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Abstract Various clinical and experimental observations
detected an immunological host defense in cutaneous mela-
noma. In order to investigate the prognostic value of leuko-
cyte eVector mechanisms, we examined the presence of
diVerent subsets of leukocytes in tumor samples of 58
patients diagnosed with primary cutaneous melanoma. The
presence of T lymphocytes, cytotoxic T lymphocytes, B
lymphocytes, CD16+ cells and macrophages was correlated
to Breslow depth. A signiWcantly higher amount of several
subsets of leukocytes was found in samples with a more
progressed tumor stage and survival analysis demonstrated
that a higher amount of T lymphocytes and CD16+ cells
was associated with a short survival. The amount of
FOXP3+ regulatory T lymphocytes did not correlate with
survival, nevertheless, it correlated with the amount of total
inWltrate. In contrast, analysis of the expression of CD69,
a marker for activated lymphocytes, demonstrated that
patients with a higher amount of CD69+ lymphocytes had a
better survival. In addition, a new parameter for aggressive-
ness of melanoma, tumor cell plasticity [i.e., the presence
of periodic acid SchiV’s (PAS) reagent positive loops], also
predicted short survival and a trend of a higher amount of
tumor inWltrating leukocytes in tumors with PAS positive
loops was observed. These Wndings demonstrate that leuko-
cyte inWltration and the presence of PAS loops is a sign of
tumor aggressiveness and may have prognostic value.
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Introduction

Due to dediVerentiation and uncontrolled proliferation, can-
cerous cells express antigens that can be recognized by the
immune system. Leukocytes are activated, expand clonally
and migrate to the tumor [1]. The inWltration of these leuko-
cytes into tumor tissues is controlled by the local micro-
environment and precedes the lytic cascade in which
leukocytes attack tumor cells [2]. Several studies report the
amount of tumor inWltrating leukocytes as a prognostic fac-
tor in, e.g., prostatic adenocarcinoma [3], breast carcinoma
[4], cervix squamous cell carcinoma [5], colorectal carci-
noma [6], oesophageal carcinoma [7, 8], ovarian cancer [9,
10], head and neck cancer [11], non-small cell lung cancer
[12]. However, most studies were only investigating the
role of T lymphocytes in relation to survival. There is a
complex relationship between tumor inWltrating leukocytes
and the patient outcome due to heterogeneity of inWltration
in diVerent patients and diVerent regions of the tumor, the
variety of subtypes of leukocytes that are present in the
tumor and the diVerences in localization of the leukocytes
within the tumor and the surrounding tissue [2].

Even though the presence of a heavy leukocyte inWltrate
is a frequent characteristic in melanoma, this fails to control
tumor growth [13]. The prognostic value of tumor inWltrat-
ing leukocytes in human melanoma has been contradictory.
Clark et al. proposed a deWnition of tumor inWltrating leu-
kocytes categorizing them by intensity in brisk, non-brisk
and absent. They saw a favorable outcome in patients with
a brisk intensity of tumor inWltrating leukocytes [14]. These
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Wndings were conWrmed by Clemente et al. [15]. However,
in the large patient studies of Thorn and Barnhill, a more
favorable outcome in patients with a higher intensity of
leukocyte inWltration was not observed [16, 17]. The Clark-
method appears to be subject to a large interobserver
variability and does not distinguish between the several
subsets of tumor inWltrating leukocytes. Furthermore, dis-
crimination between intratumoral and peritumoral inWltra-
tion may be necessary, as it is a prerequisite of an attacking
lymphocyte to inWltrate inside the tumor tissue [2].

In the current study we investigated a variety of subsets
of leukocytes in intratumoral and peritumoral areas, and
their prognostic value in patients diagnosed with primary
cutaneous melanoma. In addition, we analyzed the activation
status of the lymphocytes and the presence of immunosup-
pressive lymphocytes or T regulatory cells. Furthermore,
we were interested in the relationship between leukocyte
inWltration and angiogenesis. Since tumor cell plasticity is
contributing to the circulatory system of tumors [18], we
also investigated this parameter in relationship to leukocyte
inWltration.

