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Expression of MAGE-B Genesin Esophageal Squamous Cell Carcinoma
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The MAGE-B (MAGE-B1, -B2, -B3, and -B4) genes share strong homology with the MAGE-A gene
family. MAGE-B1 and -B2 encode common tumor -specific peptide antigens. There is, however, still
very little information about the expression of these genes in human gastro-intestinal carcinomas.
We investigated the expression of MAGE-B1 and -B2 genes in 29 cell lines and 53 clinical tumor
samples of esophageal squamous cell carcinoma by rever se transcription polymer ase chain reaction
(RT-PCR). MAGE-B1 and -B2 gene transcripts were detected by RT-PCR in 1 (3%) and 6 (21%)
cell lines, and in 9 (17%) and 17 (32%) clinical samples, respectively. Among them, 7/29 (24%) cell
lines and 19/53 (36%) clinical samples expressed at least either MAGE-B1 or -B2. A significant
correlation was found between negative MAGE-B gene expression and vascular invasion (P=0.008).
In 45 out of 53 esophageal carcinoma RNA samples, the MAGE-A1, -A2, and -A3 genes were
detected in 27 (60%), 23 (51%), and 30 (67%) samples, respectively, while the MAGE-B genes were
detected in 18 (40%) samples. The frequency of MAGE-B gene expression in esophageal carcinoma
was relatively higher than that observed for gastric or colorectal carcinomas (12% and 2%, respec-
tively). Therefore, the MAGE-B genes could be used as targets in specific immunotherapy of esoph-

ageal squamous cell carcinomas.
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The gene MAGE-AL was identified by analyzing a cyto-
toxic T lymphocyte clone which demonstrated specificity
for the autologous melanoma cell line MZ2-MEL.Y When
a MAGE-A1 fragment was used as the probe on Southern
blots, it revealed twelve hybridizing bands of different
intensities. These proteins congtitute the MAGE-A gene
family and are located in Xg27-qter.?

A key finding regarding the expression of the MAGE-A
genes is that their expression was limited to tumor tissue
and has not been observed in any normal tissue with the
exception of testis and placenta®® MAGE-A genes are
expressed not only in melanoma, but also in some other
tumors, such as lung carcinoma,® breast carcinoma,® neu-
roectodermal tumors,® lymphocytic leukemia,” and blad-
der carcinomas.® As we reported earlier, these genes are
also expressed in gastric carcinoma,® colorectal carcino-
mas,’? hepatocellular carcinoma (HCC)* and esophageal
carcinomas.*?

The MAGE-Xp gene, which has strong homology to the
MAGE-A gene family, was isolated using exon-trapping of
cosmids through the Xp21.3 region. MAGE-Xp transcripts
were identified in testis, but were not found in any of 12
different tumor tissues tested, which included seven mela-
noma and four lung tumor samples.*® Dabovic et al. also
identified the MAGE-Xp gene and named it DAM10. They
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also reported another homol ogous gene nearby, which they
named DAM6. Moreover, they showed that DAM10 and
DAMG are expressed not only in adult testis, but aso in
certain lung tumors.*® In alater study, it was revealed that
the complete sequence of a 42-kb stretch in the region of
Xp21.3 contained four MAGE-related genes, which were
named MAGE-B1(DAM10/MAGE-Xp), -B2(DAM6), -B3,
and -B4. The MAGE-B genes were silent in normal tissues
with the exception of testis. The MAGE-B1 and MAGE-B2
genes were expressed in a significant fraction of tumors of
various histological types, such as melanoma, non-small
cdll lung carcinoma, sarcoma, and mammary carcinoma.™

Severa MAGE-A genes have become candidates for
tumor-specific immunotherapy, because antigenic pep-
tides have been identified as being encoded in their genes.
For example, the MAGE-A1-encoded peptide is presented
by major histocompatibility molecules HLA-A1'® and
-A24' forming a tumor antigen. Similarly, the MAGE-A3
gene encodes a tumor-specific antigen presented by HLA-
Al? -A2 and -A24.*9 Some of these peptides are
already being applied in tumor-specific immunotherapy.

