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Summary

Background Melanoma is the most highly aggressive type of skin cancer. Its
resistance to existing treatments and the rapid rise in incidence underscore the
importance of acquiring a better understanding of melanomagenesis.
Objectives To assess the impact of reflectance confocal microscopy (RCM) on
the description of cell morphology, which may influence the growth pattern
and changes with increasing tumour severity, correlating with biological
aspects.
Methods A retrospective analysis of 30 primary melanomas in vivo, evaluated by
RCM, to correlate cell morphology and cellular arrangement with a marker of
melanoma progression (CD271) using immunohistochemical evaluations.
Results Typical cells organized in dermal nests with peculiar in vivo confocal mor-
phology result in melanoma with high malignancy and positivity to CD271. This
architecture might be due to the presence of a type of cells, intrinsically predis-
posed to invasion, as a result of dedifferentiation programming, revealed by
expression of the neural crest marker CD271.
Conclusions With the hypothesis that dedifferentiated cells would be strongly
responsible for initiation of tumour development and progression, we propose
that CD271 detection could be associated with RCM evaluation in order to detect
more aggressive melanoma subtypes.

What’s already known about this topic?

• Human malignant melanoma contains morphologically heterogeneous populations

of cells and expresses different markers of stemness.

• Reflectance confocal microscopy (RCM) represents a new imaging tool for

more accurate melanoma detection, which enables the in vivo visualization of cell

morphology.

What does this study add?

• Melanomas with atypical cells organized in large dermal nests, recognized by RCM,

correlate to CD271 positivity and high potential for malignancy.

• This is probably due to the presence of a cell type intrinsically predisposed to

invasion.
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Malignant melanoma (MM) originates from melanocytes and

represents one of the most aggressive skin cancers. Although

surgical resection of early-stage primary MM is associated with

high cure rates, advanced stages show a high mortality index.1

Major risk factors for MM recurrence are lesion thickness

(according to Breslow), mitotic index, ulceration and involve-

ment of regional lymph nodes.2 Unfortunately, these current

prognostic markers, based on few morphological data evaluated

in haematoxylin and eosin sections, are often inadequate to pre-

dict the patient’s outcome accurately. A more in-depth knowl-

edge on melanomagenesis markers and mechanisms may help

in understanding tumour progression and risk of metastasis.

Several studies have shown that human MMs contain mor-

phologically heterogeneous populations of cells.3 These cells are

thought to constitute one or several rare subpopulations in a

given tumour and would be strongly responsible for initiation

of tumour development and growth, as well as for metastasis

and recurrence after cytoreductive therapy. This observation

implies that the tumour may be formed from undifferentiated

stem-cell-like cells.4 Expression of different markers of stemness

in MMs, such as CD271, ABCB5, CD133 and CD20, has been

reported, although controversially correlated with tumour prog-

nosis.5,6 As melanocytes are derived from neural crest precur-

sors, it has been suggested that melanoma precursors may

present similar morphology, markers and pathway activation to

melanocyte precursors.7 Some authors found the CD271 mar-

ker, of neural crest origin, to be heterogeneously expressed in

MM, although the few MM cells that expressed the marker ful-

filled the criteria for stemness.8,9

Concerning pathway activation of melanocyte precursors,

several regulatory pathways play important roles in melanoma-

genesis.10 Different studies in this area have identified altera-

tions that affect key tumour-suppressor and oncogene

pathways during melanoma formation. These modifications

include inhibition of the retinoblastoma tumour-suppressor

pathway, activation of the mitogen-activated protein kinase

(MAPK) pathway and activation of signalling pathways down-

stream of certain receptor tyrosine kinases, as well as the ser-

ine/threonine kinase Akt/protein kinase B (AKT).11

For these reasons we sought to study the expression of

commonly accepted prognostic markers such as the embryonic

neural crest stem-cell marker CD271, and activation of the

MAPK and AKT pathways in different morphological subtypes

of MMs. These would be correlated with patients’ outcomes

after a minimum of 4 years follow-up, along with cytological

aspects of MM as observed in vivo by means of reflectance con-

focal microscopy (RCM). RCM represents a new imaging tool

for more accurate clinical diagnosis of skin malignancies,

including MM, enabling the in vivo visualization of cell mor-

phology.12–15 Due to RCM’s horizontal scanning and capabil-

ity to highlight melanin-containing cells, melanocyte

morphology is visualized with more detail than by routine ha-

ematoxylin and eosin histopathology, and RCM further enables

correlation with genetic and biomolecular alterations.16,17

The aim of the present study was to establish a correlation

between MM morphology, as characterized by in vivo RCM,

and markers in immunohistochemical (IHC) analysis that can

have a prognostic value in the different MM subtypes.

