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Medulloblastoma is the most common childhood malignant tumor
of the central nervous system. Treatment of medulloblastoma
requires harmful therapy and nevertheless carries a poor prognosis.
Due to their presence in various cancers and their limited expression
in normal tissues, CT antigens are ideal vaccine targets for tumor
immunotherapy. CT antigens, such as MAGE and NY-ESO-1, have
been employed in clinical trials in various malignancies but little is
known about their presence in medulloblastoma. We analyzed 25
medulloblastomas for the expression of a panel of CT antigens by RT-
PCR and immunohistochemistry. Messenger RNA expression in the
samples was as follows: GAGE 64%, MAGEA3/6 56%, SYCP1 44%,
SLCO6A1 32%, MAGECI 28%, MAGEC2 28%, MAGEA4 28%,
NY-ESO-1 20%, MAGEAI 16%, and TPTE 0%. All cases except one
(96%) were positive for mRNA expression of at least one CT gene.
However, CT antigen expression was scarce on a protein level.
Immunoreaction to monoclonal antibody E978 (NY-ESO-1) was
negative in all cases; MA454 (MAGEAL1), 57B (MAGEA4), M3H67
(MAGEA3/6), CT10#5 (MAGEC2) and #23 (GAGE) were each
positive in 1 case, while the highest incidence of positive
immunostaining, albeit heterogeneous, was seen with CT7-33
(MAGECI1) in 3 out of the 25 cases. The absence of correlation
between mRNA and protein expression in medulloblastoma has not
been observed in other tumors and further studies addressing the
biology of CT antigens are necessary to investigate the present
discrepant results.
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Introduction

Medulloblastoma is the most frequent malignant brain tumor
in early childhood. Although observed in adults, 70% occur in
children between the ages of three and eight, accounting for
approximately 20% of all childhood brain tumors.
Medulloblastomas are embryonal neuroepithelial neoplasms,
usually arising in the cerebellum, which display a highly invasive
growth with the tendency to disseminate throughout the central
nervous system (CNS) early on in the course of the disease (1).
New therapeutic strategies have improved the prognosis of
medulloblastoma for some patients, but current treatments
carry severe side effects and one third of the patients eventually
succumb to the disease (2, 3). Consequently, other therapeutic
options are urgently needed.
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Recent advances in tumor immunology have led to the
isolation of several genes and gene families encoding antigens
capable of eliciting autologous T-cell responses in cancer
patients (4). One group of antigens, cancer-testis (CT) antigens,
are named after their typical pattern of expression since they are
present in a variety of cancers and solely in germ cells of the
testis in normal adult tissues (5, 6). Several CT antigens have
been successfully employed as target antigens in various
vaccine-based clinical trials. Though knowledge of their biology
and function is not known, the aberrant CT antigen expression
in cancer appears to reflect the activation of a normally silenced
gametogenic program, conferring some of the central
characteristics of malignancy to the tumor. The present catalog
of CT antigens comprises more than 44 distinct CT genes and/or
gene families, such as MAGE, BAGE, GAGE and NY-ESO-1, with
MAGEA]I being its prototype (7). CT antigens are divided
between those that are encoded on the X chromosome (X CT
antigens) and those that are not (non-X CT antigens) (8).

The expression of several CT antigens has been analyzed in a
variety of malignant neoplasms on an mRNA level and, to a
lesser extent, on the protein level. Highest expression was found
in melanoma and carcinomas of the bladder, lung, liver, certain
types of sarcomas, and multiple myeloma (6). However, the few
studies evaluating the expression of CT antigens in human brain
tumors have focused particularly on astrocytomas, the most
common tumor of the central nervous system (9-13). In order to
analyze the CT antigen profile in other types of brain tumor, we
studied the expression of a panel of ten different CT antigens,
both at the mRNA and protein level, in a series of 25 adult and
childhood medulloblastomas.

Results

Study population

A total of 25 cases of medulloblastomas were available for
analysis, consisting of 16 childhood (mean age 6.8 yr) and 9
adult (over 21 vyears of age, mean age 28.9yr) cases.
Histologically, 19 cases (76%) were classic medulloblastomas,
while 4 cases (15%) and 3 cases (9%) showed the desmoplastic
and large cell type, respectively.

Analysis of CT gene expression in medulloblastomas

The results of our RT-PCR and immunohistochemical
analyses are summarized in Table 1. Expression at the mRNA
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Table 1
Expression of cancer-testis genes in medulloblastomas.
Age Non-X CT antigens X CT antigens
No at SYCP1 SLCO6A TPTE NY-ESO-1 MAGEA1 MAGEA3/A6 MAGEA4 MAGEC1/CT7 MAGEC2/CT10 GAGE
Classification
diagnosis  gr.pcR  RT-PCR  RT-PCR RT-PCR  E978 RT-PCR  MA454 RT-PCR  M3H67 RT-PCR 578 RT-PCR  CT7-33  RT-PCR  CT10#5 RT-PCR  #23

1 Classic 8 mo - + + - - - - - - - +

2  Classic 10 mo - + +

3 Classic 2yr + ++
4 Large cell 2yr + + - - - - - - - +
5 Desmoplastic 4yr - + - + ++ F + - ++ + - - +
6  Classic 4yr - - - - - + + ++

