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Abstract

Decreased hydroxymethylated cytosine (5-hydroxymethycytosine, 5-hmC) is reported to correlate
with melanocyte dysplasia. The purpose of this study was to assess the diagnostic utility of this
observation. 5-hmC immunohistochemistry was performed on tissue microarrays containing 171-
melanocytic lesions from two different institutions. An immunohistochemical staining score
representing the percentage and intensity of nuclear staining was assigned. The performance
characteristics of 5-hmC immunohistochemistry for discriminating between a nevus and
melanoma were determined. Additional cases of melanoma arising in a nevus (n = 8), nodal nevi
(n = 5) and melanoma micrometastases to a lymph node (n = 6) were also assessed. Pronounced 5-
hmC loss was observed in melanomas when compared with nevi (mean * standard deviation =
6.71 + 11.78 and 55.19 * 23.66, respectively, p < 0.0001). While the mean immunohistochemical
staining score values for melanocytic nevi and melanoma were distinct, there was considerable
variability in immunohistochemical staining score within a single diagnostic category. The
sensitivity and specificity of this assay for nevus vs. melanoma is 92.74 and 97.78%, respectively.
Distinct biphasic staining patterns were observed in cases of melanoma arising in association with
a nevus. Relative changes of 5-hmC expression within a single lesion may be more informative
than absolute values when using 5-hmC as a diagnostic adjunct.
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The classic model of melanomagenesis is that mutations initiate and promote tumor
formation and progression. Indeed, the melanoma genome contains one of the highest
somatically acquired nucleotide mutation frequencies of any human cancer.! These
mutations are dominated by C to T transitions, which are generated by ultraviolet A and B
electromagnetic radiation.! The mutations reproducibly occur in genes belonging to one of
the three, near mutually exclusive, major oncogenic pathways that sustains proliferative
signaling. In decreasing order of frequency, the most common mutations involve BRAF,
NRAS and C-Kit genes.2=® In addition to point mutations, chromosomal gains and losses are
also prevalent in melanocytic tumors.%7 It is now known that in addition to changes in the
sequence of genomic DNA, epigenetic aberrations also play a role in melanoma formation.

Gene expression is tightly and dynamically regulated by a multi-layer epigenetic system that
includes DNA methylation, histone modification and non-coding RNAs. Pathologic
alterations in the epigenome are thought to contribute to tumor development and virulence
(reviewed in8). For example, hypermethylation of the promoters of tumor suppressor genes
may lead to gene silencing and condensation or opening of the chromatin structure via
histone modification may alternately prevent or facilitate gene expression, depending on the
type and position of the modification. In cutaneous melanoma, genes impacting melanoma
progression and metastases such as those involving DNA repair, cell cycle regulation and
invasion, have all been shown to be silenced by DNA hypermethylation.®-11 Demethylation,
on the other hand, has been associated with the aberrant re-expression of certain genes,
which are typically silenced early in development.12 His-tone modifications in melanoma
are not as well understood, though there is evidence to suggest that the histone variant
macroH2A is lost in melanoma relative to nevi.13 MacroH2A is associated with chromatin
condensation and its loss results in an increased proliferative and migratory phenotype.

DNA methylation associated with gene regulation occurs at the 5-carbon position of the
cytosine base, resulting in 5-methylcytosine (5-mC). It is a single step catalyzed by DNA
methyltransferases. The demethylation process is more complicated and requires multiple
steps, the first of which is performed by the Ten Eleven Translocase family enzymes and
results in the formation of 5-hydroxymethycytosine (5-hmC).1415 5-hmC is the most
abundant intermediate product of the demethylation pathway, and recently Lian et al.
described 5-hmC loss as an ‘epigenetic hallmark’ of melanoma.16 In their initial description,
they showed that loss of 5-hmC was associated with higher stage lesions and worse
prognosis in patients with melanoma.8 In a follow-up report, the authors went on to further
define 5-hmc loss in specific-histopathologic subtypes of melanocytic lesions, whereby they
demonstrated progressive loss of 5-mhC with increasing nuclear diameter in a spectrum of
melanocytic lesions that included benign nevi, low-grade dysplastic nevi, high-grade
dysplastic nevi and invasive melanoma.1’ While the mean/median differences between 5-
hmC expression in different diagnostic categories were presented in these earlier reports, the
diagnostic sensitivity and sensitivity of the 5-hmC immunohistochemical assay were not
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determined. The purpose of this study was to characterize further the immunohistochemical
assay for 5-hmC expression to determine its potential as a diagnostic adjunct in melanocytic
lesions.

