately, we could not perform
Southern blot analysis in all 120 samples. However,
projecting the data from these 50 tumor samples tested
by Southern blotting to all 120 negative samples, about
31 would be positive. Projecting the data to all 316
metastases, 227 (72%) would be positive. Thus, MAGE-
A3 mRNA is frequently present in melanoma metastases
and the prerequisite of a high expression frequency is
fulfilled. One has to admit, however, that MAGE-A3 is
expressed heterogeneously and that MAGE-A3-positive
and MAGE-A3-negative metastases can be found in the
same patient.

Table 1 Presence of MAGE-A3
mRNA in 316 tumor samples
derived from 147 patients as
detected by RT-PCR and
ethidium bromide gel staining

All metastases
(n=316)

Skin metastases
(n=230)

Lymph node
metastases (n=54)

Internal organ
metastases (n=32)

Detection
of MAGE-A3 RNA (%)

62 63 65 53

Table 2 MAGE-A3 presence is not influenced by the time between
primary melanoma and metastases excision

Time between primary melanoma
and metastases (years)

3 (n=118) 5 (n=38) 10 (n=27) >10 (n=10)

Detection of
MAGE-A3
RNA (%)

60 68 56 70
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MAGE-A protein is frequently expressed in melanoma
metastases

MAGE-A expression was investigated in 52 paraffin-
embedded tumor samples simultaneously by immuno-
histochemistry using the mAb 57B. Of these 52
metastases, 17 were negative for MAGE-A3 (by RT-
PCR) and 35 showed the presence of MAGE-A3
mRNA. In accordance to previous findings, a hetero-
geneous MAGE-A expression pattern was seen in the
tumor cells (Fig. 2). Results of the immunohisto-
chemical staining for MAGE-A were as follows (Ta-
ble 3): of the 52 metastases, 5 were negative, 4 were
focally positive, 9 were +, 10 were ++, 17 were
+++, and 7 were ++++. Of the 52 tumor sam-
ples, only 5 failed to show at least in part MAGE-A
expression at the protein level. All these five metastases
were also negative in the PCR/ethidium bromide gel
analysis. Three of these five metastases were also
negative by Southern blot analysis. Interestingly, some
metastases were negative for MAGE-A3 by PCR/
ethidium bromide gel analysis and positive by immu-
nohistochemistry (n=12). Since the mAb 57B was used
for the stainings, this discrepancy is not surprising, as
this mAb recognizes MAGE-A3, but detects MAGE-
A1, -4, -6 and -12 more strongly, as delineated above.
The primary peptide which is detected by this mAb
seems to be MAGE-A4. Of these 12 metastases (neg-
ative by PCR, positive by immunohistochemistry), se-
ven were subjected to Southern blot analysis and two
were positive for MAGE-A3 by this more sensitive
approach. Taken together, the frequency of MAGE-A
detection by immunohistochemistry in these 52 mela-
noma metastases is surprisingly high.

Fig. 1 MAGE-A3 hybridization of RT-PCR products amplified
from tumor RNA (all gave negative results in the ethidium bromide
gel analysis). GERL 43 is a positive control, patients 1, 2, 4 and 6
were positive as detected by Southern blot hybridization

Fig. 2 Heterogeneous expression of MAGE-A by melanoma cells
of a cutaneous metastasis. a Scanning magnification of a
subcutaneous melanoma metastasis (H&E). b Sheets of atypical
tumor cells (H&E). c Approximately 20% of tumor cells are stained
positive for MAGE-A as detected by mAb 57B

Table 3 Expression of MAGE-A in 52 melanoma metastases
detected by immunohistochemistry using mAb 57B

Immunoreactive metastases (n=52) 47
Focal 4
+ 9
++ 10
+++ 17
++++ 7
Negative 5
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Discussion

Recent efforts to find new and more successful treatment
regimens for metastasized melanoma have focused on
immunotherapeutic strategies. Several clinical findings,
including spontaneous partial or complete regression of
primary tumors and even distant metastases, develop-
ment of vitiligo, and occurrence of metastases after more
than 10 years, suggest that the patients’ immune system
is actively involved in the course and outcome of mela-
noma. The clinically observed high immunogenicity of
melanomas is further underlined by the detection of
CD4/CD8 T-cell responses against defined tumor anti-
gens in untreated melanoma patients [26, 27]. Given the
fact that the immune system is capable of destroying
whole organs (e.g., in graft-versus-host disease), the
current challenges of cancer immunotherapy are to di-
rect and employ the immune response in an effective way
resulting in tumor cell lysis which overcomes tolerance
and escape mechanisms [28, 29].

