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of metastases, as well as to patients’ survival. CD1a+
DCs were found both inWltrating melanoma cell nests
and in the surrounding stroma, while DC-LAMP+
mature DCs were generally conWned to the peritumoral areas, associated with lymphocytic inWltrates.
DC density values signiWcantly correlated with the
number of activated (CD25+ or OX40+) T lymphocytes (p < 0.001). The degree of inWltration by CD1a+
and DC-LAMP+ DCs showed strong inverse correlation with the thickness of melanomas (p < 0.001).
High peritumoral density of mature DCs was associated with signiWcantly longer survival (p = 0.0195),
while density of CD1a+ cells had a prognostic impact
of borderline signiWcance (p = 0.0610). Moreover,
combination of high peritumoral CD1a+ or DCLAMP+ cell density with high number of CD25+ or
OX40+ lymphocytes identiWed patient subgroups
with more favorable survival compared to other subgroups. A multivariate survival analysis involving
DC and activated T-cell densities alone and in combinations, as well as traditional prognostic factors,
identiWed high DC-LAMP+ cell/high OX40+ cell density and Breslow index as independent predictors of
good prognosis. These results suggest that the presence of CD1a+ DCs primarily depends on the thickness of melanomas, without direct relationship with
the patients’ survival. On the other hand, the density
of mature DCs, especially in association with that of
activated T cells, proved of prognostic importance,
suggesting that these parameters could be considered
as signs of a functional immune response associated
with better outcome of the disease.
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Abstract As the most potent antigen presenting
cells, dendritic cells (DCs) play key roles in the
immune response against tumors. Their density in
the tumor tissue has been associated with prognosis
in patients with various cancers. However, few studies have been aimed at the presence and maturation
state of DCs in cutaneous melanoma, with regard to
their potential clinical correlates. In this study, the
density of DCs expressing CD1a and the maturation
marker DC-LAMP was determined by immunohistochemistry in primary tumor samples from 82 patients
with cutaneous malignant melanoma. Intratumoral
and peritumoral cell densities were analyzed in relation
to tumor thickness and the subsequent development
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Introduction
As the most potent antigen presenting cells, dendritic
cells (DCs) are capable of initiating and maintaining
primary and secondary immune responses. They originate from bone marrow precursors, and migrate via the
bloodstream to peripheral tissues, where they reside as
immature cells eYcient in taking up antigens [5, 8].
DCs constitute a complex system of cells displaying
considerable heterogeneity in phenotype, anatomical
location and functional abilities [33]. Langerhans cells
(LCs) are myeloid DCs found in the skin and mucosal
surfaces, and are characterized by the presence of Birbeck granules and the expression of CD1a, Langerin
and E-cadherin [8, 33, 42]. Interstitial DCs are also of
myeloid origin; in the skin, they correspond to dermal
DCs, which express CD1b and c, and partly CD1a and
factor XIIIa [8, 25, 33, 42]. A third subset of dendritic
cells, plasmacytoid DCs are suggested to derive from
lymphoid precursors [33, 43]; they show plasma celllike morphology, express IL-3R (CD123) and BDCA-2
(CD303), and secrete type I interferon upon viral
infection [14, 34].
After acquiring antigens, DCs process them into
peptides, which are subsequently presented in association with MHC molecules to speciWc CD4+ and CD8+ T
cells. Upon exposure to microbial products, cytokines,
CD40L, etc., they migrate to secondary lymphoid
organs and undergo maturation, resulting in enhanced
expression of MHC and costimulatory molecules, cytokine secretion, and ability to eYciently prime T cells.
Beside costimulatory molecules, mature DCs express
CD83 and CD208/DC-LAMP (DC-lysosome-associated membrane protein) markers [11, 46].
In tumor-bearing hosts, dendritic cells take up, process and present tumor-associated antigens to naive or
memory T cells, therefore, are proposed to play a crucial role in the immune response against tumors. However, in cancer patients, as well as in animal tumor
models, DCs found in blood, tumor tissues and draining lymph nodes are often functionally defective [2, 17,
18]. Tumor-inWltrating DCs have been shown to lack
costimulatory molecules, and to possess poor T-cell
stimulatory capacity or induce anergy [9, 12]. Tumorderived factors, such as VEGF, TGF- and IL-10, can
induce apoptosis and inhibit diVerentiation or functional maturation of DCs [12, 13, 16, 19, 35]. It has
been suggested that immature or incompletely matured
DCs may mediate tolerance instead of immune activation, by inducing T-cell anergy or regulatory T cells
[26, 27, 36].
The presence of a dense DC inWltration has been
associated with prolonged survival and reduced
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incidence of metastases in patients with various human
cancers including colorectal, gastric, esophageal, oral,
and lung carcinoma [3, 20–22, 31]. In breast cancer, the
number of CD83+ mature DCs, but not of CD1a+ or
S100+ DCs, had prognostic relevance [23]. In the light of
their importance in antitumor immunity, surprisingly
few studies have been aimed at the presence of DCs and
its potential clinical correlates in melanoma, most of
them comprising data on a limited number of patients
[37, 40]. The only study involving a considerable number
of cases indicated a reduction of the amount of Langerhans cells in thicker tumors, without examining its correlation with metastatic potential or its prognostic role [7].
Other dendritic cell types, as dermal dendrocytes and
plasmacytoid DCs have also been documented in melanomas [15, 44]. However, while it has been the subject of
some studies on sentinel lymph nodes of melanoma
patients [29, 45], the presence of mature DCs in primary
melanoma has only been investigated in two studies, one
involving 15 cases [44], and another performed on one
regressive melanoma sample [29].
Recently, in a study examining the expression of Tcell activation markers in the inWltrate of human melanomas, we found a decreased peritumoral inWltration
of T cells expressing CD25 or OX40 in melanomas
developing distant metastases during the follow-up
period (5 years), compared to nonmetastatic or lymph
node metastatic tumors. Moreover, high peritumoral
densities of CD25+ or OX40+ lymphocytes were associated with longer survival of the patients, suggesting
that immune mechanisms at the primary site inXuence
the outcome of the disease [24]. These Wndings
prompted us to examine the role of the professional
antigen presenting cells, DCs in these processes. In the
present study, we investigated the density of DCs
expressing CD1a by immunohistochemistry in primary
tumor samples obtained from 82 patients with cutaneous melanoma. On a subset of cases (59 samples) we
also determined the density of mature DCs deWned by
the expression of DC-LAMP. DC density results were
evaluated with regard to their association with tumor
thickness (the most powerful prognostic factor in localized melanomas), the development of metastases,
patients’ survival, and other clinicopathological parameters, as well as with the density of activated T cells.

