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Abstract 
 

 
Introduction:  

Melanoma is one of the most frequently occurring skin cancer and remains an important cause of 

mortality mainly in Caucasian populations. In clinical practice, the standard treatment for localized 

melanoma is surgical resection but for metastatic melanoma, few treatments are available, where 

chemo and radio-therapies are rarely indicated. Immunotherapy has revolutionized the management 

of metastatic melanoma that, as in others tumors, uses your body's own immune system to help fight 

cancer. Therapies targeting the immune checkpoint molecules have achieved objective responses in 

melanoma. Several receptors and/or ligands, such as PDL1, PD-1 and CTLA-4, have been identified 

as important regulatory molecules but these therapies are not effective for a large number of patients. 

The importance of the immune response in the clinical outcome was correlated with increased number 

of tumor-infiltrating lymphocytes (TILs) in melanoma and in several other tumors. Many studies 

underline the role of γδ T lymphocytes in the anti-tumor surveillance with a marked cytotoxic effect 

towards tumor cells.  We investigated the expression of some novel immune checkpoint molecules, 

such as TIM3 (T-cell immunoglobulin and mucin-domain containing-3), TIGIT (Tcell Ig and ITIM 

domain) and LAG3 (lymphocyte activation gene-3) on 𝜸𝛿 T lymphocytes.  

  

Material and Methods: 

From 2018 to 2021, 54 adult patients were enrolled in our study with clinical suspicion of melanoma, 

at the Plastic Surgery Department of the University Hospital in Palermo. A blood drawing (in a dry 

test tube) and a fragment (about 1 mm) of perilesional skin was taken before the tumoral excision. 

All bioptical samples were processed immediately through mechanical and enzymatic digestion. 

After the immunological cells were analysed by flow cytometry. We conducted also the 

immunofluorescence staining on tumoral samples and bioinformatics analysis through dataset online. 

 

Results:  

The analysis of the histological examination reports showed that in 75% of cases the diagnosis of 

suspected melanoma was confirmed.   The infiltrating and circulating T𝜸𝛿 lymphocytes analysis 

showed that the cell percentage was higher in peripheral blood than in peritumoral tissues in particular 
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on melanoma’s metastases. The study of the immunocheckpoint molecules expression (PD1, TIGIT, 

LAG3 and TIM3) showed higher values in the infiltrating compared to circulating 𝜸𝛿 T cells. In 

addition, a detailed analysis of these data in correlation with pathological stage of melanoma, showed 

that, on perilesional infiltrating 𝜸𝛿 T lymphocytes, PD-1 is more expressed in melanomas in situ, 

then decreasing from pt1a as pathological stage increases. TIM3, TIGIT and LAG3, were expressed 

in other stage. The circulating 𝜸𝛿 T lymphocytes investigation showed variable values for 

pathological stage, except TIGIT, whose values were higher in the ptis and pt1a. In the mestastases, 

all immunocheckpoints were more expressed, expecially LAG3. Furthermore, the bioinformatic 

analysis showed that immunotherapy with checkpoint inhibitors (anti-PD1, anti-CTL4 and anti-

PD1/CTL4) caused an increase in memory T lymphocytes, with a marked migratory phenotype and 

an increase in depleted γδ lymphocytes.  

 

Conclusions:  

In the literature, there are few data on the LAG3, TIM3 and TIGIT expression in melanoma, therefore, 

this study may be able to contribute in this regard. LAG 3 is the highest of all the immunocheckpoints 

analyzed. Further studies will be needed to fully understand the function of these molecules in order 

to develop new immunotherapy protocols. In particular, the impact of neutralizing LAG3 with certain 

inhibitors should be further studied to understand the functional role of LAG3 in anti-PD1 resistant 

patients. 
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Summary 
 
 

 

The search for tumour-infiltrating lymphocyte cells belonging to the innate 

immunohistocompatibility system could be fundamental in the development of alternative therapies 

based on immunosurveillance as a mechanism of action against advanced malignant melanoma, when 

surgery does not improve the Overall survival (OS). As well as, the analysis of circulating cells and 

infiltrating of a specific tumour patient could provide valuable predictive information.  