Materials and methods

Study population

We retrospectively analysed samples from 30 patients with

primary melanoma retrieved from the dermatology and

pathology database, according to local ethical guidelines. The

inclusion criteria of our retrospective study were (i) the pres-

ence of a complete set of RCM images, (ii) availability of his-

topathological sections and (iii) clinical records of patients’

follow-up for at least 4 years from the diagnosis.

Reflectance confocal microscopy acquisition and

evaluation

Reflectance confocal microscopy images were collected by

means of a commercially available confocal microscope (Viva-

scope 15000; Mavig GmbH, Munich, Germany) before exci-

sion of the tumour, as described elsewhere.18 RCM images

were blindly evaluated for their architecture on mosaics

acquired at the epidermal, junctional and superficial dermis

layers, and for cytology characteristics by two expert derma-

tologists, and classified into three different morphology pat-

terns19 according to the criteria listed in Figure 1.

Briefly, type 1 lesions are characterized by rings and/or a

meshwork pattern consisting of thin meshes and with a pre-

dominant population of dendritic melanocytes within the epi-

dermis. Type 2 lesions are characterized by a meshwork

pattern with large meshes, bulging nests and aggregates of

predominantly large roundish cells, with or without a promi-

nent pagetoid infiltration. Type 3 lesions are characterized by

large aggregates of cells, either large roundish cells or small

low-reflectance structures in a cerebriform nest fashion. In the

presence of more than one RCM morphological pattern, the

lesion was classified as having a ‘combined pattern’.

Histological study

Histopathology evaluation and IHC analysis were performed at

the pathology department. Immunohistochemistry was per-

formed on formalin-fixed, paraffin-embedded MM sections

(4 lm thick), using an automated system according to the man-

ufacturer’s protocol (Ventana Medical Systems, Tucson, AZ,

U.S.A.). CD271 (Clone ME20�4; BioLegend, San Diego, CA,

U.S.A.), phosphorylated AKT (pAKT; Clone 736E11) and phos-

pho p44/42 MAPK (pERK; #4376; both Cell Signaling Technol-

ogy, Beverly, MA, U.S.A.) primary antibodies were diluted to

1 : 50 in antibody dilution buffer and incubated with tissue

samples overnight at 4 °C. Primary antibodies were developed

with the use of the Dako Envision Plus System (Dako, Glostrup,

Denmark) with horseradish peroxidase/3,30-diaminobenzidine

(Ventana Medical Systems). Slides were counterstained with ha-

ematoxylin. For all these procedures, staining without the pri-
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mary antibody was carried out as a negative control. IHC posi-

tivity of all human MM specimens was performed indepen-

dently by two investigators (A.M.C. and F.B.).

Ethics statement

The study was approved by the ethical review committee of

the Modena Hospital (protocol number 1338/CE; 4/09) and

conducted according to the Declaration of Helsinki. Written

informed consent was obtained from each patient enrolled.

Statistics

Statistical evaluation was carried out using the SPSS statistical

software package (version 12.0.0; IBM, Armonk, NY, U.S.A.).

Correlations between RCM and IHC analysis, and the number

of mitoses and IHC analysis, were performed by means of

Spearman rho calculation. P < 0�05 was considered significant.

Kaplan–Meier estimates were constructed for time-to-event

end points such as overall survival, and the log-rank test was

applied to test differences for all cases, CD271 negative and

CD271 positive. P < 0�02 was considered significant. Due to

the small sample size, the above analyses were considered

exploratory and the results need to be confirmed in future

large-scale studies.

