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The development of distant metastases
in vital organs is the most deadly aspect of
cancer. This is mainly due to most meta-
static cancers being inoperable, and treat-
ment options for the later stages of the
disease mainly aim at prolonging life
rather than curing the patients. Thus, we
need a better understanding of cancer pro-
gression in order to develop better treat-
ment strategies for these patients.
Metastasis is, however, a complex multi-
step process that requires a yet unknown
number of cellular changes. The most fun-
damental steps include a local invasion,
intravasation, survival in the circulation,
extravasation, and finally colonization and
proliferation at the new site. Characteriza-
tion of the features distinguishing cancer
cells with metastatic capabilities from
those without may enable the discovery of
new diagnostic and prognostic biomarkers
as well as therapeutic targets. Unfortu-
nately, this task is not straightforward
(Fig. 1). We believe that comparisons of
primary tumor tissues with matched surgi-
cally resected metastases are instrumental
for this endeavor, however, comparisons
with relevant cancer cells without meta-
static capabilities are of equal importance.

In our recent study1 of the engulfment
and cell motility 3 (ELMO3) gene in pri-
mary tumors with matched surgically
resected brain- and adrenal gland metasta-
ses from non-small cell lung cancer
(NSCLC) patients we put great effort into
assembling a control cohort of NSCLC
patients without metastases. To account
for the potential risk of these patients hav-
ing occult metastasis, we only selected
patients with at least five years of recur-
rence-free survival following surgery.
Importantly, the control cohort and the
cohort with distant metastases were
matched for relevant confounders such as

age, gender, histology, T-stage, smoking
status, and the proportion of tumor cells
within the tissue blocks. Since the speci-
mens were formalin-fixed and paraffin-
embedded (FFPE) we initially performed
a study aiming at developing and validat-
ing a complete workflow for expression
studies using FFPE tissues.2 When study-
ing ELMO3 expression within the
NSCLC cohorts we found significantly
higher mRNA levels within the primary
tumors from the patients with metastases
compared to the primary tumors from
metastasis-free patients. Moreover, when
comparing tumor tissue with normal lung
tissue ELMO3 was found to be overex-
pressed, and the highest gene expression
levels were found in the metastatic lesions.

Because ELMO3 has a CpG island in
its promoter region and methylation of
CpG islands have been associated with
transcriptional silencing of the corre-
sponding genes, we went on to semi-quan-
titatively investigate the methylation levels
of ELMO3. High methylation levels were
observed in all normal lung tissue samples
and most primary tumors from patients
without metastases, whereas significantly
lower levels of methylation were observed
within the primary tumors from patients
with metastases as well as within the
metastases. Notably these changes would
not have been observed by the widely used
conventional methylation-specific PCR
(MSP) technique, as it is purely qualita-
tive. As expected we also observed a highly
significant correlation between lower
methylation levels and increased expres-
sion. Moreover, the methylation levels in
the primary tumors were strongly associ-
ated with the methylation levels within
the matched metastases, though a ten-
dency toward even lower methylation lev-
els in the metastatic lesions were observed.

Because ELMO3 is significantly higher
expressed in tumors from patients with
distant metastases compared to tumors
from patients without, we believe that
ELMO3 could be a direct driver of cancer
metastasis. In addition, the higher expres-
sion levels and the lower methylation lev-
els observed within the metastases
compared to the primary tumors may sug-
gest that not all of the primary cancer cells
have this molecular alteration, and thus
may not be able to metastasize.

However, in order to classify a gene as a
direct driver of cancer metastasis, func-
tional studies should support its involve-
ment in at least one of the steps within the
multi-step process of metastasis. In mam-
malian cells ELMO proteins have been
shown to play important roles in cytoskele-
ton rearrangements during phagocytic
clearance of apoptotic cells and cell migra-
tion and the formation of an ELMO/
DOCK180 complex seems to be vital for
Rac-induced cell polarization and migra-
tion.3 While ELMO3 has been less well
studied in cancer, it has been shown that
ELMO1 is involved in migration and inva-
sion of breast cancer cells, but not required
for cell division.4 We hypothesize that
ELMO3 is silenced by promoter methyla-
tion in normal lung epithelial cells as they
do not need to migrate, while cancer cells
acquire this ability by demethylating the
ELMO3 promoter. However, evidence
from experimental models of metastasis
would be required to establish if ELMO3 is
a direct driver of cancer metastasis.

An interesting aspect of our ELMO3
study is that the gene becomes hypome-
thylated during cancer progression. Since
most CpG islands are unmethylated in
normal tissues, the most common gene-
associated methylation change observed in
cancer is hypermethylation resulting in
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gene silencing. This has encouraged the
development of demethylating agents,
such as decitabine and azacitidine, which
has been approved for treatment of myelo-
dysplastic syndrome and acute myeloid
leukemia with low blast counts.5 These

drugs are also likely to be approved for
treatment of solid tumors, alone or in
combination with other drugs, as several
clinical trials with promising results have
been reported, including a study of
NSCLC.6 Therefore, we believe that

clinical trials investigating deme-
thylating drugs should monitor
the methylation levels of proto-

oncogenes or oncomiRs observed to
undergo demethylation during cancer pro-
gression, such as ELMO3 and miR135b,7

respectively, since these events could
potentially lead to relapse or unwanted
side-effects.
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Figure 1. Simplified model of
somatic evolution during cancer
progression. Cancer cells are char-
acterized by molecular alterations
(indicated as color changes of the
cells) leading to increased prolifer-
ation, such as inactivation of
growth-suppressing- and pro-apo-
ptotic genes, as well as activation
of growth promoting oncogenes.
The pace of the evolution is fuelled
by defects in DNA repair genes or
modifiers of the epigenome. These
alterations may be regarded as
indirect drivers of metastasis, and
only additional alterations directly
linked to the multi-step process of
metastasis may distinguish cancer
cells with metastatic capabilities
from those without. As these
alterations often precede the
presence of detectable metastases,
their characterization is not
straightforward.
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