Materials and methods
Patient characteristics
Archival tissue samples were obtained from 82 patients
with primary cutaneous melanoma who underwent
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surgery between 1980 and 2000 at the Institute of Dermato-Venerology, Semmelweis University, and at the
National Institute of Oncology, Budapest. Patients
were selected in order to obtain a study group involving a higher number of intermediate-thickness or thick
(>1.0 mm) melanoma samples than their normal ratio,
which have a more uncertain prognosis than thin
tumors. The study was approved by the ethics committees of both institutions. Patients did not receive any
anticancer treatment prior to surgery. Clinical and
pathological characteristics are summarized in Table 1.
The tumors were grouped into four thickness categories based on the current AJCC staging system [4]
(·1.0, 1.01–2.0, 2.01–4.0, >4.0 mm), and into three categories according to disease progression (nonmetastatic, lymph node metastatic and visceral metastatic).
Distribution according to stages [4] was: st. IA, 17; IB,
10; IIA, 16; IIB, 21; IIC, 14; IIIA, 4. All patients
received curative resection of their tumors. Four of 27
st. I patients and 33 of 55 st. II–III patients received
postoperative adjuvant therapy consisting mostly of
Dacarbazine monotherapy or radiotherapy (76 and
14%, respectively). In case of tumor progression, the
majority of patients received chemotherapy, which was
Dacarbazine-based in most of the cases (80%). Surviving patients had follow-up data for at least 5 years;
none of the patients died of melanoma-unrelated causes
within 5 years. Thirty-eight patients had no metastases
developed during the follow-up period, while 13 had
metastases conWned to regional lymph nodes, which
were excised. Thirty-one patients developed distant
Table 1 Patient and tumor
characteristics

Thickness (mm)

SSM superWcial spreading
melanoma, NM nodular melanoma, ALM acral lentiginous
melanoma, LM lentigo maligna melanoma