Materials and methods

Specimen procurement and tissue microarray format

One hundred seventy one benign and malignant melanocytic lesions were gathered from two
separate institutions for analysis. All tissue specimens were originally procured per routine
surgical pathology protocol and arranged for analysis using tissue microarray technology.
This study was approved by the review board at both institutions. The tissue microarray
from our institution (cohort 1) consisted of 43 melanocytic lesions that were acquired from
1974 to 2008, Table 1. Each specimen was tiled in technical triplicate or quadruplicate
cores. Selected melanoma cases were tiled as biological replicates (i.e. primary vs.
metastatic melanoma specimen from the same patient). The tissue microarray from the
outside institution (cohort 11) contained 128 melanocytic lesions. Each case was cored once
and did not have associated clinical information. In addition to the tissue microarrays, whole
mount sections of melanoma arising in association with a nevus (n = 8), micrometastatic
melanoma to lymph nodes (n = 6) and nodal melanocytic nevi (n = 5) were stained for 5-
hmC expression.

Pathologic assessment

The immunohistochemical protocol used in this report was performed according to the
previously optimized and validated method by Haffner et al.18 For each staining run, a
positive control slide of representative tissue sections from primary prostatic carcinoma was
included. The nuclei of the basal cell layer within benign prostatic glands are
immunoreactive with 5-hmC antibody, whereas the nuclei of malignant glands are non-
immunoreactive with 5-hmC (data not shown). In each experimental tissue microarray core,
at least 40 individual nuclei were counted to ensure uniform results. Forty nuclei per core
cutoff were chosen because we determined that the relative coefficient of variation for 5-
hmC immunolabeling within any given core is <20% if 20 lesional nuclei are counted. Each
case was scored by a trained pathologist (NR and JT). The 5-hmC staining intensity was
scored as none (0), weak (1), moderate (2) or marked (3), according to Lian et al.16 More
specifically, 0 = no immunolabeling; 1 = less intense than immunolabeling of in adjacent
benign cells, e.g. normal keratinocyte or lymphocyte nuclei in the core; 2 = comparable with
normal nuclei; and 3 = more intense than normal nuclei. An immunohistochemical staining
score was developed, ranging from 0 to 100. This score represents the percentage of cells
expressing 5-hmC multiplied by the intensity of staining/maximum possible staining
intensity (i.e. 3). For example, if 100% of melanocyte nuclei demonstrate marked (score 3)
staining intensity, the immunohistochemical staining score = (100 x 3)/3 or 100. Sequential
whole mount sections from 10 cases from the cohort | tissue microarray were also stained
for 5-hmC and Ki-67, the latter of which was performed according to standard automated
methods. The immunohistochemical staining score for 5-hmC was compared with the
percentage of nuclei within a given lesion that stained positive for Ki-67.
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Statistical analysis

Results

Five-hmC scores were analyzed as interval data sets using two-sided Student’s t-test. A p-
value <0.05 was considered statistically significant.

Immunohistochemistry for 5-hmC using tissue microarrays

The tissue microarray cohorts are summarized in Table 1. Cohort | consisted of 13 nevi, 16
primary melanomas and 14 metastatic melanomas. Cohort Il consisted of 32 nevi, 32
primary malignant melanomas and 64 metastatic melanomas. Immunohistochemistry for 5-
hmC was performed on the tissue microarrays and an immunohistochemical staining score
was assigned. Representative examples of staining in a nevus and a primary melanoma are
shown in Fig. 1. One hundred percent (45/45) of nevi demonstrated immunolabeling for 5-
hmC, where only 55% (69/126 cases) of melanoma cases were immunoreactive. Across
multiple samples from an individual case, the proportion of 5-hmC immunolabeling in
lesional nuclei was relatively uniform, and cases demonstrated a constant staining intensity.