It has been shown that peptide D10/6-271, derived from
codons 271-279 of MAGE-B1 (DAM10) and MAGE-B2
(DAMS), is recognized by HLA-A2-restricted cytotoxic T
lymphocytes (CTL).22 Therefore, it has been suggested
that the MAGE-B genes might encode a new group of
tumor-specific antigens that could be included in the list of
possible target antigens for specific immunotherapy of
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neoplastic disorders. In the present study, we investigated
the expression of MAGE-B genes in gastro-intestina carci-
nomas, and we suggest that the MAGE-B genes may
indeed present possible targets for tumor specific immu-
notherapy for patients with esophageal squamous cell
carcinoma.

MATERIALS AND METHODS

Cell lines The cell lines derived from esophageal carci-
noma, TE-1, -2, -3, -4, -5, -6, -7, -8, -9, -10, -11, -12, -13,
-14, and -15, were kindly provided by the Institute of
Development, Aging and Cancer, Tohoku University (Dr.
T. Nishihara and Dr. T. Kudo), Sendai. The cell lines
derived from esophageal carcinoma, KY SE-30, -50, -70,
-110, -140, -150, -170, -180, -190, -200, -220, -270, -410,
and -510 were kindly provided by Dr. Shimada, Kyoto
University, Kyoto. The melanoma cell line MZ-2-MEL
(MZ-2) was kindly provided by Dr. F. Brasseur, Ludwig
Institute for Cancer Research, Brussels, Belgium. All cell
lines were maintained in an RPMI 1640 medium contain-
ing 10% fetal bovine serum (FBS) and antibiotics.
Treatment of cells with 5-aza-2’-deoxycytidine MZ-2
was maintained in an RPMI medium in a 5% CO, incuba-
tor at 37°C, and 1 uM 5-aza-2'-deoxycytidine (DAC)
(Sigma Chemica Corp., St. Louis, MO) was added for 48
h. The cells were harvested and washed with phosphate-
buffered saline prior to RNA extraction.

Tissue samples The tumor samples and the matched con-
trol samples taken from normal tissue located far from the
tumor site of esophageal, gastric, and colorecta carcino-
mas were frozen in liquid nitrogen immediately after sur-
gical resection, and kept at —90°C until RNA extraction.
The surgical samples were obtained at the Department of
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Surgery, Medical Institute of Bioregulation, Kyushu Uni-
versity, Beppu, and the Department of Surgery, Saitama
Cancer Center, Saitama. Histological verification showed
that al of the esophageal carcinomas studied were squa-
mous cell carcinomas, and al of the gastric and colorectal
carcinomas were adenocarcinomas.

RNA preparation and reverse transcription The total
RNA isolated by the acid guanidinium-phenol-chloroform
(AGPC) procedure was treated with DNase?” cDNA
was synthesized from 2.5 ug of total RNA as described
previously.V

Oligonucleotide primers of MAGE-A and MAGE-B
genes The presence of MAGE-B1, -B2, -A1l, -A2, and -A3
cDNA in the reverse transcription products was detected
by polymerase chain reaction (PCR) amplification in a
separate reaction, using oligonucleotide primers located at
different exons in the MAGE genes. The primer sequences
were: MAGE-B1, 5-CCCGAGCGAGCTTAAGGAGT-3
and 5'-GTCAGATTCGGTACATGACACAG-3'19; MAGE-
B2, 5-AGCGAGTGTAGGGGGTGCG-3 and 5-TGAG-
GCCCTCAGAGGCTTTC-39; MAGE-A1, 5'-CGGCCG-
AAGGAACCTGACCCAG-3 and 5-GCTGGAACCCTC-
ACTGGGTTGCC-39; MAGE-A2, 5-AAGTAGGACCC-
GAGGCACTG-3 and 5-GAAGAGGAAGAAGCGGTC-
TG-3%; MAGE-A3, 5-TGGAGGACCAGAGGCCCCC-
3 and 5-GGACGATTATCAGGAGGCCTGC-32.