In this project, we evaluated the expression of some novel immune checkpoint molecules, such as 

LAG3 (lymphocyte activation gene-3), TIM3 (T-cell immunoglobulin and mucin-domain containing-

3) and TIGIT (T-cell Ig and ITIM domain), potentially expressed on T lymphocytes. In particular, 

we isolated a specific subset of γδ cells, Vγ9/Vδ2, from tumour infiltrating immune cells derived 

from tumour samples. The Vγ9Vδ2 T cells are significantly correlated with the melanomas in the 

initial and advanced phase and open new horizons in immunotherapy field for those patients that 

actually do not benefit from any therapy. In this regard, a recent study of Cordova’s group showed 

that the percentages of tumour-infiltrating Vγ9Vδ2 T cells were correlated negatively with stage of 

disease and positively with Relapse Free Survival (RFS) and Overall Survival (OS) of melanoma 

patients. In particular, then they highlighted the presence of Vγ9Vδ2 T cells in TILs of melanoma 

samples and the amount was correlated with early stage of melanoma (stage 0-I-II) and without 

metastasis. Moreover, patients who progressed to stage III or IV showed a decreased frequency of 

circulating Vγ9Vδ2 T cells compared to values at diagnosis. All these evidences lead to hypothesize 

the possibility of using combination of adoptive γδ T cell therapy with new immune checkpoint 

inhibitors (anti-LAG3, anti-TIM3 or anti-TIGIT) as a useful strategy to enhance the anti-tumour 

activity of these cells. Few data currently exist on the expression of these immunocheckpoint 

molecules in TILs isolated from melanomas and metastases samples. 
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CHAPTER 1 
 

 

Introduction 
 

 
 

Melanoma is an important cause of mortality mainly in Caucasian populations. Exposure to UV 

radiation and familial history are considered the most common risk factors. Melanoma is a leading 

cause of death due to skin cancer. The melanocytes are located at the basal layer (Stratum basale) of 

skin epidermis and their uncontrolled proliferation produce the tumor [1]. Though it accounts for less 

than 5% of all skin cancer types, it is the most aggressive type of skin cancer and nearly 80% of the 

skin cancer-related deaths are due to melanoma. It is characterized by an extremely high metastatic 

potential, leading to 5 year-survival rates of less than 5 % after the onset of metastatic spread [2]. In 

clinical practice, the standard treatment for localized melanoma is surgical resection but for metastatic 

melanoma, few treatments are available, with immunotherapies playing a central role, while chemo 

and radio-therapies are rarely indicated. Advanced melanoma in stages III and IV still display a poor 

prognosis, and further research is needed to provide new more effective therapeutic protocols [3], [4].  

In the last decade numerous studies have focused on the efficacy of immunotherapy and on the TILS 

(tumor-infiltrating lymphocytes), in particular   the number and histotype present according to the 

type of tumor and pathological stage. The goal is to effectively improve the immune system's response 

to the tumor. 

Immunotherapy has revolutionized the management of metastatic melanoma that, as in others tumors, 

uses your body's own immune system to help fight cancer. Dacarbazine and high-dose IL-2 were the 

only FDA-approved drugs available for metastatic melanoma [5, 6]. In 2011 the use of vemurafenib  

and ipilimumab significantly changed the approach to the disease, these drugs increased the survival 

rates of patients and laid foundation for further research in targeted therapy and immunotherapy of 

melanoma respectively.  The success of ipilimumab created the way for the next class of monoclonal 
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antibodies targeting programmed cell death protein 1 (PD-1) receptors on immune effector cells such 

as T cells and NK cells [7]. In the following months, their use was approved for other major cancer 

types such as non-small cell lung cancer (NSCLC), renal cell carcinoma (RCC), classic Hodgkin’s 

lymphoma, and head and neck squamous cell carcinoma (HNSCC) [8–10].  

