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Summary: Though years of studies for cancer biology and immunology, melanoma, in its late stage, 
still remains lethal for patients and cause a problem to physicians. Large diversity, rapid grow, and 
neglection of early signs and symptoms often leads to late diagnosis. Once melanoma has been 
detected in its early stage, it can be cured by surgical resection, but with further progression to met-
astatic stage, the therapy become more complex. Searching for the safe systemic therapy resulted in 
developmnet of cutting edge solutions such as check-point inhibitors, dendritic cells based vaccines 
and  adoptive T-cell transfer. Since melanoma serves as a ‘model’ tumour for research, most of the 
newest immune terapeutics found an application in malanomas treatment. Present invastigations 
explore the mechanisms of tumor resistance to immunotherapy such us, avoiding detection (MHC 
I downregulation), production of inhibitory microenvironment (IDO, Adenosin, PD-L1 up-regula-
tion) and accumulation of immunosuppressive lymphocytes and myeloid cells. The future task is to 
determine which of these mechanisms are important and how suppress them. Inhibition of immu-
nosuppressive elements of tumor microenvironment may by unenviably use as an adjuvant to the 
standard therapy. To summarize, regarding all recent successes, immunotherapy might be the most 
promising treatment for cancer patients.
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Streszczenie: Pomimo lat badań nad biologią i immunologią nowotworu, czerniak, w zaawanso-
wanym stadium, pozostaje śmiertelny dla pacjentów i stanowi duży problem dla lekarzy. Duża róż-
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norodność symptomów, jak również lekceważenie pierwszych oznak choroby, często prowadzi do 
później diagnozy. Jeśli czerniak zostanie wykryty we wczesnym stadium, może zostać wyleczony 
przez wycięcie chirurgiczne, jednakże wraz z wykształceniem przerzutów, terapia staje się bardziej 
złożona. Dążenia do opracowania bezpiecznej terapii systemowej zaowocowały odkryciem tzw. in-
hibitorów punktów kontrolnych (ang. check-point inhibitors), szczepionek opartych na komórkach 
dendrytycznych czy adaptywnego transferu komórek T. Ponieważ czerniak służy jako modelowy 
nowotwór do badań, większość najnowszych metod immunoterapii znalazło zastosowanie w jego 
leczeniu. Aktualne studia w obszarze onkoimmunologii  zgłębiają mechanizmy odporności nowot-
woru na immunoterapię poprzez unikanie wykrycia, produkcję hamującego odpowiedź immuno-
logiczną mikrośrodowiska, czy akumulacje regulatorowych limfocytów i komórek mieloidalnych. 
Metody leczenia celujące w mikrośrodowisko nowotworu, w przyszłości, mogą stać się nieodłącz-
nym elementem standardowej terapii. Uwzględniając najnowsze odkrycia, immunoterapia stanow-
iłaby najbardziej obiecujące rozwiązanie dla pacjentów onkologicznych.

Słowa kluczowe: melanoma, immunoterapia, mikrośrodowisko nowotworu, onkologia medyczna

INTRODUCTION

Though years of studies for cancer biology and immunology, melanoma in it’s late 
stage still remains lethal for patients and cause a considerable problem to physicians. 
Melanoma of skin is responsible for 0.6% of deaths caused by tumor disease. With 
over 300,000 new cases and 60,000 deaths estimated globally, melanoma is one of the 
most frequently diagnosed cancer in North America, Australia and New Zealand [7].

Once melanoma has been detected in its early stage, it can be cured by surgical 
resection, but with further progression to metastatic stage it is extremely difficult to 
treat it. Sustained studies of cell–signaling and mechanisms of immune system have 
contributed to development of new therapeutic approaches [28]. 

In order to apply the modern therapeutic strategies, targeting cell signaling 
pathways and immune system response against melanoma, it is important to un-
derstand their mechanisms. 

The path to success of immunotherapy was full of obstacles. The first applied 
immune therapeutics were vaccines. Although their development was a milestone in 
infectious disease treatment they didn’t show similar effect in cancer therapy. 

