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Abstract The MAGE-I gene encodes a protein encom-
passing a HLA-Al-restricted target epitope for cytolytic
T lymphocytes. Monoclonal antibodies directed against
the MAGE-1 protein were tested for usage in immuno-
histology of routine pathology material. Seven formalin-
fixed, paraffin-embedded malignant melanomas were
studied by the Avidin-Biotin complex (ABC) method
with or without different antigen retrieval methods. Na-
tive, frozen tissues from the same tumours were used to
validate the results by immunohistochemistry on frozen
sections, by PCR for mRNA and by protein demonstra-
tion in tissue extracts using western blotting. Of 4 mono-
clonal antibodies tested, mAB 34B and mAB 77B were
highly efficient in detecting MAGE-1 protein in deparaf-
finised sections with the regular ABC method after mi-
crowave pretreatment. In a series of an additional 28 pa-
tients 75% expressed MAGE-1, 50% in a substantial pro-
portion. Follow-up studies in 6 patients indicate that the
expression pattern remains stable but may change sub-
stantially within a short range. Immunohistology is thus
a rapid and well-established method that might be used
to select and monitor HLA-A1 positive patients with ma-
lignant melanoma and other candidate tumours for
MAGE-1-directed immuno-therapy.
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Introduction

The human MAGE-gene family (1-3) has been located to
the X chromosome [9]. MAGE-1 gene encodes an anti-
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gen originally detected on the melanoma cell line MZE-
MEL and termed MZ2-E [19]. This HLA-Al-restricted
antigen has been shown to serve as a target epitope for
cytotoxic T lymphocytes [12, 18]. MAGE-1 gene expres-
sion was detected by PCR in a fraction of malignant mel-
anomas but also in neurogenic tumours [11], carcinomas
of breast [2, 13], oesophagus [17], stomach [5], urinary
bladder [10] and lung [15], and T- and B-cell leukaemia
[16]. MAGE-1 gene product has been identified as a cy-
toplasmic protein in melanoma cell lines [1, 14]. In
HLA-Al-positive patients, the demonstration of MAGE-
1 protein expression in tumour cells would provide the
rationale for an active immunotherapy specifically di-
rected against this rejection target. We report here the de-
tection of the MAGE-1 protein by immunohistochemis-
try on native and formalin-fixed, paraffin-embedded mel-
anoma biopsies, allowing rapid and easy identification of
eligible patients.

Material and methods

Detection of MAGE-1 gene expression

Total cellular RNA was extracted from snap-frozen malignant
melanoma samples and reverse transcribed as previously reported
[4, 6]. The cDNA thus generated was tested in 25 and 35 cycles of
polymerase chain reaction (PCR) assays in the presence of pairs of
primers encompassing specific gene sequences encoding B-actin
[6] or MAGE-I [2, 20]. Each cycle included 40 s denaturation at
94°C, 40 s annealing at 62°C and 1 min extension at 72°C. The
amplification products were run on 1.5% agarose gels in the pres-
ence of ethidium bromide and photographed upon UV trans-illu-
mination. The expected sizes of the amplified sequences are
661 bp for B-actin and 421 bp for MAGE-I. Specificities of PCR
products were confirmed by restriction mapping [14].

Detection of MAGE-1 protein expression

Frozen melanoma samples were mechanically minced and lysed in
a lysis buffer. Total protein content was then measured by spec-
trometry and 100 pg of protein from each sample were run on
standard SDS-PAGE gels. Subsequently, gels were blotted on ni-
tro-cellulose membranes, which after a 2-h incubation in TBE, 1%
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casein were probed with undiluted supernatants of selected hybrid-
omas. After an overnight incubation, specific binding was revealed
by a chemiluminiscence based technique (ECL, Amersham, UK)
as described [14].

Immunohistochemistry

The murine monoclonal antibodies used (27R, 77B, 14B, 34B) were
produced after immunisation of mice with recombinant MAGE-1
protein as immunising antigen, as described elsewhere [14].

Frozen sections of tumour tissue stored at —70°C were thawed,
fixed in acetone (10 min, room temperature) and incubated with
undiluted supernatants overnight. This was followed by two wash-
es in PBS and postfixation in paraformaldehyde-lysine-periodate
[7]. The alkaline—anti-alkaline phosphatase (APAAP) method was
used, with a commercial rabbit anti-mouse link antibody and AP-
AAP complex for visualisation of specifically bound antibodies
according to the recommendations of the supplier (DAKOPATTS
A/S, Glostrup, Denmark).

