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Abstract. Melanoma is the most severe type of skin cancer
and its incidence has increased in the last decades. In the
United States, it is the 6th most common cancer in both men
and women. Prognosis for patients with melanoma depends on
the stage of the disease at the time of diagnosis and it can be
influenced by the immunologic response. Melanoma has been
historically considered an immunogenic malignancy. It often
contains great amount of immune cells (different subsets of
T-cells, dendritic cells, macrophages, neutrophils, mast cells,
B lymphocytes), which may reflect a continuous intercom-
munication between host and tumor. It is not established if
tumor-infiltrating lymphocytes (TILs) are induced by tumor
cells or by other components of the microenvironment or
when they are a host direct immunologic reaction. It has been
observed that in many cases, the presence of a dense TIL is
associated with good prognosis. The pattern and activation
state of the cells which constitute TIL is variable and modulates
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the clinical outcome. An important step in the understanding
of tumor immunobiology is the analysis of the populations
and subsets of immune cells that form TIL. Besides its prog-
nostic significance, after approval of cytotoxic T lymphocyte
antigen 4, programmed cell death-1 and programmed death-1
ligand antibodies for the treatment of melanoma, the assess-
ment of immune infiltrate composition has become even
more captivating, as it could provide new target molecules
and new biomarkers for predicting the effect of the treatment
and disease outcome in patients treated with immunotherapy.
In this review we discuss current state of knowledge in the
field of immune cells that infiltrate melanoma, resuming the
potential of TIL components to become prognostic markers
for natural evolution, for response to drugs or valuable targets
for new medication.
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1. Introduction

Despite the advances made over the past decades in the
research area, melanoma remains the most aggressive type of
skin cancer. It shows an alarming increasing incidence, and
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in the United States it was registered as the 6th most common
type of cancer in both sexes (1). Prognosis for patient with
melanoma depends on the stage of the disease at the time of
diagnosis. The unpredictable outcome is governed by a multi-
tude of complex reactions between the tumor and the immune
system of the host (2,3).

Melanoma has historically been considered an immuno-
genic malignancy as it contains great amount of immune cells
(different subsets of T-cells, dendritic cells, macrophages,
neutrophils, mast cells, B lymphocytes) and the presence of a
dense tumor infiltrating lymphocytes (TILs) is associated with
good prognosis (3,4). The analysis of the populations and subsets
of immune cells that form TIL and their interaction with tumor
cells led to the development of antibodies against immune check
point inhibitors, with remarkable clinical results/outcome and
new molecules are under investigation (5,6).

Currently, diagnosis, prognosis and therapy are based
on the TNM staging system which takes into account
clinico-pathological risk factors: tumor thickness, ulceration,
mitotic rate, sentinel lymph node status and presence of
metastases (7). But AJCC classification cannot predict the
distinct progression and different responses to treatment of
melanomas classified at the same stage, showing the urgent
need to decipher new parameters to better stratify them, to
identify which patient needs a certain pathway inhibitor and
in what moment, according to his particular risk. Profound
evaluation of TIL can enlighten the way to new and more
effective solutions for melanoma patients.

2. Melanoma: An immunogenic tumor

It is known for many years that melanoma is an immunogenic
tumor and the use of this particularity in the development of
new therapeutic strategies has been attempted. Several clinical
aspects support this theory: partial or total regression of
primary melanomas, depigmentation areas within the tumor
or sometimes depigmentation ring (‘halo’) around the primary
melanomas or cutaneous metastases, and the development of
vitiligo-like depigmentation in patients with melanoma, asso-
ciated with a good prognosis (4,8).

The histopathological evidence of lymphocytes and other
mononuclear cells in association with melanoma cells prove the
involvement of the immune system. Although it was initially
considered the cause of the malignancies, nowadays the debate
is to establish if TIL are induced by tumor cells or by other
components of the microenvironment or whether they are a
host direct immunologic reaction (2). It has been observed that
in most situations, the presence of a dense TIL is associated
with better prognosis or a better survival rates (9,10).

3. Tumor infiltrating lymphocytes as a prognostic and
predictive factor in melanoma

Over time, histopathological parameters in primary cutaneous
melanoma were subject to numerous studies regarding prog-
nosis of the disease. Thus, multivariate analyzes have shown
that tumor thickness and ulceration are the most important
prognostic predictors in localized disease. Increased evidence
suggests that tumor TIL represent an independent prognostic
marker (9-11).
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Figure 1. Tumor infiltrating lymphocytes. (A) Non-brisk TIL (H&E, x100);
(B) Brisk TIL with intratumoral and continuous peritumoral distri-
bution (H&E, x40).