Current research focuses on identifying new immune checkpoints to potentially use their inhibitors 

alone or in combination with current therapies such as T-cell immunoglobulin and ITIM domain 

(TIGIT), T-cell immunoglobulin-3 (TIM-3), and lymphocyte activation gene 3 (LAG-3) and 

developed monoclonal antibodies against the receptors; the antibodies are in clinical testing and are 

in advanced stages of approval (figure 1). 

 

 
Figure.1: regulation of T cell activation. The outcome of T-cell priming in lymph node depends on the degree of TCR activation and 

on the levels of co-stimulatory/checkpoint receptor expression on T cells 

 

1.0 Immonocheckpoints  

 

1.1 Cytotoxic T-Lymphocyte Associated Protein 4 (CTLA-4) 

 Structure and expression 

CTLA-4 was discovered in 1987 by Brunet et al., and described as a 223-amino acid protein belonging 

to immunoglobulin (Ig) super family (Table 1). The protein was mainly found to be expressed in 

activated lymphocytes and was co-induced with T-cell mediated cytotoxicity [11]. Located on 

chromosome 2q33, human CTLA-4 gene encodes a type 1 transmembrane glycoprotein belonging to 

Ig super family that is composed of four domains including a single peptide, an extracellular ligand-

binding domain, a transmembrane domain, and a short cytoplasmic tail [12, 13]. CTLA-4 expression 

is minimal in resting T cells; it is induced at both mRNA and protein level in response to TCR 
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activation, requires entry into cell cycle and peak expression is seen at 24–48 h post TCR stimulation 

[14, 15]. As listed in Table 5, CTLA-4 is generally expressed on activated T cells, however unlike 

other effector cells, regulatory T cells or TRegs constitutively express CTLA-4 owing to their high 

expression of forkhead transcription factor FoxP3, a known regulator of CTLA-4 expression [16]. 

 

Role in Immune Response 

CTLA-4 binds to B7 ligands (B7-1 and B7-2) on APCs. Due to high degree of shape complementarity 

found in the binding interface of CTLA-4 and B7 ligands, the two are packed in a periodic 

arrangement in the crystal lattice where bivalent CTLA-4 homodimers bridge the bivalent B7-1 

homodimers, forming stable signaling complexes at the T-cell surface [17]. During T-cell activation, 

CTLA-4 binds to B7 ligands with higher affinity and at a much lower surface density compared to 

CD28 and suppresses the activation by competing with CD28 for binding with B7 ligands expressed 

on APCs. Blockade of CD28-B7 ligand interaction prevents the T cell from receiving the second 

activation signal and induces anergy in T cells (Fig. 2) [18]. CTLA-4 sequesters B7-ligands, followed 

by trans-endocytosis and degradation of endocytosed ligands resulting in significant depletion of the 

B7 ligands from the surface of APCs and induction of a tolerogenic phenotype in APCs [19] (table 

1) and (figure 2).  

 

Target for Cancer Immunotherapy 

 The in vivo administration of anti-CTLA-4 antibodies was demonstrated the potential of CTLA-4 as 

a target for cancer immunotherapy. The study showed that mice treated with anti-CTLA-4 antibodies 

developed immune memory against tumors and resisted secondary exposure to tumor cells [20]. 

Three antibodies, ipilimumab (MDX-010; Yervoy™, Bristol-Myers Squibb), tremelimumab (CP-

642206; formerly known as ticilimumab), and CP-642570 (parental antibody of tremelimumab) 

entered clinical trials. CP-642570 administration reportedly caused treatment-related 

thrombocytopenia and development was stopped [7]. Both ipilimumab and tremelimumab are fully 

human monoclonal antibodies but differ in their IgG backbone and their ability to initiate effector 

response. While ipilimumab is IgG1 monoclonal antibody with full effector functions (Table 3), 

tremelimumab is a IgG2 monoclonal antibody with no effector functions. Ipilimumab is approved for 

unresectable metastatic melanoma as well as adjuvant to surgery for “highrisk” melanoma. 