Materials and methods

Patients

We collected tumor tissues of 58 patients [69% (40/58)
females, 31% (18/58) males], diagnosed with primary cuta-
neous melanoma between 1985 and 1995, from the archival
tissue bank of the Department of Pathology, Maastricht. A
clinical follow-up of 10 years was obtained. The diagnosis
of melanoma was reconWrmed by a pathologist (D.C.,
V.W.). Of these patients, 64% (37/58) were diagnosed with
superWcial spreading melanoma. The other 36% (21/58) of
the patients were diagnosed with a nodular type of mela-
noma. Radial growth phase was observed in 10% (6/58) of
the patients, tumor with both radial and vertical growth
phase were observed in 54% (31/58) of the patients and
36% (21/58) of the tumor samples presented only vertical
growth phase. Mean age at diagnosis was 52.69 years
(range 22–88 years). The presence of ulceration was found
in 20.6% (12/58) of the patients. In this group of primary
tumors, 37.9% (22/58) of the tumor tissues were located on
extremities, 29.3% (17/58) on the trunk and 10.3% (6/58)
on the head and neck. For 22.4% of the patients (13/58)
there was no data in the archive on the location of the pri-
mary tumor. Lymph node metastasis was detected in 20.7%
(12/58) and distant metastasis in 34.5% (20/58) of the
patients, 31% (18/58) of the patients died from melanoma.
Mean overall survival of the total patient group was 7.7
years (range 5 months to 10 years). Regression was
observed in 31% (18/58) of the patients. Patient population

was categorized in four groups based on Breslow thickness,
according to the guidelines of the Dutch Society of Melano-
mas: ·0.75 mm (24.1%, 14/58), group 1; 0.76–1.5 mm
(39.7%, 23/58), group 2; 1.51–3 mm (20.7%, 12/58), group
3 and >3 mm (15.5%, 9/58), group 4. This revealed a strong
correlation to survival (log rank, P < 0.0001). The presence
of distant metastasis, positive lymph nodes, ulceration and
the histological subtype (being superWcial spreading mela-
noma versus nodular melanoma) demonstrated a signiWcant
negative correlation (P < 0.003) with survival, as we have
previously described [19]. To compare our observations
with previous reports on inWltration, tumor samples were
classiWed according to the classiWcation of Clark et al. [14].
41.4% (24/58) of the tumor samples were classiWed as
brisk, 37.9% (22/58) were analyzed as non-brisk and 20.7%
(12/58) were observed with an absent inWltrate, according
to this classiWcation.

Immunohistochemistry

ParaYn sections (6 �m thickness) were deparaVinized in
xylene and ethanol, incubated in 0.3% H2O2 in methanol to
quench endogenous peroxidase activity for 20�, after which
antigen retrieval was carried out by heating the sections in a
Tris–EDTA buVer (10 mM Tris–1 mM EDTA, pH 8) for
15 min in a microwave oven for most of the antibodies
except for the CD45 and CD20 antibodies. The staining
with the CD68 antibody required an incubation of 30� with
0.1% pepsin in 1 N HCl. The antigen retrieval step for the
FOXP3 antibody was performed with a citric buVer
(10 mM citric acid, pH 6) while the slides for the CD69
antibody were heated with an EDTA buVer (1 mM EDTA,
pH 8). Subsequently, the slides were incubated in a 5%
BSA/PBS solution for 30�. Sections were incubated for 1 h
with the primary antibody for CD45, CD3 (Dakocytoma-
tion, Glostrup, Denmark), CD8 (Novacastra, Newcastle
Upon Tyne, UK), CD68, CD20 (Dakocytomation, Glost-
rup, Denmark) and CD16 (Neomarkers, Fremont, CA,
USA), FOXP3 (eBioscience, San Diego, CA, USA), CD69
(Novacastra, New Castle Upon Tyne, UK), followed by a
secondary biotin-labelled rabbit anti-mouse IgG (Dako-
cytomation, Glostrup Denmark) for 30� and avidin-biotin
complex HRP (Dakocytomation) for 30�. The secondary
antibody for FOXP3 was a biotin-labelled donkey anti-rat,
since the primary antibody was of rat origin (Jackson
Immunoresearch, West Grove, PA, USA). Diaminobenzi-
dine (DAB) as a brown chromogen (Sigma, St Loius, MO,
USA) but for most leukocyte inWltration DAB combined
with 0.03% NiCl2 as a black chromogen was used to distin-
guish leukocytes in pigmented tumors. Because of the high
deposition of melanin within the macrophages, CD68 stain-
ing was visualized with a red chromogen (avidin–biotin
complex with alkaline phosphatase, Dakocytomation; alkaline
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phosphatase substrate kit II, Vector Laboratories, Burlin-
game, CA, USA) and the sections were afterwards treated
with imsolmount (Klinipath, Duiven, the Netherlands) to
prevent alkaline phosphatase bleaching. Finally, the slides
were mounted with entellan (Merck, Darmstadt, Germany).

