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The melanoma-associated antigen (MAGE) family
consists of a number of antigens initially recognized
by cytotoxic T lymphocytes, which are currently be-
ing investigated for immunotherapy of patients
with metastatic melanoma and other tumor types.
Expression of MAGE mRNA in melanocytic tumors
is said to be restricted to invasive malignant tumors
and absent in nevi. Recently, a monoclonal anti-
body (57B) has become available to examine MAGE
protein expression in archival material. In this
study, we performed immunohistochemical analy-
sis on 132 melanocytic nevi and 205 melanomas (85
primary cutaneous melanomas and 120 metastatic
tumors) to determine the frequency of MAGE ex-
pression and to explore a potential correlation with
various prognostic parameters. None of the mela-
nocytic nevi and none of the 20 in situ melanomas
was immunopositive with the antibody 57B. Immu-
noreactivity was present in 17 of 65 (26%) primary
invasive melanomas of the skin and in 30 of 120
(25%) metastatic tumors. Positive immunostaining
did not correlate with tumor stage (P = .66),
Breslow thickness (P = .39), Clark level (P = .5), or
the histologic type of melanoma (P = .23) but was
associated with a brisk infiltrate of lymphocytes in-
volving the vertical growth phase of melanomas
(P = .01). Because tumor-infiltrating lymphocytes
in melanoma are associated with longer survival,
our findings suggest a potential prognostic role for
MAGE. Furthermore, the seeming restriction of im-
munopositivity to invasive malignant tumors sug-
gests a potential diagnostic role for the antibody
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Human cancer cells express tumor-rejection anti-
gens in an HLA-restricted fashion, which are recog-
nized by cytotoxic T lymphocytes (1-3). Several
genes that encode such antigens have been cloned.
A family of melanoma-associated antigens (MAGE)
has been defined (4-12) and consists of 17 genes
(11). Several of them, such as MAGE-1, -3, -4, -6,
and -12, have been shown to be expressed only in
malignant tumors and seem to be absent in normal
tissue except for testis and placenta (3, 7). MAGE-2
and -3 are the most abundantly expressed members
of this family in malignant melanoma, and MAGE-3
has been particularly well studied (6, 9, 10, 13, 14).
Like other MAGE genes, MAGE-3 expression is
not limited to malignant melanoma; it also is
present in a number of other malignant tumors,
such as carcinomas of the lung (15), colorectum
(16), and bladder (17). Although most MAGE ex-
pression studies to date are based on reverse tran-
scriptase—polymerase chain reaction (RT-PCR)
analysis, a monoclonal antibody (57B) has recently
become available and allows analysis of protein
expression (13). This antibody was said to be spe-
cific for MAGE-3 (13, 18). However, recent evidence
suggests that it also recognizes other members of
the MAGE family, including MAGE-1, -4, -6, and -12
(D. Rimoldi, personal communication, December
1998; personal observations, December 1998), and
is better regarded as a multi-MAGE antibody.
Insight into MAGE protein expression is relevant
for the development of immunotherapeutic strate-
gies against malignant melanoma (19-22). How-
ever, MAGE protein expression may also be of in-
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terest as a potential diagnostic or prognostic
parameter. If it is true that MAGE genes are absent
in melanocytic nevi and malignant melanoma in
situ but commonly expressed in invasive melano-
mas (10, 18), then immunoreactivity with the anti-
body 57B may be used to support the malignant
nature of a diagnostically difficult lesion.

Before such a potential diagnostic use of the an-
tibody 57B can be evaluated, however, it is impor-
tant to confirm the lack of immunostaining in a
large number of melanocytic nevi. It is also critical
to assess the frequency of immunopositivity in ma-
lignant melanoma by studying a large number of
melanomas with good documentation of their
pathologic features. To this end, we studied 132
nevi and 205 melanomas, which represents the
largest immunohistochemical study with the anti-
body 57B in archival tissue to date. Another pur-
pose of our study was to explore a potential prog-
nostic role for the antibody 57B by comparing
immunopositivity in primary cutaneous malignant
melanomas with various histologic prognostic pa-
rameters, including Breslow thickness, Clark level,
histologic type, and the density of lymphocytes in-
volving the vertical growth phase of primary mela-
nomas. Whereas MAGE expression has been com-
pared with tumor stage in previous studies (10, 18),
a possible association with tumor-infiltrating lym-
phocytes has not been analyzed before.