Matched formalin-fixed tumour tissue embedded in paraffin
was processed for immunohistochemistry according to our stan-
dard method [8] employing the avidin-biotin complex method
(Vector, Burlingame, Calif.). Pretreatment of the sections after de-
paraffinisation included incubation with pronase (0.1%, 15 min) or
heating in a microwave oven (60 min at 90°C). The final working
conditions included microwaving and dilution of 1:16 of the pri-

mary antibody. This was applied to a series of 41 biopsy speci-

mens taken from malignant melanomas in 28 patients. Three kid-
neys and two liver biopsies were used as normal tissue controls.

Specificity was monitored by replacement of the monoclonal
antibody by phosphate-buffered saline and by an absorption con-
trol. For the latter, recombinant MAGE-1 (tMAGE-I) antigen was
prepared as previously described [14]. A semipurified product
could be obtained by loading bacterial lysates on a nickel Sepha-
rose column (Novagen, Madison, Wis.) and eluting the bound fu-
sion protein at pH 4. The fusion protein was then immobilised on
CNBr-activated Sepharose 4B beads at 1.5 mg of protein per ml of
packed beads (Pharmacia Biotechnology, Uppsala, Sweden) ac-
cording to the manufacturer’s instructions. Equal volumes of
beads and supernatant (77B) were incubated at room temperature.
After 30 min the beads were centrifuged and the supernatant was
used as absorbed control antibody.

Results
Gene expression

Expression of B-actin house-keeping gene was detectable
in all samples following 25 cycles RT-PCR (Fig. 1A). In
contrast, MAGE-I gene expression was only detectable
with the same number of PCR cycles in sample 3
(Fig. 1B). Similar data were obtained following 30 PCR
cycles. However, after 35 cycles of amplification a posi-
tive signal was observed in three more patients’ samples,
leaving only patients 1, 6 and 7 whose samples did not
express MAGE-1 (Fig. 1C, Table 1).

Protein expression

On immunohistochemistry, all four antibodies gave a
positive cytoplasmic signal on frozen sections. On paraf-
fin sections, this was seen only with antibodies 77B and
34B after microwave pretreatment, and not with enzy-
matic pretreatment (Fig. 2, Table 1). In formalin-fixed,

661

421

421 bp —»

46 kD

D

Fig. 1A-D MAGE-1 gene expression and protein detection in
clinical melanoma samples (patients [-5 in Table 1). DNA ob-
tained was amplified in the presence of beta-actin (A) on MAGE-
1-specific primers (B, C). PCR was allowed for 25 (A, B) or 35
cycles (C). The Western blot shows the presence of 77B mAB-
specific binding for patients 2-5 but not for patient 1 (D)

Fig. 2A-F Immunohistology of MAGE-1 in malignant melano-
ma. A Extensive cluster of positive cells showing a granular cyto-
plasmic staining with mAB 77B. Frozen section, APAAP tech-
nique, x350. B Single positive cells with discrete red label (ar-
rows) surrounded by pigmented melanocytes illustrating the lack

. of cross-reactivity between these proteins. Frozen section, APAAP

technique, x550. C Focal cytoplasmic expression showing hetero-
geneity of staining intensity. Note also cytoplasmic invaginations
into nuclei which may be labelled (arrow). Paraffin section, ABC
technique, x350. D Control incubation for C (replacement of spe-
cific antibody by PBS; identical picture with MAGE-1 absorbed
mAB 77B. Paraffin section, ABC technique, x350. E Extensive
expression showing the granular appearance of the antigen and on-
ly vague association with the inner aspect of the cell membrane.
Paraffin section, ABC technique, x350. F Lack of cross-reactivity
with melanosomes in paraffin sections as demonstrated by two in-
terspersed labelled cells (arrows). Paraftin section, ABC tech-
nique, x550
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Table 1 MAGE-1 expression in frozen and formalin-fixed malignant melanomas on immunohistochemistry and PCR determination
(Neg. negative, focal focally positive, single cells single cells positive, pos (wk) weakly positive)

mAB 77B mAB 34B PCR Western Blot

Paraffin Frozen tissue Paraffin Frozen tissue

embedding embedding

Formalin Acetone-PLP Formalin Acetone-PLP

fixation fixation
Malignant melanomas
Patient 1 Neg. Single cells Neg. Neg. Neg. Neg.
Patient 2 Focal Neg. Single cells Single cells ~ Pos.** Pos.
Patient 3 Focal Focal Focal Focal Pos.* Pos.
Patient 4 Focal Single cells Focal Focal Pos.** (wk) Pos.
Patient 5 Neg. Neg. Neg. Neg. Pos.** Pos.
Patient 6 Focal Single cells Single cells Neg. Neg. Pos. (wk)
Patient 7 Neg. Neg. Neg. Neg. Neg. Neg.
Normal tissues
Kidney (n=3) Epithelia of Neg. Epithelia of Neg. Neg. Neg.
distal tubules distal tubules

Liver (n=2) Neg. Neg. Neg. Neg. Neg. Neg.