The same series of slides was stained with periodic acid
SchiV’s (PAS). After deparaWnization and rehydration
slides were incubated in 1% periodic acid (VWR Prolab,
Fontenay/Bois, France) for 5 min and subsequently, for
5 min, in PAS reagent (Sigma diagnostics, St Louis, MO,
USA), dehydrated and mounted with entellan.

As we previously reported, a double staining with Ki67
and CD31/CD34 was performed on this same series of
tumor samples [19]. In short, sections were incubated with
a rabbit–anti human polyclonal Ki67 (Neomarkers, Fre-
mont, CA, USA), followed by a polyclonal biotin-labelled
swine anti-rabbit IgG (Dakocytomation, Glostrup, Den-
mark). This staining was developed with an avidin–biotin
complex HRP (Dakocytomation) followed by DAB with
0.03% NiCl2 (black chromogen). A second staining was
performed with a mixture of CD31 (Dakocytomation) and
CD34 (Monosan, Uden, the Netherlands). This was
followed by a biotin-labelled goat anti-mouse IgG (Dako-
cytomation) and an avidin–biotin complex AP (Dakocyto-
mation). Finally, the slides were developed with alkaline
phosphatase substrate kit III (Vector Laboratories, Burlin-
game, CA, USA), treated with imsolmount (Klinipath,
Duiven, the Netherlands) and mounted with entellan (Merck,
Darmstadt, Germany).

Analysis

The amount of each subset of tumor inWltrating leukocytes
was quantiWed by three independent observers (F.H., C.B.,
A.W.) in four high power Welds at 400 times magniWcation.
Both intratumoral and peritumoral leukocytes were quanti-
Wed, each in four randomly chosen regions that where rep-
resentative for the whole tumor. The amount of FOXP3+
cells was quantiWed in eight high power Welds at 400 times
magniWcation both intratumoral and peritumoral. Since the
amount of CD69+ cells was so low, we screened the whole
tumor, both intratumorally and peritumorally, at 400 times
magniWcation. With the CD16 staining we quantiWed only
granulocytes and NK cells, while macrophages were
quantiWed with a CD68 staining. The numbers are pre-
sented as the amount of tumor inWltrating leukocytes/mm2.
Intratumoral leukocytes where leukocytes that were nested
inside the tumor tissue in contact with tumor cells, while
peritumoral leukocytes were located outside the border of
the tumor.

The presence of PAS positive loops was scored as pres-
ent or absent. We scored each tumor for the presence of
parallel cross linked patterns or back to back loops [20].

Regression was evaluated to be present when there was
a replacement of tumor tissue with Wbrosis, degenerated
melanoma cells, leukocytic proliferation and telangiectasia
formation.

A radial growth phase was evaluated when the tumor
had a tendency to grow horizontally within the epidermal
and superWcial dermal layers. A vertical growth phase was
deWned as a pattern of growth in which tumor cells spread
vertically from the epidermis into the dermis.

As we previously described, we evaluated a parameter
for active neovascularization or angiogenesis [19]. There-
fore, the amount of proliferating endothelial cells, being
Ki67 positive endothelial cells, was observed in four intra-
tumoral high power Welds (200£) and is shown as the num-
ber of proliferating EC/vessel. Proliferating Ki67 positive
tumor cells were quantiWed in the same Welds and presented
as the amount of Ki67 positive tumor cells/mm2.

Statistical analysis

Statistical analyses were performed with SPSS-10 software
(SPSS Inc., Chicago, IL, USA). Kolmogorov–Smirnov was
used for normality-testing of the data. Student’s T-test,
Mann–Witney and Kruskal–Wallis were applied to detect
signiWcant diVerences between groups. With the Spearman
test, the correlation between the diVerent data groups was
examined. The equality of the survival distributions was
analyzed using the Log Rank test. Results were considered
to be statistically signiWcant when P < 0.05.