Nowadays the clinical application of immune therapeutics provides satisfactory 
results, significantly extending the survival of patients. However, still in the most 
of cases the response to treatment isn’t evident [54]. As a consequence of that, the 
most present researches explore the mechanisms of resistance to immune treatment.

The understanding of complexity of immunology system is fundamental to over-
come the immune resistance providing the effective and safe therapy. This review 
brings into discussion the mechanisms of immune response, the most present possibil-
ities of immunotherapy together with strategies of melanoma cancer cells resistance.
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FIGURE 1. Cancer immunity cycle
The great insight into immune response mechanism was provided by Dan Chen and Ira Mellman 
[14]. They presented immunity cycle as a self-feeding system resulting in T-cell response. The im-
mune therapy for melanoma can target almost every step of the cycle. The understanding of com-
plexity of immunology system is essential to overcome the immune resistance and to provide effec-
tive and safe therapy to patients
RYCINA 1. Cykl immunologiczny nowotworu
Doskonały obraz mechanizmu odpowiedzi immunologicznej został zaprezentowany przez Dan 
Chen i Ira Mellman [14]. Przedstawili oni cykl immunologiczny jako samonapędzający się sys-
tem skutkujący ondpowiedzią limfocytów T przeciw komórkom nowotworowym. Współczesne im-
munoterapeutyki mogą oddziaływać na każdy etap tego procesu. Zrozumienie złożoności systemu 
immunologicznego jest niezwykle istotne, żeby przezwyciężyć odporność nowotworu i zapewnić 
pacjentom bezpieczną i skuteczną terepię
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CANCER IMMUNITY CYCLE

The great insight into basis of onco-immunology was provided by Daniel Chen 
and Ira Mellman [14]. They presented immunity cycle as a self-feeding system result-
ing in T-cell response. The immune process was divided into seven steps. The present 
immune therapy approaches for melanoma can target almost every level of the cycle.

RELEASE OF CANCER ANTIGENS

Immunogenic cell death triggers ejection of tumor specific antigens. The an-
tigens can be formed either as the result of mutation or form non-mutate gens, 
preferably expressed by the specific type of tumor [54]. Therapies such us che-
motherapy, radiation or targeted therapy trigger antigen ejection stimulating the 
immune response [94].

Tumor specific antigens are considered as a possible trigger of immune re-
sponse against cancer. For example, the MAGE-A3 protein is known as a truly 
tumor-specific antigen for immunization against melanoma [8]. The other studies 
demonstrated that gp100 peptide vaccines was efficient to immunize patients with 
advanced stage melanoma [52].

CANCER ANTIGEN PRESENTATION

The cancer antigens are detected by antigen presenting cells (APCs) among 
which the most important end effective are dendritic cells (DC). DCs have ability 
to recognize the antigens due to expression of pattern-recognition receptors (PRR) 
such as Toll-like receptors (TLR), NOD-like receptors (NLR) [43]. The DCs, in 
order to trigger the immune response, have to receive the specific activation sig-
nals such as type I IFN [43]. Salmon et. al. revealed that CD103+ DC is the main 
intratumoral myeloid cell population in melanoma that transports cancer antigens 
to the lymph nodes [81]. During migration to lymph nodes, DCs downregulate their 
antigen-capturing capacity and upregulate the expression of MHC-II and costimu-
latory molecules such as Il-2, Il-12, Il-15 [6, 67, 99]. Maturing DCs acquire ability 
to trigger the antigen-specific T cells and thus initiate the immune response [67].

Dendritic cell vaccine
As dendritic cells play a key role in activating the immune response dendritic 

cell vaccines are considered as one of potential approach in immune treatment for 
melanoma. 

Markowicz et al. evaluated the efficacy of peptide-loaded DC vaccine in high-
risk stage III melanoma patients after lymph node dissection. They determined 
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that DC based vaccine was well tolerated and resulted in immune response to 
melanoma antigens [53].

