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The advent of high-throughput technologies such as microarrays, global gene
knockout, and next generation sequencing
(NGS) has revolutionized the field of
molecular oncology. Large-scale endeavors
of the kind represented by the International Cancer Genome Consortium (ICGC)
and The Cancer Genome Atlas (TCGA) are
generating comprehensive portraits of
human cancers at different molecular levels spanning over genome, epigenome and
transcriptome landscapes. These data have
made substantial contributions to our
knowledge of the molecular biology of
cancer, and have highlighted novel factors
which had not been acknowledged previously. For example, emerging data indicate that the mutational makeup of
tumors can significantly vary based on
geographical variations among patients,1
pointing to the contribution of potentially
different mechanisms (e.g. environmental)
to tumorigenesis in different populations.
On the other hand, cancer profiling data
have also provided catalogues of cancerassociated molecular variations, which can
serve as reliable biomarkers for cancer prevention or personalized management of
patients. Successful examples include the
refined diagnosis of disease subtype in
breast cancer using gene expression signatures and protein markers, and stratifying
patients affected by colorectal cancer for
anti-EGFR therapy based on KRAS
mutations.
In recent years, much attention has
been focused on epigenetic marks, in particular on the development of DNA methylation-based markers. Abnormal DNA

methylation patterns are uniquely attractive for marker development: (i) they are
abundant in tumors; (ii) they happen at
early stages of tumorigenesis; and (iii) as
covalently bound modifications to DNA
molecules, they are stable in different
body fluids. These characteristics point to
the notion that monitoring the presence
and abundance of methylated DNA in
“liquid biopsy” samples from cancer
patients or people who are at high risk for
cancer can facilitate non-invasive cancer
prognosis and early diagnosis. Indeed,
recent studies have reported successful
examples of assaying cancer-associated
DNA methylation marks in body fluids in
order to monitor response to treatment2
or tumor recurrence3 in different cancers.
Likewise, new data have shown that DNA
methylation markers perform as well as
routine clinical procedure (e.g. cytology
examination) in the prioritization of
patients for clinical management.4 These
reports together with several other recent
studies have demonstrated that tools and
technologies for reliable screening of
abnormal DNA methylation patterns in
non-invasive manners have become
available.
An essential step in this respect, however, is the identification of truly informative markers that are to be interrogated in
screening procedures. Accordingly, it is of
paramount importance to factor for
changes in epigenetic patterns that happen
naturally during life-time when looking
for sensible cancer markers.5 In an earlier
study, we had found DNA hypermethylation in the promoter of the growth

hormone secretagouge receptor (GHSR)
gene as an epigenetic marker of highest
accuracy for detection of breast cancer.6
This finding was supported by analyzing
tumors as well as an extensive list of control samples including normal-appearing
tissue samples from cancer patients and
healthy individuals, as well as benign
lesions. The gene promoter was significantly hypermethylated in both invasive
and non-invasive in situ ductal breast
cancer as compared to other samples.
Moreover, we noted that GHSR hypermethylation may be involved in an epigenetic
field defect in breast cancer, as the level of
methylation was higher in normal-appearing tissue samples of cancer patients compared to those from healthy individuals
after adjustment for age. These findings
showed that while GHSR hypermethylation is a cancer specific pattern, it is
detectable in early stage tumors.
Motivated by the high accuracy of
GHSR hypermethylation for detection of
breast cancer (with a sensitivity and specificity of 89.3 and 100%, respectively), we
expanded our study to other cancers elucidating if this pattern could represent a
pan-cancer marker. We observed that
GHSR hypermethylation is able to discriminate cancers of lung, breast, prostate,
pancreas, colorectum as well as B-cell
chronic lymphocytic leukemia from tissue-matched control samples.7 Similar to
the abovementioned cancers, the locus
was also hypermethylated in glioblastoma
samples. By including tumors of different
stages, where available, we showed that
GHSR hypermethylation is detected
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already in early-stage tumors. That is,
while all tumors were significantly hypermethylated compared to non-tumoral
samples, no significant differences existed
for this marker between tumors of lower
and higher stages. Collectively, these data
indicate that GHSR hypermethylation is a
pan-cancer marker regardless of the tissue
from which the tumor originates.
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Therefore, interrogating GHSR methylation may provide a supplemental
approach to routine clinical examination
for cancer diagnosis.
Analyzing this marker in plasma
samples and other body fluid from cancer patients will be the next step in
verifying its usefulness in non-invasive
screening procedures. Mechanistically,

it is plausible to assume that GHSR
hypermethylation may have a functional role in tumorigenesis in different
cancers or there is an inherent susceptibility of the locus to DNA methylation, which is acquired by accelerated
cell proliferation. Future studies should
address these possibilities.
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