According to Clark er al (10), TIL infiltrate can be clas-
sified as: absent, non-brisk or brisk and this quantification is
still accepted by most authors (12). TIL are considered absent
when leukocytes are absent or if they are present, they do
not infiltrate the tumor (12). Non-brisk TIL represents the
infiltrate distributed only focally and not along the entire base
of the invasive component (Fig. 1A). Brisk TIL is defined
by lymphocytes that infiltrate diffusely the entire invasive
component or infiltrating across the entire base of vertical
growth phase (Fig. 1B) (12,13).

Numerous studies have repeatedly shown the density and
the pattern of distribution of TIL in the vertical growth phase
of primary melanomas has prognostic significance, but not in
the radial growth phase (9,10,14,15).

Hussein et al have shown a progressive increase in TIL
during tumorigenesis in melanocytic lesions, this being
interpreted as an effect of increasing tumor antigenicity.
Interestingly, TIL decrease in metastatic melanoma reflects
defence breakdown (16).

Moreover, it can be seen as independent predictive factor
for sentinel lymph node status (2). It was observed that the
prognosis of patients with brisk inflammatory infiltrate was
significantly better than that of patients with non-brisk or
absent TIL and correlated with prolonged disease-free and
overall survival (9,10).

Due to its reported prognostic significance, some authors
consider that this parameter should be included and quantified
in the histological report (2).
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4. The tumor microenvironment and tumor infiltrating
lymphocytes

Tumor mass is made up of tumor cells but also stromal cells
that enable them to live and grow, endothelial cells, infiltrating
leukocytes, fibroblasts and a complex extracellular matrix that
form the local tumor environment (17).

TIL are a polymorphic group that is composed mainly by
effector T lymphocytes, regulatory T lymphocytes, natural
killer (NK) cells, dendritic cells and macrophages (18). The
distribution, the density, the profile and the activation state of
the cells which constitute TIL can be variable and modulate
the clinical outcome.

Based on the current information, for a better under-
standing of the phenomena, we will present the scenario of the
development of TIL, the roles of its components and how they
can modulate the progression of the disease, with the final goal
to be able to develop new immunotherapeutic strategies.

Melanoma antigens. The first step in the initiation of the host
immune response in primary cutaneous melanoma is recogni-
tion of the antigens that will induce inflammatory intratumoral
infiltrate (19).

Tumor antigens in melanoma are of two types: specific
antigens that are expressed by tumor cells (tumor-specific
antigens, TSAs) and tumor associated antigens (TAAs), which
are predominantly found in the tumor cells. TSA are also
called ‘neoantigens’ because they are newly formed antigens
and they are not found in the normal human genome. TSA
exert high immunogenicity and induce T-lymphocytes that are
not affected by central tolerance and maintain for a period of
time an efficient adaptative anti-tumor activity. There is an
extremely large number of possible mutations, so that each
patient tumor is unique, tumors from the same patient can be
different, and there is also intratumoral heterogeneity (20). On
the other hand, TAA are mainly found in tumor cells but can
also be expressed by normal melanocytes and most of them
are of intracellular protein origin. Most often melanoma cells
express only MHC class I and do not express MHC class 11
molecules. TAA do not induce an ideal cytotoxic T-cell
reaction and generate reduced formation of tumor-specific
CD4* and antibodies (4,11,21).

Malignant tumor cells can employ different stratagem to
avoid T-cell intervention. In some cases, tumor cells can reduce
their expression of TAA or they can produce chemokines and
cytokines with immunosuppressive consequences (22-25).

Dendritic cells (DCs). DC are among the first cells to reach
the tumor, recognize tumor antigens and play a pivotal role
in the initiation and regulation of both innate and adaptive
immunity (17). They are the most potent antigen-presenting
cells (APCs) and after processing of tumor-associated
antigens, they induce a specific antitumor response by
cross-presentation of antigens to CD8* T lymphocytes
by MHC class I molecules and to CD4* by MHC class II
molecules (26). In order to obtain a potent anti-tumoral
immune response of T lymphocytes, the antigen presentation
must be efficiently done by mature dendritic cells. DC can
additionally contribute to the cytotoxic immune reaction
directly and by activating NK cells (27).
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DC from the skin, Langerhans cells, dermal DC and
plasmacytoid DC may exhibit different phenotypes, with
dualistic functions (28). In the tumor microenvironment,
mediators released by tumor cells or tumor-associated macro-
phages (TAMs) such as IL-8, IL-10, TGF-p1 and VEGF limit
normal DC maturation, in an attempt to evade host immune
response (20,29,30).