Tremelimumab is not yet approved for the treatment of cancer, but is in advanced stages of clinical 

development [7, 21] (table 2). 
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Table 1: commonly targeted checkpoints for the treatment of cancer 

 

 

 
Figure 2: Effects of checkpoint inhibition on immune response. The distinct role of checkpoint receptors CTLA-4, PD-1, TIGIT, TIM-

3 AND LAG-3 in regulation of T-cell responses are shown in the figure 
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1.2 Programmed Cell Death Protein 1 (PD-1) 

Structure and Expression 

PD-1 (called also PDCD1 and CD279) was first described by Honjo is a cell surface receptor 

expressed commonly on T cells [22].  Human PD-1 gene is located on chromosome 2q37.3; it encodes 

a type I transmembrane protein belonging to Ig super family (Table 1). PD-1 is composed of 288 

amino acids with an extracellular N-terminal IgV-like domain, a transmembrane domain, and a 

cytoplasmic tail [23]. The extracellular domain of PD-1 is partly similar to CTLA-4 with 21–33% 

sequence homology, but it lacks the extracellular cysteine residue required for covalent dimerization 

and exists as a monomer on the cell surface as well as in solution, unlike CTLA-4, which is a dimer. 

Its cytoplasmic domain consists of two tyrosine residues including immunoreceptor tyrosine-based 

inhibitory motif (ITIM) and immunoreceptor tyrosine-based switch motif (ITSM). PD-1 expression 

is not detected on naıve T cells, whereas B cells have basal levels of PD-1 expression. Activation of 

TCR/BCR leads to induction in PD-1 expression and/or recruitment of PD-1 to the surface. In 

addition to activated Tcells and B cells, PD-1 expression is also seen on TRegs, natural killer T cells 

(NKT), natural killer (NK) cells, activated monocytes and on myeloid DCs (Table 1). Two ligands, 

PD-L1 (B7-H1) and PD-L2 (B7-DC), have been identified to bind to PD-1 receptors. PD-L1 is the 

widely expressed ligand for PD-1; it is expressed on T cells, B cells, macrophages, DCs as well as 

non-hematopoietic cell types such as vascular endothelial cells, fibroblastic reticular cells, epithelia, 

pancreatic islet cells, astrocytes, and neurons. PD-L1 expression is also seen in cells at sites of 

immune privilege including trophoblasts in the placenta and retinal pigment epithelial cells and 

neurons in the eye. The second ligand for PD-1, PD-L2 is not as widely expressed as PD-L1 and is 

mainly seen on activated macrophages and DCs [24–26]. However, PD-L2 reportedly has higher 

binding affinity to PD-L1 and has ~three-fold lower Kd value compared to PD-L1 [23]. 

 

 Role in Immune Response 

PD-1 inhibit cell proliferation, cytokine secretion, and cytotoxic ability [27]. In addition, PD-1 

signaling was also found to enhance FoxP3 expression and regulate the differentiation of induced 

TReg (iTReg) cells in murine models [28]. Like CTLA- 4, PD-1 receptors are critical regulators of 

immune response. The main purpose of PD-1: PD-L pathway is to control the extent of immune cell 

activation and prevent the damage to healthy neighboring tissues. PD-L1 expression is induced on 

the surface of the normal tissues in response to IFN-γ as a protective mechanism from T-cell-mediated 

damage. Tumor cells utilize this normal physiological mechanism and develop resistance to anti-

tumor immune response by expressing PD-L1 [12]. Additionally, under conditions such as chronic 
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infections and tumors, the presence of increased levels of inflammatory cytokines and antigens results 

in T-cell exhaustion and dysfunction characterized by increased expression of PD-1 [29]. (figure 2) 