7  Classic 5yr + ++ - + - - - - - +
8  Classic 6yr +

9  Classic 7yr + +
10 Classic 10yr + - - - - + + e + ++
11 Classic 10yr + + +

12 Classic 12yr +++ + 4+ .
13  Classic 12yr + - - + +++ - - - ++ - +++ - + +
14 Large cell 13yr + + 4 +
15 Desmoplastic 14yr - + - - - + S -

16 Classic 17 yr +

17 Large cell 22 yr - ++ - - - + ++ + ++ F +++ F ++
18  Classic 25 yr + - - + St
19 Classic 25yr - + + + +
20 Classic 3Myr - + +

21 Desmoplastic 31yr + + +
22 Classic 32yr + +++ + + + +
23 Classic 32yr - - - ¥

24  Classic 35yr

25  Classic 39yr - - - + +

Abbreviation: F, focal

level of seven X CT antigens was analyzed - NY-ESO-1 (CT6),
MAGEAI (CT1), MAGEA3/A6 (CT1), MAGEA4 (CT1),
MAGECI (CT7), MAGEC2 (CT10) and GAGE (CT4) - as well
as that of the three non-X CT genes SYCPI (CT8), SLCO6AI
(CT48), and TPTE (CT44). At least one CT gene was expressed
in 24/25 (96%) cases. The only case which was negative for all
CT genes tested was a classic medulloblastoma (#24). GAGE
was the most frequently expressed CT gene, being present in 16/
25 cases (64%), followed by MAGEA3/6 (14/25; 56%), SYCPI
(11/25; 44%), SLCOGA1 (8/25; 32%), MAGECI, C2 and A4 (7/
25; 28%), NY-ESO-1 (5/25; 20%), and MAGEAI (4/25; 16%).
Although an alternative transcript comprising exons 2 and 3
can be detected with the present MAGEC2 primers (14), no
such alternative splicing was observed in any of the seven
MAGEC2 positive cases. Interestingly, no TPTE expression was
detected in all medulloblastoma samples tested. When X and
non-X CT gene expression was analyzed separately, the
difference was not striking (80% versus 72%, respectively).
However, co-expression of X CT genes was seen in 13/20 (65%)
cases versus only 1/18 (5.6%) for non-X CT genes. The high
incidence of co-expression of X CT genes is based on the
positivity of the MAGE family, as 11/17 (64.7%) cases expressed
more than one MAGE gene. One case of large cell
medulloblastoma (#17) expressed 7 out of the 10 CT genes
assayed in the study, including 4 out of the 5 MAGE genes
studied. Interestingly, all six cases of large cell and desmoplastic
medulloblastoma co-expressed between 2 to 7 of the 10 CT
genes analyzed.

Immunohistochemical staining revealed very little CT antigen
expression at the protein level (Figurel). Surprisingly,
immunoreaction to mAb E978 (NY-ESO-1) was negative in all
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cases, while the most prevalent staining was seen with mAb
CT7-33 to MAGECI, which was positive in 3/25 cases.
However, MAGECI expression was heterogeneous in all three
cases and no medulloblastoma showed staining in more than
25% of the tumor (Figure 1, panels G-H). The remaining five
antibodies, MA454 (Figure 1, panels A-B), M3H67 (Figure 1,
panels C-D), 57B (Figure 1, panels E-F), CT10#5 (Figure 1,
panels I-J) and clone #23 (Figurel, panels K-L) were
immunopositive in just one case each, displaying the same
restricted pattern of expression. Interestingly, only in one case
(#10) was immunostaining seen with mAb 57B, while the
corresponding assay for mRNA (MAGEA4) was negative
(Figure 1, panels E-F). All the remaining
immunohistochemically positive cases were also positive by RT-
PCR.

Although the number of samples for each tumor subtype was
limited, a statistical analysis of mRNA expression and clinical
parameters, such as patient's age and clinical outcome was
performed, which revealed no significant correlation with those
parameters (data not shown).

Discussion

Medulloblastoma still carries a dismal prognosis and its
therapy is associated with severe side effects. Recent advances in
the field of tumor immunology may offer new ways to treat
medulloblastoma  patients  with  less  therapy-related
complications,  for  instance  using  vaccine-based
immunotherapy (2, 3). CT antigens represent ideal targets for
immunotherapy due to their almost complete lack of expression
in normal tissues and their extensive presence in several tumors.
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Figure 1
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Immunohistochemical staining of medulloblastomas. Medulloblastoma sam-
ples were stained with monoclonal antibodies (mAbs) MA454 (to MAGEA1),
M3H67 (to MAGEA3/6), 57B (to MAGEA4), CT7-33 (to MAGEC1), CT10#5 (to
MAGEC2), and #23 (to GAGE). Low power view of weak mAb MA454 staining
(A) of case #10, with transition of immunopositive and negative (*) tumor areas
and cytoplasmic staining (B) of tumor cells. Area with nuclear mAb M3H67 stain-
ing of most tumor cells (C) and only occasional nuclear immunoreactivity in a dif-
ferent area (D) of medulloblastoma case #5. Low power view of immunostaining
with mAb 57B in medulloblastoma #10, with heterogeneously positive area (E)
displaying exclusive nuclear immunoreactivity (F). Low power view of medullo-
blastoma #17, with foci of CT7-33 staining (G) resembling focal accumulations of
tumor cells (H), here with mostly cytoplasmic and only occasional nuclear immu-

nostaining (thick black arrows). Nuclear immunostaining of scattered tumor cells
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(I) with mAb CT10#5, forming small immunopositive foci in medulloblastoma
case #17 (J). Overview of mAb #23 immunopositive area in a mostly immuno-
negative (*) medulloblastoma #13 (K), revealing cytoplasmic and nuclear staining

).

