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Background: Multiphoton Laser Tomography (MPT) has

developed as a non-invasive tool that allows real-time observa-

tion of the skin with subcellular resolution. MPT is readily com-

bined with time resolved detectors to achieve fluorescence

lifetime imaging (FLIM). The aim of our study was to identify

morphologic MPT/FLIM descriptors of melanocytic nevi, refer-

ring to cellular and architectural features.

Methods: In the preliminary study, MPT/FLIM images referring

to 16 ex vivo nevi were simultaneously evaluated by 3 obser-

vers for the identification of morphologic descriptors character-

istic of melanocytic nevi. Proposed descriptors were discussed

and the parameters referring to epidermal keratinocytes, epi-

dermal melanocytes, dermo-epidermal junction, papillary der-

mis and overall architecture were selected. In the main study,

the presence/absence of the specified criteria were blindly

evaluated on a test set, comprising 102 ex vivo samples

(51 melanocytic nevi, 51 miscellaneous skin lesions) by 2

observers.

Results: Twelve descriptors were identified: “short-lifetime

cells in the stratum corneum”, “melanin-containing keratino-

cytes”, “dendritic cells”, “small short-lifetime cells” in the upper

and lower layers”, “edged papillae”, “non-edged papillae”,

“junctional nests of short-lifetime cells”, “dermal cell clusters”,

“short-lifetime cells in the papilla”, “monomorphic and regular

histoarchitecture”, “architectural disarray”.

Conclusion: Identified descriptors for benign melanocytic

lesions proved sensitive and specific, enabling the differentia-

tion between melanocytic nevi and non-melanocytic lesions.
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COMMON NEVI are a wide group of benign
lesions including entities histologically

characterized by an increased number and pro-
liferation of typical melanocytes, in single cells
or in aggregates, where they tend to assume an
epithelioid configuration. From a histological
point of view, we differentiate junctional, com-
pound and intradermal nevi. Junctional nevi
are characterized by a proliferation of single
cells at the junction (jentigo type) or small junc-
tional nests. The compound nevus subtype has
a junctional and a dermal component which
can involve the superficial or the deep dermis,
whereas intradermal nevi include nevi with
nests only localized in the dermis.

Clinically, nevi can be distinguished for
their presentation as flat, palpable, or frankly
dome-shaped lesions, according to the dermal
involvement. In fact, a junctional nevus tends to
be totally flat, but while dermal nests start to
deepen in the upper dermis, it may become pal-
pable. As the nests reach the deep dermis, the
elevation of the nevus occurs, conferring the
papulous aspect typical of dermal nevi.
Nevi are clinically relevant because they may

look very similar to malignant melanocytic
lesions. Early diagnosis of melanoma represents
the only means to defeat this potentially lethal
tumour with certainty. The differential diagno-
sis between a common nevus and a melanoma
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is usually performed by clinical and instrumen-
tal examinations. Since clinical assessment alone
does not achieve a satisfactory identification of
suspicious lesions (1), non-invasive imaging
techniques such as dermoscopy and reflectance
confocal microscopy (RCM) have been intro-
duced to enable the clinician both to early
detect melanoma and to avoid unnecessary sur-
gical removals (2–4).
Under dermoscopy, junctional nevi usually

show a reticular pattern, with brown to black
regular meshes surrounding lighter holes; the
corresponding feature in RCM is the ringed pat-
tern, with regular edged papillae formed by
regularly sized and shaped bright cells, sur-
rounding dark oval spaces (dermal papillae) (5).
Compound nevi are characterized by a reticu-

lar-globular or reticular-globular-homogeneous
pattern in dermoscopy, while RCM features
include a meshwork pattern, with abundant
junctional and dermal nests. A clod pattern is
observable when the aggregation in nests of
melanocytic cells is prevalent (6).
Dermal nevi are featured in dermoscopy by a

cobblestone pattern, with light to dark, polygo-
nal to roundish globules on a homogeneously
pigmented area. Under RCM the epidermal and
junctional layers are thinned due to the dermal
expansion of melanocytes, and the most com-
monly seen feature includes the presence of
homogeneous dense nests expanding the der-
mal papillae (7).
Recently, multiphoton laser tomography

(MPT) has developed as a new non-invasive tool
that allows real-time observation of the skin with
subcellular resolution. This nonlinear optical
technique employs a near-infrared (NIR) ultra-
fast laser (femtosecond pulses) to achieve an
efficient nonlinear excitation of fluorophores and
a penetration depth of ~200 lm (8–10). MPT is
readily combined with time resolved detectors to
achieve fluorescence lifetime imaging (FLIM).
Multiphoton laser tomography and MPT-