 

Target for Cancer Immunotherapy 

The PD-1: PD-L pathway plays an important roules for treatment of cancer. High level of expression 

of PD-1   can be seen by TILs and exhausted T cells, and PD-L1 in several cancer types including 

bladder, lung, colon, breast, kidney, ovary, cervix, melanoma, glioblastoma, multiple myeloma, and 

T-cell lymphoma. Targeting PD-1/PD-L1 to enhance anti-tumor immune response proved to be the 

most successful strategy to date; three antibodies including pembrolizumab (MK-3475; formerly 

known as lambrolizumab; anti-PD-1; Merck), nivolumab (BMS96558; anti-PD-1; Bristol-Myers 

Squibb), Atezolizumab (anti-PD-L1; Genentech/ Roche), Avelumab (anti-PD-L1; Pfizer), and 

Durvalumab (anti- PD-L1, AstraZeneca) are approved by US FDA for the treatment of different types 

of cancer [30]. Pembrolizumab and nivolumab were approved for the treatment of metastatic 

melanoma in 2014. Anti-PD-L1 antibodies, atezolizumab, avelumab, and durvalumab are yet to be 

approved for the treatment of melanoma. Atezolizumab is a humanized antibody and Avelumab and 

Durvalumab are fully human antibodies [31–34] (table 3).  

 

 
Table 3: details of origin, IgG subtype, Fcg binding, binding affinity to receptor, ADCC for monoclonal antibodies approved for 

treatment of cancer 
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1.3 T-Cell Immunoglobulin and ITIM Domain (TIGIT) 

Structure and Expression 

TIGIT was identified in 2008 on Tregs and memory T cells and it is a recently discovered inhibitory 

[35]. TIGIT gene is located on chromosome 3q13.31; the encoded 244-amino acid protein consists 

of single extracellular immunoglobulin domain, a type 1 transmembrane region and a single 

intracellular ITIM domain [35]. TIGIT is mainly expressed on resting CD4+CD25hi TReg cells, 

memory T cells, activated T cells, NKT cells, and NK cells, but it is not detected on naı ve CD4+ T 

cells. TIGIT expression is induced at mRNA levels upon activation of naıve CD4+ T cells, memory 

T cells and TRegs [35–37]. TIGIT expression has been reported to be a characteristic marker for 

exhausted CD8+ Tcells and TRegs in the tumor microenvironment and also in viral infections [38–

40]. 

 

Role in Immune Response 

TIGIT mainly acts by competing with the co-stimulatory receptors CD226 and CD96 expressed on T 

cells for PVR and PVRL2 ligands (also known as CD112 and nectin 2) (Table 1). TIGIT binds to 

PVR ligands with greater affinity and outcompetes CD226 and the pathway resembles the CD28, 

CTLA-4, and B7 ligand axis. TIGIT-PVR interaction inhibits the activation, proliferation, and 

differentiation of T cells. In addition to inhibition of proliferation, TIGIT engagement also activates 

the survival pathways and ensures the survival of inhibited T cells for long time. On the other hand, 

interaction of PVR on DCs with TIGIT skews the cytokine secretion profile of DCs with decreased 

IL-12 production and increased IL-10 production, thereby inducing a tolerogenic phenotype in DCs. 

Activation of TIGIT on NK cells results in decreased IFN-γ production, cytotoxic granule 

polarization, and NK cell cytotoxicity [41]. Finally, TIGIT engagement on TRegs results in shifting 

of the cytokine balance and promotes a Th2 phenotype while suppressing Th1 or Th17-phenotype 

[39].  