Using the tissue microarray from cohort I, we detected a marked depression of 5-hmC
immunolabeling in malignant melanomas relative to the 5-hmC immunolabeling in nevi
(mean immunohistochemical staining score £ SD = 17.97 + 17.83 and 80.90 + 14.98,
respectively, p < 0.001) (Fig. 2A). To extend these findings, we also evaluated 5-hmC
expression using an additional 128 cases from an outside institution (cohort Il). Similar to
the cohort I, we observed a reduction in 5-hmC expression between nevi and malignant
melanoma (p < 0.0001) (Fig. 2B). When the results of both tissue microarrays were
combined, nevi and melanoms showed a mean immunohistochemical staining score £
standard deviation of 55.19 + 23.66 and 6.71 + 11.78, respectively, p < 0.0001. We observed
no statistically significant difference between the 5-hmC immunohistochemical staining
score when primary and metastatic melanoma cases were compared in either cohort
independently or both cohorts together.

Diagnostic utility of 5-hmC immunohistochemistry in the evaluation of melanocytic
proliferations

Using the results of both tissue microarrays combined, a receiver operating characteristic
curve for 5-hmC immunohistochemical staining score was developed (Fig. 3). The balance
between sensitivity and specificity was maximized at an immunohistochemical staining
scoreof 17. At this immunohistochemical staining score, indicating a relative reduction in 5-
hmC expression, this assay has a sensitivity of 92.74% and specificity of 97.78% for the
identification of melanoma.

While the mean 5-hmC levels between nevi and melanoma are significantly different, the
variance in immunohistochemical staining score is of great interest if the stain is to be used
as a diagnostic adjunct. The variance of the immunohistochemical staining scores for both
cohorts is shown in Fig. 4A,B, respectively. The overlap between categories was much less
when each tissue microarray was analyzed individually. When the two tissue microarrays
were analyzed together, we noted considerable variability between cases within the same
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diagnostic category, with melanoma demonstrating more variability than nevi [relative
coefficient of variation for nevi and melanoma: 42.8 and 175.0, respectively] (Fig. 4C), for
both combined. The difference in immunohistochemical staining scores between the two
different tissue microarrays suggests that pre-analytical variables such as specimen handling
and preparation may impact on assay performance.

Immunohistochemistry for 5-hmC on whole mount sections

Because 5-hmC expression is an early event in melanomagenesis, we hypothesized that 5-
hmC loss may have utility in evaluating melanomas arising in association with a nevus. We
examined whole mount sections of such cases (n = 8), and we noted marked attenuation of
5-hmC in the malignant component, with retention of 5-hmC expression in the adjoining
benign nevomelanocytes (mean 5-hmC immunohistochemical staining score 12.5 vs. 84.16,
respectively p < 0.001). While the means are significantly different, the real strength in this
observation is related to the fact that each of the eight cases demonstrated a clear biphasic
pattern of expression. The staining quality made it possible to delineate nevomelanocytes
and malignant melanocytes within a single lesion (Fig. 5A). In areas with a well-nested in
situ component, loss of 5-hmC expression was also readily identified. Loss of expression
was more challenging to assess when cells were present as single cells, either demonstrating
pagetoid scatter or arranged in a lentiginous array along the dermal—-epidermal junction,
because of the difficulty in assessing partial loss on a single-cell basis in a background of
keratinocyte staining. Micrometastatic melanoma to lymph nodes (n = 6) and nodal nevi (n
= 5) were also assessed for 5-hmC expression (Fig. 5B,C). Although interpretation was
challenging in micrometastases composed of singular cells or very small deposits,
distinctions between nodal nevi and melanoma were often apparent. We also compared 5-
hmC expression on n = 10 whole mount sections from nevi and melanoma to Ki-67
expression and did not observe a correlation between these two factors (R? = 0.003, p =
0.99). This finding suggests that epigenetic markers such as 5-hmC have the potential to
reflect status changes in melanocytes beyond proliferative activity, and thus could
potentially serve a complimentary role to stains that are already in routine use.