FLIM have been extensively employed for the
definition of basal cell carcinoma (BCC) features
in vivo and ex vivo, with the identification of spe-
cific basal cell carcinoma descriptors, enabling
its differentiation from healthy skin and from
other skin lesions (11–15).
So far, only two MPT studies focused on the

features of melanocytic lesions. Investigating
autofluorescent images (MPT images without
FLIM) of 83 melanocytic lesions, Dimitrow et al.

assessed the potential of this technique for the
determination of the sensitivity and the specific-
ity for the diagnosis of malignant melanoma
(16). In a second study carried out by the same
group also employing FLIM, a significant differ-
ence in the lifetime behaviour of keratinocytes
in comparison to melanocytes was demon-
strated (17).
The aim of our study was to identify mor-

phological descriptors of melanocytic nevi,
referring both to cellular features and to archi-
tectural aspects, employing MPT/FLIM, and to
establish the terminology for their assessment.
To this purpose, we evaluated the presence and
the frequency of the descriptors in two test sets
of images, comprising melanocytic nevi and a
miscellaneous population. MPT/FLIM descrip-
tors of melanocytic nevi were compared with
RCM and histopathological findings.

Materials and Methods

Study design
The study was divided into two parts, a preli-
minary study and a main study. In the former,
MPT/FLIM images referring to 16 ex vivo nevi
were simultaneously evaluated by three observ-
ers (SS, FA, and MM) for the identification of
morphological descriptors characteristic of
melanocytic nevi. Proposed descriptors were
discussed and the parameters referring to epider-
mal keratinocytes, epidermal melanocytes,
dermo-epidermal junction, papillary dermis and
lesion architecture were selected after unani-
mous approval.
In the main study, the presence/absence of

the specified criteria were blindly evaluated on
a test set, comprising 102 ex vivo samples (51
melanocytic nevi and 51 miscellaneous skin
lesions) by two independent observers (SS, SB),
who also classified the images into those per-
taining to melanocytic nevi or ‘other’. Fluores-
cence lifetime values inside a region of interest
corresponding to three cells per sample were
calculated on images acquired by an excitation
wavelength of 760 nm on 48 healthy skin and
48 melanocytic nevus samples.

Lesions and patients
The MPT/FLIM images of 67 melanocytic nevi,
which were excised because of equivocal
dermoscopic aspects, were evaluated. All lesions
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underwent conventional histhopathological exam-
ination. Considering only the 51 lesions
constituting the test set, 40 lesions were histo-
logically defined as compound nevi, 6 as junc-
tional nevi, and 5 as dermal nevi. Thirty-five
lesions were localized on the trunk, 11 on the
limbs, and 5 on the face and the scalp. These 51
lesions were surgically removed from 49
patients (30 men and 19 women), whose age
ranged from 19 to 88 years.
The miscellaneous population comprised of

51 histologically confirmed lesions, including 18
basal cell carcinomas, 13 squamous cell carcino-
mas, 7 dermatofibromas, 5 actinic keratosis, 2
seborrheic keratosis, 1 condrodermatitis, 1 atyp-
ical fibroxantoma, 1 leyomiosarcoma, 1 lentigo
simplex, 1 neurofibroma and 1 desmoplastic
trichoepithelioma.

Instrumentation and elaboration of the data
Multiphoton laser tomography
In this study, we used the MPT DermaInspect®

imaging system (Jenlab GmbH, Jena, Germany)
that provides intratissue scanning with subcellu-
lar spatial resolution (0.5 lm in lateral direction
and 1–2 lm in the axial direction) (8, 17–20).
This CE-marked and commercially available
imaging tool is rated as a class 1M device
according to the European laser safety
regulations and consists of three major mod-
ules: excitation laser, scanning unit and control
module. The laser source utilizes a mode-
locked, 80 MHz, Ti:Sapphire laser (Mai-Tai;
Spectra Physics, Mountain View, CA, USA)
with a tuning range of 710–920 nm, a 75 fs
pulse width and a maximum laser power of 900
mW that is attenuated to a maximum of 50 mW
at the sample. The scanning unit includes a
beam expander, fast x�y galvoscanners, a 409
focusing objective (NA = 1.3 oil), a time-corre-
lated single photon counting (TCSPC) module
for FLIM and a photomultiplier tube (PMT) for
intensity imaging. A colour-glass filter (Schott
BG39) is employed in front of the PMT to block
the scattered laser radiation light.

