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Introduction
Oral melanotic macule (OMM) is usually well circumscribed, 

predominantly brown and black macule, located mainly on the 
vermilion border of the lips, followed by the palate, gingiva, and 
buccal mucosa [1]. Its primary significance is in the differential 
diagnosis with other solitary pigmented lesions, mainly malignant 
melanoma. OMMs comprise 0.4- 0.7% of biopsies from oral 
cavity and perioral tissues [1-3]. The majority (86.1%) of solitary 
melanocytic lesions are OMM [1]. Labial melanotic macules develop 
most frequently in young adults, whereas intraoral lesions are 
usually noted in patients over the age of 40. All melanotic macules 
occur more often in women than in men [2]. The etiology in most 
cases is unknown, but some labial lesions can be explained by 
sun exposure and are therefore analogous to “ephelides”, as both 
are morphologically identical. Not all OMMs, however, can be 
explained by sun exposure, and the lesions do not tend to darken 
with sun exposure [4]. Some melanotic macules may represent post  

 
inflammatory pigmentations of internal or external origin such as 
Lichen planus or following radiation therapy [5-6] respectively. 
OMMs may also occur in HIV infected patients, sometimes as a 
result of medications, trauma, and infection [7].

Histopathologically, the OMMs are characterized by 
hypermelanosis in the basal cell layer and or lamina propria 
[3]. Several authors consider the OMM to be the counterpart 
of cutaneous lentigo, however, in contrast to simple lentigines, 
OMMs are not reported to exhibit elongation of the rete ridges. 
Controversies exist concerning the number and function of 
melanocytes in OMM, while some reports [8] found an increase in 
the number of dendritic melanocytes; others have reported a lack 
of melanocytic activity [4,9]. S100 proteins are normally present 
in cells derived from the neural crest and as such can be used to 
identify melanocytes in the epithelium. HMB45 antibodies are 
specifically targeted at melanosomes and are currently used mainly 
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to identify melanoma [10]. The purpose of the present study was to 
characterize OMM, morphologically and immunohistochemically, 
with special reference to the length of the rete ridges and the 
expression of melanocytic markers S100 and HMB 45.

Materials and Methods
The archive of the Department of Oral Pathology and Medicine 

School of Dental Medicine, Tel-Aviv University was searched 
for cases diagnosed as OMM. The study has been reviewed and 
approved by the Tel-Aviv University Ethics Committee. The original 
slides were reviewed and the diagnoses were confirmed by two of 
the researches, both, certified oral pathologists (IA, AH). The control 
group consisted of cases of reactive fibrous hyperplasia. Also, 
the healthy margins of the OMM lesions were also considered as 
controls. From each paraffin-embedded block, one slide was stained 
with H&E, and two slides were used for the immunohistochemical 
studies. The histopathological criterion used to diagnose OMM was 
the accumulation of melanin pigment in the basal and parabasal 
layers of an otherwise normal epithelium. Melanin may have been 
free (melanin incontinence) or within melanophages in the upper 
lamina propria (subepithelial connective tissue).

Morphological and Immunohistochemical Procedures
For each case, the maximal width of the epithelium was measured 

by Cell sense, Olympus software from the superficial keratin layer to 
the bottom of the rete ridge (w-lesion). Measurements were carried 
out in the center and the margin of the lesions (w-margin) (Figure 
1). In addition, the lesions were immunohistochemically stained to 
assess the expression of S100 and HMB45 in the epithelium. S100 
corresponds to the number of melanocytes, while HMB45 may 
correlate with stimulated melanocytic proliferation and production 
of melanosomes. 5μm thick sections were cut from formalin-
fixed, paraffin-embedded tissue blocks on positively charged glass 
(Superfrost Plus, Fisher Scientific, USA) and stained with primary 
antibodies as detailed in Table 1. This was followed by exposure to 
secondary antibody (Super Picture Poly HRP Conjugate, Invitrogen, 
Camarillo, CA, USA) for 30 minutes at 25oC, then by staining with 
AEC (RED) substrate kit (Invitrogen, Carlsbad, CA, USA), and 
finally by staining with Mayer’s hematoxylin (Research Chemicals, 
Colchester, UK). 

Figure 1: Method of measuring the maximal epithelial 
width by the DP controller software. For each case, the 
epithelium was measured by choosing the maximal width 
of the epithelium rete ridge from top to bottom.