225 and 30 cycles
b After 35 cycles only

paraffin-embedded material, the granular reaction prod-
uct appeared slightly coarser and was detectable in more
cells than in corresponding frozen tissue. MAB 77B was
more effective than mAB 34B in this respect. The gran-
ules were either evenly distributed or, occasionally, ori-
ented along the cell membrane. As a rule, there was a
considerable tumour heterogeneity with respect to distri-
bution of positive cells and staining intensity. Cytoplas-
mic invaginations into distorted nuclei were a constant
finding, simulating intranuclear inclusions. Melanin
granules, if present, were not stained (Fig. 2). Absorp-
tion of mAB 77B with the immobilised recombinant pro-
tein abolished the granular staining of the cytoplasm.

Two cases were negative for MAGE-1 expression, and
one additional biopsy showed single cells only in the fro-
zen section. Two of these cases were negative by PCR
and Western blotting but one exceptional case (5) gave a
discordant result in that PCR was weakly and Western
blotting was strongly positive.

In a series of 28 consecutive primary biopsies embed-
ded in paraffin, 7 (25%) were negative for MAGE-1, 8
(29%) contained single positive tumour cells, 7 (25%)
showed focal and 6 (21%) extensive cellular expression.
For six patients additional follow-up biopsies were avail-
able. Five of these were stable with respect to the range
of labelled cells over observation times of 2, 6, 7, 9 and
16 months. One patient, however, had a shift from nega-
tivity to focal positivity after 3 months.

Discussion

The results show that MAGE-1 antigen can be demon-
strated efficiently on paraffin sections of tumour speci-
mens by using mAB 77B and mAB 34B as a confirmato-
ry antibody. Cross-linking by formalin fixation and sub-

sequent antigen retrieval by microwave pretreatment en-
hances MAGE-1 protein detection over that possible
with the frozen section technique.

Another important feature of the MAGE-1 protein is
the heterogeneity of its expression within an individual
tumour specimen. Basically, antigen expression was not
homogeneous but focal, and the cellular antigen load
varied considerably. The follow-up data indicate that the
expression pattern remains stable within the observed
range of 2-16 months. However, a significant change
from no expression to focal change was observed in one
case within 3 months.

An apparent discordance between gene expression
and protein detection was observed, and this might be
partly attributed to the heterogeneity of protein expres-
sion. However, considering that MAGE-1 gene product
was detected by immunohistochemistry in samples
where no or little specific mRNA was amplified, the hy-
pothesis could be set up that the protein expression is
switched on and off at the transcriptional level and that
intracellular protein accumulates. These data suggest that
even in tumours where no MAGE-]1 gene expression is
detectable following a standard 25 cycles of PCR, specif-
ic immunotherapy procedures could still be envisaged.
Considering the so-called innocent bystander phenome-
non, recognition of few targets displaying specific anti-
genic epitopes could lead to the cytokine-mediated kill-
ing of antigen devoid target cells. In addition, the cyto-
kine environment generated by the specific antigen rec-
ognition might favour the induction-of unselected tu-
mour-specific cytotoxic T lymphocytes [3]. By the same
token, in the one case with the reversed situation, in
which protein was undetectable by immunohistochemis-
try despite evidence of active transcription and protein
synthesis, an efficient immune elimination might be ex-
pected.



It is well established that the MAGE-1 antigen is a T-
lymphocyte-dependent, tumour-associated antigen that
can be envisaged as a target for immunotherapy in pa-
tients co-expressing the HLA-AI allele [18]. In the series
of 28 patients 75% expressed MAGE-1, and 50% in a
substantial portion of the tumour. Such patients co-ex-
pressing the HLA-A1 haplotype could profit from im-
munohistology of pathology material prospectively and
retrospectively: newly detected patients could be selected
for specifically targeted immunotherapy. The effect of
such therapy could be conveniently monitored and fail-
ures attributable to immunoselection could be recogni-
sed. These procedures could also be applied to archival
material and to other tumours known to express the
MAGE-1 antigen system.

Acknowledgement This study was partially funded by Swiss Na-
tional Fonds (grant no. 31-36295.92) to G.C.S.