Results

Leukocyte inWltration is positively correlated 
with tumor stage

To study leukocyte inWltration in human cutaneous mela-
noma, we investigated the total amount of leukocytes
(CD45+), as well as the subsets of T lymphocytes (CD3+),
cytotoxic T lymphocytes (CD8+), B cells (CD20), CD16+
cells and macrophages (CD68+), in both peritumoral and
intratumoral areas (Fig. 1a–f). As shown in Fig. 1g most
leukocytes are present in peritumoral areas. Furthermore,
we found that in peritumoral areas the majority of leuko-
cytes are T lymphocytes, while within the tumor the leuko-
cyte population consists of mostly macrophages. Another
Wnding was that the number of CD16+ cells was very low
as compared to the other leukocyte subsets. The composi-
tion of the leukocyte inWltrate was comparable for all
patients (not shown).

We found a signiWcant correlation between the “brisk”
classiWcation (dividing tumor samples in three groups:
absent, non-brisk and brisk) and the amount of peritumoral
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CD45+ (P = 0.001), CD3+ (P = 0.001), CD8+ (P = 0.001),
CD20+ (P = 0.001), CD68+ (P = 0.001) and the amount of
intratumoral CD45+ (P = 0.001), CD3+ (P = 0.001), CD8+
(P = 0.001), CD16+ (P = 0.027), CD20+ (P = 0.001).

Leukocyte inWltration was positively correlated to aggres-
siveness of the tumors as determined by three diVerent
ways. (1) The group of nodular melanomas, known to have
a poor prognosis (also in this study, log rank P = 0.039),
were characterized by a signiWcantly higher amount of intra-
tumoral CD3+ (P = 0.036) and CD16+ cells (P = 0.001),
and peritumoral CD45+ (P = 0.034), CD16+ (P = 0.001)
and CD20+ (P = 0.044), as compared to superWcial spread-
ing melanoma (Fig. 2a, b). (2) There was a signiWcant
higher amount inWltration by diVerent subsets of leukocytes
in tumors with a higher amount of proliferating tumor cells
[peritumoral CD3+ (P = 0.004), CD8+ (P = 0.005), CD16+
(P = 0.002) cells and intratumoral CD45+ (P = 0.038),
CD3+ (P = 0.001), CD8+ (P = 0.037), CD16+ (P = 0.002)]
(Fig. 2c–f). (3) We identiWed a higher amount of intratu-
moral leukocyte inWltration (for CD45+, CD8+ and CD16+
cells, respectively P = 0.042, P = 0.032, P = 0.0001,
Fig. 3a–c) in patients with a Breslow depth >3 mm. A simi-
lar trend was observed for peritumoral leukocyte subsets.

Dividing the patients by the type of growth phase, being
radial or vertical growth phase, a higher amount of peritu-
moral CD8+ (P = 0.045), CD16+ (P = 0.001), CD20+
(P = 0.049) cells and intratumoral CD3+ (P = 0.030),
CD16+ (P = 0.001), CD68+ (P = 0.040) cells is shown in
patients with vertical growth phase. All other subsets of
leukocytes showed the same trend in more leukocytes in
patients with a vertical growth phase.

The presence of regression did not show any correlation
with intratumoral or peritumoral leukocytes, but was
mostly observed in thin melanomas (15/18 tumor samples
with regression had a Breslow thickness <1.5 mm). Kap-
lan–Meier analysis did not show any predictive value of
regression in patient with primary cutaneous melanoma.

The amount of CD16+ cells and T cells predict short 
survival

Survival analysis was performed by dividing the patient
population on basis of the median value of leukocyte inWl-
tration. Kaplan–Meier analysis revealed that a higher
amount of intratumoral CD3+ cells or CD16+ cells pre-
dicted shorter survival, both for 10 and 5 years of follow up
(respectively, P = 0.003 and P = 0.01, Fig. 3d, e). For the
other subsets (Fig. 3f) and for the peritumoral inWltrates
(not shown), no signiWcant relationship was found with sur-
vival (Table 1). Multivariate analysis indicated that none of
these parameters outperformed Breslow depth as a predic-
tor for survival. However, for meaningful multivariate anal-
ysis the patient numbers were too low.