Age
·50
>50
Sex
Male
Female
Localization
Extremities
Trunk
Head
Type
SSM
NM
ALM
LMM
Ulceration
Present
Absent
Metastasis
Nonmet.
LN-met.a
Visceral met.
Five-year survival (%)

a
Only regional lymph node
metastases developed during
the follow-up period (5 years)
b
One patient had LN metastasis at the time of diagnosis
(st. IIIA)
c
Three patients had LN
metastasis at the time of diagnosis (st. IIIA)

visceral metastases. Five-year survival of patients in
both the nonmetastatic and the lymph node metastatic
groups was 100%, while only two patients developing
distant visceral metastases survived for more than
5 years (62 and 72 months). The majority (65/66) of
tumors thicker than 1.0 mm, and 5/16 of thin melanomas entered vertical growth phase. Tumors with clinical regression and/or histological signs of late
regression were not included in the study. There was
no signiWcant diVerence between thickness categories
in the distribution according to patients’ age, sex, or
localization of the tumor (Table 1). However, compared to thin tumors, a higher proportion of thick melanomas were of nodular type, and ulcerated tumors
were also overrepresented in the higher thickness
groups.
Immunohistochemical detection of inWltrating cells
in melanoma samples
Three-micrometer sections cut from formalin-Wxed,
paraYn-embedded cutaneous melanoma samples
were used. Immunohistochemistry was performed as
described earlier [24], using monoclonal anti-CD1a,
anti-DC-LAMP (Coulter-Immunotech, Marseille,
France) and anti-CD45R0 (DakoCytomation, Glostrup,
Denmark) primary antibodies, followed by biotin/streptavidin-peroxidase method (LSAB2 System, HRP;
DakoCytomation) and visualization with 3-amino-9ethylcarbazole (Vector Laboratories Inc., Burlingame,
CA, USA). Double staining for CD1a and CD25 or

All groups

·1.0

1.01–2.0

2.01–4.0

>4.0

38
44

11
7

8
6

10
19

9
12

34
48

5
13

6
8

12
17

11
10

32
44
6

7
10
1

7
6
1

10
18
1

8
10
3

52
27
2
1

18
–
–
–

12
–
1
1

15
13
1
–

7
14
–
–

37
45

1
17

5
9

16
13

15
6

38
13
31
53/82 (65)

16
2
–
18/18 (100)

5
3
6
10/14 (71)

10
4
15c
14/29 (48)

7
4b
10
11/21 (52)
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CD134 was performed in a subset of cases. Incubation
with the Wrst primary antibody (monoclonal anti-CD25,
Novocastra Laboratories, Newcastle Upon Tyne, UK,
or anti-CD134, PharMingen, San Diego, CA, USA) was
followed by biotin/streptavidin-peroxidase treatment
(LSAB2 System, HRP; DakoCytomation), using Vector SG as chromogen (Vector Laboratories). Then the
second primary antibody was applied (monoclonal antiCD1a, Coulter-Immunotech) and developed by streptavidin-alkaline phosphatase treatment (LSAB2 System,
Alkaline Phosphatase; DakoCytomation), using fuchsin
as chromogen (Vector Laboratories).

of survival was performed by the Kaplan–Meier
method, and the statistical analysis was carried out by
the generalized Wilcoxon test. In multivariate analysis,
independent prognostic factors were determined by
the Cox proportional hazards model. All statistics were
calculated using the BMDP Statistical Software Pack.