In the study of Bol et al. vaccination with autologous DCs loaded with gp100 
and tyrosinase also resulted in functional tumor-specific immune response. More-
over the overall survival (OS) achieved in the study group was significantly high-
er compared to control group [4].

Generally the vaccines that use DCs as immune response medium are com-
posed of:

1) non-targeted peptides or nucleic acids which after administration are cap-
tured by DCs in vivo [65].

2) antigens directly coupled to antibodies recognized by DCs [65].
3) ex vivo generated DCs that are already loaded with tumor antigens [65].
The application of DC in immune therapy proved its efficiency in multiply 

small clinical trials [64, 80]. Thus the phase III clinical trials on dendritic cell 
vaccination as adjuvant therapy in advanced melanoma is undergoing [96].

One of the possible adjuvant that stimulate the growth of DC is granulo-
cyte-macrophage colony-stimulating factor (GM-CSF). The research showed, that 
additional administration of GM-CSF as an adjuvant have an effect on CD8+ T cell 
(CTL) response [30]. 

High dose interferon alpha (HDI)
Interferon alpha (IFN-α) is one of the first cytokine, which anti-tumor activity 

against melanoma was used in clinic. INFα is produced among others by CD11c+ 
DCs in tumor-draining lymph nodes [24]. The direct mechanism of an impact of 
INF on immune response against melanoma is not well defined, but INF is known 
to have antiangiogenic, immunoregulatory, antiproliferative, and proapoptotic ef-
fects [89].

The study of Kirkwood et al. showed that cytotoxic functional activity against 
melanoma was elevated after injection of INFα [44]. Moreover Palmer et al. 
demonstrated that INFα can stimulate the generation of anti-melanoma CTL [63]. 
This finding was confirmed by Fuertes et al. [24]. who also revealed that presence 
of INFα promote the accumulation of the CD8α+ DCs in tumor microenvironment 
(TME).

Study of Kirkwood et al. reported that application of high dose INFα prolongs the 
relapse-free interval and OS of resected melanoma patients [45]. Based on this studies 
in 1994 the US Food and Drug Administration (FDA) approved the use of HDI [39].

To improve pharmacological properties of the INFα, such as clearance delay, 
pegylation was applied. Pegylation of interferon resulted in significant reduction 
of the frequency of dosing along with increased drug exposure [82]. In 2011, the 
US FDA approved PEG-IFN for stage III melanoma [39].
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PRIMING AND ACTIVATION OF T CELLS

Activated Dendritic cells, as mentioned, are capable of activating immune 
cells in lymph node. Among the population of the lymphoid compartment cells the 
CTL are known to have the major anti-cancer effect [3]. DCs take up cell-asso-
ciated antigens and present them using MHC class I molecules to CD8+T cells in 
a process referred to as cross-priming [31]. Moreover Dendritic cells express ad-
ditional co-stimulatory molecules like B7 (CD80, CD86) and OX40L recognized 
respectively by CD28 and OX40 on T cells [54].

CD80 and CD86 are also ligands for cytotoxic T lymphocyte-associated anti-
gen 4 (CTLA-4), the specific antigen of CD8 T cells, known as the potent regula-
tor of immune response. When CD28 provides costimulatory signals required for 
T-cell activation, CTLA-4 negatively modulates T-cells by raising the activation 
threshold for the priming [54].The therapeutic use of CTLA-4 antigens will be 
discussed later.

CTL can be generated either by stimulation of naive T cells or reprogramming 
of memory T cells [3]. Their activation is upregulated by Il-2, Il-12, released by 
DCs [67, 99]. As those interleukins have positive effect on immune response they 
were used in several clinical trials [66, 1].

Interleukin-2
One of the relevant effects of Il-2 is the stimulation of CTL and NK-cell lysis 

[99]. However, paradoxically, it was also reported that Il-2 is responsible for the 
development of peripheral tolerance, promoting expansion of CD4+CD25+ regu-
latory T cells [61]. Nethertheless, the recombinant form of Il-2 showed potential 
and promoted significant immune activity against melanoma in clinical trials [74]. 
In 1998 the exogenous cytokine Il-2 was approved by the US FDA for treatment 
of advanced metastatic melanoma [74].