The amount of immunosuppressive T regulatory cells does 
not predict survival, while the amount of activated 
lymphocytes is positively correlated to survival

To analyze the activation status and immunosuppressive
regulatory T lymphocytes in our patient population, we
quantiWed the amount of FOXP3+ and CD69+ cells, both in
intratumoral and peritumoral areas (Fig. 4a, b).

Fig. 1 Peritumoral and 
intratumoral leukocytes in 
cutaneous melanoma. Examples 
of immunostainings of peri-
and intratumoral leukocytes. 
a All leukocytes (CD45+), 
b T lymphocytes(CD3+), 
c cytotoxic T 
lymphocytes(CD8+), d CD16+ 
cells, e B lymphocytes (CD20+), 
and f macrophages (CD68+). 
The dotted lines indicate the 
border between the tumor and 
the surrounding tissue. Arrow 
heads indicate intratumoral 
leukocytes. Scale bar, 20 �m. 
g The quantiWcation of diVerent 
subsets of leukocytes in the 
melanomas. The amount of 
peritumoral leukocytes are 
shown in black bars, while the 
amount of intratumoral 
leukocytes are demonstrated in 
white bars. Error bars show 
standard error of the mean
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The presence of intratumoral FOXP3 regulatory T cells
was not signiWcantly diVerent between the diVerent stages
of melanoma (Fig. 4c). The amount of intratumoral
FOXP3+ T lymphocytes did not predict survival (Fig. 4e),
but correlated to the amount of peritumoral CD3+
(P = 0.003), CD8+ (P = 0.001), CD16+ (P = 0.049), CD68
(P = 0.020) cells and the amount of intratumoral CD3+
(P = 0.006), CD8+ (P = 0.032), CD16+ (P = 0.043) and
CD68+ (P = 0.034) cells.

The amount of CD69+ cells was signiWcantly lower in
the tumor samples with a Breslow depth of more than 3 mm
(Fig. 4d). Univariate analysis showed a trend of a shorter

survival for patients with a low amount of CD69+ cells,
though this was not signiWcant (Fig. 4f, P = 0.15). The
amount of CD69+ cells was positively correlated to sur-
vival (P = 0.025) and negatively correlated to lymph node
metastasis (P = 0.049), ulceration (P = 0.022) and the his-
tological subtype (P = 0.020).

Leukocyte inWltration is not correlated with parameters 
of angiogenesis and tumor cell plasticity

Since leukocytes home to the tumor by extravasation from
the intratumoral blood vessels, we were interested in the

Fig. 2 Leukocyte inWltration in 
relation to parameters of 
progression and aggressiveness 
in cutaneous melanoma. The 
amount of several subsets of 
intratumoral leukocytes divided 
in two groups according to the 
histological subtype (a, b), the 
amount of proliferating tumor 
cells (c–f) and the presence of 
PAS loops (g, h). SigniWcant 
diVerence between the groups 
(P < 0.05) is indicated by an 
asterisk. Black lines in the box 
plots present the median, upper 
and lower quartiles and the error 
bars show minimum and 
maximum data values

Fig. 3 Staging and survival in relation to leukocyte inWltration. a–c
The amount of leukocytes of the diVerent subsets are stratiWed by
Breslow staging (group 1, ·0.75 mm; group 2, 0.76–1.5 mm; group 3,
1.51–3 mm and group 4, >3 mm). SigniWcant diVerence between the
four groups (P < 0.05) is indicated by an asterisk. Black lines in the

box plots present the median and the error bars show quartiles.
Kaplan–Meier survival plots for melanoma patients based on the
amount of CD3+ cells (d), CD16+ cells (e) and CD20+ cells (f).
Patients were divided in two groups stratiWed based on the median
value for CD3+, CD16+ and CD20+ cells, respectively
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relationship between angiogenesis and the amount of leu-
kocytes. We previously reported that angiogenic potential
of melanoma tissue, as measured by the number of prolifer-
ating endothelial cells, is associated to tumor progression,
predicting short survival [19]. In human melanoma we did
not Wnd a correlation between neovascularization, being the
amount of Ki67 positive endothelial cells, and the presence
of inWltrated leukocytes.