Table 1: Details of the immuno histochemical procedures.

Protein Antibody Manufacturer Pretreatment Positive 
control

S100 Monoclonal 
1:2000 Dako, CA, USA

Proteinase 
K 0.1% 10 

minutes 37 C
Schwannoma

HMB45 Monoclonal 
1:50 Dako, CA, USA EDTA PH9 

overnight
Malignant 
melanoma

S100 was considered positive when nuclear staining was 
apparent and HMB45 was considered positive when cytoplasmic 
staining was obvious, not confused with the granular pigment 
positivity expected to be present in OMM. The expression of S100 
and HMB45 was calculated as the percentage of positive cells out of 
the total number of the basal cells, counted in 10 consecutive HPFs 
(x400) ± SD.  Two types of controls were used. The first, normal-
looking epithelium at the margins of benign oral lesions (mainly 
focal fibrous hyperplasia).All cases matched for age, gender and site. 
In addition the epithelium at the margins of the OMMs was used as 
control for the width of the rete pegs, only when the margins were 
not been affected by the lesion.  

Statistical Analysis
The data for each case consisted of several (2-10) frames. In 

each frame the total number of basal cells and number of S100 
and HMB45 cells was calculated. The number of frames was 
defined by size of the extracted tissue. The parameter of interest 
was the proportion of S100 and HMB45 positive cells out of total 
population of basal cells. We took the ratio of total number of S100 
and of HMB45 positive cells to the total number of basal cells as 
the best estimator of the proportion of interest. The distribution 
data are presented by number of non-missing observations, mean, 
minimum, maximum, standard deviation and median SD. Logistic 
regression was used for comparisons of frequency of S100 and 
HMB45 positive cells among all basal cells between groups. For 
proportion of HMB45 cells sensitivity analysis was performed using 
exact Poisson regression with robust estimate of variance and log 
(total number of basal cells) as offset since the number of HMB45 
cells was very low. The width and margins were compared using 
paired t-test. As a sensitivity analysis, the Wilcoxon paired rank test 
was added. All p-values are two-sided. P-values below 0.05 were 
considered as significant. All calculations were done using STATA 
SE 12 software.

Results
Overall, 39 patients with OMM were included in the study. The 

age range was 9-97 years (mean 38.5 years) with 1.2:1 male to 
female ratio. The most prevalent site was the lip vermilion (LMM) 
followed by palate, buccal mucosa and gingiva. The mean size of 
the lesion was 4.12 mm. The duration of the lesion ranged from 
one month to four years. In regard to epithelial width, w-lesion 
was significantly greater than that of margin width (332.7±19.3 
Vs 262.4±16.1). The difference (70.2±17.0) was highly significant 
(p<0.001, paired t-test). The two parameters were positively 
correlated (Pearson correlation 0.5487, p<0.001). The relationship 
between two parameters is shown in Figure 2.
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Figure 2: Relationship between w-lesion and w-margin. 
The observed values of w- lesion and w- margin are 
presented in the scatter. The two measures are significantly 
positively correlated (Pearson correlation 0.5487 p<0.001).

Immunohistochemical Analysis
The immunomorphological features of OMMs versus controls 

are presented in Table 2. The results show that the expressions 
of S100 and HMB 45 in OMM were significantly different than in 
controls, higher for S100 and lower for HMB45, respectively. Mean 
expression of S100 was 8.67%±5.37 in the OMM group (Figure 3) 
versus 5.15%±4.33 in the fibrous hyperplasia control (P<0.001). 
The expression of HMB45 was generally low and even lower in 
OMM than controls; the mean expression was 0.18%± 0.31 in the 
OMM (Figure 4) versus 0.49%±1.1 in the controls (P=0.003). 

Figure 3: Increased S100 reactivity in oral melanotic macule. 
Melanocytes in the epithelium as well as melanophages in 
the lamina propria are positively stained.

Figure 4: Scattered HMB45 positivity in oral melanotic 
macule appears different than the granular positivity of 
melanin pigment, obviously present in oral melanotic 
macule.

Table 2: Distributions of measured parameters in cases and controls.