DCs in the immature state fail to properly stimulate T-cells.
On the other hand, by favoring proliferation of regulatory
T-cells, they block T-cell responses. In this way they are
mediators of immune tolerance despite immune activation,
a phenomenon described in patients with melanoma in 1997
by Enk er al (31). Immature/tolerogenic DC regulate tumor
angiogenesis and favor an active tumor growth (32). This
proangiogenic effect is no longer operative with DC maturation.
The maturation process of dendritic cells is dependent on
factors encountered in the tumor microenvironment (33).

Mature DC are distributed mainly peritumorally and their
density, together with the activation status of T lymphocyte,
correlated with melanoma tumor thickness and patient's
survival, making Kobayashi ef al and Simonetti ez al to recom-
mend the use of these parameters as a predictor of treatment
response in patients treated with immunotherapy (34,35).

An adequate number of mature DC in tumor area can
eliminate malignant cells (36). Lotze showed that infiltration
with mature DC in primary tumors is associated with fewer
metastases and better prognosis (37).

Interaction of APC and T lymphocyte-immune checkpoints.
In an ideal situation, antigen-presenting cells lead to activation
of effector memory T-cells in the lymph nodes that mediate
antitumor effects at tumor site, producing new antigens
from destroyed tumor cell and creating a tumor-immunity
cycle (2,38).

After recognizing the antigen presented by APC, T-cells
require several signals for full activation. The first signal
depends on the antigen and is represented by MHC I or MHC 11
complexed with the presented peptide, binding to the T-cell
receptor (TCR) (39). Insufficiently presented antigen on APC
cannot activate T-cells and induce immunologic ignorance (40).

Cell adhesion molecules are responsible for maintaining
the connection between the two cells and allow as many TCRs
on the T-cell as possible to become activated (41). In metastatic
disease a diversity of TCR was observed between different
sites that can have different clinical evolution, explained by the
selection of T-cells directed against different tumor antigens
or against different epitopes from the same antigen (38).

The second signal of activation requires specific interaction
between T-cell receptors from their ligands and APC (from
CD28/B7 family), and is antigen-independent (39). These
receptors are of two types: co-stimulators or co-inhibitors.
Many ligands can bind to multiple receptors, of each type (42).

The interplay between costimulatory receptors and their
ligand completely activate T-cells and induce production of
tumor-specific T-cells (43).

In normal conditions, co-inhibitor receptors [programmed
cell death-1 (PD-1), cytotoxic T lymphocyte antigen-4
(CTLA-4), B and T lymphocyte attenuator (BTLA) and T-cell
immunoglobulin and mucin domain-3 (TIM-3), known as
‘immune checkpoint molecules’, and their ligands (respectively,
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programmed death-ligand 1 (PD-L1) or PD-L2,CD80 or CD86,
herpesvirus entry mediator (HVEM) and galectin 9], inhibit
T-cell activity and are involved in maintaining self-tolerance
and modulating the intensity and duration of an anti-infectious
immune response (30,42). Activation of inhibitory immune
checkpoints by cancer cells shield them from the immune
attack and allow them to proliferate further (38,44).

APC T-cell interaction can be mediated also by tumor
necrosis factor (TNF) family members and their recep-
tors, by the soluble cytokines from the microenvironment
(TGF-f, IL-1, IL-10, IL-12, IL-18) and by immune-inhibitory
molecules, metabolic enzymes that deprive lymphocytes of
necessary aminoacids [indoleamine 2,3-dioxygenase (IDO)]
that can be new therapeutic targets (42,45,46).

Thus, it has been observed that the immune system has a
dual role, by modifying the interactions between co-stimula-
tory and co-inhibitory signals. On the one hand, it can control
malignant cells but on the other hand, it may favor tumor
progression (47).

T lymphocytes. TIL include different subsets of lymphocytes,
in different proportions, adjusted by cytokines secreted by
tumor cells or other residents: CD8* T-cells, CD4* T-cells,
NK cells and B-cells (48,49). T lymphocytes have a major
role in the antitumor immune responses and are the dominant
elements in the tumor microenvironment.