Based on their localization on chromosome X, classical CT
genes can be distinguished from non-X CT genes which map to
other chromosomes. While knowledge about the biology of the
former is largely unknown, the latter often resemble genes with
known function (8).

Surprisingly, little is known about the presence of CT antigens
in medulloblastoma (15). Consequently, we addressed this lack
of knowledge by a panel analysis of the expression of 10 CT
genes both at the mRNA levels (by RT-PCR) and at the protein
level (by immunohistochemistry). On a molecular level, the
presence of at least 1 out of 10 CT genes in the vast majority
(96%) of medulloblastomas is a novel and striking observation,
indicating that this tumor may potentially be amenable for
immunotherapeutic intervention (16-20).

Among the X CT genes analyzed by RT-PCR, the highest
frequency of expression was seen for the combined expression of
the five MAGE genes (68%). Among the MAGE genes,
MAGEA3/6 was the most frequently expressed, while MAGECI,
C2, and A4 showed a comparable lower frequency of expression.
The high frequency of MAGEA3/6 expression in our series
corresponds to its expression level in other malignancies, such
as melanoma and non-small cell lung cancer (21, 22). The lower
expression levels of MAGEC4, C2, and A4 is comparable to other
tumors, such as melanoma and carcinomas of the lung and
urinary bladder (23-25). MAGEC2 expression was previously
found in glioblastoma by SAGE analysis (26), as well as in
Purkinje cells of the normal cerebellum (27). However, the
expression in 28% of our medulloblastoma samples can be
attributed to its presence in the actual tumor rather than in
normal cerebellum, since all samples were microdissected and
normal tissue removed prior to RNA extraction. Moreover, the
splicing variant MAGEC2M, which arises due to an additional
exon between exons 2 and 3 and which is present in normal
tissue (14), was not detected in any of our six MAGEC2 positive
cases. The low expression of MAGEAI and NY-ESO-1 in our
medulloblastoma series is also consistent with their low mRNA
expression level in other malignancies, as reported previously
(28-30). An even lower frequency of MAGEAI expression was
previously reported in a limited series of medulloblastomas (15).

The single CT gene which had the highest frequency of
expression was GAGE (64%). A recent study of various pediatric
tumors, excluding medulloblastoma, has reported low GAGEI
expression, except for osteosarcoma (31). Members of the
GAGE] family were previously linked to the inhibition of
apoptosis (32) and apoptotic cells were found in 67% of
medulloblastomas (33), similar to the frequency of GAGEI
mRNA expression observed in our series.

The analysis of non-X CT antigens was limited to RT-PCR
since no suitable antibodies were available. SYCPI, which is
involved in meiotic chromosome pairing, was found in 44% of
the medulloblastoma cases analyzed by RT-PCR in the present
study. SYCPI expression has been reported in several other
types of tumor, including breast carcinoma (65%) (34, 35),
lymphomas (36), carcinomas of the colon and stomach (34),
liver (37) and pancreas (38), as well as in meningeomas,
oligodendrogliomas and astrocytomas grade II and IV (13), the
highest expression (39.5%) being observed in astrocytomas.
SLCOG6A1I encodes an organic anion transport transmembrane
protein and has been attributed as being responsible for
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transporting dehydroepiandrosterone sulfate and thyroid
hormones involved in the regulation of spermatogenesis in the
gonad (39). It is expressed in lung, bladder and esophageal
carcinomas, as well as in normal testis (39), suggesting that
SLCOG6AL1 is a putative new CT antigen (CT48). Its localization
to the membrane and its limited expression in normal tissues
suggest that SLCO6A1 could be a target for antibody-based
immunotherapy for a variety of tumors, including
medulloblastoma, as corroborated by its expression in 32% of
the tumors in the present series. Among the non-X CT genes,
TPTE was completely negative in our series, as was previously
seen in other tumors (40).

Co-expression of multiple CT genes was frequent in our study
(84%), mostly for X CT genes (65%) rather than non-X CT
genes (5.6%). This has been described for many other tumors,
possibly as a consequence of the activation of a single CT gene
leading to the activation of other CT genes (8).

Several reports have indicated that CT gene expression
correlates with advanced pathological stage and worse prognosis
in different tumor types (41-44), including high-grade
astrocytomas, namely anaplastic astrocytoma, and glioblastoma
(9). However, we found no correlation between CT antigen
expression and histological subtype, such as desmoplastic or
large cell medulloblastoma, or to the age of the patients.