The semiquantitative detection of mMRNA In order to
evaluate the amplified product quantitatively by PCR, pre-
liminary experiments were carried out to determine a suit-
able number of cycles in the linear range of PCR
amplification in representative cases (Fig. 1). Suitable
numbers of PCR cycles for MAGE-A1, -A2, -A3, -B1,
and -B2 were 33, 33, 33, 40, and 30, respectively.

PCR The amplification was performed for 30 cycles
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Fig. 1. The relationship between the number of polymerase chain reaction (PCR) cycles and the amount of PCR product of MAGE-
B2. PCR products from each cycle were stained with ethidium bromide, imaged and quantified with NIH Image (version 1.57).%9 The
PCR product increased linearly around the 30th cycle. A suitable number of cycles for the amplification of MAGE-B2 was therefore

chosen as 30.
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Table |.
MAGE-B Genes in Esophageal Carcinoma

MAGE-B Expression in Esophageal Carcinoma

Clinicopathological Data and Expression of MAGE-A Genes with or without Expression of

Expression of MAGE-B1 and/or -B2

Positive Negative P value
(n=19) (n=34)

Histological type well 6 8 NS
moderately 9 18
poorly 3 6
others 1 2

Depth of invasion T1 4 2 NS
T2 2 5
T3 11 25
T4 2 2

Lymph node metastasis NO 5 5 NS
N1 14 29

Lymphatic invasion negative 5 4 NS
positive 14 30

Vascular invasion negative 10 6 P=0.008
positive 9 28

Stage I 1 3 NS
A 2 2
1B 1 2
I 15 27

Expression of MAGE-A genes positive 16 22 NS

(MAGE-A1, -A2 and/or -A3) negative 2 5
unknown 1 7

NS: not significant.
(MAGE-B2) or 33 cycles (MAGE-A1, -A2, -A3) or 40 RESULTS

cycles (MAGE-B1) of 1 min at 94°C, 2 min at 68°C, 2
min a 72°C for MAGE-B1 and -B2; 30 s at 94°C, 40 s at
72°C for MAGE-A1 and -A3; and 30 s a 94°C, 30 s a
68°C, 20 sat 72°C for MAGE-A2. An 8 ul aliquot of each
reaction mixture was size-fractionated in a 1.5% agarose
gel and visualized by ethidium bromide staining. To
ensure that the RNA was not degraded, a PCR assay with
primers specific for the glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) gene was carried out in each case,
except that only 24 cycles were performed under the fol-
lowing cycling conditions: 1 min at 94°C, 2 min at 56°C,
and 2 min at 72°C.? The primer sequences for the GAPDH
amplification were: 5'-GTCAACGGATTTGGTCGTATT-
3 and 5'-AGTCTTCTGGGTGGCAGTGAT-3'.
Clinicopathological data All data, including sex, age,
stage of the disease, and pathologic factors, were obtained
from the clinical and pathologic records. The TNM classi-
fication was used to determine the stage of the disease.??
The tumors, either expressing or not expressing MAGE-B
genes, were then compared and their properties are listed
in Table .

Statistical analysis Statistical analysis was performed
using either the x*> method or Fisher’s exact test. The level
of significance was set at P<0.05.

Expression of MAGE-B genes in cell lines and esoph-
ageal carcinomas The level of transcription of MAGE-B
genes measured by semi-quantitative reverse transcription
(RT)-PCR assays showed various patterns from high to
low levels of expression in tumor samples. The intensity
of a band in agarose gel was evaluated by comparison
with the positive control and negative control, and if a
band was recognized, the case was designated as positive.
Among the 29 esophageal cancer cell lines, MAGE-B1 and
-B2 gene expression was detected by RT-PCR in 1 (3%)
and 6 (21%) cell lines, respectively. Thus, 7 (24%) out of
29 esophageal cancer cell lines expressed at least either
MAGE-B1 or -B2. Among the 53 esophageal carcinoma
samples, MAGE-B1 and/or -B2 gene expression was
detected by RT-PCR in 9 (17%) and 17 (32%) clinical
samples, respectively. Overall, 19 out of 53 (36%) tumors
expressed at least either MAGE-B1 or -B2. No expression
of these genes was found in any of the matched control
samples consisting of normal tissue (Fig. 2).