References

1. Amar Costesec A, Godelaine D, Stockert E, Van der Bruggen
P, Beaufay H, Chen YT (1994) The tumor protein MAGE-1 is
located in the cytosol of human melanoma cells. Biochem Bio-
phys Res Commun 204:710-715

2. Brasseur F, Marchand M, Vanwijck R, Herin M, Lethe B,
Chomez P, Boon T (1992) Human gene MAGE-1, which
codes for a tumor-rejection antigen, is expressed by some
breast tumors (letter). Int J Cancer 52:839-841

3. Burrows SR, Fernan A, Argaet V, Suhrbier A (1993) Bystander
apoptosis induced by CD8+ cytotoxic T cell (CTL) clones: im-
plications for CTL lytic mechanisms. Int Immunol 5:1049-1058

4. Chomezynski P, Sacchi N (1987) Single-step method of RNA
isolation by guadinium-thiocyanate-phenol-chloroform extrac-
tion. Anal Biochem 162:156-159

5. Inoue H, Mori M, Honda M, Li J, Shibuta K, Mimori K, Ueo
H, Akiyoshi T (1995) The expression of tumor-rejection anti-
gen “MAGE” genes in human gastric carcinoma. Gastroenter-
ology 109:1522-1525

6. Liischer U, Filgueira L, Juretic A, Zuber M, Liischer NJ, Heb-
erer M, Spagnoli GC (1994) The pattern of cytokine gene ex-
pression in freshly excised human metastatic melanoma sug-
gests a state of reversible anergy of tumor-infiltrating lympho-
cytes. Int J Cancer 57:612-619

7. McLean I, Nakane PK (1974) Periodate-lysine-paraformalde-
hyde fixative — a new fixative for immunoelectron microscopy.
J Histochem Cytochem 22:1077~1083

10.

11.

12.

14.

15.

16.

17.

18.

19.

20.

81

. Moch H, Oberholzer M, Dalquen P, Wegmann W, Gudat F

(1993) Diagnostic tools for differentiating between pleural
mesothelioma and lung adenocarcinoma in paraffin embedded
tissue. Part I: Immunohistochemical findings. Virchows Arch
[A]423:19-27

. Oaks MK, Hanson JJ, O’Malley DP (1994) Molecular cytoge-

netic mapping of the human melanoma antigen (MAGE) gene
family to chromosome region Xq27-qter: implications for
MAGE immunotherapy. Cancer Res 54:1627-1629

Patard JJ, Brasseur F, Gil Diez S, Radvanyi F, Marchand M,
Francois P, Abi Aad A, Van Cangh P, Abbou CC, Chopin D, et
al (1995) Expression of MAGE genes in transitional-cell carci-
nomas of the urinary bladder. Int J Cancer 64:60-64

Rimoldi D, Romero P, Carrel S (1993) The human melanoma
antigen-encoding gene, MAGE-1, is expressed by other tu-
mour cells of neuroectodermal origin such as glioblastomas
and neuroblastomas [letter]. Int J Cancer 54:527-528

Romero P, Pannetier C, Herman J, Jongeneel CV, Cerottini JC,
Coulie PG (1995) Multiple specificities in the repertoire of a
melanoma patient’s cytolytic T lymphocytes directed against
tumor antigen MAGE-1.A1. J Exp Med 182:1019-1028

. Russo V, Traversari C, Verrecchia A, Mottolese M, Natali PG,

Bordignon C (1995) Expression of the MAGE gene family in
primary and metastatic human breast cancer: implications for
tumor antigen-specific immunotherapy. Int J Cancer 64:216—
221

Schultz-Thater E, Juretic A, Dellabona P, Liischer U, Siegrist
W, Harder F, Heberer M, Zuber M, Spagnoli GC (1994)
MAGE-1 gene product is a cytoplasmic protein. Int J Cancer
59:435-439

Shichijo S, Hayashi A, Takamori S, Tsunosue R, Hoshino T,
Sakata M, Kuramoto T, Oizumi K, Itoh K (1995) Detection of
MAGE-4 protein in lung cancers. Int J Cancer 64:158-165
Shichijo S, Tsunosue R, Masuoka K, Natori H, Tamai M, Mi-
yajima J, Sagawa K, Itoh K (1995) Expression of the MAGE
gene family in human lymphocytic leukemia. Cancer Immunol
Immunother 41:90-103

Toh Y, Yamana H, Shichijo S, Fujita H, Tou U, Sakaguchi M,
Kakegawa T, Itoh K (1995) Expression of MAGE-1 gene by
esophageal carcinomas. Jpn J Cancer Res 86:714-717
Traversari C, Van der Bruggen P, Luescher IF, Lurquin C,
Chomez P, Van Pel A, De Plaen E, Amar-Costesec A, Boon T
(1992) A nonapeptide encoded by human gene MAGE-1 is
recognized on HLA-A1 by cytolytic T lymphocytes directed
against tumor antigen MZ2-E. J Exp Med 176:1453-1457

Van der Bruggen P, Traversari C, Chomez P, Lurquin C, De
Plaen E, Van den Eynde B, Knuth A, Boon T (1991) A gene
encoding an antigen recognized by cytolytic T lymphocytes on
a human melanoma. Science 254:1643-1647

Weynants P, Lethe B, Brasseur F, Marchand M, Boon T (1994)
Expression of mage genes by non-small-cell lung carcinomas.
Int J Cancer 56:826-829