MATERIALS AND METHODS

All tissue samples were retrieved from the ar-
chives of the Department of Pathology at Memorial
Sloan-Kettering Cancer Center. All tissue blocks
had been fixed in formalin and were embedded in
paraffin. A hematoxylin and eosin-stained section
of each lesion was reviewed by one dermato-
pathologist (KJB) to verify the diagnosis, to assess
the presence of representative lesional material,
and to record histologic parameters, including
thickness, Clark level, the density of tumor-
infiltrating lymphocytes, and the histologic sub-
type.

The thickness of primary melanomas was mea-
sured using an ocular micrometer according to the
method of Breslow (23). All invasive melanomas
contained a vertical growth phase as defined by
Clark et al., (24) Elder et al, (25) and Elder and
Murphy (26). The lymphocytes infiltrating the ver-
tical growth phase of primary cutaneous melano-
mas were categorized as “absent,” “non-brisk,” and
“brisk.” Tumor-infiltrating lymphocytes were
termed “brisk” when the lymphocytes were present
throughout the vertical growth phase (diffuse) or
were present and infiltrating (i.e., separating and
surrounding melanoma cells) along the entire base
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of the vertical growth phase (peripheral). The cate-
gory “non-brisk” was used when lymphocytes were
present in one or more foci but not throughout the
entire vertical growth phase. The term “absent” was
used when there were minimal or no lymphocytes
or when they were present but did not infiltrate into
the vertical growth phase. Histologic subtyping was
done according to Clark (27, 28). The guidelines of
the American Joint Committee on Cancer were
used for staging (29).

Unstained 5-um-thick sections corresponding to
the tumor foci seen in routine sections were chosen
for immunohistochemical analysis with the anti-
body 57B. This IgG1 murine monoclonal antibody
was previously characterized (13, 18) and was used
at a final concentration of 1 ug/mL. Testicular tis-
sue served as positive control. Antigen retrieval was
achieved using a steam autoclave (121° C for 10
min) as the heating source and a low-concentration
citrate buffer (pH 6.0, 10 mm) as the retrieval solu-
tion.

Detection of the primary antibody was achieved
by using biotinylated secondary horse anti-mouse
antibody (1:200; Vector Laboratories, Burlingame,
CA) and an avidin-biotin horseradish peroxidase
complex (Vector Laboratories). Diaminobenzidine
tetrahydrochloride (Biogenex, San Ramon, CA) was
the chromogen, and endogenous peroxidase was
suppressed with 1% hydrogen peroxide treatment
for 30 min. Results were recorded without knowl-
edge of clinical parameters.

Statistical analysis of 65 primary invasive cutane-
ous melanomas was performed using SAS (Sas In-
stitute, Version 6.11, Cary, NC). Comparisons of
variables by the presence or absence of immunore-
activity with the antibody 57B were made using the
Kruskal Wallis test (y* approximation) and the Wil-
coxon two-sample test for Breslow thickness as this
variable was not normally distributed. Two-tailed
tests of significance were used.

RESULTS

Frequency of Expression

Melanocytic nevi

Of 132 melanocytic nevi, not a single lesion re-
vealed any immunoreactivity with the antibody
57B. We examined 10 ordinary junctional nevi, 40
ordinary compound nevi, 10 dermal nevi, 43 dys-
plastic nevi (compound melanocytic nevi with ar-
chitectural disorder and atypia or Clark’s nevi), 5
congenital compound nevi, 10 Spitz nevi (nevi of
large spindle and/or epithelioid melanocytes), 5
pigmented spindle cell nevi, 4 blue nevi, and 3 acral
compound nevi. Two nevi in the capsule of lymph
nodes were also examined and found to be immu-
nonegative with the antibody 57B.