Clinicopathological data and expression of MAGE-B
Severa pathologic factors were compared between cases
of esophageal carcinoma with or without MAGE-B gene
expression. A significant correlation was observed
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Fig. 2. Expression of MAGE-B genes shown by ethidium bro-
mide staining of PCR products. T, tumor tissue; N, normal tissue.
MZ-2-DAC(+), positive control; MZ-2-DAC(-), negative con-
trol.®® Cases 1 and 2 express both MAGE-B1 and -B2 genes.
Case 3 expresses only MAGE-B2 gene. Case 4 expresses neither
of the MAGE-B genes.

between negative MAGE-B expression and vascular inva-
sion (P=0.008) (Table ).

Comparison of MAGE-B expression with the expres
sion of MAGE-A1, -A2, and -A3 In 45 out of 53 esoph-
ageal carcinoma samples, the MAGE-A1, -A2, and -A3
gene expression was investigated by RT-PCR and com-
pared with MAGE-B gene expression. MAGE-A1, -A2, and
-A3 genes were expressed in 27/45 (60%), 23/45 (51%),
and 30/45 (67%) samples, respectively, while MAGE-B
genes were expressed in 18/45 (40%). Among the casesin
which neither MAGE-A1, -A2, nor -A3 was detected
(MAGE-A-negative cases), 2 cases (4%) showed MAGE-
B-positive expression. When MAGE-A-positive cases
were defined as the cases expressing at least one of
MAGE-A1, -A2, and -A3, there was no significant corre-
lation between MAGE-B expression and MAGE-A
expression (Table I).

Expression of MAGE-B genes in gastric or colorectal
carcinomas Out of 57 gastric carcinoma samples, MAGE-
B1 and/or -B2 gene expression was detected by RT-PCR
in 6 (11%) and 2 (3%) clinical samples, respectively.
Oveadl, 7 (12%) of the 57 gastric carcinoma samples
expressed at least either MAGE-B1 or -B2. On the other
hand in the 49 colorectal carcinoma samples, MAGE-B1
and/or -B2 gene expression was detected by RT-PCR in O
(0%) and 1 (2%) of the clinical samples, respectively.
Overdl, only 2 out of 49 (2%) samples expressed at least
either MAGE-B1 or -B2 (Table I1).

DISCUSSION

The MAGE-B genes (MAGE-B1 and -B2), as well as
MAGE-A genes, have been shown to be expressed not
only in melanoma, but aso in other tumors.®® However,
there is still little information on the expression of MAGE-
B genes in gastro-intestinal carcinomas. It has been
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Table Il.  Expression of MAGE-B Genes in Gastric or Colorec-
tal Carcinomas

Positive expression (%)

Gastric carcinoma  Colorectal carcinoma

MAGE-B1 6/57 (11) 0/49 (0)
MAGE-B2 2/57 (3) 1/49 (2)
MAGE-B1 and/or -B2  7/57 (12) 1/49 (2)

reported that the frequency of the MAGE-A (especially
MAGE-AL, -A2, and -A3) gene expression in gastric or
colorectal carcinomas was approximately 40% or 30%,
respectively.’>? As shown in our previous report, we
found that the MAGE-A genes were expressed in a high
percentage of esophageal carcinomas (approximately
60%).122 QOur present study demonstrated that the fre-
guency of MAGE-B gene expression (36%) in esophageal
carcinomas might be dlightly lower than that of the
MAGE-A genes, but relatively higher than in gastric or
colorectal carcinomas (12% or 2%, respectively).
Although the difference between squamous cell carcinoma
and adenocarcinoma is interesting, no relationship
between MAGE-B gene expression and the histology was
found in another study.’® However, the sample number
was smal in that study, so a further study should be per-
formed to clarify the expression of MAGE-B genes in
other carcinomas (squamous cell carcinoma and adenocar-
cinoma).