TSA generate highly sensitive and specific CD8* T recog-
nition and data suggest that TIL may specifically target
TSA (50,51). TAA can induce tumor-specific CD8*, CD4*
T-cells and antibodies against TAA (30).

CD8 effector T-cells (or cytotoxic T-cells) inhibit tumor
proliferation, either through direct cytolytic action on tumor
cells or by releasing interferon (IFN)-y and TNF-a (50,52).
Therefore, a large infiltration of CD8" T-cells in the tumor is
related to a good prognosis in patients with melanoma (53).
Protracted antigen exposure can cause tumor antigen-specific
T-cells ‘exhaustion’. PD-1 and TIM-3 have been considered
immunohistochemical markers for ‘exhaustion’ (4). Based on
the balance between co-stimulatory and co-inhibitory signals
from the micro-environment, CD8 T-cells may exert different
functional states (54).

There are four main types of CD4* T-cells (T helper cells),
with distinct properties and in variable percentage: Thl, Th2
Th17, and Treg.

Thl, Th2 help antitumor fight by stimulating the activity
of CD8* T-cells through mediators such as IFN-y, TGF-f or
IL-2 (55,56). Thl can also favor activation of macrophages
and maturation of dendritic cells, while Th2 can use cytotoxic
weapons of eosinophils (57,58). A consistent intratumoral
infiltration of CD8* T-cells and Thl cells is correlated with
favorable prognosis and better survival in most human
cancers (59).

Th17 cells have two antagonist forms: in certain cytokine
milieu can convert to Thl characteristics and exert antitumor
effects, while in other conditions can switch to regulatory
T-cells characteristics and induce tumor progression (60).

Regulatory T-cells (CD25/FoxP3 suppressive T-cells, Treg)
areasubtype of T-cells with akey role in preventing autoimmune
diseases. Their presence in the tumor microenvironment
inhibits the antitumor immune responses. They are attracted to
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the tumor microenvironment by chemokines secreted by tumor
cells and macrophages. Tregs are activated after recognizing
TAA released from destroyed tumor cells and then specifically
suppress the activation of TAA-specific effector T-cells and
the efficient tumor cell destruction by various mechanisms
(IL-10, TGF-p) (41,61). Moreover, Treg can suppress the action
of several types of immune system cells such as CD8" T-cells,
NK cells, B cells and APC (62).

There are few studies done on the prognostic role of Treg
in melanoma. Some have noted the association between the
presence of a high Tregs infiltrate with the local recurrence
of the disease, fast tumor progression, a higher metastasis rate
in the sentinel lymph node, but without any association with
tumor thickness or patient survival (63-66).

It is considered that ratios between different subsets of
T-cells can provide more accurate information on the local
immune balance and CD8/FoxP3 (effector/regulatory) ratio
and CD8/CD4 (effector/helper) ratio are the most commonly
used (67). To skip from immune attack, tumor cells suppress
tumor-specific T effector and induce immunosuppressive Treg
cells, thus reducing CD8/Treg ratios. In patients treated with
combination checkpoint therapy, CD8/Treg ratios increased
and was associated with improving survival in melanoma (68).

NK cells. NK are effector cells of the innate immune system
and play an essential role in cancer immune surveillance due
to their ability to destroy tumor cells independent of MHC or
previous activation (69).

NK also participate in regulation of adaptive immune reac-
tions through interactions with DCs, that activate NK cells and
determine a potent cytotoxic immune response against tumor
cells (27).

Tumor cells may defeat NK by releasing TGF-f, by
low antigenicity expression or by increased MHC I expre-
ssion (33,69-71). Tregs can also contribute by rivaling with NK
for IL-2 (30). The activation state of NK cells is modulated by
activating and inhibitory receptors.

The prognostic role of NK cell infiltration in melanoma
has not been evaluated, but they seem to limit the development
of hematogenous metastases (28).

B cells. B cells represent 15-20% of all infiltrating lympho-
cytes (16,30,66). The exact roles of tumor-infiltrating B cells
in antitumoral immune response are not defined. A trend for
their higher prevalence was observed in thicker tumors and
an increased density of B lymphocytes infiltrating primary
cutaneous melanomas was associated with reduced risk of
distant metastases and longer survival (28,72) The roles of
plasma cells are even less understood. Bosisio et al recently
reported a significantly worse survival in primary melanomas
with clusters of plasma cells compared to a better outcome in
the cases with sparse plasma cell infiltrate. Most plasma cells
were polyclonal, expressing predominantly IgG and IgA (73).