 

Target for Cancer Immunotherapy 

Upregulation of  PVR and PVRL2 on tumor cell surface was identified even before the discovery of 

TIGIT. Expression of PVR and PVRL2 was detected on tumors from epithelial origin such as non-

small cell lung cancer, colon cancer, and metastatic neuroblastoma as well as hematopoietic origin 

such as myeloid leukemia [81–83]. The development of anti-TIGIT antibodies for the treatment of 

cancer is currently in clinical trials. [10]. 
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1.4 T-Cell Immunoglobulin-3 (TIM-3) 

Structure and Expression 

TIM-3 was identified by Kuchroo and associates in 2002, as a cell surface receptor expressed on 

differentiated CD4+ Th1 cells. Human TIM-3 gene is located on the chromosome 5q33.3 and its 

mouse counterpart is located on chromosome 11. Murine TIM-3 protein was reported as a type I 

membrane protein of 281 amino acids, with an extracellular domain consisting of immunoglobulin 

variable-region-like domain followed by a mucin-like domain and cytoplasmic region containing a 

tyrosine phosphorylation motif. Human TIM-3 protein is made of 301 amino acids and the sequence 

has 63% similarity to that of mouse Tim-3 and the cytoplasmic region shares 77% identity including 

the tyrosine phosphorylation motif [43]. Apart from Th1 cells, TIM-3 is also expressed on activated 

CD8+ T cells, TRegs, and other innate immune cells such as DCs, NK cells, as well as monocytes 

[41, 43]. Three years after the identification of TIM-3, galectin- 9, a C-type lectin, expressed on APCs 

was identified as the ligand for TIM-3 [44]. Later other ligands including Ceacam-1, HMGB- 1, and 

phosphatidyl serine were identified to interact with TIM-3 [41]. Unlike the ligands for other 

checkpoints such as TIGIT, the ligands for TIM-3 have a broad expression profile and are expressed 

on a variety of cell types including cancer cells [43].  

 

Role in Immune Response 

TIM-3 suppress the immune responses of Th1 cells, inducing Th1 cell-apoptosis and  CD8+ T-cell 

activity [41, 44, 45]. TIM-3 has also been implicated in accumulation of immunosuppressor cell types 

such as TRegs and MDSCs (Myeloid-derived suppressor cell), promotion of T-cell exhaustion, and 

the maintenance of peripheral tolerance by DCs and macrophages [46, 47]. Role of TIM-3 in 

development of tolerance was further shown through studies in Tim-3/mice, which were found to be 

refractory to induction of antigen-specific tolerance [47, 48]. 

 

Target for Cancer Immunotherapy 

The potential for TIM-3-based cancer immunotherapy was illustrated by studies in tumor samples 

from patients with advanced melanoma, non-small cell lung cancer (NSCLC), and follicular B cell 

non-Hodgkin lymphoma, which found TIM-3 expression on exhausted T cells that correlated 

positively with cancer severity and prognosis [41]. Anti-TIM-3 antibodies are not yet approved for 

the treatment of cancer and are currently in clinical trials. [10]. 
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1.5 Lymphocyte Activation Gene 3 (LAG-3) 

 Structure and Expression 

LAG-3 (also known as CD223)  was detected, three decades ago,  on activated T cells as well as NK 

cells [49]. LAG-3 expression  is activated on CD4+ T cells, CD8+ T cells, and NK cells and also on 

both natural and induced TRegs [41]. LAG-3 gene is located on chromosome 12p13.32 adjacent to 

the CD4 gene and the protein shares 20% similarity in amino-acid sequence to that of CD4 [41, 50]. 

LAG-3 protein is composed of 498-amino acids with four extracellular IgSF domains, including a V-

SET domain, which consists of an extra loop in the middle of the domain and an unusual intrachain 

disulfide bridge and three C2-SET domains [49]. The cytoplasmic tail of LAG-3 has three regions: a 

serine phosphorylation site containing region, a KIEELE motif containing region, and a glutamic 

acid-proline repeat-containing region [51]. Owing to its structural resemblance to CD4 co-receptor, 

LAG-3 binds to MHC class II molecules with a higher affinity than CD4 [41]. The presence of 

additional ligands for LAG-3 was speculated from the fact that LAG-3 regulated the functions of 

CD8+ T cells and NK cells, which do not interact with MHC class II molecules. LSECtin, a member 

of DC-SIGN family of molecules, expressed in liver as well as several tumor subtypes has been 

suggested as a LAG-3 ligand in CD8+ T cells and NK cells [52]. 