Discussion

Methylation is a mechanism by which gene expression is controlled throughout the course of
cellular development and differentiation. Specifically, DNA methylation occurs at the 5-
position of cytosine to form 5-mC. When this modification occurs at a promoter site, it is
known to silence gene expression, helping to maintain a differentiated state.1 In contrast,
when the gene itself is methylated, transcription is activated, rather than silenced.2% Not
surprisingly, tumor cells are known to demonstrate aberrant methylation patterns of key
genes. 5-hmC is reportedly lost in a broad array of cancer types, including glioblastoma,
prostate, breast, gastric and colon cancers!®21-23 making it one of the most common
features of human cancers known to date.

The results of our study indicate that the loss of 5-hmC is an early change in melanoma
tumor formation. Two findings support this model. First, 5-hmC loss was observed in the in
situ component of lesions. Second, the vast majority of the 126 invasive and metastatic
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malignant melanomas examined had attenuated or absent global 5-hmC nuclear levels by
immunohistochemistry. These findings confirm and extend the observations of other
authors. In their sentinel study, Lian et al. showed that 5-hmC is markedly decreased in
primary and metastatic melanomas when compared with nevi.16 Two smaller studies by
Gambiechler et al. and Uchiyama et al. also observed comparable attenuation of 5-hmC
immunolableing in malignant vs. benign melanocytic lesions.2425

Diagnostic scenarios in the assessment of melanocytic lesions where ancillary
immunohistochemical or molecular studies have the potential for therapeutic impact include:
(i) characterizing the biology of borderline lesions, such as distinguishing between a
severely dysplastic/Clark’s nevus with unusual features and an early malignant melanoma,
(ii) defining the trailing edge of a lentigo maligna on sun-damaged skin, and (iii) improved
characterization of atypical Spitz tumors, among others. Early reports on the patterns of
immunohistochemical detection of 5-hmC in melanocytic lesions have raised the possibility
that this assay could play a role in each of these circumstances. Specifically, 5-hmC loss has
been reported to decrease with increasing malignant potential in melanocytic lesions from
benign nevi to dysplastic nevi with low-grade atypia to severely dysplastic nevi, to primary
melanoma and to metastatic disease.1” Our findings highlight the variance possible within
such groups, indicating that it the current semi-quantitative immunohistochemical approach
for assessing 5-hmC levels would not be useful in the finer distinctions of grading-
melanocytic lesions, e.g. low grade vs. high grade or high grade vs. early melanoma.

We did, however, note the potential utility of this stain for distinguishing different
melanocyte populations within a single lesion, i.e. malignant melanocytes and benign
nevomelanocytes. This observation should be considered preliminary because of the limited
number of cases assessed, but warrants further study. This approach may be useful for
assessing the Breslow thickness of a melanoma arising in association with a nevus or for
assessing whether a precursor nevus is present vs. pseudomaturation of a melanoma.
Potential pre-analytic influences are also circumvented, as the expression values are all
relative. As the accurate determination of Breslow thickness is the most important Tumor-
Node-Metastasis (TNM) staging feature in early melanomas, such a tool could potentially
have impact with regard to prognostication and subsequent treatment.