A surprising finding of our study was the low frequency of CT
antigen expression on a protein level. Only a fraction of RT-PCR
positive tumors were positive by immunostaining. We have
previously observed discrepancies between mRNA and protein
expression in molecular and immunohistochemistry side-by-
side analyses during the generation of several mAbs against CT
antigens, such as CT7-33, E978, MA454 and CT10#5. However,
those differences were usually minor and revealed RT-PCR
positive/immunohistochemistry negative, as well as RT-PCR
negative/immunohistochemistry ~ positive  cases  (45-48).
Additionally, in the present study, only minor immunopositive
areas were detected and none of the cases displayed
homogeneous staining comprising large areas of the sample. For
example, among 16 GAGEI mRNA positive medulloblastomas,
only one tumor was positive with the anti-GAGE1 mAb, though
it was not a case with high mRNA level expression. A potential
reason for the discordant mRNA and protein expression could
be post-transcriptional control of CT antigens in
medulloblastoma. A second explanation would be sample bias,
based on the heterogeneous expression of CT antigens at both
the mRNA and protein level.

In conclusion, in the present series of medulloblastomas, we
found a high incidence of CT gene mRNA expression, while
scarce expression was found at the protein level. Although the
high frequency of mRNA expression, and particularly the co-
expression of these CT antigens, indicates that the vast majority
of medulloblastomas could be amenable to immunotherapy,
protein expression could not be detected by the method
employed in the present study. Further studies will be necessary
to address this problem and to analyze if any MHC-restricted
presentation of CT antigens is present in medulloblastomas in

spite  of immunohistochemically undetectable protein
expression.
Abbreviations

CT, cancer-testis

40f7

Acknowledgements

The authors are very thankful to Simone Kneip Cavalheiro for
her excellent technical assistance. Samples for this work were
collected during the Clinical Genomics Project, supported by
the Ludwig Institute for Cancer Research and the Fundagao de
Amparo a Pesquisa do Estado de Sao Paulo (FAPESP).

References
1. Giordana MT, Schiffer P, Schiffer D. Prognostic factors in medullo-
blastoma. Childs Nerv Syst 1998; 14: 256-262. (PMID: 9694337)

2. Gajjar A, Chintagumpala M, Ashley D, Kellie S, Kun LE, Merchant
TE, Woo S, Wheeler G, Ahern V, Krasin MJ, Fouladi M, Broniscer
A, Krance R, Hale GA, Stewart CF, Dauser R, Sanford RA, Fuller C,
Lau C, Boyett JM, Wallace D, Gilbertson R]. Risk-adapted cran-
iospinal radiotherapy followed by high-dose chemotherapy and
stem-cell rescue in children with newly diagnosed medulloblastoma
(St Jude Medulloblastoma-96): long-term results from a prospec-
tive, multicentre trial. Lancet Oncol 2006; 7: 813-820. (PMID:
17012043)

3. Kombogiorgas D, Sgouros S, Walsh AR, Hockley AD, Stevens M,
Grundy R, Peet A, English M, Spooner D. Outcome of children with
posterior fossa medulloblastoma: a single institution experience
over the decade 1994-2003. Childs Nerv Syst 2007; 23: 399-405.
(PMID: 17119978)

4. Boon T, Coulie PG, Van den Eynde BJ, van der Bruggen P. Human
T cell responses against melanoma. Annu Rev Immunol 2006; 24:
175-208. (PMID: 16551247)

5. Old LJ. Cancer/testis (CT) antigens - a new link between gametoge-
nesis and cancer. Cancer Immun 2001; 1: 1. URL: http://
www.cancerimmunity.org/vlp1/010304.htm

6. Scanlan MJ, Simpson AJ, Old LJ. The cancer/testis genes: review,
standardization and commentary. Cancer Immun 2004; 4: 1. URL:
http://www.cancerimmunity.org/v4p1/031220.htm

7. van der Bruggen P, Traversari C., Chomez P, Lurquin C, De Plaen
E, Van den Eynde BJ, Knuth A, Boon T. A gene encoding an antigen
recognized by cytolytic T lymphocytes on a human melanoma. Sci-
ence 1991; 254: 1643-1647. (PMID: 1840703)

8. Simpson AJ, Caballero OL, Jungbluth A, Chen YT, Old LJ. Cancer/
testis antigens, gametogenesis and cancer. Nature Rev Cancer 2005;
5:615-625. (PMID: 16034368)

9. Bodey B, Siegel SE, Kaiser HE. MAGE-1, a cancer/testis-antigen,
expression in childhood astrocytomas as an indicator of tumor pro-
gression. In Vivo 2002; 16: 583-588. (PMID: 12494904)

10. Chi DD, Merchant RE, Rand R, Conrad AJ, Garrison D, Turner R,
Morton DL, Hoon DS. Molecular detection of tumor-associated
antigens shared by human cutaneous melanomas and gliomas. Am |
Pathol 1997; 150: 2143-2152. (PMID: 9176405)

1

—_

. Liu G, Ying H, Zeng G, Wheeler CJ, Black KL, Yu JS. HER-2, gp100,
and MAGE-1 are expressed in human glioblastoma and recognized
by cytotoxic T cells. Cancer Res 2004; 64: 4980-4986. (PMID:
15256472)

www.cancerimmunity.org



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Rimoldi D, Romero P, Carrel S. The human melanoma antigen-
encoding gene, MAGE-1, is expressed by other tumour cells of neu-
roectodermal origin such as glioblastomas and neuroblastomas. Int
J Cancer 1993; 54: 527-528. (PMID: 8509230)