Evaluation of the immune reactions

Compared to the normal epidermis adjacent to the
tumors, a decrease was observed in the number of
CD1a-positive Langerhans cells in the epidermis overlying the melanomas. This phenomenon was most
pronounced in the epidermis above the VGP part of
superWcial spreading melanomas (SSMs) and above
nodular melanomas (NMs), where a marked reduction
was found in LC number in the majority of cases
(higher than 50% decrease in 44 of 61 evaluable cases).
In SSMs containing both radial and vertical growth
phase (n = 24), a greater degree of depletion was
observed above the VGP part of the tumor than above
RGP (average reduction: 61.6% vs. 25.6%, p < 0.001).
The epidermis overlying NMs showed a degree of DC
reduction similar to that observed in the case of VGP
(66.4%).
In melanoma tissue, CD1a+ DCs were detected both
in the stroma surrounding tumor deposits (peritumoral), and interposed between the melanoma cells
(intratumoral) (Fig. 1a and b). Peritumoral density of
CD1a+ DCs was similar to their intralesional density
(mean § SD for the whole patient population: 26.6 §
33.7 and 30.5 § 37.0 cells/mm2, respectively). In SSMs
containing both radial and vertical growth phase, the
RGP contained numerous CD1a+ cells, while the VGP
of the same tumor was generally characterized by a
lower degree of DC inWltration (intratumoral, RGP:
47.0 § 42.4 vs. VGP: 22.1 § 30.3, p = 0.0049; peritumoral, RGP: 47.5 § 37.6 vs. VGP: 22.3 § 28.6, p =
0.0032).
The DC maturation marker DC-LAMP was expressed
as juxtanuclear dot-like staining. DC-LAMP+ cells
were detected almost exclusively in the stromal compartment, associated with lymphocyte aggregates
(Fig. 1c), with a density of 19.5 § 23.3 cells/mm2. DCLAMP+ cells inWltrating melanoma cell nests were
found only in Wve cases (overall intratumoral density:
0.7 § 3.1 cells/mm2). Staining of parallel slides showed
colocalization of peritumoral CD1a+ and DC-LAMP+
DCs in T-cell-rich areas (Fig. 1c–e). Double staining

Slides were examined using a graticule of 10 £ 10
squares, calibrated as 0.25 mm2 at 200£ magniWcation.
Counting was performed independently by two investigators (AL and JK, both blinded to the clinical information), and the mean value of their separate counts
was used for the analysis. Because the distribution of
stained cells in the tumors was heterogeneous, the
entire tumor area was analyzed in every case, and density of positive cells/mm2 is given. The number of
CD1a+ and DC-LAMP+ dendritic cells was registered
separately in intratumoral (inWltrating melanoma cell
nests) and peritumoral areas (distributed in the inWltrate along the margin and the base of melanomas). In
the case of ulcerated tumors, the areas of ulceration
were not taken in account. The proportion of patients
with signiWcant densities of CD1a+ DCs was also calculated, using cutoV values set up separately for intraand peritumoral localization (25 and 30 cells/mm2,
respectively), based on the mean of the given variable
in the whole patient group. In the case of DC-LAMP,
cutoV level based on the median value was used
(13 cells/mm2), for its higher discriminative power in
the survival analysis. Density values of T cells expressing the activation markers CD25 or OX40 derived
from our previous paper [24]. CutoV levels used for
peritumoral CD25+ and OX40+ cells were 75 and
20 cells/mm2, respectively.
Statistical analysis
Comparisons between cell densities in diVerent tumor
groups was made using the Mann–Whitney U-test and
Kruskal–Wallis test, while 2-test was used for comparing the proportions of samples with high cell densities.
Associations between tumor thickness and cell densities, and between the densities of the diVerent cell
types were evaluated by the Pearson test and Spearman rank correlation, respectively. Univariate analysis
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Fig. 1 CD1a+ dendritic cells
inWltrating melanoma cell
nests (a) and in the peritumoral inWltrate of melanoma (b).
Colocalization of DC-LAMP+
(c) or CD1a+ (d) dendritic
cells in the lymphocytic inWltrate of melanoma (labeling
for CD45R0, (e) in parallel
slides of the same sample.
(f) Double staining for OX40
(developed by Vector SG,
gray signal), and CD1a (developed by fuchsin, red signal).
CD1a+ DCs can be seen in
close contact with OX40+ T
cells (arrows). Pictures were
taken using 40£ objective

for CD1a and CD25 or OX40 demonstrated the association of dendritic cells with lymphocytes expressing
T-cell activation markers (Fig. 1f and not shown).
Moreover, signiWcant correlations were found between
the density of DCs and activated T lymphocytes, where
values for densities of CD25+ and OX40+ cells derived
from our previous work [24]. The strongest associations were observed between peritumoral CD1a+ or
DC-LAMP+ DCs and CD25+ cells (r = 0.4384, n = 73,
p < 0.001 and r = 0.5637, n = 56, p < 0.001, respectively). For both intra- and peritumoral location,
CD1a+ and DC-LAMP+ cell densities strongly correlated with each other (r = 0.6032 and 0.6321, respectively, p < 0.001).
Correlation between DC density and tumor thickness
The degree of inWltration by CD1a+ and DC-LAMP+
DCs inversely correlated with melanoma thickness
(p < 0.001; Fig. 2). For intra- and peritumoral CD1a+,
and peritumoral DC-LAMP+ cell densities, cutoV values of 25, 30 and 13 cells/mm2 were introduced, respectively (see in “Materials and methods” section), and
the proportion of melanomas with “signiWcant cell density”, deWned as higher than the cutoV value, was calculated. We evaluated the relationship between Breslow