Macrophages. TAMs are a heterogeneous group of cells with
antigen-presenting capacity and represent the predominant
inflammatory cells of the tumor infiltrating lymphocytes. They
are found in all stages of the tumor progression (30). Based on
the signals from microenvironment, macrophages can render
antagonist functional characteristics.
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M1 macrophages, the classical type, have high antigen-
presenting action and also can produce Thl cytokines and
exert antitumor effect (69).

M2 macrophages have a low antigen-presenting activity,
inhibit CD8" T-cell and NK cell activity, stimulate switch to
Th2 and Treg predominance, stimulate antibody production,
angiogenetic effects and favor tumor cell migration (74,75).
It is the predominant profile in TAM, induced by products
secreted by dendritic cells, Treg lymphocytes and tumor
microenvironment. During tumor growth and progression,
macrophages convert from M1 to M2 phenotype (29).

Studies have shown correlation between TAM density and
tumor thickness and ulceration, but no significant correlation
with survival in patients with melanoma (76).

5. Immunoediting

All the above cells are players in a complex process of immu-
noediting. They produce a variety of cytokines, chemokines
and growth factors with important roles in adjusting interac-
tions between cells, regulating cell differentiation, activation
and functioning of many types of cells (17).

Permanent interactions between the tumor and the immune
system can lead to malignant cell elimination, an equilibrium
state or malignant cell escape (77). The transition between
these phases is adjusted by the immune system status and
the activity of the tumor cells. If the innate and the adaptive
immune systems successfully remove tumor cells, the elimina-
tion is the final stage of immunoediting (77).

In some cases, not all tumor cells can be eliminated, but
their proliferation can be handled by the immune system. In
this equilibrium state tumor cells remain latent for a variable
period of time (78).

Nevertheless malignant cells possess a wide variety of
means that in the end enable them to escape from the control
of the immune system, starting to proliferate and lead to the
appearance of the primary tumors and metastases.

Melanoma cells can passively evade or actively
suppress the antitumor immune response through several
mechanisms, deceiving and defeating one by one each of the
immune system players previously described: i) downregu-
late TAA (79,80); ii) induce T-cell exhaustion by prolonged
TSA exposure (81); iii) express low levels of MHC I (82);
iv) evade recognition by NK cells and reduce their cytolytic
activity (83); v) induce T-cell apoptosis by Fas-Fas ligand
pathway (49); vi) recruit tolerogenic Treg (84); vii) produce
inhibitory signaling molecules and induce immunological
tolerance (85,86); and viii) express immune checkpoint
proteins that shelter them from T-cells or macrophages
attack (87). Despite a strong, complex anti-melanoma
immune response, melanoma cells use all the tricks to
escape without being destroyed (30,77).

6. Discussion

Each individual, each organ, and accordingly, each tumor
and each metastatic site form the same tumor have distinctive
immunologic particularities that are far from being deciphered.

This review wants to bring to attention the multiple
variable that modulate melanoma outcome, starting from
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TSA that can be the result of a unique mutation, and induce
a specific effector T-cell, which can have a variable activity
state, depending on how the antigen was presented, depending
on the specific context of either stimulatory or inhibitory
receptors, cytokines and chemokines, that can be variable in
time and favor accumulation of different proportions of NK,
macrophages or Treg, with specific phenotypes and functions.
The cumulative effect of these antagonist forces can be either
successful elimination of tumor cells, temporary control or
evasion.

Several therapeutic approaches have been tested, addre-
ssing different steps involved in melanomagenesis, with
unsatisfactory results. The new data on the role of the
immune system and the mechanism of immune escape
led to the development of immune checkpoint inhibitors,
that unblock antitumor immunity, considered among the
most important medical findings of the recent years, with
significant increased survival for patients with stage IV
melanoma.

Even if it may represent a photo of a certain moment in
tumor evolution movie, analyzing the profile of the immune
cells from TIL may help understanding of tumor immu-
nobiology and, considering the already proved prognostic
significance, it may help to identify potential biomarkers for
a better risk stratification, to further devise new weapons, for
new targets, for the individual unique melanoma.
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