TRAFFICKING OF T CELLS TO TUMORS

The amount of circulating tumor antigen-specific T cells does not necessarily 
correspond with melanoma regression in patients [75]. In order to perform anti-tu-
mor activity the lymphocytes need to migrate into tumor microenvironment [27]. 

Research revealed the correlation between the presence of lymphocytes in 
TME and expression of defined chemokine genes. Among the subset of chemo-
kines, CCL2, CCL3, CCL4, CCL5, CXCL9, and CXCL10 were confirmed to be 
preferentially express in melanoma metastatic tumors that contained T cells [34]. 
Moreover corresponding chemokine receptors were expressed on human CD8+ 
effector T cells (Teff). In vitro research confirmed that each of this chemokines 
can activate the trafficking of CD8+ Teff to tumor sites [34].
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INFILTRATION OF T CELLS INTO TUMORS

To kill the tumor cells, antigen-specific T cells not only have to detect the tumor 
localization, but also gain access to TME. To infiltrate the TME and overcome so-
called tumor endothelial barrier, CTL require, apart form T-cell receptor engage-
ment, the interaction of either CD103 with E-cadherin or Lymphocyte function-as-
sociated antigen 1 (LFA-1) with Intercellular Adhesion Molecule 1 (ICAM-1) [23].

Avoiding the immune response tumor endothelial cells suppress the immune 
cell adhesion down-regulating ICAM-1 and producing vascular endothelial growth 
factor (VEGF), which inhibits expression of major adhesion molecules [5, 51].

RECOGNITION OF CANCER CELLS BY T CELLS

Human CD8+ Teff can recognize human leukocyte antigens (HLA) class 
I molecules on the surface of tumor cells. The HLA binds peptides, which are gen-
erated mostly from endogenous proteins (tumor-associated antigens) and present 
them on cell’s surface. The recognition of these peptides by CTLs triggers a series 
of events that can result in tumor cell lysis [37].

Mutations of  HLA class I genes, and defect in their regulation end expression, 
can provoke the HLA class I downregulation providing the obstacle for CTL to 
detect cancer cells [37].

KILLING OF CANCER CELLS

The CTL are main anti-cancer immune effectors. High affinity for HLA on 
tumor cells and large diversity of surface molecules, enable them to recognize 
and traffic into the tumor cell. The cytotoxicity of CTL is provided by granzymes 
A and B and perforin. Moreover extended memory enable CTL to generate long 
lasting immune response [3].

Tumors can produce a variety of surface molecules in order to suppress im-
mune response like programmed death receptor 1 (PD-1). Its ligands PD-L1 or 
PD-L2 engage receptors on the surfaces of activated T cells, causing T-cell anergy 
or exhaustion [32]. The effect of PD-1/PD-L1 checkpoint blockade on melanoma 
patients will be discussed later. 

Adoptive T-cell transfer
Well promising approach for melanoma treatment is adoptive T-cell trans-

fer. The administration of 109 to 1011 autologous tumor-infiltrating lymphocytes 
(TIL) represents one of the most personalized immunotherapy. Principally, this 
treatment consists in administration of special prepared lymphocytes infusion 
obtained form patients cancer. After multiplication, the lymphatic cells undergo 
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the selection. The research showed that cells expressing CD8, CD131, and PD-1 
receptors are the most effective in melanoma treatment [72]. Moreover, in order 
to enhance the income of therapy and to avoid T-cell exhaustion the lymphocytes 
undergo genetic modifications [83]. Another strategy to improve efficiency of the 
T-cell transfer is lymphodepleting preconditioning. The aim of this procedure is 
depletion of CD4+CD25+ regulatory T cells (Treg) population [46]. Combination 
of T-cell transfer with Il-2 infusion in order to support T-cell activity has also been 
explored in several therapy protocols [2]. Adoptive cell therapy using autologous 
TIL has demonstrated a great potential for treatment of advanced tumors in many 
phase I/II clinical trials [73]. The phase III clinical trial of T-cell transfer for ad-
vanced melanoma treatment is currently undergoing [72].

