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Loss of 5-hydroxymethycytosine: enhancing precision in the
diagnosis and prognosis of cutaneous malignant melanoma
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The term ‘melanoma’ is derived from the Greek term
‘melas’, meaning ‘dark’, and ‘oma’, referring to tumor. Since
its original, vivid, post-mortem 18" century descriptions,
wherein “fatal black (tumors) with metastases and black
fluid in the body” were observed at autopsy, melanoma
remains one of the most virulent of all human malignancies
and a persistent threat to public health (1). This deadly
form of cancer results from the malignant transformation of
the melanocyte, the pigment-producing cells present in the
skin and other organ systems within the human body. While
those with blonde or red hair and blue eyes are known to
be at greatest risk, all populations, including those of Asian
and African descent, are afflicted (2,3). An estimated 76,380
new cases of invasive melanoma will be diagnosed in the
United States in 2016 (4). In addition, while it accounts for
less than one percent of all skin cancer cases, melanoma is
responsible for the majority of skin cancer deaths (4). Upon
reaching a diagnosis of melanoma, its depth of invasion as
determined by simple micrometer measurement (Breslow
depth) has been the gold standard of prognosis for the past
40 years. Prognostication of primary cutaneous melanoma
is based on this key histologic feature and forms the basis
upon which further diagnostic and treatment strategies
are determined (5). Other microscopic features, such as
ulceration and mitosis, were included in the 2009 edition
of the American Joint Committee on Cancer (AJCC)
staging guidelines. However, recent data indicate that
mitosis is not an accurate prognostic parameter in larger
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cohorts and has, thus, been removed from the updated
2017 AJCC staging guidelines for melanoma. In reality,
however, clinical experience has shown that outcomes can
vary significantly within a given AJCC stage, indicating the
need for improvements with this model. Such inaccuracies
in melanoma prognostication could ultimately lead to over-
or under-treatment, either of which can be consequential.
International efforts are currently underway to revise and
update the AJCC melanoma staging system.

Of relevance, Saldanha and colleagues [2017] recently
investigated the potential diagnostic and prognostic
utility of an emerging, adjunctive diagnostic epigenetic
biomarker, 5-hydroxymethylcytosine (5-hmC), in
cutaneous melanoma (6). Their analysis of 5-hmC
immunohistochemical expression in 200 clinically-
annotated cases of primary cutaneous melanomas of
varying stages with an average of greater than 6 years
follow-up represents the largest cohort to date to be
studied with this putative biomarker. Multivariate analysis
of this cohort demonstrated that 5-hmC immunoreactivity
was significantly associated with metastasis-free survival,
melanoma-specific survival, and overall survival wherein
those with the lowest levels of 5-hmC expression had the
worst outcomes. In addition, these findings remained true
even after adjusting for confounding variables, strongly
suggesting that this epigenetic marker could serve as
an independent predictor of prognosis. Moreover, the
addition of 5-hmC to a proportional hazards model that
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Figure 1 Epigenetic dysregulation in malignant melanoma. (A) Active DNA demethylation pathway. The pathway involved in the Ten
Eleven Translocation (TET)-dependent generation of 5-hydroxymethylcytosine (5-hmC, red outline), an epigenetic mark that is lost in
melanoma (pictorially rendered, lower right). Adapted and reproduced with permission from Nature Publishing Group (8). (B-D) Patterns
of 5-hydroxymethlycytosine (5-hmC) immunoreactivity in melanocytic neoplasms: (B) clinical photograph of melanoma (obtained via
courtesy of the United States Centers for Disease Control and Prevention); (C) 5-hmC staining pattern of melanoma. Note absence of
staining within nucleus of melanoma cells. Background blue counterstain provided by hematoxylin; (D) 5-hmC staining pattern of benign
nevus. Note strong, diffuse nuclear reactivity for 5-hmC. (E) 5-hmC staining pattern of intermediate, borderline, or so-called ‘MELTUMP’
tumors. Note the intermediate intensity, sparse nuclear reactivity for 5-hmC. DNMT, DNA methyltransferase; TDG, thymine DNA
glycosylase; BER, base excision repair; IDH, isocitrate dehydrogenase; SDH, succinate dehydrogenase.