We and others recently demonstrated that plastic tumor
cells, that are dediVerentiating into an endothelial cell phe-
notype, can form vessel-like structures that contribute to
blood circulation [18], a process also referred to as vasculo-
genic mimicry [21]. This urged us to investigate a relation-
ship between vasculogenic like structures and leukocyte
inWltration. We evaluated the amount of tumor cell plastic-
ity by the presence of patterned networks of interconnected
loops of extracellular matrix that were stained with PAS
reagent. Two clinical samples of patients with cutaneous
melanoma with PAS positive patterns are shown in
Fig. 5a, b. We found that 38% of the tissues presented these
patterns. The presence of these loops was signiWcantly
higher in the patients with a higher Breslow depth (Fig. 5c).
In addition, Kaplan–Meier analysis revealed a strong prog-
nostic value for the presence of PAS positive loops
(Fig. 5d, P = 0.002), which conWrms earlier results [20, 22].
Similar to the angiogenesis parameters of conventional
blood vessels, no signiWcant correlations were found
between PAS loops and leukocyte inWltration. However, for
all leukocyte subsets a trend towards more inWltration in

melanoma samples with PAS-positive loops was observed
[e.g., intratumoral CD16+ cells (P = 0.094) and intratu-
moral CD8+ T cells (P = 0.059), Fig. 2g, h].

Discussion

Cutaneous melanoma is a highly malignant tumor type. It is
one of the most frequent malignant tumors in young adults
and its incidence is still rising [23]. Among the potential
prognostic markers, the American Joint Committee on
Cancer staging system for melanoma incorporates tumor
thickness, level of invasion, ulceration, satellite metastases,
lymph node metastases [24], but not tumor inWltrating leuko-
cytes. Because most melanomas are characterized by a heavy
inWltrate, several attempts have been made to develop immu-
notherapies in melanomas. In animal models, transfer of high
numbers of tumor inWltrating lymphocytes could stimulate

Table 1 Kaplan–Meier analysis for leukocyte inWltration and PAS
patterns

* SigniWcant p-values

Log rank �2 P-value

CD45+ peritumoral 0.58 0.4466

CD45+ intratumoral 1.09 0.2967

CD3+ peritumoral 1.08 0.2981

CD3+ intratumoral 8.70 0.0032*

CD8+ peritumoral 1.20 0.2731

CD8+ intratumoral 0.26 0.6131

CD16+ peritumoral 1.75 0.1859

CD16+ intratumoral 6.08 0.0137*

CD20+ peritumoral 0.34 0.5582

CD20+ intratumoral 0.92 0.3387

CD68+ peritumoral 0.01 0.9283

CD68+ intratumoral 0.29 0.5922

FOXP3+ peritumoral 1.51 0.2186

FOXP3+ intratumoral 0.00 0.9788

CD69+ peritumoral 0.43 0.5128

CD69+ intratumoral 2.07 0.1504

PAS patterns 10.01 0.0016*

Fig. 4 The activation status and presence of immunosuppressive
regulatory T lymphocytes. Examples of immunostainings of peri-and
intratumoral FOXP3+ (a) and intratumoral CD69+ (b) lymphocytes.
The dotted lines indicate the border between the tumor and the
surrounding tissue. Scale bar, 20 �m. The amount of FOXP3+ (c) and
CD69+ (d) cells classiWed according to Breslow depth (group 1,
·0.75 mm; group 2, 0.76–1.5 mm; group 3, 1.51–3 mm and group 4,
>3 mm). SigniWcant diVerence (P < 0.05) is indicated by an asterisk.
Black lines in the box plots present the median, upper and lower quar-
tiles and the error bars show minimum and maximum data values.
Univariate survival analysis based on the amount of FOXP3+ cells (e)
and CD69+ cells (f). Patients were divided in two groups stratiWed
based on the median value for FOXP3+ and CD69+ cells, respectively
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tumor rejection [25–27]. However, only some clinical
responses could be established in the many clinical immuno-
therapy protocols and vaccination strategies [28–31].