Fluorescence lifetime imaging
Fluorescence lifetime imaging was implemented
in the DermaInspect® system using a time-cor-
related single photon counting (TCSPC) module
with a temporal instrument response function
of approximately 250 ps (full-width at half-max-

imum). The emitted autofluorescence was spec-
trally selected by means of a short pass optical
filter (Schott BG39) to protect the detector
(PMH 100-1; Becker & Hickl GmbH, Berlin,
Germany) from scattered excitation light. The
TCSPC data were processed using SPCImage
(Becker & Hickl GmbH). The raw TCSPC
images were smoothed using a 5 9 5 kernel
(SPCImage binning set to 2) and a single expo-
nential decay fitting model was employed to
obtain an estimate of the mean fluorescence life-
time at each pixel. The final output of the FLIM
analysis is a pseudocolour image where the col-
our scale encodes the fluorescence lifetime and
image brightness encodes the fluorescence
intensity. False-colour lifetime maps of ex vivo
samples were produced by assigning a colour
according to its lifetime value to each pixel of
the image. All images were displayed with a
fluorescence lifetime range from red (0 ps) to
blue (2000 ps).

Image acquisition and analysis
Ex vivo samples were placed on a cork disc cov-
ered by a transparent film and a gauze. For the
examination of the samples a drop of water
was placed between the skin and the cover
glass, which was then attached to a metal cou-
pling ring by circular adhesive tape. The metal
coupler was magnetically connected to the MPT
system after applying a drop of oil (Immersol
518F; Carl Zeiss Ltd, Standort Gottingen-
Vertrieb, Gottingen, Germany) between the
cover glass and the objective. The surface of the
skin was found by using a coarse manual
adjustment of the focus. Following this, a spe-
cific layer was selected by fine adjustment of
the focus via a piezo positioner controlled by
the software JLScan 1100. The imaging depth
was first pinpointed to the upper layer (stratum
corneum); for the acquisition of stacks, a step-
wise descent from the surface to a depth of
approximately 200 lm was then performed
with an interval of 15 lm. The maximum imag-
ing depth corresponds to the working distance
of the focusing optics of the DermaInspect® sys-
tem (200 lm). One optical section, consisting of
256 9 256 pixels, was taken with a scanning
time of 25.5 s/frame and an excitation power
between 20 and 45 mW.
For the evaluation of epidermal structures

we used an excitation wavelength of 760 nm to
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preferentially excite intracellular NADH in the
stratum corneum and the keratinocytes. Switch-
ing the excitation wavelength to 800 nm pro-
vided preferential excitation of melanin, in
particular in pigmented keratinocytes and mela-
nocytes in the basal layer and at the junction sur-
rounding the papillae. Increasing the wavelength
to 820 nm generated two types of signal in der-
mal fibres: autofluorescence from both collagen
fibres and elastin fibres and second harmonic
generation in collagen fibres. Separation of these
signals was accomplished by utilizing a long
pass optical filter (Semrock, BLP01-405R-25,
~0.04% transmission at 415 nm) that can be
inserted into the beam path and which excludes
the SHG component of the signal when exciting
with wavelengths up to 820 nm. FLIM data pro-
duced by SPCImage were analysed using a cus-
tom-written software package (‘FLIM analysis
assistant software’) provided by the Photonics
Group at Imperial College London, to calculate
the mean fluorescence intensity and lifetime val-
ues for selected areas of interest such as the cyto-
plasm of single cells.

Imaging of the samples
Each sample was excised during dermatological
surgery, then cut, saving some healthy skin, to
obtain a regular shape, thereby facilitating its
positioning under the microscope. The tissue
specimens excised contained the entire skin
lesion and normal perilesional skin from the
ends of the spindle-shaped resection. For obser-
vation, saline solution was used as the immer-
sion medium under the objective lens to
maintain the natural tissue osmolarity. Two-
dimensional, horizontal images were acquired
through optical sectioning parallel to the tissue
surface (i.e. in the x�y plane). Three-dimen-
sional data sets, called z-stacks, were obtained
by sequentially changing the plane of focus
(z-level), thus scanning at different tissue
depths. Imaging was accomplished within
30 min from biopsy.
All images analysis was performed using

pseudocolour FLIM images produced by the
SPCImage software. For each sample of the test
set, 15 FLIM stacks were examined. In total, 765
images of nevi and an equivalent number of
other skin lesion samples were considered. For
the evaluation of the lesions, a 0–2000 ps colour
scale was employed.

The local ethics committee granted approval of
the study protocol before the start of the study.

Statistics
The frequency of each descriptor in melanocytic
nevi and other skin lesions was computed, and
the chi-squared test and the Fisher’s exact test
were calculated. Sensitivity and specificity val-
ues of single descriptors and of the MPT/FLIM
diagnosis of nevus were evaluated as compared
with histopathological diagnosis. The agreement
between ratings made by two observers on the
diagnosis of nevus and on specific patterns
(inter-rater reliability) was estimated using the
Cohen’s kappa statistics with 95% confidence
intervals. Finally, mean values and standard
deviations of the fluorescence decay in healthy
and nevus cells were calculated and differences
were assessed by means of the Student’s t-test.
A P-value <0.05 was considered statistically sig-
nificant. Statistical examinations were per-
formed with SPSS 19.0 for Windows (SPSS Inc.,
Chicago, IL, USA).

