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Melanocytic neoplasms constitute some of the most challenging histopathologic entities in pathology and trigger
high levels of diagnostic uncertainty among general practice pathologists and even among expert dermatopathol-
ogists [1,2]. When histopathologic findings are ambiguous or indeterminate, one turns to immunohistochemical
and/or genetic analyses, given sufficient tissue and resources [3]. These additional tests can provide valuable infor-
mation about the underlying genetic drivers, level of genomic instability and relative levels of key transcripts, which
are then integrated with histopathology and clinical information [4]. When fortunate enough to obtain the genetic
data, the hope is for a compelling basis to definitively classify the tumor. Analysis may be less than straightforward,
as mutations or chromosomal changes of unknown significance may be uncovered. Additional impediments to
diagnosis include poor quality DNA, low purity of tumor cells and a chromosomal copy-number neutral melanoma.
For these reasons, the gold standard remains histopathologic review by an experienced dermatopathologist.

Often the true malignant potential remains a mystery, and management is aimed at balancing caution with
morbidity. In such instances, one can wonder if microRNA (miRNA), transcriptomic or DNA methylation data
would shed more light onto the underlying biologic potential [5–7]. In the case of miRNAs, which are stable in
formalin-fixed paraffin-embedded (FFPE) tissue, several studies have shown the potential for use as diagnostic
biomarkers [6,8]. Although mRNA is less stable than miRNAs in FFPE, commercially available kits leverage a
limited panel of gene transcripts that can predict risk of recurrence, metastasis and assist in diagnosis [9]. DNA
methylation shares the advantage of stability similar to miRNAs, and appears to correlate with poor prognosis
in advanced melanoma [5]. The epigenetic information gained from methylation analysis remains unknown in
histopathologically indeterminate lesions. Challenges in using these tests include the lack of high-quality evidence
guiding best practice use [10]. As any cell biologist will attest, it is the proteome and interactome of cells that
ultimately results in behavior. While the complexity can be overwhelming, it remains a fascination and continues
to propel the field of melanoma biology. It is in this vein that the assessment of primary cilia has emerged as a
window into melanoma cell biology.

The primary cilium is ubiquitous cell surface organelle that acts as cellular antenna, sensing the extracellular
environment and transmitting downstream signals [11]. Many important signaling pathways have been linked to
the primary cilium in a cell-context-dependent manner and implicated in cancer pathogenesis [12]. With respect
to melanocytes and melanoma progression, there are limited but intriguing data to support the WNT/β-catenin
pathway being repressed by an intact primary cilium [13]. Additionally, the same study proposed that deconstruction
of primary cilia was in part controlled by EZH2 overexpression leading to downstream repression of essential cilia
genes. EZH2 is the catalytic subunit to PRC2, and when its activity is enhanced over that of the SWI/SNF
pathway, it favors malignant transformation [7]. EZH2 has been found to be overexpressed in melanoma compared
with nevi [14], which would appear to be one mechanism explaining the absence of primary cilia in conventional
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melanomas. If the presence or absence of primary cilia can be linked to genomic changes that influence downstream
signaling, this may represent a morphologic advance with the power to reveal the malignant potential of ambiguous
melanocytic tumors.

Unequivocal conventional melanoma shows almost complete loss of primary cilia, whereas melanocytic nevi
show significant retention [15–17]. As a diagnostic tool, primary cilia staining would appear to provide redundant
information when the pathologic diagnosis is undisputed. In the setting of ‘dysplastic nevi’, the decision to re-excise
is critical to management and is heavily influenced by the final histopathological diagnosis [18]. The ciliation index
(percent of melanocytes containing a primary cilia) in mildly dysplastic nevi was found to be significantly higher than
in that of severely dysplastic nevi (average 56 vs 14%, respectively), suggesting a means for an objective measure to aid
in management [19]. Furthermore, the utility of ciliation index as an adjunct molecular tool has been demonstrated
in histopathologically ambiguous ‘spitzoid’ melanocytic neoplasms [20]. In this study, a comprehensive review of
histopathologic features, array comparative genomic hybridization (aCGH) and ciliation index were evaluated, and
a low ciliation index was ranked as one of the top features in reaching a malignant diagnosis. The ciliation index
was found to contribute independent and additive information, in the presence or absence of aCGH data. These
findings, together with the relative ease of performing this stain on a single standard-thickness slide of formalin-fixed
paraffin embedded tissue, make this an appealing option for use in daily clinical practice. It remains to be seen if
the presence or absence of primary cilia correlates with clinical outcomes; this could be achieved through a large
prospective, randomized, multi-institutional study. Until that is feasible, additional retrospective studies comparing
ciliation index with the previously mentioned adjunct molecular tools and long-term clinical outcomes would be
a good start.

Beyond melanoma-focused analysis, aspects of the foundational knowledge of primary cilia structure and function
can be postulated in melanocytic neoplasms. Ciliogenesis is intricately connected to the cell cycle, is influenced by
changes to the cytoskeleton, cellular proteostasis (i.e., autophagy) and signal transduction [11]. The mother centriole
is an essential anchor point of primary cilia formation, and during cell division must be made available for mitotic
spindle formation. In other words, ciliary disassembly is a prerequisite for cell-cycle re-entry. If one considers this in
the context of conventional assessment of melanocytic neoplasms, primary cilia staining should be complementary
to Ki-67 for evaluation of cell proliferation or the lack thereof. However, a lack of ciliation does not necessarily
equate to a proliferative cell state [17]. Overall, there continues to be a need for exploration into the significance of
primary cilia as a tumor suppressor and definition of the specific settings in which assessment of ciliation can be
leveraged as a biomarker for clinical use.
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