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Colorectal cancer (CRC), the second most common tumor type in the US, is the third leading cause of cancerrelated mortality, accounting for nearly 9% of all cancerrelated deaths.1 Accumulation of mutations in multiple
critical genes is believed to cause the transformation of a
normal mucosal epithelial cell into a cancer cell.2 Mutations in critical genes, such as APC, KRAS, TP53, MMR
family genes, CTNNB1, and SMAD4, have been implicated in colon tumorigenesis. In addition to genetic mutations, epigenetic alterations also play important roles in
cancer initiation and development. One subtype of CRC,
the CpG island methylator phenotype (CIMP), is characterized by hypermethylation of the CpG islands in the
promoter regions of many tumor suppressor and DNA
repair genes, resulting in gene inactivation.3 Other epigenetic alterations in CRC include DNA methylation, histone modification, microRNA action, microsatellite instability, and chromosomal instability.4

Putative Biomarkers for CRC
Identifying biomarkers for CRC is essential for cancer
prevention, screening, intervention, and surveillance. In
general, cancer biomarkers can be divided into three
categories: biomarkers as risk factors, biomarkers for
early detection, and biomarkers for disease prognosis.5
Risk factors, such as genetic inheritance, lifestyle, and
diet can only indicate a higher likelihood of cancer occurrence within a certain time in the person with the risk
factor compared to the general population. There is no
100% perfect biomarker for cancer prediction. By contrast, biomarkers for early detection should have near
100% certainty for cancer occurrence, and the detection
should be both sensitive and specific. However, the iden-

tification of biomarkers for CRC that can predict prognosis has been elusive. The discovery of such a marker or
a set of markers that could be reliably used, not only to
predict outcome, but to evaluate response to therapy
would fill a major unmet medical need.
Recently, a few putative biomarkers for prognosis of
CRC have been reported, such as PROX1, histone
deacetylase 1, metastasis-associated protein 1, miR-141,
miR-17-92 cluster, and a combined phenotype of SNCG,
Hiwi, PRL-3, and ARD1, as well as genes of the extracellular matrix pathway.6 –11 There is also a very recent report on a 13-gene expression classifier that is specific for
stage II CRC.12 Several intestinal and colon stem cell
markers, such as LGR5, BMI1, and HOPX, are implicated
as potential biomarkers for prognosis in CRC as well.13–15
These putative biomarkers have been identified in biopsy
tissue samples or plasma samples of CRC patients using
immunodetection methods or quantitative real-time RTPCR. Considering the heterogeneity of cells in CRC, identifying more precise biomarkers for prognostic use with
the potential to increase our understanding of the molecular mechanisms that regulate CRC is clearly needed.

Epigenetic Variant as Prognostic Biomarker
Isoforms of histone macroH2A, a histone 2A variant, have
previously been implicated in lung cancer prognosis.
Specifically, the isoform macroH2A1.1, known for its role
in cellular senescence, is highly expressed in lung adenocarcinomas enriched with senescent cells but is downregulated in lung carcinomas consisting of mainly proliferating cells.16
In this issue of The American Journal of Pathology,
Sporn and Jung17 report a correlation between macroH2A1.1 down-regulation and CRC prognosis, suggesting that macroH2A1.1 may be a novel CRC prognostic
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biomarker. The authors demonstrate that macroH2A1.1
mRNA levels are significantly decreased in primary CRC
samples compared to those in matched normal colon
samples. At the protein level, immunohistochemical analysis indicates that macroH2A1.1 expression levels are
significantly lower in tumor cells compared to those in
normal colon mucosa. Importantly, down-regulation of
macroH2A1.1 correlates with negative outcome for CRC
patients. The mRNA expression levels of the other isoform of this variant, macroH2A1.2, are higher in CRC
patient samples compared to those in the matched normal colon samples, but there is no correlation with patient
outcome. The authors further compared the expression
levels of macroH2A1.1 in actively proliferating cells and
in more differentiated cells, finding that macroH2A1.1
expression levels are up-regulated during the differentiation of Caco-2 cells. By introducing siRNA specifically
targeting macroH2A1.1 into FET cells, a highly differentiated colon cancer cell line, they observed up-regulation
of several genes involved in DNA replication, cell survival, and proliferation. These data provide evidence that
knockdown of macroH2A1.1 in differentiated cells leads
to a phenotype associated with enhanced migration, cell
growth, and cell survival. The authors propose that
macroH2A1.1 can serve as a prognostic biomarker for
CRC outcome, with low expression level of macroH2A1.1
correlating with poor outcome and high expression level
of macroH2A1.1 correlating with better recovery.
The integration of genetic mutations and epigenetic
alterations have been reported for many CRC biomarkers.11,18 Most involve DNA methylation that activates oncogenes and inactivates tumor suppressor genes and
DNA repair genes. Histone modification and composition
represent additional important factors in epigenetic inheritance, which determines the structure and function of
chromatin and regulates genomic DNA accessibility for
DNA replication, DNA repair, and RNA transcription.
The extra macro domain in macroH2A1 makes it distinct from all core histones, and its association with
chromatin remodeling results in transcriptional silencing, such as facultative heterochromatin, centromeric
regions, and X chromosome inactivation.19 –21 Previous
studies indicate that macroH2A1.1 is a predictive biomarker for lung cancer recurrence16 and that it suppresses melanoma progression.22

Future Implications
Sporn and Jung17 identified many genes involved in DNA
replication, cell survival, and proliferation to be regulated
by macroH2A1.1. Further studies should be undertaken
to discover how macroH2A1.1 expression levels are regulated in proliferating cells and more-differentiated cells.
It is also imperative to determine whether macroH2A1.1
can be used as a therapeutic target for CRC treatment.
Since only 59 CRC samples were used in this report, the
sample size should be expanded to further demonstrate
the utility of macroH2A1.1 as a prognostic biomarker in
clinical practice. Nevertheless, this work not only correlates macroH2A1.1 down-regulation with CRC patient

outcome, but also probes the molecular mechanisms that
explain its significance and utility as a CRC prognostic
marker.
The recent study by Sporn and Jung17 demonstrates
that macroH2A1.1 expression levels in CRC correlate
significantly with patient outcome. The authors suggest
that loss of macroH2A1.1 is probably a general feature of
tumorigenesis, is associated with tumor aggressiveness,
and can be used as a prognostic marker. This work will
significantly advance the field of colon cancer biomarker
research for the following reasons: i) CRC is one of the
leading cause of cancer related deaths; ii) there are no
reliable markers of CRC with a functional role in cancer
progression and metastasis; iii) because macroH2A1.1 is
required for maintaining senescence of cancer cells, it
may be an ideal therapeutic target for CRC treatment;
and iv) macroH2A1.1 plays a major role in proliferation,
differentiation, and migration in CRC cells. Therefore,
identification of macroH2A1.1 as a novel prognostic biomarker for CRC is a major step toward clinical utilization
of functional proteins to assess the risk in patients, resulting in better strategies in designing therapeutic modalities, and ultimately leading to improvement and overall
survival of CRC patients.
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