Group Statistic N Basal N HMB45 N S100 Proportion HMB45 Proportion S100

Control Mean± SD 525.33±243.56 1.75±2.99 31.17±34.33 .005±.0111 .052±.0432

OMM Mean± SD 448.03±247.88 .56±1.74 42.077±36.025 .001±.0031 .087±.0542

Total Mean± SD 466.22±246.69 .84±2.13 39.51±35.6 .002±.006 .078±.053

1P=0.001

2P<0.001

Discussion
OMMs are pigmented, usually unifocal lesions that are 

histopathologically characterized by increased production of 
melanin by basal melanocytes [11]. Melanin may also be observed 
in melanophages in the upper portion of the lamina propria [8,12]. 
Some authors, however, define OMM as a lesion that may display 
an increased number of melanocytes along the junctional zone, 
especially when they appear on the lips [8]. Buery and co-workers 
investigated the immunophenotype of OMMs along with other 
benign and malignant melanocytic lesions. S100 was detected in 
most benign lesions while in OMM, only sporadic positive HMB45 
cells were found S-100 corresponds to the number of melanocytes, 
while HMB-45 may correlate with stimulated melanocytic 
proliferation and production of melanosomes) In the present 
study, the expression of S100 was higher than in controls, with only 
scattered HMB45 positive cells detected, which were even lower in 
OMM than in the control group.  

Lentigo simplex (LS) is a benign pigmented melanocytic lesion 
which is one of several forms of benign melanocytic hyperplasia of 
unknown cause. Unlike ephelis, LS is typically found on areas not 
exposed to sunlight, is somewhat darker in color, does not darken 
with sun exposure, and is believed to represent an increase in 
both local melanin production and the number of melanocytes. 
Oral lesions of LS have been reported in the literature, but their 
occurrence is regarded as uncommon and when they occur, may be 
accepted as a form of OMM. In the present study, we have shown 
an increased epithelial width in cases of OMM, which may support 
the assumption that at least some OMM cases can be viewed as oral 
counterpart of cutaneous lentigo. The morphology and density of 
melanocytes in the OMM has not been well studied. Melanocytes 
on H&E sections are difficult to distinguish from intramucosal 
lymphocytes, which are frequently present in the oral mucosa. The 
purpose of the present study was, therefore, to characterize OMM, 
morphologically and immunohistochemically. Morphologically, 
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we aimed at evaluating the extent of epithelial hyperplasia by 
measuring the maximal length of the epithelial rete ridges in the 
lesion versus controls. A significant difference between the maximal 
widths of the epithelium in OMM versus healthy appearing margins 
was found. This difference in the maximal width could suggest that 
at least some OMMs may represent a form of cellular hyperplasia. 

To appreciate if the hyperplasia is due to the melanocytic 
component, the expression of S100 and HMB45 was evaluated as 
percentage of the entire basal cell population. The S100 antigen 
is the most common marker used for melanocyte detection, and 
its higher expression in OMMs has been previously documented 
in the literature, and supported in the present study. The higher 
percentage of S100 positive cells found in the present study 
could be attributed to melanocytic hyperplasia. HMB45 reactivity 
was documented in OMMs of HIV patients [7]. This monoclonal 
antibody directed against a melanosomal glycoprotein is thought 
to be expressed by melanocytes that lack all melanogenic 
activity. The present results found a lower HMB45 expression 
in OMMs compared to controls. This finding may reflect a higher 
melanogenic activity compared to controls.  Histopathologically, 
OMMs were traditionally characterized by absence of rete ridge 
elongation and lack of prominent melanocytic activity, and HMB45 
immunoreactivity was typically lacking [4,9,11,13]. 

 In contrast, Sexton et al. found that OMMs do present an increase 
in the number of melanocytes [8] as reflected by the results of the 
present study. HMB45 immunostain in the present study supports 
the finding of scattered melanocytes in normal oral mucosa and 
even lower expression in OMM. The same results were found in 
other sun-protected sites, for example in the anorectal mucosa in 
which the HMB45 immunostain in areas of benign melanocytic 
hyperplasia was found to be very low compare with that found 
in control squamous mucosa [14]. In light of this, we suggest that 
lesions in the spectrum of OMM could represent an overlap with 
lesions characterized by melanocytic hyperplasia/ rete elongation 
such as lentigo. The increase in the epithelial length (elongation 
of rete ridges), as well as the increase in S100 positive cells 
(representing melanocytic hyperplasia), with a minute decrease in 
HMB45 [15-24] in cases of OMM, may indicate that at least in some 
cases there are similar histological characteristics with cutaneous  
LS.  OMM probably represent a form of oral lentigo rather than a 
separate entity.
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