Results

Preliminary study
Normal perilesional skin
The morphological features as observed by FLIM
in the specimens of normal perilesional skin
were similar to those already reported (21).
Keratinocytes exhibit an intermediate fluores-
cence lifetime which was calculated on 48
healthy skin samples: the average lifetime value
was 1000 ps with a standard deviation of 200 ps.
Epidermal keratinocytes appear green according
to our 0–2000 ps colour scale, whereas cells or
structures with a shorter fluorescence lifetime
(coded red) correspond to melanocytes or pig-
mented keratinocytes and melanosomes respec-
tively.

Melanocytic nevi
After evaluation of 240 images corresponding to
the depth stacks of 16 melanocytic nevus sam-
ples, we identified 13 descriptors referring to
epidermal keratinocytes and melanocytes,
dermo-epidermal junction, papillary dermis and
overall architecture.
Epidermis. ‘Short-lifetime cells in the stratum

corneum’ appear as cells of different size, some-
times displaying more than one nucleus and
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speckled melanin (Fig. 1a,b). ‘Melanin-contain-
ing keratinocytes’ are recognizable in FLIM
images as keratinocytes-containing spots or
patches with a short fluorescence lifetime of less

than ~450 ps, (red to yellow in the 0–2000 ps
pseudocolour scale) characterizing melanin (17).
The melanin blotch inside the keratinocyte
may be unique, involving a large part of the

(a) (b) (c) (d)

(e) (f) (g) (h)

(i) (j) (k) (l)

(m) (n) (o) (p)

Fig. 1. (a, b) 760 nm excitation wavelength; 0–2000 ps pseudocolour scale; 10 m depth (a), 15 m depth (b). ‘Short-lifetime cells in the stratum
corneum’ are well visible appearing large, different in size and shape with speckled melanin inside. (c, d) 760 nm excitation wavelength;
0–2000 ps pseudocolor scale; 20 m depth. Going deeper from the stratum corneum, we find ‘melanin-containing keratinocytes’; the pigment can
involve all the cytoplasm sparing the nucleus or can be organized in blotches. (e) 760 nm excitation wavelength; autofluorescence image; 70 m
depth. ‘Dendritic cells’ with thin and fluorescent (white) branches raising from the cellular body (arrow). (f) 760 nm excitation wavelength;
0–2000 ps pseudocolour scale; 75 m depth. Short lifetime ‘dendritic cells’ appearing orange (arrows). (g) 760 nm excitation wavelength;
0–2000 ps pseudocolour scale; 20 m depth. ‘Small short-lifetime cells’, smaller than keratinocytes in the upper epidermal layers. (h) 760 nm excita-
tion wavelength; 0–2000 ps pseudocolour scale; 45 lm depth. ‘Small short-lifetime cells’ whose size doesn’t differ from keratinocytes’ of the lower
layers. (i) 800 nm excitation wavelength; 0–2000 ps pseudocolour scale; 80 m depth. Increasing the excitation wavelength ‘edged papillae’ consti-
tuted by a rim of short-lifetime cells surrounding an oval space with collagen fibres are visible. (j) 820 nm excitation wavelength; 0–2000 ps
pseudocolour scale; 90 m depth; long-pass filter excluding SHG signal. Only elastic fibres in the papillae, appearing blue according to their long
fluorescence lifetime, are observable. (k, l) 760 nm excitation wavelength; 0–2000 ps pseudocolour scale; 70 m depth (k); 40 m depth (l). ‘Junc-
tional nests of short-lifetime cells’ at the dermo-epidermal junction, constituted by yellow-orange cells according to their melanocytic nature (short
fluorescence lifetime). (m) 820 nm excitation wavelength, 0–2000 ps pseudocolour scale, 110 m depth. ‘Dermal cell clusters’ in the papillary
dermis developing into the interpapillary spaces. (n) 760 nm excitation wavelength; 0–2000 ps pseudocolour scale; 40 m depth. Isolated cells bulg-
ing from the papillae, arising from their boundaries. (o, p) 760 nm excitation wavelength; 0–2000 ps pseudocolour scale; 60 m depth (o); 50 m
depth (p). ‘Short lifetime cells in the papilla’ corresponding to melanophages or inflammatory cells; hair follicle (arrow); 0–2000 ps pseudocolour
scale.
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cytoplasm and sparing the nucleus, or it may be
organized in multiple spots, conferring a granu-
lar appearance to the keratinocyte (Fig. 1c,d).
Sometimes the melanin blotch is disposed to
form a cap over the nucleus, which is not recog-
nizable because of the horizontal optical section
of the sample.
We also observed ‘dendritic cells’, which cor-

