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Clarifying the genomic basis of human diseases and its many
breakthroughs in cancer medicine has distracted our view from the
importance and complexity of epigenomic information. A wall of
dogmas awaiting their destruction was built: DNA methylation was
proposed to occur passively but subsequently active DNA
demethylation was discovered (Cedar, 1988). Histone methylation
was thought to be irreversible until the first histone methylase,
lysine-specific demethylase 1, was discovered and shown to provide
essential cues for transcriptional regulation (Shi et al, 2004;
Metzger et al, 2005). Subsequently, understanding the epigenome
and its key writer enzymes, methylases and demethylases, provided
important insights into pathomechanisms of aging, cancer and
inflammation. The current study by Kristensen et al (2014) now
closes another gap by providing evidence for an epigenetic
mechanism driving intratubular germ cell neoplasia unclassified
(ITGCNU), the precursor lesion for invasive testicular germ cell
cancer (TGCC).

The pathogenic model for TGCC is founded on the landmark
description of ITGCNU, also refered as carcinoma in situ (CIS) or
testicular intratubular neoplasia (TIN) by Skakkebaek (1972) solely
on morphological observations. The model hypothesised ITGCNU
cells as equivalents of differentiation-arrested primordial germ cells
(PGCs), which provide a basis for further progression into invasive
TGCCs. Hence, the mechanism of differentiation arrest is the entry
port into tumourigenesis and may be influenced by environmental
factors underlying the rapid increase in incidence of TGCC in most
Western countries.

The authors studied human adult and fetal testicular tissues
and showed that PGCs undergo active demethylation during a
critical and narrow time window of fetal development, involving
the demethylase AID/APOBEC1 and the base excision repair
machinery, MBD4, APEX1 and PARP1. Thus, after fertilisation
and reprogramming of the zygote, PGCs undergo a second
round of epigenetic reprogramming during germ cell maturation.

The authors then investigated the demethylation machinery
in ITGCNU cells and showed that they closely parallel PCGs
and maintain their genome in a demethylated and undiffer-
entiated state, even in the presence of de novo methyltransferases.
Acquisition of further somatic mutations, that is, in the stem
cell factor receptor c-KIT (CD117) or other oncogenic drivers
then steer expanding germ cells after puberty into further
progression of TGCC (Tian et al, 1999; Biermann et al, 2007).

Where will we go from here and will the understanding of basic
principles of tumourigenesis translate into better treatment of
patients? It is obvious that the development of targeted cancer
therapies resulted from profound understanding of oncogenic
driver mutations and from subsequent application of selective
inhibitors such as the tyrosine kinase inhibitor Imatinib targeting
the genomically modified abl-kinase or gain-of-function mutations
in c-KIT. Likewise, it will be rewarding to develop specific and
selective inhibitors for epigenetic enzymes or their pathways and to
determine the window of application in tumours that rely on their
pathologically altered activity. Thus, there is no single break-
through in oncology but rather many individual steps of
developing personalised and selective cancer medicines.
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