Sahin U, Koslowski M, Tureci O, Eberle T, Zwick C, Romeike B,
Moringlane JR, Schwechheimer K, Feiden W, Pfreundschuh M.
Expression of cancer testis genes in human brain tumors. Clin Can-
cer Res 2000; 6: 3916-3922. (PMID: 11051238)

Ma W, Germeau C, Vigneron N, Maernoudt AS, Morel S, Boon T,
Coulie PG, Van den Eynde BJ. Two new tumor-specific antigenic
peptides encoded by gene MAGE-C2 and presented to cytolytic T
lymphocytes by HLA-A2. Int ] Cancer 2004; 109: 698-702. (PMID:
14999777)

Scarcella DL, Chow CW, Gonzales MF, Economou C, Brasseur F,
Ashley DM. Expression of MAGE and GAGE in high-grade brain
tumors: a potential target for specific immunotherapy and diagnos-
tic markers. Clin Cancer Res 1999; 5: 335-341. (PMID: 10037183)

Marchand M, van Baren N, Weynants P, Brichard V, Dreno B, Tess-
ier MH, Rankin E, Parmiani G, Arienti F, Humblet Y, Bourlond A,
Vanwijck R, Lienard D, Beauduin M, Dietrich PY, Russo V, Kerger
J, Masucci G, Jager E, De Greve J, Atzpodien J, Brasseur F, Coulie
PG, van der Bruggen P, Boon T. Tumor regression observed in
patients with metastatic melanoma treated with an antigenic pep-
tide encoded by gene MAGE-3 and presented by HLS-A1. Int ] Can-
cer 1999; 80: 219-230. (PMID: 9935203)

Nestle FO, Alijagic S, Gilliet M, Sun Y, Grabbe S, Drummer R, Burg
G, Schadendorf D. Vaccination of melanoma patients with peptide-
or tumor lysate-pulsed dendritic cells. Nat Med 1998; 4: 328-332.
(PMID: 9500607)

Rosenberg SA, Yang JC, Schwartzentruber DJ, Hwu P, Marincola
FM, Topalian SL, Restifo NP, Dudley ME, Schwarz SL, Spiess PJ,
Wunderlich JR, Parkhurst MR, Kawakami Y, Seipp CA, Einhorn JH,
White DE. Immunological and therapeutic evaluation of a synthetic
peptide vaccine for the treatment of patients with metastatic mela-
noma. Nat Med 1998; 4: 321-327. (PMID: 9500606)

Gjertsen MK, Buanes T, Rosseland AR, Bakka A, Gladhaug I, Sore-
ide O, Eriksen JA, Moller M, Baksaas I, Lothe RA, Saeterdal I,
Gaudernack G. Intradermal ras peptide vaccination with granulo-
cyte-macrophage colony-stimulating factor as adjuvant: clinical and
immunological responses in patients with pancreatic adenocarci-
noma. Int ] Cancer 2001; 92: 441-450. (PMID: 11291084)

Davis ID, Chen W, Jackson H, Parente P, Shackleton M, Hopkins
W, Chen Q, Dimopoulos N, Luke T, Murphy R, Scott AM, Marask-
ovsky E, McArthur G, MacGregor D, Sturrock S, Tai TY, Green S,
Cuthbertson A, Maher D, Miloradovic L, Mitchell SV, Ritter G,
Jungbluth AA, Chen YT, Gnjatic S, Hoffman EW, Old LJ, Cebon JS.
Recombinant NY-ESO-1 protein with ISCOMATRIX adjuvant
induces broad integrated antibody and CD4+ and CD8+ T cell
responses in humans. Proc Natl Acad Sci USA 2004; 101: 10697-
10702. (PMID: 15252201)

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, Dréno B, Jager E, Knuth A, Chevreau C, Suciu S, Lachapelle JM,
Pouillart P, Parmiani G, Lejeune F, Cerottini JC, Boon T, Marchand

www.cancerimmunity.org

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Oba-Shinjo et al.

M. Expression of MAGE genes in primary and metastatic cutaneous
melanoma. Int ] Cancer 1995; 63: 375-380. (PMID: 7591235)

Gure AO, Chua R, Williamson B, Gonen M, Ferrera CA, Gnjatic S,
Ritter G, Simpson AJ, Chen YT, Old LJ, Altorki NK. Cancer-testis
genes are coordinately expressed and are markers of poor outcome
in non-small cell lung cancer. Clin Cancer Res 2005; 11: 8055-8062.
(PMID: 16299236)

Groeper C, Gambazzi F, Zajac P, Bubendorf L, Adamina M,
Rosenthal R, Zerkowski HR, Heberer M, Spagnoli GC. Cancer/testis
antigen expression and specific cytotoxic T lymphocyte responses in
non small cell lung cancer. Int ] Cancer 2007; 120: 337-343. (PMID:
17066423)

Gure AO, Stockert E, Arden KC, Boyer AD, Viars CS, Scanlan M]J,
Old L], Chen YT. CT10: a new cancer-testis (CT) antigen homolo-
gous to CT7 and the MAGE family, identified by representational-
difference analysis. Int J Cancer 2000; 85: 726-732. (PMID:
10699956)