respond to cells with branching ramifications
and dendrites (Fig. 1e,f). When the presence of
only one or two of them was recorded, they
were defined as ‘sporadic dendritic cells’.
Epidermal melanocytes in the upper and the

lower layers, defined as ‘small short-lifetime
cells’ appear as tiny cells, which are smaller
than keratinocytes and show a well-visible
small nucleus and homogeneously distributed
melanin (Fig. 1g,h).
Dermo-epidermal junction. At the level of the

dermo-epidermal junction the tips of the dermal
papillae, appearing as roundish structures sur-
rounded by a regular orange boundary made
up of keratinocytes and melanocytes, are visi-
ble. ‘Edged papillae’ are characterized by a
well-demarcated rim of orange cells surround-
ing a dark space containing fibres or cells
(Fig. 1i,j), whereas ‘non-edged papillae’ lack a
well-defined boundary. The dermal papillae
were not always visible, and this is probably
due to a thicker epidermal layer in these speci-
mens and the limited imaging depth, and to the
lesion morphology, when nodular.
Nevus cells forming aggregates of melanocytes

appearing as bulges rising from the periphery of
the papillae were defined ‘junctional nests of
short-lifetime cells’. They are well correlated
with the histological finding of melanocytic nests
in junctional and compound nevi (Fig. 1k,l).

Papillary dermis. Exploring the superficial or
papillary dermis bright ‘dermal cell clusters’ or
isolated cells bulging from the papillae are visi-
ble (Fig. 1m,n); they arise from the papillary
contour and develop into the interpapillary
spaces. Because of their marked fluorescence,
they are well visualized with MPT, and it is
easy to distinguish them from keratinocytes.
Their short-lifetime value, corresponding to yel-
low on the 0–2000 ps colour scale, confirms
their melanocytic nature.
In the papillary dermis we can also find

‘short-lifetime cells in the papilla’ (Fig. 1o,p).
They are generally isolated or grouped into
small clusters, and are bigger than melanocytes.
Thanks to their brightness, they are well visible
inside the papillae intermingled with collagen
and elastic fibres. It is reasonable to identify
them as melanophages.
Architecture. Epidermal layers and the dermo-

epidermal junction may show a ‘monomorphic
and regular histoarchitecture’ or an ‘architec-
tural disarray’. These descriptors contribute to
the assessment of the benignity of the lesion.

Main study
Frequency of epidermal and melanocytic nevi descriptors
The frequency of the descriptors in nevi and in
the control population is illustrated in Table 1.
We can appreciate that ‘small short-lifetime
cells upper layers’ and ‘small short-lifetime cells
lower layers’ are found in almost all melanocy-
tic nevi. In fact they were present in 98% of
melanocytic lesions, whereas their frequency in
the control population was 1.9% and 17.6% for
upper and lower layers respectively. ‘Dendritic
cells’ in the control population were never

TABLE 1. Frequency of FLIM descriptors in melanocytic nevi and control population, Chi-squared test and Fisher’s exact test, sensitivity and specificity
values, interobserver agreement (Kappa values)

FLIM descriptors

Melanocytic

nevi 51 (100%)

Control

population

51 (100%) v2 (significance)

Fisher’s

exact test Sensitivity Specificity

K values

(significance)

Small short-lifetime cells upper layers 50 (98) 1 (1.9) 86.761 (0.000) 0.000 98.03 98.04 0.485 (0.000)

Small short-lifetime cells lower layers 50 (98) 9 (17.6) 57.177 (0.000) 0.000 98.03 82.35 0.381 (0.000)

Dendritic cells 4 (7.8) 0 4.163 (0.041) 0.118 7.84 100 1 (0.000)

Edged papillae 42 (82.3) 4 (7.8) 62.963 (0.000) 0.000 82.35 92.16 0.704 (0.000)

Junctional nests of short-lifetime cells 48 (94.1) 0 87.164 (0.000) 0.000 94.11 100 0.847 (0.000)

Dermal cell clusters 29 (56.8) 2 (3.9) 24.984 (0.000) 0.000 56.86 96.08 0.728 (0.000)

Diagnosis of melanocytic nevus 51 (100) 0 102.000 (0.000) 0.000 100 100 1 (0.000)