index and the proportion of patients with marked DC
density. Similarly to the changes in the average cell
densities, these values also decreased with the increasing thickness of melanomas (Table 2).
Correlation between DC density and the development
of metastases
The intensity of DC inWltration was studied in tumors
that did not metastasize, and compared with those that
gave regional lymph node metastases or visceral metastases during the follow-up period (5 years). When compared to visceral metastatic tumors, nonmetastatic
ones showed more intense peritumoral CD1a+ DC
inWltration (38.9 § 44.1 cells/mm2 vs. 19.9 § 24.9 cells/
mm2, p = 0.0262). Similar tendency was observed in
the case of both intratumoral CD1a+ and peritumoral
DC-LAMP+ cell number, but the diVerences were not
statistically signiWcant (32.5 § 38.1 cells/mm2 vs. 19.2 §
28.3 cells/mm2 and 28.0 § 32.7 cells/mm2 vs. 13.5 §
12.5 cells/mm2, p = 0.1426 and 0.1850, respectively).
Lymph node metastatic tumors showed intermediate
values for each parameter, which were not signiWcantly
diVerent from those of the other groups.
To determine whether DC density values could
distinguish between tumors of diVerent metastatic
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patient group. Indeed, when analyzed only in the
remaining 64 cases of melanomas >1.0 mm, no diVerence was found in these values between metastatic and
nonmetastatic tumors. Similarly, evaluation of DC
densities within the Breslow categories did not reveal
signiWcant variance between tumors of diVerent metastatic pattern (not shown).
When analyzing the proportion of melanomas with
high DC density in tumors with diVerent metastatic
behavior, no signiWcant diVerence was found in the
case of intratumoral CD1a+ cell inWltration. On the
other hand, the frequency of samples with high peritumoral CD1a+ or DC-LAMP+ DC number was signiWcantly lower in visceral metastatic cases compared to
nonmetastatic and lymph node metastatic tumors
(Table 3). The latter two categories were evaluated
together because of the similar percentage of samples
with marked inWltration in the case of each cell type
(Table 3), and the similar biological behavior reXected
by survival data (100% 5-year survival). However,
when only melanomas thicker than 1.0 mm were
included in the analysis, there was no diVerence in the
density of DCs between these groups (Table 3).
Relationship between DC density
and clinicopathologic parameters

Fig. 2 Correlation between the density of intratumoral CD1a+
(a), peritumoral CD1a+ (b), and DC-LAMP+ (c) dendritic cells
with melanoma thickness. Each point represents a single tumor
from an individual patient. r is the correlation coeYcient

properties in intermediate thickness or thick tumors,
which are generally characterized by a more uncertain
outcome than thin melanomas, we performed the analysis with the exclusion of tumors ·1.0 mm. This group
contained mostly nonmetastatic cases (Table 1) and,
on the other hand, showed the highest DC densities
(Fig. 2 and Table 2), which could have a major eVect on
the correlations with metastatic potential in the whole
Table 2 Proportion of
patients with signiWcant DC
density in diVerent Breslow
categories

Data are expressed as number
(%) of patients with
signiWcant cell density; p is the
signiWcance of diVerence
between groups (2 -test)
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Using the cutoV values described above, the distribution of melanomas with signiWcant DC densities was
analyzed according to clinicopathologic factors. There
was no signiWcant diVerence in the ratio of patients
with high CD1a+ or DC-LAMP+ cell densities when
the tumors were distinguished according to localization, or patient age or gender. Concerning histological
type, SSM and NM cases were compared only in the
>2.0 mm thickness categories, since no nodular melanomas were included in the thinner tumor groups; in
these cases no diVerence in DC content was found. The
frequency of samples with intense inWltration by intratumoral CD1a+, peritumoral CD1a+ or DC-LAMP+
DCs was lower in ulcerated tumors (p = 0.0579, 0.0004
and 0.0011, respectively).