Several antigenic MAGE peptides have been identified,
and tumor-specific immunotherapies using them have been
started. An HLA-Al-restricced MAGE-A3 peptide has
been injected as a vaccine into patients with far advanced
melanoma, with?? or without?® dendritic cells (DCs). We
have recently started tumor-specific immunotherapy for
patients with far advanced gastro-intestinal carcinoma
using HLA-restricted MAGE peptides. This therapy, how-
ever, has several problems. One is that candidates for this
therapy are limited to patients who have both the matched
HLA-allele and the MAGE-positive tumor. In addition, the
heterogeneous expression of MAGE protein should also be
considered when choosing antigen-specific immunother-
apy.® This means that it will be necessary to study the
expression of new tumor-specific antigens in order to
expand the number of candidates. This was the reason
why we studied the expression of MAGE-B genes in gas-
tro-intestinal carcinomas. We found that MAGE-B was
expressed at relatively high frequency, so much so that it
may provide a new target for immunotherapy of esoph-
ageal carcinoma. Moreover, 2/45 investigated cases of
esophageal carcinoma were MAGE-A1, -A2, and -A3-
negative but MAGE-B-positive in this study. Thus, the
newly identified HLA-A2-restricted MAGE-B peptide



(DAM10/6-271)* may prove vauable for the tumor-spe-
cific immunotherapy of esophageal carcinoma. However,
the present study by semi-quantitative RT-PCR aso sug-
gested that heterogeneous expression of MAGE-B antigen
may exist, and we should consider the amount of the anti-
gen expression in relation to clinical application of cancer
immunotherapy. Another possibility to expand the number
of candidates for immunotherapy with the MAGE-B pep-
tide is to induce MAGE-B gene expression in MAGE-B-
negative tumors using a demethylation agent, such as
DAC, as shown in Fig. 2.

In some reports, it has been shown that high MAGE-A
gene expression correlates with disease progression in
cases of melanoma*® gastric carcinoma,®® breast carci-
noma,® and bladder tumors.® In previous studies we dem-
onstrated that MAGE-AL, -A2, and -A3 gene expression
was frequent in patients with liver metastasis of colorectal
carcinoma,’® and that significant correlations existed
between MAGE-A expression status and some clinico-
pathologic factors in HCC.*» However, there were no such
correlations with regard to esophageal carcinoma.*? Our
present study discloses that MAGE-B-negative status is
frequently correlated with pathologic vascular invasion by
esophageal carcinoma. Correlations between pathologic
vascular invasion and prognosis for patients with esoph-
ageal carcinoma have been reported before. For example,
high VEGF levels® and a high tumor/normal (T/N) ratio

REFERENCES

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

2) De Plaen, E., Arden, K., Traversari, C., Gaforio, J. J,
Szikora, J. P., De Smet, C., Brasseur, F., van der Bruggen,
P., Lethe, B., Lurquin, C., Brasseur, R., Chomez, P., De
Backer, O., Cavenee, W. and Boon, T. Structure, chromo-
somal localization, and expression of 12 genes of the
MAGE family. Immunogenetics, 40, 360—369 (1994).

3) Gaugler, B., Van den Eynde, B., van der Bruggen, P.,
Romero, P., Gaforio, J. J., De Plaen, E., Lethe, B., Brasseur,
F. and Boon, T. Human gene MAGE-3 codes for an anti-
gen recognized on a melanoma by autologous cytolytic T
lymphocytes. J. Exp. Med., 179, 921-930 (1994).

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

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

6) Rimoldi, D., Romero, P. and Carrel, S. The human mela-

MAGE-B Expression in Esophageal Carcinoma

of ornithine decarboxylase mRNA expression® in esoph-
ageal carcinoma were significantly associated with some
clinicopathological factors, including venous invasion,
and resulted in a poorer prognosis. Although our results
seem to suggest that patients with MAGE-B-positive esoph-
ageal carcinoma will have a better prognosis, a larger num-
ber of cases still needs to be studied to confirm such a
conclusion.