Aligned elongated cells 0 15 (29.4) 17.586 (0.000) 0.000 0 70.59 Not applicable

Double alignment 0 3 (5.8) 3.091 (0.079) 0.243 0 94.12 Not applicable

Phantom islands 0 7 (13.7) 7.516 (0.006) 0.013 0 86.27 Not applicable
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found, whereas they were observed in four nevi
(7.8%). ‘Edged papillae’ were found in 82.3% of
melanocytic nevi, whereas in control lesions
their frequency was 7.8%. The control popula-
tion did not show the presence of ‘junctional
nests of short-lifetime cells’, which can be con-
sidered one of the most representative descrip-
tors of melanocytic nevi, being present in 94.1%
of nevi. Finally, ‘dermal cell clusters’ were pres-
ent in 56.8% of melanocytic nevi and in 3.9% of
the miscellaneous population.
As shown in Table 1, it was always possible

to correctly diagnose melanocytic nevi, whereas
lesions belonging to the control population
were never defined as ‘melanocytic nevi’.
No BCC descriptors, i.e. aligned elongated

cells, double alignment and phantom island (11,
12) were observed in our nevi population.
Table 1 also lists values referring to sensitivity

and specificity for the diagnosis of melanocytic
nevus and of single descriptors. The diagnosis
of melanocytic nevus showed 100% sensitivity
and specificity. ‘Dendritic cells’ was the descrip-
tor with the lower sensitivity (7.84%), but with a
100% specificity. ‘Small short-lifetime cells’ in
the upper and lower layers, ‘edged papillae’
and ‘junctional nests of short-lifetime cells’ had
a high sensitivity and specificity; in particular,
‘junctional nests’ showed a 100% specificity.
‘Dermal cell clusters’ exhibited a low sensitivity
(47.06%) but a high specificity (96.08%).
Interobserver agreement was also calculated.

Kappa values ranged from 0.381 to 1 and were
significant for each descriptor. In particular,
‘dendritic cells’ and diagnosis of melanocytic
nevus showed the maximum interobserver reli-
ability value. Also ‘junctional nests of short-life-
time cells’ and ‘dermal cell clusters’ exhibited a
high Kappa value of 0.847 and 0.728 respectively.
Significant differences between nevi and

other lesions were observed for all melanocytic
nevus descriptors. BCC descriptors were never
found in nevi; since their frequency was also
low in the control population which included
only 18 BCCs, specificity ranged from 70.59% to
94.12%. For the same reason, the difference for
the ‘double alignment’ descriptor was not sig-
nificant. Table 2 reports the data referring to
the different histological nevus subtypes.

Epidermis
‘Short-lifetime cells in the stratum corneum’,
large, inhomogeneous in size, polynucleated

and with speckled melanin, were found in
16.6% of junctional nevi and in 35% of com-
pound nevi. The presence of ‘melanin-contain-
ing keratinocytes’ was found in the totality of
junctional and dermal nevi and in 92.5% of
compound nevi. Dendritic cells were never
found in junctional and dermal nevi, whereas
they were observed in four compound nevi.
Small melanocytic cells, described as ‘small
short-lifetime cells upper and lower layers’
were found in all junctional and dermal nevi
and in 97.5% of compound nevi.

Dermo-epidermal junction
All junctional nevi exhibited ‘edged papillae’,
whereas compound nevi showed them in 87.5%
of the cases and dermal nevi in one case. Thirty
per cent of compound nevi were characterized
by the presence of ‘non-edged papillae’. ‘Junc-
tional nests of short-lifetime cells’ were observed
in all junctional and compound nevi and in 40%
of dermal nevi.

Papillary dermis
‘Dermal cell clusters’ were only observable in
72.5% of compound nevi, probably due to the
decreasing laser power when deepening into

TABLE 2. Frequency of the descriptors in different histological nevus
subtypes

Junctional

6 (100%)

Compound

40 (100%)

Dermal

5 (100%)

Epidermis

Short-lifetime cells in the stratum

corneum

1 (16.6) 14 (35) 0

Large cells 1 (16.6) 13 (32.5) 0

Polyinucleated cells 1 (16.6) 10 (25) 0

Speckled melanin 1 (16.6) 12 (30) 0

Cells with different size 1 (16.6) 14 (35) 0

Melanin-containing keratinocytes 6 (100) 37 (92.5) 5 (100)

Sporadic dendritic cells 0 3 (7.5) 0

Dendritic cells 0 1 (2.5) 0

Small short-lifetime cells upper

layers

6 (100) 39 (97.5) 5 (100)

Small short-lifetime cells lower

layers

6 (100) 39 (97.5) 5 (100)

Dermo-epidermal junction

Edged papillae 6 (100) 35 (87.5) 1 (20)

Non-edged papillae 0 12 (30) 0

Junctional nests of short-lifetime

cells

6 (100) 40 (100) 2 (40)

Papillary dermis

Dermal cell clusters 0 29 (72.5) 0

Short-lifetime cells in the papilla 2 (33.3) 18 (45) 0

Architecture

Monomorphic and regular histo

architecture

6 (100) 29 (72.5) 5 (100)

Architectural disarray 0 11 (27.5) 0
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the dermis, especially when observing thick
lesions. This descriptor was also never visible
in junctional nevi, where the melanocytic com-
ponent only involves the dermo-epidermal junc-
tion. ‘Short-lifetime cells in the papilla’ were
observed in 45% of compound nevi and in
33.3% of junctional nevi; they were never found
in dermal nevi.