Intratumoral CD1a+
(>25 cells/mm2)

Peritumoral CD1a+
(>30 cells/mm2)

Peritumoral
DC-LAMP+
(>13 cells/mm2)

Patient group

No. (%)

p

No. (%)

p

No. (%)

p

All thickness groups
·1.0 mm
1.01–2.0 mm
2.01–4.0 mm
>4.0 mm

29/82 (35)
12/18 (67)
7/14 (50)
7/29 (24)
3/21 (14)

0.0021

28/82 (34)
13/18 (72)
8/14 (57)
4/29 (14)
3/21 (14)

0.0000

29/59 (49)
9/11 (82)
6/9 (67)
9/23 (39)
5/16 (31)

0.0324
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Table 3 Proportion of patients with signiWcant DC density in diVerent metastasis categories
Intratumoral CD1a+
(>25 cells/mm2)

Peritumoral CD1a+
(>30 cells/mm2)
p

Patient group

No. (%)

All thickness groups

29/82 (35)

28/82 (34)

29/59 (49)

Nonmetastatic
LN metastatic
Nonmet. + LN met.
Visceral metastatic

14/38 (37)
5/13 (38)
19/51 (37)
10/31 (32)

17/38 (45)
5/13 (38)
22/51 (43)
6/31 (19)

14/23 (61)
5/8 (62)
19/31 (61)
10/28 (36)

>1.0 mm tumors

17/64 (27)

15/64 (23)

20/48 (42)

Nonmetastatic
LN metastatic
Nonmet. + LN met.
Visceral metastatic

3/22 (14)
4/11 (36)
7/33 (21)
10/31 (32)

5/22 (23)
4/11 (36)
9/33 (27)
6/31 (19)

6/13 (46)
4/7 (57)
10/20 (50)
10/28 (36)

n.s.

No. (%)

Peritumoral DC-LAMP+
(>13 cells/mm2)

n.s.

p

0.0277

n.s.

No. (%)

p

0.0497

n.s.

Data are expressed as number (%) of patients with signiWcant cell density; p is the signiWcance of diVerence from nonmetastatic + LN
metastatic tumors (2 -test); n.s. not signiWcant

Survival analysis according to DC density
To evaluate the prognostic impact of the density of
DCs, we performed Kaplan–Meier analysis using the
same cutoV levels as in the comparisons described
above. The intratumoral density of CD1a+ cells did not
show association with the survival of the patients. On
the other hand, intense peritumoral CD1a+ cell inWltration provided survival advantage of borderline signiWcance (p = 0.0610), while high density of DC-LAMP+
cells was associated with signiWcantly better prognosis
(p = 0.0195) (Fig. 3a and b). The percentage of patients
with more than 5 years survival was higher in the case
of tumors characterized by signiWcant numbers of
peritumoral CD1a+ or DC-LAMP+ cells (79% vs. 57%,
p = 0.0573 and 69% vs. 43%, p = 0.0472, respectively).
However, similarly to the correlation with the occurrence of visceral metastases, diVerences in survival
between the groups with diVerent DC densities
decreased when patients with ·1.0 mm tumors were
excluded, although in the case of high DC-LAMP+ cell
density a statistically not signiWcant trend for longer
survival was found in thicker tumors as well
(p = 0.1191).
Survival analysis according to DC and activated T-cell
density
In a previous paper [24], we have reported signiWcant
association between patients’ survival and peritumoral
inWltration by activated T lymphocytes expressing
CD25 or OX40 markers. Although density values for
DCs and activated T cells showed strong correlations
(as shown above), high density samples for the diVerent cell populations did not completely overlap. Therefore, it was possible to evaluate survival curves for