Results

Study population

The clinical, histopathological and RCM characteristics of the

study population are summarized in Table 1. In total 30

patients, 11 female and 19 male, were included in the study,

with a mean age of 60�4 years. The mean Breslow thickness

was 1�87 � 1�73 mm, including three in situ MMs, 11 inva-

sive MMs ≤ 1 mm, four MMs 1�01–2 mm, 10 MMs 2�01–
4 mm and two > 4 mm. Ulceration was reported in eight

cases, and > 1 mitosis per mm2 was present in five cases.

From a histopathological point of view the lesions were classi-

fied as superficial spreading MM in 10 cases, lentigo maligna

MM in three cases, MM in situ in three cases, nodular MM in

two cases, and desmoplastic MM, spindle-cell MM and spit-

zoid MM in one case each.

Clinical follow-up

Clinical follow-up information was available for a range of

11�5–114�6 months, mean 62�3 � 22�9. At the time of last

clinical follow-up, 22 patients were alive (follow-up range of

44�8–114�6 months, mean 71�1 � 14�2), 21 without recur-

rences (70%) and one with recurrences (3%). Eight patients

Type 1 Type 2 Type 3 Combined pattern

1+2 1+2+3 2+3

Lesions characterized 

by rings and/or a 

meshwork pattern 

formed of thin meshes 

and with a 

predominant 

population of 

dendritic melanocytes 

within the epidermis

Lesions characterized 

by a meshwork 

pattern with large 

meshes, bulging nests 

and aggregates of 

predominantly large 

roundish cells, with or 

without a prominent 

pagetoid infiltration

Lesions characterized 

by large aggregates of 

cells, either large 

roundish cells or 

small low-reflectance

structures in a 

cerebriform nest 

fashion

Lesions presenting a combination of patterns were 

usually larger than those with a single pattern 

Type 1+2, MMs presenting a combination of 

dendritic and round cells shared numerous features 

with type 1 MMs

Type 1+2+3, characterized by pleomorphic and 

abundant cell proliferation, forming junctional and 

dermal aggregates, and organized in sheet-like 

structures

Type 2+3, MMs showing a combination of round 

cells and large dermal aggregates

Fig 1. Cell morphology features of malignant melanoma (MM) defined by in vivo reflectance confocal microscopy.
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had died (survival range 11�5–89�9 months; mean survival

37�9 � 25�4 months), three from other causes (10%) and

five from melanoma (17%), as described in Table 1.

Reflectance confocal microscopy classification in

malignant melanoma types

Concerning RCM patterns (Table 1), seven of the 30 cases

were classified as type 1 MMs (predominant population of

dendritic cells), three as type 2 (predominant population of

large bright round cells) and eight as type 3 (tumour develop-

ment mainly into dermal large aggregates). Five lesions pre-

sented both type 1 and type 2 pattern, four showed a

combination of type 2 and type 3, and the remaining three

MMs presented all RCM patterns.

Immunohistochemical analyses correlated with malignant

melanoma type

The IHC results are listed in Table 1. The relative and absolute

frequencies of the parameters analysed in the study according

to RCM tumour subtype are shown in Table 2. Expression of

Table 1 Study population and reflectance confocal microscopy (RCM) definition of malignant melanoma type

No.