compared initial tumor AJCC stage and clinical outcome
improved the overall fit of the model, which led the
authors to propose use of this marker to enhance precision
of the existing AJCC melanoma staging schema.
5-hydroxymethyleytosine (5-hmC) is an oxidized form
of 5-methylcytosine and was recently demonstrated to
serve as a key biochemical intermediate of the DNA
de-methylation pathway (7) (Figure 1A4). This recently
described, fundamental biological mechanism enables the
removal of methyl groups off of the DNA base cytosine
and is catalyzed by a family of dioxygenase enzymes called
Ten-Eleven Translocase (TET) (7). In animal models,
melanomas lacking this enzyme yielded more aggressive,
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lethal tumors compared to those that maintained this key
enzyme (9). Recent data indicate that loss of function of
this putative tumor suppressor through direct genetic
mutation, oncometabolite accumulation, or epigenetic
silencing may lead to its pathogenic dysfunction (10,11).
Emerging data also suggest that dysfunction to this pathway
may represent an early, important pathogenic event in
the malignant transformation of melanocytes (12). Based
on these seminal observations, studies are ongoing to
investigate the translational therapeutic potential of these
findings. Importantly, loss of function of this enzyme, as
inferred by 5-hmC loss, is not unique to melanoma and has
been demonstrated in human malignancies of other organ
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Table 1 5-hydroxymethylcytosine loss in human cancers other than
melanoma

Loss of 5-hydroxymethylcytosine Reference

Oromucosal squamous cell
carcinoma

Jawert et al. 2013 (13)

Gastric carcinoma Yang et al. 2013 (14)

Pancreatic carcinoma Bhattacharyya et al. 2013 (15)
Prostate carcinoma Haffner et al. 2011 (16)
Breast carcinoma Haffner et al. 2011 (16)

Colorectal carcinoma Haffner et al. 2011 (16)

systems (Zable 1) (8,13-16).

Equally important to the potential utility of this
marker in enhancing precision in staging of primary
cutaneous melanoma is its applicability to a number of
challenging diagnostic scenarios. One such example is in
the pathologic evaluation of sentinel lymph node biopsies,
which are traditionally offered as a staging procedure
to those patients with no clinical evidence of metastatic
disease and a primary melanoma that invades deeper
than one millimeter or is thinner but has other “high risk
features”, such as evidence of mitotic activity, ulceration, or
lymphovascular invasion. During the sentinel lymph node
evaluation, a benign collection of melanocytes, referred
to as a nodal nevus, is not infrequently encountered and
is a relatively common, benign mimicker of metastatic
melanoma (17). An accurate assessment of sentinel lymph
node status is not trivial, as those with evidence of lymph
node metastases have a significantly worse prognosis and
are recommended additional invasive diagnostic procedures
and treatments that can be associated with significant
morbidity. To this end, we have recently shown that 5-hmC,
which is strongly expressed in benign cutaneous nevi but
strikingly lost in primary cutaneous melanoma, can help
distinguish nodal nevi from metastatic melanoma with
high sensitivity and specificity (9,18). In addition, a very
recent report demonstrated that detection of 5-hmC by
immunohistochemistry can discriminate melanomas from
benign proliferative nodules arising within giant congenital
nevi (19). Thus, evidence is accumulating to support
that 5-hmC is indeed a reliable adjunctive biomarker
help reach the correct diagnosis in ambiguous scenarios
when histological and routine immunohistochemical
characteristics are insufficient or non-specific.

Analysis of 5-hmC content by immunohistochemistry
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may also be useful in the assessment of melanocytic
tumors that evade definitive histologic diagnosis. A subset
of melanocytic tumors do not fit criteria sufficient for a
diagnosis of malignant melanoma but bear features that
exclude them from well-established categories of benign
but ‘atypical’ melanocytic neoplasms, such as the dysplastic
nevus (20). The nomenclature of these indeterminate
neoplasms is varied and inconsistent in the literature.
Experts in the field have recommended that such a
melanocytic neoplasm be referred to as a melanocytic tumor
of uncertain malignant potentinl (MELTUMP) (20). Recently,
we have observed that semi-quantification of 5-hmC
immunohistochemical expression can help stratify such
cases of MELTUMP and potentially identify those with a
worse prognosis and, thereby, guide appropriate treatment
(Figure 1B,C,D).

In summary, 5-hmC is an emerging diagnostic
biomarker with significant translational potential for
enhancing precision of melanoma staging, distinguishing
benign from malignant melanocytic neoplasms, and aiding
in the pathologic assessment of those that fall somewhere
in between. Saldanha and colleagues’ important
observations provide strong support for the continued
development and maturation of this biomarker to improve
accuracy and precision of melanoma AJCC staging
guidelines. As melanoma is one of the most virulent forms
of human malignancy, continued international efforts to
explore the diagnostic and therapeutic applications of
5-hmC and TET enzyme dysregulation in melanoma are
warranted.
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