STRATEGIES OF PRESENT IMMUNE THERAPY

CTLA-4 BLOCKADE (IPILIMUMAB)

Ipilimumab, one of the first clinically used antibody, in immune therapy against 
melanoma, target CTLA-4 antigens presented on T-cells. As described above CTLA-
4 receptors rise the activation threshold of immune response. Hodi et al. proved that 
CTLA-4 blockade with Ipilimumab showed significant objective response rate in 
patients witch metastatic melanoma [38]. In 2011 FDA approved the clinical use of 
Ipilimumab for patients with Stage III or Stage IV melanoma [85].

ANTIBODIES TARGETING PD-1 
(NIVOLUMAB AND PEMBROLIZUMAB)

The breakthrough in immune therapy against melanoma was idea of inhibiting 
PD-1. The first clinical trial of PD-1 antagonist pembrolizumab included total of 135 
patients with advanced melanoma. The notable objective response was observed with 
metastatic melanoma. Grade 3 or 4 drug-related adverse events were reported in 13% 
of patient [33]. In 2014 FDA approved pembrolizumab for patients with stage III and 
IV melanoma [15]. The second antibody used against PD-1 was nivolumab. In the 3rd 
phase of studies also reported remarkably objective responses in patients with meta-
static melanoma. The grade 3-4 drug-related serious adverse events were reported in 
5% of nivolumab-treated patients [95]. In 2014, the FDA granted approval to nivolum-
ab for patients with unresectable or metastatic melanoma [36]. In, 2015 FDA granted 
approval to nivolumab and Ipilimumab combination treatment for unresectable Stage 
III melanoma and Stage IV melanoma. The decision was supported by the studies, 
which showed increased objective response to the combined therapy [9].
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The recent investigations in immune inhibitory pathways extend our knowl-
edge about response regulation mechanisms. The T-cell immunoreceptor with Ig 
and ITIM domains (TIGIT) appear to be the new target for checkpoint blockade 
therapy. TILs expressing TIGIT show different level of dysfunction [98]. TIGIT 
is an inhibitory ligand of costimulatory molecules CD155/PVR and CD112 that 
are highly expressed in melanoma environment by cancer cells and DCs [13]. The 
combination of TIGIT blockade with PD-1 blockade improved clinical benefits in 
patients with melanoma [13].

TABLE 1. Present immune therapeutics approved by FDA for melanoma treatment
TABELA 1. Obecne immunoterapeutyki zatwierdzone przez FDA do leczenia czerniaka

NAME OF 
MEDICAMENT

COMMERCIAL 
NAME

DATE OF FDA 
APPROVAL

CLINICAL 
TRIALS

Talimogene laherparepvec Imlygic® October, 2015 [20], [35]
Ipilimumab Yervoy® March, 2011 [38]
Nivolumab Opdivo® December, 2014 [95]
Pembrolizumab Keytruda® September, 2014 [33]
 IL-2  Proleukin®  1998  [66], [76]
 High dose INF-alpha  Intron® A  1994  [45]
 Peg INF  Sylatron®  March, 2011  [82]

 Nivolumab and Ipilimum 
 ab combination  Opdivo® , Keytruda®  September, 2015  [9]

TALIMOGENE LAHERPAREPVEC

Another type of therapeutic vaccines against tumor cells is based on genetical-
ly modified oncolytic viruses. Currently used in clinic talimogene laherparepvec 
(TVEC) includes herpes simplex type 1 virus (HSV1) engineered to be specific 
for tumor cells and to use oncogenic pathways to replicate [26]. Additionally, in 
order to stimulate immune response granulocyte-macrophage colony-stimulating 
factor (GM-CSF) gene was incorporated into virus so its replication involves pro-
duction of GM-CSF [26].