Age

(years)/
sex

Thickness
(mm) Ulceration

Mitotic
index

Follow-up

(months)/
status

RCM MM
type CD271 pERK pAKT

1 60/M 0�28 Absent 0 88�1/AWOR 1 � + �
2 69/F 0�23 Absent 0 86�5/AWOR 1 � � +
3 82/F 0 – – 76�5/AWOR 1 � � �
4 71/F 0�19 Absent 0 75�8/AWOR 1 � � �
5 57/M 0 – – 66�9/AWOR 1 � � �
6 85/M 0�35 Absent 0 32�8/DOC 1 � � �
7 78/M 0 – – 44�1/DOC 1 � + +
8 76/F 0�67 Absent 1 72�7/AWOR 2 � � �
9 43/M 0�29 Absent 0 68�3/AWOR 2 � + �
10 58/F 0�63 Absent 1 63�5/AWOR 2 � + +
11 75/M 4 11 mm 10 33�0/DOD 3 + + +
12 49/M 5 Absent 1 54�8/DOD 3 + + �
13 68/M 2�94 Absent 1 17�6/DOD 3 � � �
14 52/F 2�5 4 mm 4 114�6/AWOR 3 � � �
15 58/M 2 Absent 1 90�0/DOC 3 + + �
16 25/F 4 2–3 mm 2 85�8/AWOR 3 + + �
17 83/M 3�5 2–3 mm 1 51�2/AWOR 3 � + �
18 58/F 2�5 4 mm 5 44�8/AWOR 3 + + +
19 83/M 0�34 Absent 1 71�1/AWOR 1 + 2 � + +
20 77/M 1�1 Absent 1 70�8/AWOR 1 + 2 � + �
21 37/M 0�29 Absent 0 65�8/AWOR 1 + 2 � + +
22 28/F 1 Absent 1 65�8/AWOR 1 + 2 � � +
23 42/F 0�35 Absent 0 63�8/AWR 1 + 2 � + �
24 40/M 4 Absent 3 70�2/AWOR 2 + 3 + + �
25 59/M 3 4 mm > 10 19�9/DOD 2 + 3 + � �
26 52/F 2 Absent 1 64�4/AWOR 2 + 3 � � �
27 51/M 2 Absent 1 64�1/AWOR 2 + 3 + � �
28 44/M 6 Absent 1 75�8/AWOR 1 + 2 + 3 + � �
29 76/M 4 8 mm 8 11�5/DOD 1 + 2 + 3 + � �
30 77/M 3 Focal 6 58�6/AWOR 1 + 2 + 3 � + +

M, male; F, female; DOD, dead of disease; DOC, dead of other causes; AWOR, alive without recurrence; AWR, alive with recurrence; pERK,

phosphorylated extracellular signal-related kinase; pAKT, phosphorylated protein kinase B.

Table 2 Absolute and relative frequencies of malignant melanoma types and biological marker staining

Type 1
(n = 7)

Type 2
(n = 3)

Type 3
(n = 8)

Combined 1 + 2
(n = 5)

Combined 2 + 3
(n = 4)

Combined 1 + 2 + 3
(n = 3)

Total
(n = 30)

CD271 0 0 5 (62)** 0 3 (75) 2 (67) 10 (33)*
pERK 2 (29) 2 (67) 6 (75) 4 (80) 1 (25) 1 (33) 16 (53)

pAKT 2 (29) 1 (33) 2 (25) 3 (60) 0 1 (33) 9 (30)

Values are n (%). pERK, phosphorylated extracellular signal-related kinase; pAKT, phosphorylated protein kinase B. *P < 0�05; **P < 0�01.
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CD271 was found in 33% of the whole study population,

with a different distribution among the different morphologi-

cal subtypes. CD271 was positive in 62% of the cases showing

exclusively a type 3 morphology (large aggregates of small

cells infiltrating the dermis) on RCM examination (q = 0�707,
P < 0�01). Considering the cases presenting a type 3 pattern

in combination with other morphologies, the correlation

remained significant (q = 0�433, P < 0�05). On the other

hand, CD271 was not expressed in MM with exclusively type

1 or type 2 RCM morphology.

In CD271-positive lesions, melanocytes in dermal aggre-

gates, corresponding to clods in RCM and to dermal nests in

histopathology, represented the most evidently stained popula-

tion (Fig. 2).

To investigate the prognostic value of RCM, we correlated

the expression of CD271 with the number of mitoses and

clinical outcome. CD271 correlated significantly with the

number of mitoses (q = 0�583, P < 0�01). Concerning overall

survival, four of the five patients who died from MM were

CD271 positive, and presented the RCM type 3 morphology.

Kaplan–Meier analysis revealed that CD271 expression in mel-

anoma was inversely correlated with patients’ survival

(P = 0�017) (Fig. 3).
Expression of pERK (53% of lesions) and pAKT (30% of

lesions) was not associated with characteristic RCM morphol-

ogy. No correlation was found between RCM morphology and

Breslow thickness or histotype.