Lucas S, De Smet C, Arden KC, Viars CS, Lethe B, Lurquin C, Boon
T. Identification of a new MAGE gene with tumor-specific expres-
sion by representational difference analysis. Cancer Res 1998; 58:
743-752. (PMID: 9485030)

Sasaki M, Nakahira K, Kawano Y, Katakura H, Yoshimine T,
Shimizu K, Kim SU, Ikenaka K. MAGE-E1, a new member of the
melanoma-associated antigen gene family and its expression in
human glioma. Cancer Res 2001; 61: 4809-4814. (PMID: 11406556)

Li B, Qian XP, Pang XW, Zou WZ, Wang YP, Wu HY, Chen WEF.
HCAS587 antigen expression in normal tissues and cancers: correla-
tion with tumor differentiation in hepatocellular carcinoma. Lab
Invest 2003; 83: 1185-1192. (PMID: 12920247)

Chen YT, Scanlan MJ, Sahin U, Tiireci O, Gure AO, Tsang S, Will-
iamson B, Stockert E, Pfreundschuh M, Old LJ. A testicular antigen
aberrantly expressed in human cancers detected by autologous anti-
body screening. Proc Natl Acad Sci USA 1997; 94: 1914-1918.
(PMID: 9050879)

Corrias MV, Scaruffi P, Occhino M, De Bernardi B, Tonini GP, Pis-
toia V. Expression of MAGE-1, MAGE-3 and MART-1 genes in
neuroblastoma. Int ] Cancer 1996; 69: 403-407. (PMID: 8900375)

Otte M, Zafrakas M, Riethdorf L, Pichlmeier U, Léning T, Janicke F,
Pantel K. MAGE-A gene expression pattern in primary breast can-
cer. Cancer Res 2001; 61: 6682-6687. (PMID: 11559535)

Jacobs JF, Brasseur F, Hulsbergen-van de Kaa CA, van de Rakt MW,
Figdor CG, Adema GJ, Hoogerbrugge PM, Coulie PG, de Vries IJ.
Cancer-germline gene expression in pediatric solid tumors using
quantitative real-time PCR. Int | Cancer 2007; 120: 67-74. (PMID:
17019710)

Cilensek ZM, Yehiely F, Kular RK, Deiss LP. A member of the
GAGE family of tumor antigens is an anti-apoptotic gene that con-
fers resistance to Fas/CD95/APO-1, Interferon-gamma, taxol and
gamma-irradiation. Cancer Biol Ther 2002; 1: 380-387. (PMID:
12432251)

50f7



Cancer Immunity (22 April 2008) Vol. 8, p. 7

33. Pizem ], Cor A, Zadravec Zaletel L, Popovic M. Prognostic signifi-
cance of apoptosis in medulloblastoma. Neurosci Lett 2005; 381: 69-
73. (PMID: 15882792)

34. Mashino K, Sadanaga N, Tanaka F, Yamaguchi H, Nagashima H,
Inoue H, Sugimachi K, Mori M. Expression of multiple cancer-testis
antigen genes in gastrointestinal and breast carcinomas. Br ] Cancer
2001; 85: 713-720. (PMID: 11531257)

35. Mischo A, Kubuschok B, Ertan K, Preuss KD, Romeike B, Regitz E,
Schormann C, de Bruijn D, Wadle A, Neumann F, Schmidt W, Ren-
ner C, Pfreundschuh M. Prospective study of the expression of can-
cer testis genes and antibody responses in 100 consecutive patients
with primary breast cancer. Int ] Cancer 2006; 118: 696-703. (PMID:
16094643)

36. Xie X, Wacker HH, Huang S, Regitz E, Preuss KD, Romeike B, Par-
waresch R, Tiemann M, Pfreundschuh M. Differential expression of
cancer testis genes in histological subtypes of non-Hodgkin's lym-
phomas. Clin Cancer Res 2003; 9: 167-173. (PMID: 12538465)

37. Luo G, Huang S, Xie X, Stockert E, Chen YT, Kubuschok B, Pfreun-
dschuh M. Expression of cancer-testis genes in human hepatocellu-
lar carcinomas. Cancer Immun 2002; 2: 11. URL: http://
www.cancerimmunity.org/v2p11/020811.htm

38. Kubuschok B, Xie X, Jesnowski R, Preuss KD, Romeike BF, Neu-
mann F, Regitz E, Pistorius G, Schilling M, Scheunemann P, Izbicki
JR, Lohr JM, Pfreundschuh M. Expression of cancer testis antigens
in pancreatic carcinoma cell line, pancreatic adenocarcinoma and
chronic pancreatitis. Int J Cancer 2004; 109: 568-575. (PMID:
14991579)

39. Lee SY, Williamson B, Caballero OL, Chen YT, Scanlan MJ, Ritter
G, Jongeneel CV, Simpson AJ, Old LJ. Identification of the gonad-
specific anion transporter SLCO6A1 as a cancer/testis (CT) antigen
expressed in human lung cancer. Cancer Immun 2004; 4: 13. URL:
http://www.cancerimmunity.org/v4p13/040707.htm