Architecture
All junctional and dermal nevi and also 72.5%
of compound nevi showed a ‘monomorphic
and regular histoarchitecture’ with regular
papillae and no evidence of atypical cells or
random organization and disarrangement of the
epidermal layers. None of the junctional and
dermal nevi showed an ‘architectural disarray’,
which was detected in 27.5% of compound
nevi.
The mean fluorescence lifetime value of 48

nevi, calculated on three representative cells for
each sample, was 360 ps with a standard devia-
tion value of 120 ps, corresponding to the
red-orange-yellow colour (significantly different
from the lifetime values of keratinocytes).

Discussion

Non-invasive imaging techniques have been
introduced to help the clinician in the early
identification of malignant and suspicious
lesions. Dermoscopy represents an efficient
diagnostic tool allowing the evaluation of skin
structures located under the skin surface (2, 3).
Confocal microscopy enables an in vivo non-
invasive visualization of skin structures at a
very high resolution, near to the histopathologi-
cal one (4). The observation of dermoscopic and
confocal features in melanocytic lesions exam-
ined by histology allowed the correlation
between morphological and histological features
and the building up of a ‘common language’
for expert users (5, 7).
Multiphoton laser tomography has been

recently introduced as a non-invasive diagnostic
tool enabling the assessment of the skin with a
subcellular resolution with a great potential both
in research fields and in clinical practice (9, 10).
This imaging modality relies on the simulta-
neous excitation of endogenous fluorophores by
two or more photons of low energy in the NIR
spectrum wavelength (10). Since its introduc-
tion, it has contributed to progress in biology

and medicine, especially for the characterization
and quantification of physiological or pathologi-
cal skin features and for the dynamic analysis of
subtle cutaneous changes, avoiding biopsy pro-
cedures and fixation, sectioning and staining for
histological examination (10). The MPT has
allowed the study of healthy skin, photoaging,
melanocytic lesions and epithelial tumours. In
particular, it has been extensively employed
for the definition of BCC features in vivo and ex
vivo (11); thanks to the possibility to combine
FLIM to MPT, several morphological BCC
descriptors (such as phantom islands, aligned
elongated cells and double alignment) have
been identified by our group enabling its differ-
entiation from healthy skin and other skin
lesions (12, 13).
In this study, we aimed at identifying MPT/

FLIM features of melanocytic nevi, possibly
characterizing different nevus subtypes and at
establishing a reproducible terminology for the
description of these lesions. To meet these aims,
a population of dermoscopically suspicious but
histologically benign melanocytic nevi was
examined and compared with a control popula-
tion of miscellaneous lesions. We identified five
sensitive and specific descriptors for melanocy-
tic nevi, i.e. small short-lifetime cells in the
upper and lower epidermal layers, edged papil-
lae, junctional nests of short-lifetime cells and
dermal cell clusters. As criteria useful for differ-
ential diagnosis between benign nevi and malig-
nant melanoma, Dimitrow et al. considered the
presence of a monomorphic and regular histoar-
chitecture, evenly distributed keratinocytes, well-
defined cell borders and rarely seen dendritic
cells (16). The high frequency of these aspects in
benign melanocytic nevi was also confirmed by
our study; in particular, a monomorphic and
regular histoarchitecture was observed in 40/51
nevi and dendritic cells were found only in 4/51
nevi. On the other hand, BCC descriptors were
never found in nevi, and, starting the examina-
tion of a melanocytic lesion, the differences from
healthy skin and BCCs are extremely clear at the
first glance: melanocytic aggregates and absence
of basaloid nests and long lifetime ‘blue’ cells
enable us to immediately exclude the diagnosis
of BCC.
When imaging only with MPT, skin keratino-

cytes and melanocytes are not distinguishable
on a morphological basis with certainty, nor is
intrakeratinocytic melanin evident. In the MPT
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intensity image, melanin-containing cells and
melanin appear as hyperintense fluorescent
cells and bright clusters, respectively, at 800 nm
(8, 17) due to the preferential excitation of mela-
nin compared with NAD(P)H at this wave-
length (17, 22). To identify the presence of
melanin in the skin with a higher level of confi-
dence, the fluorescence decay time can be
imaged. In our MPT/FLIM images, represented
by a 0–2000 ps colour scale, keratinocytes,
which have a fluorescence decay time around
1000 ps, appear green, whereas melanin, with its
short fluorescence decay time, corresponds to
red-orange hues.
Melanin-containing keratinocytes, recogniz-