Primary cutaneous melanoma

Eighty-five primary cutaneous melanomas were
examined, including 20 in situ and 65 invasive tu-
mors in vertical growth phase. All 20 in situ mela-
nomas were immunonegative. Seventeen invasive
tumors were immunopositive (Table 1). Immuno-
reactivity with the antibody 57B was present in both
intraepidermal and dermal melanoma cells (Fig.
1A). In all 14 non-nodular primary tumors, immu-
nopositivity was present in melanoma cells of both
the radial and the vertical growth phases. The stain-
ing was predominantly cytoplasmic, but occasional
nuclear staining was also seen (Fig. 1B). The pro-
portion of immunoreactive cells within a primary
malignant melanoma varied. In the majority of pos-
itive tumors (nine cases), there was homogeneous
staining of most (>90%) melanoma cells (Fig. 1). In
four cases, 50 to 75% of melanoma cells were pos-
itive; in three lesions, 25 to 50% of tumor cells were
positive; and in one melanoma, fewer than 5% of
tumor cells were immunopositive. A primary nod-
ular melanoma with only a minor subpopulation
(approximately 30%) of tumor cells immunoposi-
tive with the antibody 57B is illustrated in Fig. 2.

Metastatic melanoma

Lymph node, cutaneous, and internal (i.e., vis-
ceral or brain) metastases from 120 patients were
examined. The findings are summarized in Table 1.
Only one representative metastasis from each pa-
tient was included in this table. Thus, each metas-
tasis corresponds to a different patient. Thirty of
120 metastases (25%) were immunopositive with
the antibody 57B (Table 2). In 21 metastases, posi-
tive staining was present in the majority of tumor
cells: 15 metastases had more than 75% positive
tumor cells (Figs. 3A and B), and 6 metastases had
50 to 75% positive tumor cells. Nine tumors con-
tained fewer than 50% immunopositive melanoma
cells: six metastases had 25 to 50% positive tumor
cells, and three metastases had fewer than 25%
positive tumor cells. A lymph node metastasis with
only a minor subpopulation immunoreactive with
57B is illustrated in Figure 3C. Immunoreactivity
was slightly more commonly observed in skin me-
tastases than at extracutaneous sites: 10 of 33 (30%)
cutaneous metastases were immunopositive,

TABLE 1. Immunoreactivity with 57B in Primary and
Metastatic Malignant Melanoma (n = 205)

Tumor Type No. Tumors Tested Positive (%)
Primary in situ 20 0 (0)
Primary invasive 65 17 (25)
Metastases 120 30 (25)

To skin 33 10 (30)
To lymph nodes 66 15 (23)
To internal sites 21 5 (24)

(visceral or brain)

FIGURE 1. Homogeneous immunoreactivity with the antibody 57B in
a primary melanoma. A, strong positive staining is seen in all
melanoma cells along the dermoepidermal junction and in the dermis.
The invasive dermal component is completely surrounded and
extensively infiltrated by numerous lymphocytes. A lymphoid follicle
with a reactive germinal center is also present. B, immunostaining is
mainly cytoplasmic, but occasional nuclear staining is also seen.

whereas 15 of 66 (23%) lymph node and 5 of 21
(24%) internal metastases were positive. In seven
patients, two metastatic tumors from the same pa-
tient were studied. In three of the seven patients,
both tumors were immunopositive, whereas in four
patients, both tumors were negative with the anti-
body 57B.

Comparison of MAGE Expression with
Prognostic Factors and Histologic Type

Sixty-five primary cutaneous invasive melano-
mas were stratified according to histologic type and
prognostic parameters, including Breslow thick-
ness, Clark level, and the density of the lymphocytic
infiltrate involving the vertical growth phase of the
melanoma. These features were compared with im-
munoreactivity with the antibody 57B. As illus-
trated in Table 2, positive staining was associated
only with a brisk lymphocytic infiltrate (P = .01) but
not with Breslow thickness (P = .39), Clark level
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FIGURE 2. Heterogeneous immunoreactivity with the antibody 57B
in a primary nodular melanoma (see Fig. 3C for corresponding lymph
node metastasis). A, positive staining is seen only in a minority of
tumor cells. B, immunoreactivity of individual tumor cells varies from
faint cytoplasmic to strong cytoplasmic and nuclear staining.