40. Atanackovic D, Blum I, Cao Y, Wenzel S, Bartels K, Faltz C, Hoss-
feld DK, Hegewisch-Becker S, Bokemeyer C, Leuwer R. Expression
of cancer-testis antigens as possible targets for antigen-specific
immunotherapy in head and neck squamous cell carcinoma. Cancer
Biol Ther 2006; 5: 1218-1225. (PMID: 16929165)

41. Chitale DA, Jungbluth AA, Marshall DS, Leitao MM, Hedvat CV,
Kolb D, Spagnoli GC, Iversen K, Soslow RA. Expression of cancer-
testis antigens in endometrial carcinomas using a tissue microarray.
Mod Pathol 2005; 18: 119-126. (PMID: 15272278)

42. Sharma P, Shen Y, Wen S, Bajorin DF, Reuter VE, Old LJ, Jungbluth
AA. Cancer-testis antigens: expression and correlation with survival
in human urothelial carcinoma. Clin Cancer Res 2006; 12: 5442-
5447. (PMID: 17000678)

43. Yoshida N, Abe H, Ohkuri T, Wakita D, Sato M, Noguchi D, Miya-
moto M, Morikawa T, Kondo S, Ikeda H, Nishimura T. Expression
of the MAGE-A4 and NY-ESO-1 cancer-testis antigens and T cell
infiltration in non-small cell lung carcinoma and their prognostic
significance. Int ] Oncol 2006; 28: 1089-1098. (PMID: 16596224)

44. Theurillat JP, Ingold F, Frei C, Zippelius A, Varga Z, Seifert B, Chen

YT, Jager D, Knuth A, Moch H. NY-ESO-1 protein expression in
primary breast carcinoma and metastases: correlation with CD8+

60f7

T-cell and CD79a+ plasmacytic/B-cell infiltration. Int ] Cancer
2007; 120: 2411-2417. (PMID: 17294444)

45. Jungbluth AA, Stockert E, Chen YT, Kolb D, Iversen K, Coplan K,
Williamson B, Altorki N, Busam K]J, Old L]. Monoclonal antibody
MA454 reveals a heterogeneous expression pattern of MAGE-1
antigen in formalin-fixed paraffin embedded lung tumours. Br |
Cancer 2000; 83: 493-497. (PMID: 10945497)

46. Jungbluth AA, Chen YT, Stockert E, Busam KJ, Kolb D, Iversen K,
Coplan K, Williamson B, Altorki N, Old LJ. Immunohistochemical
analysis of NY-ESO-1 antigen expression in normal and malignant
human tissues. Int ] Cancer 2001; 92: 856-860. (PMID: 11351307)

47. Jungbluth AA, Chen YT, Busam K]J, Coplan K, Kolb D, Iversen K,
Williamson B, van Landeghem FK, Stockert E, Old LJ. CT7
(MAGE-C1) antigen expression in normal and neoplastic tissues.
Int ] Cancer 2002; 99: 839-845. (PMID: 12115486)

48. Zhuang R, Zhu Y, Fang L, Liu XS, Tian Y, Chen LH, Ouyang WM,
Xu XG, Jian JL, Gure AO, Fortunato S, Ritter G, Old L], Simpson AJ,
Chen YT, Jin B, Jungbluth AA. Generation of monoclonal antibod-
ies to cancer/testis (CT) antigen CT10/MAGE-C2. Cancer Immun
2006; 6: 7. URL: http://www.cancerimmunity.org/v6p7/060106.htm

49. Eberhart CG, Burger PC. Anaplasia and grading in medulloblasto-
mas. Brain Pathol 2003; 13: 376-385. (PMID: 12946027)

Materials and methods

Tissue samples

Tissue sampling and study design were performed in
accordance with local legal regulations and approved by the
Ethical Committee of the School of Medicine, University of Sao
Paulo. Informed consent was obtained from all patients or their
legal guardians.

Medulloblastoma tumor tissue was sampled during resective
surgery and immediately snap-frozen upon removal and stored
in liquid nitrogen for RNA extraction. All cases were classified
morphologically according to the World Health Organization
(WHO) classification (49). For immunohistochemical analysis,
corresponding formalin-fixed paraffin-embedded tissues from
the archives of the Department of Pathology of the School of
Medicine of the University of Sao Paulo were used.

RT-PCR

The presence of tumor tissue was verified microscopically by a
hematoxylin-eosin staining, and non-neoplastic tissue was
removed prior to extraction. RNA extraction was done using the
Trizol method (Invitrogen Life Technologies, Carlsbad, CA).
RNA quantification was determined by absorbance
measurements: A260/A280 ratios of 1.8-2.0 were considered
satisfactory. Denaturing agarose gel electrophoresis was used to
evaluate the quality of the samples based on the intensity of 28S
and 18S rRNA bands. A conventional reverse transcription was
performed to yield single-strand cDNA for RT-PCR. The first-
strand ¢cDNA was synthesized from 1pug of total RNA,
previously treated with 1 unit of DNaseI (FPLC-pure, GE
Healthcare, Uppsala, Sweden), using random and oligo(dT)
primers (Invitrogen Life Technologies), RNase inhibitor (RNase
OUT, Invitrogen Life Technologies) and SuperScript III reverse
transcriptase, according to the manufacturer's (Invitrogen Life
Technologies) recommendations. The resulting cDNA was then

www.cancerimmunity.org



treated with 1 unit of RNase H (Invitrogen Life Technologies)
and diluted 1:4 with TE buffer for RT-PCR reactions and tested
for integrity by amplification of B-actin transcripts.