patient subgroups characterized by high or low peritumoral DC densities combined with high or low activated T-cell densities. CutoV levels for DC densities
were the same as applied in the studies described
above, and for CD25+ and OX40+ T cells 75 and
20 cells/mm2 levels were used, respectively. For all
combinations of DC markers and T-cell activation
markers, high peritumoral DC density values combined with high activated T lymphocyte numbers identiWed a subgroup of patients with more favorable
survival compared to other subgroups (p = 0.0243,
0.0490, 0.0308 and 0.0424 for CD1a/CD25, DC-LAMP/
CD25, CD1a/OX40 and DC-LAMP/OX40 combinations, respectively (Fig. 3c–f). Interestingly, the DCLAMPhigh/activated Thigh combinations demonstrated
the most discriminant survival advantage compared to
all other groups, which were not signiWcantly diVerent
from each other (Fig. 3e and f; p = 0.0057 and 0.0097,
respectively, for DC-LAMPhigh/CD25high and DCLAMPhigh/OX40high subgroups vs. all other subgroups
combined). On the other hand, CD1alow/activated Tlow
combinations deWned patient populations with worse
prognosis than either CD1alow/activated Thigh or
CD1ahigh/activated Tlow combinations (Fig. 3c and d;
p = 0.0086 and 0.0044, respectively, for CD1alow/
CD25low and CD1alow/OX40low subgroups vs. all other
subgroups combined).
When all these parameters (density values for DCs
and activated T cells, as well as DC/T-cell marker combinations) were tested in multivariate analysis, together
with other prognostic factors (tumor thickness, localization, histological type, ulceration, patients’ age and
sex), high DC-LAMP+/OX40+ combination (relative
risk: 0.215, p = 0.010) and tumor thickness (relative
risk: 1.238, p = 0.001) proved signiWcant independent
predictors of good prognosis.
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Fig. 3 Kaplan–Meier survival
curves for melanoma patients
subdivided according to the
peritumoral density of CD1a+
(a) and DC-LAMP+ (b) DCs,
or combined density values of
CD1a+ and CD25+ (c), CD1a+
and OX40+ (d), DC-LAMP+
and CD25+ (e) or DC-LAMP+
and OX40+ cells (f). p values
denote signiWcance between
the two (a, b) or all four (c–f)
groups, evaluated by the generalized Wilcoxon test