(P = .5), or histologic type (P = .23). A primary
cutaneous melanoma of superficial spreading type
with a brisk infiltrate of lymphocytes involving its
vertical growth phase, which was immunoreactive
with the antibody 57B, is illustrated in Figure 1.

DISCUSSION

Human melanoma cells express several antigens,
which are recognized by cytotoxic T lymphocytes,
and the genes of a number of such antigens have
been identified, such as members of the MAGE,
BAGE, or GAGE gene families, gp100, tyrosinase,
Melan-A, NY-ESO1, and others (1-3, 30). Some of
these antigens are being investigated as targets for
immunotherapy of metastatic melanoma (19-22,
31), and some of them have been examined for
diagnostic purposes (32-37).

Previous studies on MAGE expression in malig-
nant melanoma were predominantly based on
RT-PCR studies (8, 10, 14). They suggested that
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TABLE 2. Comparison of Histopathologic Features with
Presence or Absence of Immunoreactivity with 57B in 65
Primary Invasive Melanomas

Immunoreactivity P
Features
Present Absent Value

Tumor stage

pT1 4 15

pT2 3 4

pT3 8 16

pT4 2 13 0.66
Clark level

I 5 15

11 2 3

v 9 20

\Y% 1 10 0.5
Histopathologic type

Superficial spreading 11 24

Nodular 3 9

Lentigo maligna/desmoplastic 0 8

Neurotropic 0 1

Acral lentiginous/ungual 3 6 0.23
Lymphocytic infiltrate

Absent 1 15

Non-brisk 12 30

Brisk 4 3 0.01
Mean Breslow thickness (SD) 2.16 2.72 0.39

(1.56) (3.64)

MAGE genes—in particular, MAGE-1, -2, and -3—
were commonly expressed in invasive and meta-
static melanoma but absent in melanocytic nevi. In
the study by Brasseur et al. (10), approximately 50%
of primary cutaneous melanomas and 83% of met-
astatic tumors were said to express at least one
MAGE gene by RT-PCR, and an association of
MAGE expression with advanced tumor stage was
suggested. In a more recent study, however, a lower
frequency of MAGE gene expression was found:
Sahin and coworkers (14) detected MAGE mRNA
only in approximately 50% of metastatic melano-
mas. Recently, the monoclonal antibody 57B has
become available to study MAGE protein expres-
sion in human tissue (18). According to Hofbauer et
al. (18), who examined a limited number of primary
and metastatic melanomas, 40% of their tumors
were immunopositive.

In our study, the frequency of immunoreactivity
with the antibody 57B in malignant melanoma was
only 25%. We believe that sample bias is the most
likely explanation for why we found fewer 57B-
immunopositive melanomas than Hofbauer et al.
(18) did. We used the same clone of antibody and
similar immunohistochemical techniques, but the
number of cases examined by Hofbauer et al. (18)
was much smaller than in our study. Furthermore,
they did not distinguish cutaneous from nodal or
visceral metastases, and they did not indicate
whether each metastasis corresponded to a differ-
ent patient or several metastatic tumors from the
same patient were included for their analysis (18).
Such distinctions, however, are necessary because
multiple tumors from the same patient tend to have
a similar MAGE expression pattern (10).
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FIGURE 3. Immunoreactivity with the antibody 57B in metastatic melanoma. A, metastatic melanoma to the skin. The tumor cells are uniformly
positive. B, metastatic melanoma in lymph node. The tumor cells are uniformly positive. C, metastatic melanoma in lymph node. Only a
subpopulation of metastatic tumors cells is immunoreactive (see Fig. 2 for corresponding primary cutaneous melanoma).