In summary, a relatively high incidence of MAGE-B
gene expression was observed in clinicad samples of
human esophageal carcinoma, in contrast to gastric or
colorectal carcinoma. We, therefore, suggest that analyzing
the expression of MAGE-B genes is important if patients
with esophageal carcinoma are to be treated with antigenic
peptides, and this will result in widening the range of can-
didates for tumor-specific immunotherapy.

ACKNOWLEDGMENTS

We thank Mrs. Gisela Hoschek for her critical comments. We
also thank K. Sato, K. Ogata, J. Miyake, and T. Shimooka for
their valuable technical assistance. This study was supported in
part by the Ministry of Education, Science, Sports and Culture of
Japan (Grants-in-Aid No. 11139252, 10470260, and 10671198)
and the Naito Foundation.

(Received August 1, 2000/Revised October 16, 2000/2nd
Revised November 10, 2000/ Accepted November 27, 2000)

noma antigen-encoding gene, MAGE-1, is expressed by
other tumour cells of neuroectodermal origin such as glio-
blastomas and neuroblastomas [letter]. Int. J. Cancer, 54,
527-528 (1993).

7) Shichijo, S., Tsunosue, R., Masuoka, K., Natori, H., Tamai,
M., Miyajima, J.,, Sagawa, K. and Itoh, K. Expression of
the MAGE gene family in human lymphocytic leukemia.
Cancer Immunol. Immunother., 41, 90—103 (1995).

8) Patard, J-J., Brasseur, F., Gil-Diez, S, Radvanyi, F.,
Marchand, M., Francois, P., Abi-Aad, A., Van Cangh, P,
Abbou, C. C., Chopin, D. and Boon, T. Expression of
MAGE genes in transitional-cell carcinomas of the urinary
bladder. Int. J. Cancer, 64, 60—64 (1995).

9) Inoue, H., Mori, M., Honda, M., Li, J., Shibuta, K., Mimori,
K., Ueo, H. and Akiyoshi, T. The expression of tumor-
rejection antigen “MAGE” genes in human gastric carci-
noma. Gastroenterology, 109, 1522—1525 (1995).

10) Mori, M., Inoue, H., Mimori, K., Shibuta, K., Baba, K.,
Nakashima, H., Haraguchi, M., Tsuji, K., Ueo, H., Barnard,
G. F. and Akiyoshi, T. Expression of MAGE genes in
human colorectal carcinoma. Ann. Surg., 224, 183-188
(1996).

11) Tahara, K., Mori, M., Sadanaga, N., Sakamoto, Y., Kitano,
S. and Makuuchi, M. Expression of the MAGE gene fam-
ily in human hepatocellular carcinoma. Cancer, 85, 1234—

171


query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1840703&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7927540&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8113684&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8119772&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1428237&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8509230&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8509230&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7656275&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7665250&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7557134&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8757382&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10189127&dopt=Abstract

Jpn.

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

172

J. Cancer Res. 92, February 2001

1240 (1999).

Inoue, H., Mori, M., Li, J, Mimori, K., Honda, M.,
Nakashima, H., Mafune, K., Tanaka, Y. and Akiyoshi, T.
Human esophageal carcinomas frequently express the
tumor-rejection antigens of MAGE genes. Int. J. Cancer,
63, 523526 (1995).

Muscatelli, F., Waker, A. P., De Plaen, E., Stafford, A. N.
and Monaco, A. P. Isolation and characterization of a
MAGE gene family in the Xp21.3 region. Proc. Natl.
Acad. Sci. USA, 92, 4987-4991 (1995).

Dabovic, B., Zanaria, E., Bardoni, B., Lisa, A., Bordignon,
C., Russo, V., Matessi, C., Traversari, C. and Camerino, G.
A family of rapidly evolving genes from the sex reversa
critical region in Xp2l. Mamm. Genome, 6, 571-580
(1995).