Discussion
In the study presented here, we analyzed the density of
dendritic cells expressing CD1a and the maturation
marker DC-LAMP in malignant melanoma, in relation
to clinicopathological parameters. We found similar
numbers of CD1a+ DCs in melanoma cell nests and in
the stromal compartment, while DC-LAMP+ cells were
detected almost exclusively in the peritumoral areas.
The degree of both intratumoral and peritumoral inWltration by CD1a+ DCs, as well as peritumoral density
of DC-LAMP+ mature DCs showed strong inverse correlation with the thickness of the tumors. With regard
to CD1a+ DCs, these results corroborate those of an
earlier report demonstrating decreased percentage of
tumors with high DC number in thicker melanomas
[7]. To the best of our knowledge, however, ours is the
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Wrst study that analyzed the density of mature DCs in
association with tumor parameters, on a substantial
number of primary melanoma samples.
The peritumoral localization of mature DCs,
observed in our study, corresponds to that described in
other tumor types [6, 41]. DCs expressing maturation
markers were predominantly found located to lymphocyte aggregates in the cancer stroma, sometimes forming clusters with T cells, which could be considered as
evidence of an ongoing immune response. Consistent
with these Wndings, the presence of mature DCs within
the tumor tissue suggests that antigen presentation and
T-cell priming can take place in the tumor microenvironment. Moreover, we found signiWcant associations
between the densities of DCs and activated T lymphocytes, suggesting some degree of functional activity of
DCs in these tumors. The preferential localization of
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mature DCs in lymphocyte-rich peritumoral areas of
melanomas could be due to the resemblance of these
areas to secondary lymphoid organs where mature
DCs are normally found. In fact, these cells can be
detected in much higher numbers in tumor-draining
lymph nodes, and in their study, although performed
on a limited number of melanoma patients, Movassagh
et al. [29] demonstrated an association between a high
density of mature DCs in melanoma-positive sentinel
nodes and the absence of metastases in non-sentinel
lymph nodes.
We found reduced number of CD1a-positive Langerhans cells in the epidermis overlying most melanomas, as it has also been observed in some [37, 40], but
not all [44] earlier reports. According to our results,
this phenomenon was found more pronounced in nodular melanomas, and in the vertical growth phase of
superWcial spreading melanomas than in the radial
growth phase. The cause of this depletion is not known
yet, although it could be explained in part by the fact
that even non-ulcerated epidermis above melanomas is
often atrophic or hyperkeratotic. Several other potential mechanisms have been suggested, including the
eVect of factors deriving from cells in the tumor microenvironment, which inhibit the migration or diVerentiation of dendritic cells. Indeed, such factors, as IL-10,
TGF- and gangliosides have been detected in the
tumor tissue in melanoma [10, 12, 30], and were found
to reduce DC development or cause their death [12,
30]. However, the eVect of a diVusible factor could not
explain the abrupt decline in epidermal LC number at
the border of the tumor, leaving these cells intact in the
immediate vicinity of the tumors (our study and [37]).
As another potential cause of LC depletion from the
epidermis above melanomas, the migration of mature
LCs in the tumor, due to stimuli by the tumor microenvironment, has also been considered [40]. However, in
our study most tumors with a decrease in epidermal LC
number simultaneously showed low intra- and peritumoral DC densities. Nevertheless, melanomas in
average demonstrated higher DC density than the histologically normal adjacent dermis [37, 44]. Similarly,
an accumulation of DCs compared to normal tissues
has been observed in several tumor types [3, 6, 32, 39],
and their density positively correlated with the expression of diVerent chemokines in the tumor tissue, as
GM-CSF, MIP-3  or others, known as chemoattractants for DCs [6, 32, 39]. Beside factors produced by
the tumor cells themselves, molecules secreted by
other cell types composing the lymphocytic inWltrate
(mostly T cells) probably contribute to the development
of an environment promoting DC recruitment, in accordance with the preferential localization of peritumoral
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DCs in T-cell inWltrates. The actual density of DCs in a
tumor is inXuenced by the balance of the local concentrations of chemo- and cytokines with opposing eVects
on DC migration and diVerentiation. Whether they
derive from epidermal LCs has not been determined
yet; as opposed to their LC origin, DCs in the tumor
tissue may be derived from immigration of blood progenitors, as it has been suggested for most dermal DCs
[28].
In our cohort of cutaneous melanoma samples, there
was no signiWcant variation in DC densities when
tumors were distinguished according to histological
type, localization, or patient age or sex. Ulcerated
tumors contained lower numbers of inWltrating DCs,
probably due to the increasing frequency of ulceration
in thicker tumors. Finally, tumors that gave visceral
metastases during the follow-up period were characterized with lower peritumoral DC density. Accordingly,
intense peritumoral inWltration of DCs, especially of
mature ones expressing DC-LAMP, was associated
with longer survival of patients. In the case of CD1a+
DCs, these associations were lost when ·1.0 mm cases
were omitted, suggesting that the density of these cells
is dependent on tumor thickness, without direct relationship with metastatic potential or the patients’ survival. In contrast, intense inWltration by DC-LAMP+
mature DCs proved of prognostic signiWcance in univariate analysis, and also in multivariate analysis
involving DC density values and traditional prognosticators (not shown). Moreover, combination of DC and
activated T lymphocyte density values yielded patient
subgroups with markedly diVerent survival where all
combinations of high DC/high activated T lymphocyte
density predicted signiWcantly better prognosis compared to other subgroups. In our earlier work analyzing the prognostic value of activated T cells in
melanoma, peritumoral density of OX40+ lymphocytes
proved an independent predictor of favorable disease
outcome. In accordance with data supporting their role
as independent prognostic factors alone, the combination of high density of cells expressing DC-LAMP and
of those expressing OX40 markers deWned a patient
subgroup with signiWcant survival advantage over all
other subgroups, which proved independent factor also
in multivariate analysis involving all DC- and T-cell
activation markers as well as their combinations,
beside other, more traditional prognosticators. These
observations suggest that the prevalence of an “immunological functional unit” of antigen presenting dendritic cells and activated T cells in primary melanoma
carries important prognostic information. Their role is
supported in two ways, the combination of low density
or absence of any DCs with low density of activated T
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cells predicting the worst, while high density of mature
DCs and activated T cells predicting the best disease
outcome within 5 years. This also suggests that the
presence of antigen presenting DCs at the primary
site, especially of mature ones together with that of
activated T cells, could be a marker of a functional
immune response against melanoma progression.
Beside their prognostic value, evaluation of these
parameters could prove useful in patient selection for
immunotherapeutical protocols or monitoring the
response to these treatment modalities.
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