Moreover, application of genetic modifications, increased vaccine efficiency 
providing 1) reduction of infection of healthy cells [17], 2) improvement of lytic 
effect on tumor cells [17], 3) upregulation of antigen presentation by infected tu-
mor cells [17], 4) stimulation of DCs by production of GM-CSF [17].

In phase III of clinical trial patients were treated either with TVEC or GM-
CSF. TVEC had significantly higher durable response (25,2% versus 1.2%) in pa-
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tients with stage III or IV melanoma [35]. In 2015 TVEC received FDA approval 
for local treatment of unresectable cutaneous, subcutaneous, and nodal lesions in 
patients with melanoma [29].

The new studies reported that combination of TVEC and checkpoint inhibi-
tors provide better outcome compered to monotherapy. The phase II of studies of 
TVEC and Ipilimumab showed better overall response rate (ORR) of combined 
therapy compered to single Ipilimumab administration [20].

Phase III of TVEC and Pembrolizumab are ongoing, but so far, phase I showed 
promising results. ORR of combined therapy with Pembrolizumab and TVEC was 
significantly higher compering to effect of either therapy alone [17].

TUMOR IMMUNOSUPPRESSIVE DEFENSE MECHANISMS

The history of countless clinical trials of immune agents against melanoma show 
us how difficult is to predict the outcome of immune therapy. The results depend 
strictly on the clinical state of patient, personalized features of cancer cells, but also 
on the whole environment of the tumor. One of the role of tumor microenvironment 
(TME), is to suppress the immune response against cancer and provide the best 
conditions for cancer development. TME can be characterized by physical features 
of tumors stroma, its metabolic landscape (hypoxia, acidosis) and cellular compart-
ment (myeloid cells, Treg). Additional targeting of tumor microenvironment might 
help to overcome the natural resistant of tumor and provide the better outcome to 
melanoma patients. Alternations of microenvironment with tumor development in-
dicate that the therapy must be strictly personalized. The purpose of this chapter is 
to gather and summarize the most recent discoveries on melanoma’s TME. 

HYPOXIA AND GLUCOSE RESTRICTION

The metabolic landscape shows significant heterogeneity even within one type of 
tumor [70]. Heightened oxidative metabolism of tumor cells effect the development 
of intratumoral hypoxia [60]. The studies on impact of sufficient level of glucose and 
oxygen on T CD8+ lymphocyte showed that hypoxia and glucose restriction might 
determine the limitation for immune response [12]. High level of oxygen is required 
for aerobic glycolysis performed by T cell [11]. It was observed that tumors using 
glycolysis, as a main metabolic pathway, are often resistant to immunotherapy for 
melanoma. Upregulation of glycolysis protected melanoma from T cells infiltration 
and impaired T cell cytotoxicity for tumor cells [10]. Moreover the clear dependence 
between the local hypoxia and localization of TIL inside tumor was observed. Im-
mune cells were excluded from tumor regions with insufficient oxygen supply [60]. 
The type of up regulated metabolism in cancer cells can be used as a prognostic factor 
and as a potential target in anti-tumor therapy [10].
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Insufficient supply in oxygen can also induce the production of inhibitory mol-
ecules by DCs and tumor cells. One of hypoxia-associated products is indoleamine 
2,3-dioxygenase (IDO) [90]. IDO overproduction significantly lowers the concen-
tration of the essential amino acids such as tryptophan and tryptophan metabolites 
in DCs, impairing their role as a APCs [86]. Moreover tryptophan depletion impairs 
T-cell proliferation and supports T-cell autophagy, consequently increasing Teff 
apoptosis [97]. Under normal condition, production of IDO helps to maintain the 
immunohomeostasis, but in TME IDO rather suppress immune response. 

In recent publications in the area of oncoimmunology IDO was described as 
a promising target that might improve clinical outcome of immune therapy [92]. 
First inhibitors of IDO (Indoximod and Epacadostat) in combination with check-
points inhibitors entered the clinical trials.