Discussion

This study identified the expression of a marker of embry-

onic stem cells, CD271, in MMs showing characteristic

RCM and histopathological features. Interestingly, the

embryonic stem-cell marker was specifically associated with

a peculiar tumour cell population, corresponding to large

aggregates of cells organized in nests, detected by RCM as

‘cerebriform’ and ‘dense & sparse’ nests.20 On the other

hand, this embryonic marker was not associated with either

classical histotype or Breslow depth. Therefore, it seems that

RCM may represent a useful tool for rapid collection of

information about cell morphology at the bedside,19 which

might be closely related to different biomolecular character-

istics. In fact, in our study the presence of cerebriform

RCM nests or dense and sparse cell aggregation led to a

high probability of CD271 expression (sensitivity 67%,

specificity 100%).

CD271-positive RCM dermal aggregates correlated with a

poor prognosis. As this peculiar RCM morphology of cell

(a) (b) (c)

(d) (e) (f)

Fig 2. Reflectance confocal microscopy (RCM) images and immunohistochemical correlates. (a) Clinical image of malignant melanoma (MM). (b,

c) RCM images in a horizontal section of the melanoma with combined types 2 and 3 (bar = 500 lm). (d) Haematoxylin and eosin stain of MM.

(e, f) Immunohistochemical images in a transverse section of MM detected with anti-CD271 antibody (bar = 150 lm). CD271 expression was

positive in cells of dermal large aggregates that correspond to an organization in dermal nests using confocal in vivo microscopy.

Fig 3. Kaplan–Meyer curve for overall survival of 30 patients with

different expression of CD271 (log-rank test, P = 0�017, significant

difference).
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aggregates also represents a characteristic pattern for nodular

MM,21,22 known for its rapid pattern growth and invasion,

and major biological aggressiveness,23 we investigated the

relationship between RCM morphology/CD271+ cells and

patients’ survival. Also, the nodular MM component arising

on superficial spreading melanocytic growth (corresponding

to RCM type 1 and/or 2 pattern) showed this peculiar nest

morphology and CD271 positivity. Thus, our data support

the hypothesis of Zalaudek et al.24 The authors suggested

that different subtypes of MMs originate from distinct pre-

cursors with different patterns of growth, and that tumour

invasion is related to the appearance of dedifferentiated

clones. From our data, these clones of dedifferentiated cells

may be composed of CD271 cells. These data are in line

with those of Kumar et al.,4 who recently showed that de-

differentiated MM cells acquire stem-cell features, such as

multipotent differentiation capacity and expression of MM

cancer stem-cell markers. Although our study population

was small, the high prevalence of CD271-positive cells in

patients who died because of MM progression strengthens

the hypothesis of a correlation between tumour dedifferenti-

ation and acquisition of biological aggressiveness. This find-

ing offers the potential to study this cell subtype population

specifically for targeting cells with a high potential meta-

static capability.

On the other hand, pathway marker expression studied by

means of IHC analysis did not correlate with tumour mor-

phology, tumour histopathological characteristics or Breslow

thickness. Therefore, we may hypothesize that IHC evaluation

of MAPK and AKT expression cannot predict either tumour

morphology or behaviour. It is possible that the variability in

formalin-fixed paraffin-embedded preparations and the labile

nature of the protein phosphorylation might have created

ambiguities in clinical interpretation.25 In fact, immunohisto-

chemistry is much less sensitive than alternative molecular

procedures, such as direct extraction and solubilization for

protein microarray analysis.26 Therefore a more in-depth study

of the pERK and pAKT pathways is needed, possibly on fresh

tissue, for better evaluation of this process in tumour progres-

sion and invasion.

In conclusion, our data suggest that (i) MM is a hetero-

geneous tumour presenting different cell populations, some-

how related to its pattern of growth and invasion

capability; (ii) bedside detection of peculiar morphological

markers by means of RCM may suggest different tumour

marker expression and tumour aggressiveness; and (iii)

CD271 may represent a relevant prognostic marker as it

characterizes a dedifferentiated population, which could be

systematically found in MMs with cerebriform and/or dense

and sparse cellular aggregates upon RCM, or with large

aggregates of small and/or pleomorphic melanocytes in his-

topathology.

Notwithstanding the small number of cases evaluated, this

study shows the relevance of investigating the role of CD271

in melanoma aggressiveness, in order to improve the progno-

sis pattern and help patient-by-patient management.
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