 

 Role in Immune Response 

LAG-3 inhibits the effector cell responses and promotes suppressive activity of TRegs. The receptor 

is thought to mainly function in coordination with other checkpoints such as PD-1 and promote the 

development of tolerance [41].  Further, LAG-3 also plays a key role in suppressor functions and the 

IL-10 secretion capacity of Tregs (29). However, the inhibitory effects of LAG-3 are considered to 

be comparatively mild, as the LAG-3-deficient mice do not develop autoimmune disorders directly. 

Only when LAG-3 deficiency and administration of anti-LAG-3 antibodies are tested in mice with a 

permissive genetic background such as NOD mice, its negative effects are demonstrated as 

acceleration of type I diabetes development in the mice [53]. Similarly, increased susceptibility to 

Hg-induced autoimmunity is seen in LAG-3-deficient mice from B6.SJL background [54]. 

 

Target for Cancer Immunotherapy 

Increased expression of LAG-3 along with other checkpoints such as PD-1 is a characteristic feature 

of T-cell exhaustion and studies in tumor samples from lung, ovarian, and colorectal cancer patients 

showed a positive correlation between LAG-3 expression on tumor infiltrating lymphocytes and 

tumor progression [55–59]. Actually  many pharmaceutical companies have shown interest in 
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targeting LAG-3 for treatment of cancer and are separately developing monoclonal antibodies against 

LAG-3 receptors [10]. 

 

1.6 Tumor-infiltrating lymphocytes (TILs)   

The importance of the immune response in the clinical outcome was also correlated with increased 

number of tumor-infiltrating lymphocytes (TILs) in melanoma and in several other tumors [60-62]. 

The predominant types of lymphocytes within TILs are NK, T cells, such as CD4+ and CD8+, T-regs 

but recently γδ T lymphocytes have been detected too [63], [64]. Many studies underline the role of 

γδ T lymphocytes in the anti-tumor surveillance [65] with a marked cytotoxic effect towards tumor 

cells. A study of Cordova et al. demonstrated that γδ T lymphocytes are well represented amongst 

TILs in cutaneous melanomas; they produce proinflammatory cytokines such as TNF-α and IFN-γ 

and exert a strong cytotoxic activity against melanoma cells in vitro [66].      

There is a strong relationship between the number of γδ T lymphocytes and the stage of disease. In 

particular, it has been shown that a high number of infiltrating T γδ is associated with early stages of 

the disease and favorable prognosis, while in the advanced stages of the disease a reduced number of 

T γδ lymphocytes is observed. This suggests  the importance of cytotoxic activity of these immune 

cells and their role as immune surveillance. 

         In a future  the concentration of infiltrating T γδ cell could be use as a prognostic marker in melanoma 

[67].   

The number of circulating γδ T cell assessed at the time of diagnosis doesn’t undersure significant 

variations between the pre and post operative values, and doesn’t  correlation was found between 

these values and patient outcomes. However, a decrease in circulating γδ T lymphocytes has 

invariably been observed at the time of disease progression [68]. 

 

1.7 γδ T lymphocytes 

γδ T lymphocytes are important effector cells of the immune system that may play a role in the anti-

tumor surveillance in the periphery [69]. Human γδ T cells can be divided into two main populations 

based upon d chain expression [70]: γδ T cells expressing the Vd1 chain are most often found in 

mucosal tissues, where they are involved in maintaining epithelial tissue integrity in the face of 

damage, infection, or tumor transformation, while γδ T cells expressing the Vd2 chain predominate 

in the peripheral blood and secondary lymphoid organs [71]. While the ligand(s) recognized by Vδ 1 
+ cells remain unknown, Vδ2 + cells recognize non peptidic antigens by a MHC unrestricted 

mechanism, an important feature which distinguishes them from ab T cells [70]. Specifically, Vδ2 T 

cells recognize phosphoantigens that are produced through the isoprenoid biosynthesis pathways [72–
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74]. Phosphoantigens are not stimulatory at physiologic levels, but transformed and infected cells, 

produce increased levels of metabolic intermediates that are able to activate Vδ2 T cells [75–76]. 