Recently, 5-hmC immunohistochemistry has also been proposed for the assessment of nodal
nevi.26 Our sample size of nodal nevi and melanoma micrometastases in lymph nodes was
limited, but our findings indicate that 5-hmC loss is seen in micrometastatic deposits, as
anticipated. This finding was apparent when considering aggregated metastatic deposits, but
the immunohistochemistry was more challenging to assess when the lesion was composed of
single cells or very small cellular aggregates, because of the staining pattern of the
background lymph node. Similarly, the reliable scoring of 5-hmC loss in an intraepidermal
melanocytic proliferation when composed of single cells was challenging to resolve from
the background keratinocyte staining. This may be related to the fact that a decrease in the 5-
hmC immunolabeling in keratinocytes that overly invasive malignant melanoma may also
occur.1” Irrespective of whether an epigenetic field effect becomes apparent, the utility of
assessing partial nuclear loss of a marker by immunohistochemistry is impractical,
especially when required on a single-cell level and would be made near-impossible if
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adjacent keratinocytes also demonstrate loss. Thus, in our estimation, it is doubtful that this
marker will play a role in assessing lentigo maligna. The potential assessment of atypical
Spitz tumors has also been posited,1” and tests are currently underway in our laboratories to
determine whether this marker may play a role in the assessment of atypical Spitz tumors
when compared with spitzoid melanoma.

In conclusion, using collections of melanocytic proliferations from two different academic
institutions, we confirmed that 5-hmC reduction is a feature of the vast majority of
malignant melanomas. The sensitivity and specificity of the current method for determining
5-hmC expression is insufficient to use as a single marker. Its greatest potential at this time
may be to illuminate relative changes within a single lesion that may be undergoing
transformation. It is possible that in the future, immunohistochemical panels for challenging
melanocytic lesions may include one or more epigenetic markers to inform the assessment
of biologic potential.
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Fig. 1.

Rgpresentative photomicrographs showing 5-hydroxymethycytosine (5-hmC)
immunolabeling in a melanocytic nevus (A-C), markedly decreased 5-hmC expression in a
primary melanoma (D-F). 5-hmC nuclear labeling is also observed in background normal
cells including keratinocytes and lymphocytes (not shown). Panels A and D at x100; B, C,
E, and F at 400x, original magnification.
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5-hydroxymethycytosine (5-hmC) immunolabeling is markedly attenuated in both primary
and metastatic melanoma when compared with melanocytic nevi. The mean
immunohistochemical staining score + standard deviation for nevi, primary invasive
melanoma and metastatic melanoma are shown for both cohorts. *p < 0.001 (two-sided
Student’s t-test). n.s., not statistically significant.
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Fig. 3.

Performance characteristics of the 5-hydroxymethycytosine (5-hmC) immunohistochemical
assay. A receiver operating characteristic (ROC) curve was generated for 5-hmC
immunohistochemical staining score for distinguishing nevi from malignant melanoma,
using the combined cohorts. The cutoff was set at an immunohistochemical staining score =
17 to achieve optimal sensitivity and specificity. AUC, area under the curve.
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Fig. 4.

Hi%togram showing the distribution of immunohistochemical staining scores for 5-
hydroxymethycytosine (5-hmC) expression for melanocytic nevi and melanoma. An
immunohistochemical staining score of zero (0) indicates no 5-hmC immunolabeling in any
of the evaluable lesional nuclei, where an immunohistochemical staining score of 100
indicates that all lesional nuclei were markedly/strongly immunoreactive (see Methods for
detailed description for calculating immunohistochemical staining score). When the two
cohorts were evaluated separately, (A) and (B) respectively, the potential discriminatory
ability of 5-hmC immunohistochemistry between nevi and melanoma is more evident than
when both cohorts are combined (C).
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Fig. 5.
Representative photomicrographs demonstrating 5-hmC immunolabeling in a melanoma

arising in association with a precursor melanocytic nevus (A), a nodal nevus (B) and a
micrometastatic deposit of melanoma in a lymph node (C). The malignant melanocytes
demonstrate loss of 5-hmC expression (orange arrows), while the benign melanocyte
population demonstrates strong nuclear staining in the majority of cells (green asterisk).
Panel A at x40; Panels B and C at x400, original magnification.
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Table 1

Melanocytic proliferations included in the tissue microarrays from two different institutions

Cohort 1 (n=43) Cohort 11 (n=128)

Nevi 13 32
Primary melanoma 16 32
Metastatic melanoma 14 64
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