PCR amplification was performed with the primers listed in
Table 2. PCR reactions were performed in 20 pl reaction
mixtures containing PCR buffer (75 mM Tris-HCI, 50 mM KCl,
20 mM (NHy),SO,4 pH 9.0), 2 mM MgCl,, 0.4 mM of each
deoxynucleotide triphosphate, 0.4 pM of each primer, 0.5 unit of
Tth DNA polymerase (BioTools, Madrid, Spain) and 1 pl of
c¢DNA. After an initial denaturing step for 5min at 94°C,
thermal cycling consisting of 35 cycles of 30 s denaturation at
94°C, 30 s annealing at 60°C, and 1 min extension at 72°C were
carried out, followed by a final extension of 10 min at 72°C. For
all reactions, cDNA from testis was used as the positive control.
PCR fragment amplification and size were confirmed by 2%
agarose gel electrophoresis followed by staining with ethidium
bromide.

A semi-quantitative expression level analysis was performed
based on the positive control; cases with mRNA levels similar to
the testicular level of expression were considered to be +++,
while cases with a detectable weak band on agarose gel were
considered as +, with ++ indicating an intermediate mRNA
expression level.

Table 2
RT-PR primers and amplified fragment sizes for the cancer-testis
genes assayed.

CT Gene Primers Amplified
Fragment (bp)
SYCP1 F: 5-GAGCTGCTCATTCGTTTGTG-3’ 425
R: 5-TGAAAGCTTGTTGCAGTGTG-3'
SLCO6A1 | F: 5-TGGCAACTACACTTGCAGGA-3’ 447
R: 5-CGGGTCTGGCATCAATAAAA-3'
NY-ESO-1 | F: 5-GCTTCAGGGCTGAATGGAT-3’ 307
R: 5-AAAAACACGGGCAGAAAGC-3’
MAGEA1 F: 5-GCTGGAACCCTCACTGGGTTGCC-3' 421
R: 5-CGGCCGAAGGAACCTGACCCAG-3'
MAGEA3/6 | F: 5-GAAGCCGGCCCAGGCTCG-3' 423
R: 5-GGAGTCCTCATAGGATTGGCT-3’
MAGEA4 F: 5-GAGCAGACAGGCCAACCG-3’ 445
R: 5-AAGGACTCTGCGTCAGGC-3’
MAGEC1 F: 5-GACGAGGATCGTCTCAGGTCAGC-3’ 623
R: 5'-~ACATCCTCACCCTCAGGAGGG-3'
MAGEC2 F: 5-GGGAATCTGACGGATCGGA-3’ 356 (MAGEC2)
R: 5-GGAATGGAACGCCTGGAAC-3' 430 (MAGEC2M)
GAGE1 CT4.1,42and 4.8: 243
F1: 5-GACCAAGACGCTACGTAG-3’
R1: 5-CCATCAGGACCATCTTCA-3’
CT4.3,4.4,45,46,47
F2: 5-GACCAAGGCGCTATGTAC-3’
R2: 5-CCATCAGGACCATCTTCA-3
Immunohistochemistry

For the immunohistochemical analysis, 5 um paraffin sections
were applied to Super Plus slides (Menzel, Braunschweig,
Germany) and heated at 60°C for 2 hours to ensure attachment.
Sections were deparaffinized, rehydrated in xylene and a series
of graded alcohols. The following monoclonal antibodies
(mAbs) were used: MA454 (MAGEA1), M3H67 (MAGEA3/
A6), 57B (MAGEA4), E978 (NY-ESO-1), CT7-33 (MAGEC1),
#23 (GAGE), and CT10#5 (MAGEC2). All antibodies were
generated previously by our group, except for 57B which was
kindly provided by Dr. G. Spagnoli (Basel, Switzerland) and #23,
which was obtained commercially (Transduction Labs,
Lexington, KY). Heat-based antigen retrieval prior to staining
was carried out in EDTA (1 mM, pH 8.0) buffer for MA454,
57B, #23, and CT1045, in citrate (10 mM, pH 6.0) buffer for
CT7-33 and in DAKO hipH solution (DAKO, Carpenteria, CA)
for E978. Primary antibodies were incubated overnight at 5°C,
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and then detected with a biotinylated horse anti-mouse
secondary antibody (1:200; Vector Labs, Burlingame, CA)
followed by an avidin-biotin-complex system (ABC-Elite;
Vector Labs), except for E978 which was detected with the
Powervision kit (Biovision, Mountain View, CA). 3'3'-
diaminobenzidine (liquid DAB, Biogenex, San Ramon, CA) was
used as the chromogen and Gill's hematoxylin was used to
counterstain.

The extent of immunohistochemical staining was evaluated
microscopically according to the proportion of immunopositive
tumor cells and graded as follows: - (negative), no staining; focal
(F), <5%; +, 5%-25%; ++, >25%-50%; +++, >50%-75%; ++++,
>75%.
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