In an attempt to verify the presence of diVerent subsets
of tumor inWltrating leukocytes as an independent histolog-
ical parameter, we evaluated tumor tissues of 58 patients
diagnosed with primary nodular or superWcial spreading
cutaneous melanoma for the amount of inWltrated CD45,
CD3, CD8, CD20, CD16 and CD68 positive cells. We
found that leukocyte inWltration is associated with markers
of tumor progressiveness, as evidenced by the following
observations. (1) Dividing the patients by Breslow thick-
ness, we found that high Breslow depth was signiWcantly
associated with a higher amount of intratumoral CD45+,
CD8+ and CD16+ cells. The other subsets of leukocytes
showed a same trend, although not signiWcantly, of more
leukocyte inWltration in more progressed tumors, both intra-
tumorally and peritumorally. (2) In nodular melanomas,
more leukocytes were present than in superWcial spreading
melanoma and (3) almost all subsets of leukocytes where
more abundantly presented in patient with a higher prolifer-
ation rate of tumor cells. This suggests that immune cell
reactions are more pronounced in aggressive tumors. A
recent paper of Hussein et al. [32] reported the same for
CD3+ and CD20+ cells. Brocker et al. described also that
an increased amount of intratumoral T lymphocytes is asso-
ciated with progression in melanoma, though, in contrast to
our observations, they observed in their patient population
that peritumoral densities of T lymphocytes was lower in
more progressed melanomas [33].

In contrast to a recent publication [34], we did not Wnd a
positive correlation between patient survival and the pres-
ence of CD3+ and CD16+ cells present in the tumor.

Our results show that CD16+ cells, macrophages and B
cells are better able to inWltrate into the tumor itself, while
T cells tend to reside in the peritumoral areas (Fig. 1g). Lit-
tle is known on the exact contribution of these leukocytes in
the process of melanoma rejection.

Some eVects were observed with the use of CD16+ cells
in therapeutic applications in melanoma. Additional inWl-
tration of NK cells (CD56+) and monocytes during treat-
ment with a therapy consisting of histamine, interferon-�
and interleukin-2 was seen only in patients responding to
the treatment [35]. Impaired activity of NK cells has also
been observed. Jovic et al. reported that the dysfunction of
NK cells in patients with metastatic melanoma was not
associated with a decrease in amount of these cells but in a
defect detected in NK cell perforin-mediated cytotoxic
activity [36].

Tumor-associated macrophages have an important role
in presenting antigens, but their clinical application as
immunotherapy has limited success. This may be due to the
paradox concerning tumor associated macrophages. On the
one hand, tumor associated macrophages are able destroy
neoplastic cells thereby reducing tumor growth. On the
other hand, both macrophages and tumor cells can produce
growth factors that can stimulate tumor growth [37–39].

Several in vivo studies in mice revealed an attenuating
eVect on B lymphocytes by unknown mechanisms leading
to cytotoxic T-lymphocyte anergy and in that way to a less
eVective immune response [40–42]. On the other hand, nor-
mal human peripheral B cells were activated in vitro
through CD40 ligation and were able to stimulate autolo-
gous T cells in the presence of melanoma cell line lysate
[43]. Unfortunately, patient studies have also been contra-
dictory. CD80+ B cells in combination with a higher

Fig. 5 The presence of tumor 
cell plasticity is a prognostic 
factor in human cutaneous 
melanoma. a, b Two clinical 
samples of patients with 
cutaneous melanoma with PAS 
positive patterns in intratumoral 
regions. Scale bar, 50 �m. 
c Presence of PAS positive loops 
in the tumor tissue was related to 
a higher Breslow thickness. 
SigniWcant diVerence between 
the two groups is indicated by an 
asterisk. Black lines in the box 
plots present the median and the 
error bars show quartiles. 
d Kaplan–Meier survival curve 
for patients with melanoma with 
or without PAS loops present 
inside the tumor tissue
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amount of CD8+ cytotoxic cells correlated with a good
prognosis in melanoma [44], while another study was not
able to improve the response rate by a B cell depletion ther-
apy [45].

We observed that a high amount of CD3 and CD16
expressing leukocytes predicts short survival. This suggests
the inability of tumor inWltrating leukocytes to mount an
eVective immune response. These Wndings are supported by
several papers that report possible escape mechanisms
of melanoma cells from immunological responses. This
escape from tumor immunity can be explained by several
mechanisms: (1) the secretion of immunosuppressive cyto-
kines by melanoma cells [46, 47], (2) the defective or
incomplete activation status of the inWltrating T cells
[48], (3) the immunosuppressive eVect of melanoma cell
expressing proteins [49, 50] and a variety of other escape
mechanisms [51].