Several factors determine whether a tumor antigen is
suitable and valuable for use as a target for an immu-
notherapy. Among these, frequency of its expression is a
fundamental prerequisite. In this study, we investigated
more than 300 melanoma metastases for their MAGE-
A3 expression. We were especially interested in MAGE-
A3 as it is a well-established and promising target in
immunotherapy of melanoma [10–21]. We showed that
MAGE-A3 mRNA is frequently found in melanoma
metastases. By RT-PCR and Southern blot hybridiza-
tion, the presence of MAGE-A3 mRNA in metastatic
melanoma lesions was found in at least 70% of tumor
specimens. Using the mAb 57B, which recognizes
MAGE-A3 but is now also known to recognize some
other MAGE-A antigens [23–25], the presence of
MAGE-A at the protein level was almost 90%. No
significant correlation with sex, age or duration of dis-
ease was found. It was also unimportant whether
metastases were localized to the skin, lymph nodes, or
internal organs. Furthermore, tumor cell cytology ap-
peared to be irrelevant to the detection of MAGE-A3.

In 62 patients, we were also able to investigate
MAGE-A3 expression in several metastases from the
same patient. This is important as previously no infor-
mation on a possible variation from one metastasis to
another had been available in the literature. Remark-
ably, about one-third had MAGE-A3-positive and
MAGE-A3-negative tumor samples. This is in accord
with the reportedly typical heterogeneous immunohis-
tochemical staining pattern for CTA [2, 4, 22, 23, 30]
seen within a given metastasis. Even in the case of het-
erogeneous expression, targeting of MAGE-A3 may be
useful, of course, notably if other antigens are targeted
by vaccination as well. Effective partial tumor lysis
mediated by MAGE-A3-specific T cells can in addition
also lead to an epitope spreading with the creation of
new effective antitumor T cell responses (T. Boon, per-
sonal communication).

Due to their easy accessibility, mainly skin metas-
tases were analyzed in our study. In metastatic cells
from lymph nodes, however, an equal frequency of
MAGE-A3 expression was found. The frequency of
MAGE-A3 expression in internal organs (mainly liver)
was a little lower, yet this may also have been due to
the sampling problem inherent in analyzing fine needle
biopsy specimens. Amplification products that were
negative in the ethidium bromide gel after RT-PCR
were additionally subjected to Southern blotting using
radioactively labeled MAGE-A3 cDNA. Due to the
higher sensitivity of this technique, lower amounts of
mRNA could be detected. It was nevertheless inter-
esting that a significant 26% of the RT-PCR-negative
tumor samples turned out to be positive by the addi-
tional hybridization.

Transcription does not necessarily mean that the
corresponding protein is actually translated and pre-
sented on MHC molecules. The possibility of using
specific antibodies would therefore be principally
advantageous to the RT-PCR technique. To date, sev-
eral anti-MAGE-A antibodies have been described
including mAb 57B, mAb 6C1, and others. However,
antibodies detecting single MAGE-A proteins only exist
for MAGE-A1 (mAb MA454, mAb 77B) and MAGE-
A4 (mAb R5) [31]. This is most probably due to the high
homology of the MAGE-A genes. A MAGE-A3-specific
antibody (mAb M3H67) has been suggested but has not
yet been validated [32].

In summary, our study shows that the majority of
melanoma metastases express MAGE-A3. Due to this
high frequency, MAGE-A3 is, apart from its immuno-
logical suitability, clearly a practically relevant tumor
rejection antigen which is worth pursuing in this respect.
It is furthermore an interesting candidate for a cocktail
of different target antigens which would ensure on a
statistical basis that at least one antigen is expressed in
any metastasis. Our findings that within the same patient
some metastases can be MAGE-A3-negative while oth-
ers are positive and that MAGE-A3 is expressed heter-
ogeneously within one metastasis, however, strongly
suggest that vaccinating solely against MAGE-A3 is
likely to be incomplete in metastasized melanoma.
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