able for the presence of short-lifetime patches
inside the cytoplasm, and melanocytes, appear-
ing as small uniformly ‘red-coloured’ cells with
a small nucleus, were visible in the majority of
nevi. In one-third of compound nevi, large short-
lifetime cells, sometimes polynucleated and with
speckled melanin, were also visible in the stratum
corneum. Junctional melanocytic nests appeared
as aggregates of short-lifetime cells in continuity
with those surrounding the papillae, whereas
dermal nests corresponded to dermal clusters of
short-lifetime cells. All of these short-lifetime
‘red’ cells were well distinguishable from ‘green’
(~1000 ps) keratinocytes, ‘blue’ (long lifetime)
keratinocytes surrounding hair follicles, ‘red’
collagen fibres and ‘blue’ elastin fibres. The
MPT/FLIM also enabled the description of the
different histological subtypes of nevi.
Histologically, junctional nevi are character-

ized by a proliferation of single cells or the pres-
ence of small nests at the junction. Under RCM,
junctional nevi show the so-called ringed pat-
tern, with regular edged papillae formed by reg-
ularly sized and shaped bright cells,
surrounding dark oval spaces (dermal papillae);
the correspondent MPT/FLIM descriptor corre-
sponds to edged papillae, which were found in
the totality of the samples. In two of six cases, we
also noticed the presence of short-lifetime cells
within the papillae; these may be interpreted as
inflammatory cells (melanophages, lympho-
cytes), mentioned in the histopathology reports.
It is also well known that confocal microscopy is
able to visualize plump bright cells, with faded
borders, within the dermal papillae, with the
meaning of inflammatory cells.
Histopathology shows that the compound

nevus subtype has a junctional and a dermal

component involving the superficial or the deep
dermis. Under MPT/FLIM, compound nevi are
characterized by the presence of melanin-con-
taining keratinocytes, and small short-lifetime
cells in the upper and lower epidermal layers. In
the majority of compound nevi we found the
presence of edged papillae and in only four
cases it was possible to observe dendritic cells in
the epidermal layers. By histological examina-
tion discrete nests of melanocytes/nevus cells
are found at the dermo-epidermal junction, usu-
ally located on the rete ridges. Corresponding
RCM features of compound nevi are interpapil-
lary thickening and dense junctional nests bulg-
ing within the dermal papillae, or the presence
of dense, well demarcated and reflectant nests in
the upper dermis. In all compound nevi assessed
by MPT/FLIM, we observed short-lifetime cell
nests at the dermo-epidermal junction. These
nests can sometimes bulge into the underlying
dermis which may contain a few melanophages
and a lymphohistiocytic infiltrate, corresponding
to our observations of dermal cell clusters and
short-lifetime cells in the papillae. The inflam-
matory component is also well visible by RCM,
where a variable amount of single plump bright
cells within the dermis can be observed.
Intradermal nevi include nevi with melanocy-

tic cells only localized in the dermis. Nevus
cells are mostly arranged forming nests and
cords. Sometimes, in the deeper part of the
lesions, the nevus cells may assume a neuroid
appearance (23). Also under confocal, these nevi
reveal absence of specific features in the upper
layers and at the junction, and dense and
dense/sparse nests in the dermis. Under MPT/
FLIM we always noticed the presence of mela-
nin-containing keratinocytes and small short-
lifetime cells in the upper and lower epidermal
layers. In some cases we also observed the pres-
ence of junctional nests of short-lifetime cells at
the dermo-epidermal junction. However, der-
mal cell clusters were never visible due to the
limited penetration depth of our MPT system
and the increased epidermal thickness in dome-
shaped dermal nevi.
In conclusion, we have identified specific and

sensitive MPT/FLIM descriptors for benign mel-
anocytic lesions, matching with those already
detected by RCM and corresponding to histo-
pathological findings, on ex vivo samples.
Compared with confocal microscopy, the

DermaInspect® has a smaller field of view
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(350 9 350 lm). On the other hand, MPT/
FLIM, allows the excitation of endogenous flu-
orophores and has a higher resolution (0.5 lm
in the horizontal plane, and 1–2 lm in the axial
direction), enabling the identification of subcel-
lular structures. By RCM, melanin-containing
keratinocytes and melanocytes cannot be distin-
guished; they both appear as bright, roundish
to polygonal monomorphic cells, usually small,
located at the basal layer and at the DE junc-
tion. On the contrary, FLIM, particularly due to
its ability to identify melanin by its short fluo-
rescence lifetime, provides a clue for the identi-
fication of melanocytes in the skin. For these
reasons MPT/FLIM represents a breakthrough
with respect to other imaging techniques and it

is desirable that it will be introduced in clinical
practice for the identification of melanocytic
lesions and their differentiation from epithelial
cancer.
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