Because none of the nevi or in sifu melanomas in
our series or in any previous study was immunore-
active with the antibody 57B, we believe that this
antibody may emerge as a diagnostic tool to sup-
port the malignant potential of some unusual mela-
nocytic tumors. Unfortunately, in our study, immu-
noreactivity with 57B was detectable in only 25% of
“conventional” primary invasive melanomas, which
indicates that its potential diagnostic use will be
limited.

Hofbauer and colleagues (18) also suggested a
correlation between immunoreactivity with the an-
tibody 57B and tumor stage. They examined 31
primary invasive melanomas, and all 4 melanomas
staged as pT4a (>4 mm thick, Clark level V) were
said to be immunopositive. The authors did not
perform a formal statistical analysis of their data.
We examined 65 primary invasive melanomas; only

2 of 15 pT4a melanomas were immunopositive with
57B and only in a minor subpopulation of cells (Fig.
2). A statistical analysis of the findings in our series
failed to reveal an association between immunore-
activity and tumor stage, Breslow thickness, or
Clark level (Table 2). The lack of an overall increase
in frequency of immunoreactivity from primary
invasive cutaneous melanoma to metastatic mela-
noma, not even to internal (visceral and brain) me-
tastases, also argues against a simple, direct associ-
ation of immunoreactivity with advanced disease
stage (Table 1).

A direct comparison between primary and meta-
static tumors in the same patient was limited by the
insufficient number of patients with immunoposi-
tive tumors, in which both primary and metastatic
tumors were available. In many patients with im-
munopositive metastases, the primary site was un-
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known (metastatic melanoma of unknown primary
site) or the tissue block of the most representative
lesional tissue of the primary tumor could not be
obtained from outside institutions for investiga-
tional studies. Furthermore, only one of the pri-
mary 57B-immunopositive melanomas in this se-
ries has so far metastasized. In this patient, both the
primary (Fig. 2) and the metastatic (Fig. 3C) tumor
contained only a minor subpopulation of 57B-
positive cells. In another case, in which a minor
subpopulation of the metastatic tumor was immu-
nopositive, the primary melanoma lacked any de-
tectable immunoreactivity with 57B. In all 57B-
negative tumors, in which the tissue blocks of both
the primary melanoma and the corresponding me-
tastasis were available, both tumors were immu-
nonegative.

The most important finding in our study is an
association of MAGE expression in primary cutane-
ous melanoma with a brisk infiltrate of lympho-
cytes involving the vertical growth phase. Such an
association is of interest not only because it may
provide a clue to the understanding of the biologic
mechanisms underlying the phenomenon of
tumor-infiltrating lymphocytes but also because it
raises the possibility of a potential prognostic role
for MAGE proteins. Several investigators have sug-
gested a prognostic role of the lymphocytic infil-
trate in melanoma (24-26, 38—40). In multivariate
analyses of clinical Stage I melanomas by the Pig-
mented Lesion Study Group at the University of
Pennsylvania, the presence of a brisk infiltrative
lymphocytic response was found to be associ-
ated with favorable survival (24, 25). More recent,
Clemente and coworkers (40) have presented
data confirming the prognostic value of tumor-
infiltrating lymphocytes in primary melanomas.

Two recent studies have also examined tumor-
infiltrating lymphocytes in metastatic tumors and
revealed evidence that patients had a longer
disease-free survival, if their metastatic tumor de-
posits were involved by a brisk lymphocytic infil-
trate (41, 42). In contrast with primary tumors, we
did not find a correlation between 57B immuno-
positivity and the density of the lymphocytic infil-
trate of metastatic tumor deposits. The majority of
metastases in our series lacked a significant lym-
phocytic infiltrate. None of the visceral or cutane-
ous metastases had a brisk lymphocytic infiltrate.

In conclusion, we confirm in this study that
MAGE expression as detected by immunoreactivity
with the antibody 57B is absent in nevi and nonin-
vasive melanomas and find that immunopositivity
of primary cutaneous melanomas correlates with
brisk tumor-infiltrative lymphocytes but not with
other examined prognostic indicators. These results
encourage further exploration of the potential diag-
nostic and prognostic value of the antibody 57B.
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