Although inhibiting IDO seemed to be promising strategy of enhancing the 
checkpoint inhibitors effect, recently, the study showed that Epacadostat with 
pembrolizumab had no effect on progression‐free survival compared with pem-
brolizumab monotherapy. Due to this finding Epecadostat failed the phase III of 
ECHO 301 trial [58].

The next potential inhibitor of IDO is Idoximod. Phase II clinical trial of the 
IDO pathway inhibitor indoximod in combination with pembrolizumab has shown 
promising effect improving ORR of the therapy [50]. After promising results of 
phase II, Indoximod entered phase III of studies investigating an effect of admin-
istration of Indoximod with checkpoint inhibitors in patients with unresectable 
stage III /IV Malignant Melanoma [50].

THE IMMUNOLOGICAL FEATURES OF Treg IN MELANOMA

CD4+CD25highFoxP3+ Treg are known as a main immune suppressor in TME. 
Treg perform regulatory and immunosuppressive function using various strategies. 
Expressed on T regulatory cell surface PD-L1 and CTLA-4 impair the effective T 
cell function via cell-to-cell contacts mechanism [21, 77]. Moreover Treg can direct 
transfer cyclic adenosine monophosphate (cAMP) using a gap junction intercellular 
communication [47]. cAMP, the ligand of adenosine receptor A2A, is known to be 
potent negative regulator of Teff and DCs [19]. Some of strategies do not require 
cell-to-cell contact and can be mediated by Il-10 and TGF-h1 [87]. Eventually, Treg 
express the CD25 molecule with high affinity for Il-2. This receptor enables Treg to 
compete with Teff for the cytokine, limiting immune response [88].

Melanoma TME is known to by highly invaded by CD4+CD25highFoxP3+ Treg. 
The cells were detected not only in primary lesions, but also in affected lymph 
nodes and metastatic lesions [57].

The immunosuppression mediated by Treg is one of the main mechanisms 
providing immunosuppression in TME. The several trials were investigating an 
issue weather the presence of Treg may be used as a prognostics factor for mel-
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anoma patients. Miracco et al. found correlation between presence of Treg and 
local recurrence of cutaneous melanoma [56]. Knol et al. proved that Foxp3 ex-
pression is associated with a decrease in progression-free survival in melanoma 
patients [49]. Jacobs et al. reported that the ratio between CTL and Treg would be 
useful marker for predicting the immunotherapy outcome [40].

Due to the fact that Treg are key players in maintaining immunosuppressive 
environment inside tumor, the next trials investigated whether Treg depletion 
might provide additional advantages to the patients with melanoma. 

Some strategies targeting Treg were based on CD25 receptor antibody dacli-
zumab [69].

In mice, anti-CD25 antibody is an effective method of depleting CD25+ Foxp3+ 
Treg [93]. In clinical trials, metastatic melanoma patients were given daclicumab and 
DC vaccine. Although daclizumab depleted the CD4+FoxP3+CD25 high Treg from the 
peripheral circulation, it did not enhance the efficacy of the DC vaccine [41].

Quezada et al. tried to understand the reason of failure of anti-CD25 therapy. 
They suggested that the main cause is not the lack of elimination of CD25+ Treg, 
but the failure of Teff to infiltrate the TME [68].

The other anti-Treg therapeutic approaches are focused on Foxp3. Differently 
to upon described CD25, Foxp3 is a transcription regulator and is not expressed 
on the cell surface [79]. Nair et al. investigated the impact of Foxp3 mRNA-trans-
fected dendritic cells vaccination on melanoma mice model. Similar to anti-CD25 
therapy, vaccination led to depletion of Foxp3-expressing Treg. Surprisingly, Treg 
residing inside the tumor were preferably affected by the vaccination. That fact 
might indicate the grater safety of therapy [59].