Lurquin, C., De Smet, C., Brasseur, F., Muscatdlli, F.,
Martelange, V., De Plaen, E., Brasseur, R., Monaco, A. P.
and Boon, T. Two members of the human MAGEB gene
family located in Xp21.3 are expressed in tumors of various
histological origins. Genomics, 46, 397—408 (1997).
Traversari, C., van der Bruggen, P., Luescher, I. F,
Lurquin, C., Chomez, P., Van Pdl, A., De Plaen, E., Amar,
C. A. and Boon, T. A nonapeptide encoded by human gene
MAGE-1 is recognized on HLA-A1 by cytolytic T lympho-
cytes directed against tumor antigen MZ2-E. J. Exp. Med.,
176, 1453-1457 (1992).

Fujie, T., Tahara, K., Tanaka, F., Mori, M., Takesako, K.
and Akiyoshi, T. A MAGE-1-encoded HLA-A24-binding
synthetic peptide induces specific anti-tumor cytotoxic T
lymphocytes. Int. J. Cancer, 80, 169—172 (1999).

van der Bruggen, P., Bastin, J., Gajewski, T., Coulie, P. G,
Boel, P., De Smet, C., Traversari, C., Townsend, A. and
Boon, T. A peptide encoded by human gene MAGE-3 and
presented by HLA-A2 induces cytolytic T lymphocytes that
recognize tumor cells expressing MAGE-3. Eur. J. Immu-
nol., 24, 3038—3043 (1994).

Tanaka, F., Fujie, T., Tahara, K., Mori, M., Takesako, K.,
Sette, A., Cdlis, E. and Akiyoshi, T. Induction of antitu-
mor cytotoxic T lymphocytes with a MAGE-3-encoded syn-
thetic peptide presented by human leukocytes antigen-A24.
Cancer Res,, 57, 4465-4468 (1997).

Fleischhauer, K., Gattinoni, L., Daerba, P., Lauvau, G.,
Zanaria, E., Dabovic, B., van Endert, P., Bordignon, C. and
Traversari, C. The DAM gene family encodes a new group
of tumor-specific antigens recognized by human leukocyte
antigen A2-restricted cytotoxic T lymphocytes. Cancer
Res., 58, 29692972 (1998).

Chomczynski, P. and Sacchi, N. Single-step method of
RNA isolation by acid guanidinium thiocyanate-phenol-
chloroform extraction. Anal. Biochem., 162, 156-159
(1987).

De Smet, C., Lurquin, C., van der Bruggen, P., De Plaen,
E., Brasseur, F. and Boon, T. Sequence and expression pat-
tern of the human MAGE2 gene. Immunogenetics, 39,
121-129 (1994).

Tokunaga, K., Nakamura, Y., Sakata, K., Fujimori, K.,

24)

25)

26)

27)

28)

29)

30)

31)

32)

Ohkubo, M., Sawada, K. and Sakiyama, S. Enhanced
expression of a glyceraldehyde-3-phosphate dehydrogenase
gene in human lung cancers. Cancer Res., 47, 5616—-5619
(1987).

Hermanek, P., Scheibe, O., Spiesd, B. and Wagner, G.
TNM classification of malignant tumors: the new 1987 edi-
tion. Rontgenblatter, 40, 200 (1987).

Li, J, Yang, Y., Fujie T. Tanaka F., Mimori, K.,
Haraguchi, M., Ueo, H., Mori, M. and Akiyoshi, T.
Expression of the MAGE gene family in human gastric car-
cinoma. Anticancer Res., 17, 3559—3563 (1997).

Tanaka, F., Mori, M., Li, J, Fujie, T., Mimori, K.,
Haraguchi, M., Tanaka, Y., Mafune, K. and Akiyoshi, T.
High frequency of the expression of the MAGE gene family
in human esophageal carcinoma. Int. J. Oncol., 10, 1113—
1117 (1997).

