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Human tumors express specific antigens arising from the activation of genes, such as MAGE genes,
that are normally expressed only in germ cells.  As germ cells are not subject to scrutiny by the
immune system, antigens encoded by these genes are strictly tumor-specific. We are trying to identify
new genes that present the same pattern of expression as MAGE genes. Additionally, efforts are
devoted to determining both the function of "cancer-germline" genes, and the mechanisms leading to
their activation in tumors.

Screening procedures based on differential
expression profiling allowed the isolation of several
genes with cancer and germline specific expression
(1 -5).  Most of these genes have their normal site
of expression in spermatogonia, the pre-meiotic
stage of sperm development, and are located on the
X chromosome (Fig. 1).  The spermatogonia-
restricted expression of these genes is likely
imposed by their chromosomal location, as the X
chromosome becomes inactivated at the onset of
meiosis in sperm cells.

Fig. 1.  Chromosome mapping of "cancer-germline"
genes

MAGE-A1 belongs to a family of twelve genes
located on the X chromosome in region q28 (6-7).
To analyze the functions of MAGE-A1, we
searched to identify protein partners of this protein.
Using yeast two-hybrid screening, we found

interaction between MAGE-A1 and transcriptional
regulator SKIP. SKIP is an adaptor protein that
connects DNA-binding proteins such as Smad3, the
Vitamin D receptor, CBF1 or MyoD, to proteins
that activate or repress transcription. A repression
complex including histone deacetylases (HDAC) is
known to bind to SKIP and CBF1. In the presence
of the intracellular part of Notch1 (Notch1-IC), the
repression complex is detached from SKIP by
Notch1-IC and recruitment of an activation
complex including histone acetyltransferases
(HAT) is facilitated by SKIP. To examine whether
MAGE-A1 could interfere with a signalling
pathway involving SKIP, we expressed MAGE-A1
in mammalian cells in which Notch1-IC binds to
SKIP fused to the Gal4 DNA-binding domain and
activates a CAT reporter gene containing Gal4-
binding sites near its promoter (Fig. 2). We found
that MAGE-A1 inhibited the Notch-1/SKIP
transcriptional activation. Deletion analysis indicate
that binding to SKIP is required to observe MAGE-
A1-mediated repression of Notch1-IC
transactivation. Moreover, MAGE-A1 was found to
actively repress transcription by binding and
recruiting histone deacetylase 1. Our results suggest
that by binding to SKIP and by recruiting histone
deacetylases, MAGE-A1 protein present in the
nucleus could repress genes implicated in
development and spermatogenesis. We are now
trying to identify the genes that are regulated by
MAGE-1 by using an inducible transfected MAGE-
A1 gene and the microarray technology.
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Fig. 2.  MAGE-A1 counteracts Notch1-IC
transactivation and recruits histone deacetylases

Studies on the transcriptional regulation of
cancer-germline genes, such as MAGE-A1, showed
that DNA methylation is an essential component of
their repression in normal somatic tissues (8). The
promoters of these genes contain a high density of
CpGs, but unlike classical CpG-rich promoters they
are heavily methylated in all somatic tissues. In
constrast, they are unmethylated in germ cells and
in tumors that express these genes. Demethylation
and therefore activation of cancer-germline genes in
tumors was found to be coincident with overall
genome demethylation, a process known to occur in
many cancers (9-10).  We are currently studying the
mechanisms of demethylation of these genes in
tumors.  This should give insight into the processes
leading to genome hypomethylation in cancers. It
may also help designing procedures to induce the
expressionof specific antigens on tumors, thereby
facilitating their elimination by the immune system.
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Fig. 3. MAGEA1 activation as a result of genome demethylation in tumors
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