Miguel et al. evaluate the possible additional anti-tumor effect of FOXP3 
and CTLA-4 gene silencing treatment before therapeutic vaccination with 
GM-CSF-engineered cells [55]. FOXP3 gene silencing appeared to have remark-
ably higher effect on Treg than CTLA-4 gene silencing and contributed to the 
significantly higher survival of mice’s with melanoma.

Although above mentioned therapeutic approaches were potent in depletion 
of Treg, this effect doesn’t correlate with clinical outcome of this therapies on 
melanoma patients [40].

Another strategy against Treg targets glucocorticoid-induced TNF receptor 
(GITR). GITR is a transmembrane protein normally poorly expressed by CD8+ T 
cells, but present on CD4+CD25+Foxp3+ Treg [48]. Cohen et al. investigated the 
anti-GITR monoclonal antibody DTA-1 on Treg and Teff on melanoma mouse 
model. They showed that DTA-1 antibody alter Treg accumulation in TME and 
results in loss of foxp3 expression, modifying Treg suppressive capacity [16]. 
Moreover Côté et al. demonstrated that DTA-1 stimulate CD8+ cells and derives 
additional anti-tumor response [18]. As the anti-GITR antibody showed in vivo 
promising results, clinical trials on melanoma patients are currently undergoing. 
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MYELOID CELLS – MYELOID-DERIVED 
SUPPRESSOR CELLS (MDSCs)

Another cells enriched in TME that have important role in tumor immuno-
suppressive environment are myeloid-derived suppressor cells (MDSCs). MDSCs 
represent the extremely heterogeneous population of granulocytes, macrophages, 
and DCs precursors [25]. The spectrum of MDSCs localized in tumor and also cir-
culating MDSCs varies depending on the tumor type and response to the immuno-
therapy [84]. Large heterogeneity of cell populations indicates the vast diversity 
of immunosuppressive strategies of myeloid cells.

MDSC promote T cell apoptosis by production of nitric oxide and reactive 
oxygen species [42, 62]. Moreover, production of arginase-1 lowers the local 
concentration of L-arginine suppressing the T cell function [71]. The multiple 
mechanisms involved MDSC to exhibit immunosuppressive activity in melanoma 
tumors were reviewed by Umansky et al. [91].

Filipazzi et al. detected the CD14+HLA-DR–/lo cells in all metastatic melano-
ma patients. The main suppressive activity of those cells was mediated by trans-
forming growth factor beta (TGFβ), Moreover the further expansion of CD14+H-
LA-DR–/lo cells was enhanced after administration of an anti-tumor vaccine with 
GM-CSF [22]. In this regard, the changes in myeloid compartment might provide 
the information about the response to anti-tumor therapy.

Sade-Feldman et al. suggested the use of CD33+CD11b+HLA-DR- MDSCs as 
a predictive and prognostic biomarker for patients with stage IV melanoma treat-
ed with Ipilimumab. Detection of MDSCs before therapy begin was associated 
with minimal response and no benefit in OS [78]. The evaluation myeloid alter-
ations in tumor would be a useful tool to predict the response to immune therapy 
and to follow the disease progression. 

SUMMARY

The cancer immunity cycle presented the basis of immune response in on-
coimmunology context. Due to undisputed complexity of this process, immune 
response modulation requires use of combined approaches. Nowadays the avail-
able treatment strategies can significantly improve the outcome of patients with 
advanced melanoma disease. Moreover, in the nearest future, the checkpoint in-
hibition combined with dendritic cell vaccines or adoptive T-cell transfer might 
provide even higher rate of response to the therapy. 

Another, still widely investigated aspect is tumor microenvironment. Recent 
progress in technologies enables more precise tracking of changes in TME. Ex-
panded knowledge in this area might provide clinicians key information about 
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patient’s prognosis and indicate the most effective therapy. Inhibition of Treg cells 
and other immunosuppressive elements of TME may by unenviably use as an 
adjuvant to the standard therapy. Regarding all recent successes, immunotherapy 
seems to be the most promising treatment for cancer patients.
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