Thurner, B., Haendle, |., Roder, C., Dieckmann, D.,
Keikavouss, P., Jonuleit, H., Bender, A., Maczek, C.,
Schreiner, D., von den Driesch, P., Brocker, E. B.,
Steinman, R. M., Enk, A., Kampgen, E. and Schuler, G.
Vaccination with mage-3A1 peptide-pulsed mature, mono-
cyte-derived dendritic cells expands specific cytotoxic T
cels and induces regression of some metastases in
advanced stage IV melanoma. J. Exp. Med., 190, 1669—
1678 (1999).

Marchand, M., van Baren, N., Weynants, P., Brichard, V.,
Dreno, B., Tessier, M. H., Rankin, E., Parmiani, G., Arienti,
F., Humblet, Y., Bourlond, A., Vanwijck, R., Lienard, D.,
Beauduin, M., Dietrich, P. Y., Russo, V., Kerger, J,
Masucci, G., Jager, E., De Greve, J., Atzpodien, J,
Brasseur, F., Coulie, P. G., van der Bruggen, P. and Boon,
T. Tumor regressions observed in patients with metastatic
melanoma treated with an antigenic peptide encoded by
gene MAGE-3 and presented by HLA-A1. Int. J. Cancer,
80, 219-230 (1999).

Sadanaga, N., Nagashima, H., Tahara, K., Yoshikawa, Y.
and Mori, M. The heterogeneous expression of MAGE-3
protein: difference between primary lesions and metastatic
lymph nodes in gastric carcinoma. Oncol. Rep., 6, 975—
977 (1999).

Brasseur, F., Rimoldi, D., Lienard, D., Lethe, B., Carrel, S,,
Arienti, F., Suter, L., Vanwijck, R., Bourlond, A., Humblet,
Y., Vacca, A., Conese, M., Lahaye, T., Degiovanni, G.,
Deraemaecker, R., Beauduin, M., Sastre, X., Salamon, E.,
Dreno, B., Jager, E., Knuth, A., Chevreau, C., Suciu, S,
Lachapelly, J-M., Pouillart, P., Parmiani, G., Lejeune, F.,
Cerottini, J-C., Boon, T. and Marchand, M. Expression of
MAGE genes in primary and metastatic cutaneous mela-
noma. Int. J. Cancer, 63, 375—380 (1995).

Katano, M., Nakamura, M., Morisaki, T. and Fujimoto, K.
Melanoma antigen-encoding gene-1 expression in invasive
gastric carcinoma: correlation with stage of disease. J.
Surg. Oncal., 64, 195-201 (1997).

Russo, V., Traversari, C., Verrecchia, A., Mottolese, M.,
Natali, P. G. and Bordignon, C. Expression of the MAGE
gene family in primary and metastatic human breast cancer:


query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10189127&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7591261&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7761436&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8535061&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9441743&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1402688&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9935194&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7805731&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9377553&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9679956&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2440339&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8276455&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3664468&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3664468&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3616430&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9413202&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10587357&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9935203&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10425289&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7591235&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9121149&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7622312&dopt=Abstract

33)

34)

implications for tumor antigen-specific immunotherapy.
Int. J. Cancer, 64, 216—221 (1995).

Inoue, K., Ozeki, Y., Suganuma, T., Sugiura, Y. and
Tanaka, S. Vascular endothelial growth factor expression
in primary esophageal squamous cell carcinoma. Associa-
tion with angiogenesis and tumor progression. Cancer, 79,
206—-213 (1997).

Mafune, K., Tanaka, Y., Mimori, K., Mori, M., Takubo, K.

35)

MAGE-B Expression in Esophageal Carcinoma

and Makuuchi, M. Increased expression of ornithine decar-
boxylase messenger RNA in human esophageal carci-
noma. Clin. Cancer Res., 5, 4073—-4078 (1999).

McCarrey, J. R., Dilworth, D. D. and Sharp, R. M. Semi-
quantitative analysis of X-linked gene expression during
spermatogenesis in the mouse: ethidium-bromide staining of
RT-PCR products. Genet. Anal. Tech. Appl., 9, 117-123
(1992).

173


query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7622312&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9010092&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10632342&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10632342&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1282026&dopt=Abstract