In our study, we analyzed the amount of FOXP3+ cells.
FOXP3 is a unique functional marker of regulatory T cells
[52]. Cancer patients have been described to have an
enlarged pool of immunosuppressive regulatory T cells in
the peripheral blood and/or the tumor. Only a few papers
correlated this to the progression of the tumor [53–61]. Data
on this correlation in cutaneous melanoma are lacking until
know. We report the absence of the signiWcant correlation
between FOXP3+ cells and the diVerent Breslow stages of
melanoma and that it is not a prognostic factor in this type of
tumors. The amount of FOXP3+ cells was positively corre-
lated to the amount of several subsets of leukocytes. It
appears that regulatory T cells are as much recruited as the
other subsets of lymphocytes and other leukocytes. This
observation was already reported in several earlier papers.
Immunotherapy in melanomas with a Melan-A peptide
vaccine resulted in more CD8+ cells, however, clinical ben-
eWt was limited due to a simultaneous induction of regulatory
T cells, that suppressed the activity of the recruited CD8+
cells [62]. Similarly, the administration of IL-2 resulted in an
increase of FOXP3+ cells with a high suppressive activity in
both melanoma and renal cancer patients [63]. Some promis-
ing results were described in a recent paper of Nair et al.
where targeting FOXP3 by vaccination resulted in an
enhanced tumor immunity in a mouse model [64].

The activation status of lymphocytes was studied by the
quantiWcation of CD69+ cells. CD69 is among the earliest
inducible cell surface glycoproteins during lymphoid acti-
vation [65]. Several manuscripts describe the decrease of
CD69+ cells in tumors with a more progressed stage and a
higher amount of CD69+ cells predicted better survival [11,
66, 67]. We are the Wrst to report on the prognostic value of
CD69+ cells in primary cutaneous melanoma. We found a
signiWcantly higher amount of CD69+ cells in melanomas
with the most progressed stage. Univariate analysis showed
an inverse pattern in comparison to the other subsets of

leukocytes. There was a clear trend that a higher amount of
CD69+ cells predicts a better prognosis for melanoma
patients. It is clear that the detection of only inWltrating leu-
kocytes is not a sensitive marker to evaluate tumor immune
response.

The impact of regression is still unclear. As in most stud-
ies regression was mainly observed in thin melanomas.
Some studies indicated that regression is a negative prog-
nostic factor [14, 68, 69], while others could not Wnd a rela-
tionship between regression and survival [70–73]. We
could not Wnd a relationship with survival nor a correlation
with intratumoral and peritumoral leukocytes.

Since leukocytes home into tumors by extravasation
from blood vessels, we investigated the relationship
between leukocyte inWltration and parameters of angiogen-
esis [39, 74]. We did not Wnd any correlation. Therefore, we
studied the plasticity of the melanoma cells, which has been
discovered in melanoma to contribute to circulation
[18, 75]. We did not Wnd any signiWcant evidence that this
alternative way of blood circulation in the tumor [18]
contributes to the formation of an inXammatory inWltrate.
However, we did Wnd a trend in this direction. This might
be due to the fact that vasculogenic mimicry is a marker of
tumor aggressiveness, resulting in the attraction of more
immune cells. Since it is known that leukocyte inWltrate can
recognize and eradicate tumor mass, this might be seen as a
contradictory observation. However, it can be argued that
the high number of inWltrated leukocytes reXects the
enhanced antigenicity of more aggressive tumor cells [32].

In summary, we demonstrated that leukocyte inWltration
in melanoma predicts a short survival. In our study, we
included all stages of Breslow depth. We conclude that
more advanced melanomas are characterized by more
tumor inWltrating leukocytes, maybe because of the more
aggressive behaviour of the tumors. From survival analysis
it is concluded that this is insuYcient for an eVective
immune response. Our observation that all stages of Bre-
slow depth are inWltrated with regulatory T cells but that the
amount of CD69+ activated lymphocytes is a possible
prognostic factor, should be taken into account in future
studies. It is clear that more research on the immunosup-
pressive mechanisms and the stimulation of antigen driven
leukocyte responses is necessary in order to improve immu-
notherapeutic applications.
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