Accordingly, Vδ2 T cells can also be activated, through an indirect mechanism, by 

aminobisphosphonates, a class of drugs used to treat certain bone diseases, that inhibit farnesyl 

pyrophosphate synthase, and cause accumulation of endogenous upstream metabolites such as 

isopentenylpyrophosphate (IPP) [77]. γδ T cells may indirectly contribute to the immune defense 

against cancer cells, by producing cytokines typical of Th1, Th2 or Th17 cells [78–80], or cross-

talking with dendritic cells [81], macrophages [82] and B cells [83, 84]. Additionally, cd T cells 

perform cytotoxic activity toward cancer cells, which is mediated in much the same manner as for ab 

T cells, through perforin/ granzyme, Fas/FasL, TNF/TNF-R and TRAIL-TRAIL-R pathways [71]. 

Moreover, the localization of γδ T cells within epithelia suggests that these cells may contribute to 

the surveillance of malignancies, including melanoma [69].  

Literature review revealed that strong preclinical and limited clinical evidence supports the role of 𝛾𝛿 

T cells in immunotherapeutic strategies for advanced melanoma. Clinical data on 𝛾𝛿–based 

immunotherapy in melanoma is limited, with only 3 clinical studies on a total of 24 patients evaluating 

different immunotherapeutic protocols for advanced melanoma [85–87] and most studies being 

performed on melanoma cell lines. Investigated strategies include in vivo stimulation, or an ex vivo 

adoptive therapy or vaccination. Some authors propose direct stimulation through nitrogen-

containing bisphosphonate ± IL-2, IL-36, IL-15, or intralesional-BCG, while others proposed a 

vaccination strategy through dendritic cells or dendritic cell–derived exosomes; adoptive cell 

therapeutic approach includes RNAtransfection of 𝛾𝛿 T cells with a chimeric antigen receptor or an 

𝛼𝛽 T cell receptor (Figure 3). Future prospective on the development of 𝛾𝛿-based immunotherapy 

for melanoma will be discussed on the basis of selected studies and other relevant literature—mainly 

descriptive—on 𝛾𝛿 T cells and melanoma. Furthermore, all 𝛾𝛿 T cells share characteristics of both 

adaptive and innate immunity, posing tricking questions still debated by immunologists about their 

belonging to one branch or the other of immunity. Nevertheless, new discoveries are regularly 

published which describe features of 𝛾𝛿 T cells belonging to both branches of immune system [88, 

89]. Notably 𝛾𝛿 T cells have also the perforin, and there are some hints about phagocytosis too [90]. 

Furthermore, they are activated in a MHC-unrestricted way, whose expression is typically lost in 

cancer cells that try to escape to immune-surveillance. Then, their killing ability with the freedom 

from the MHC system makes 𝛾𝛿 T cells a very interesting candidate for immunotherapies. Several 

studies have shown that 𝛾𝛿 T cells are an important component of tumor-infiltrating lymphocytes and 

have a positive prognostic role in patients affected by different types of cancer; a recent analysis of 

∼18,000 transcriptomes from 39 human tumors identified tumor-infiltrating 𝛾𝛿 T cells as the most 
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significant favorable cancer-wide prognostic signature [91–93]. In melanomas, 𝛾𝛿 T cells, expressing 

either V𝛾9/V𝛿2 or V𝛿1 TCRs, have been found within tumor infiltrating lymphocytes (TILs) [94–

96]. Previous studies from our group showed that 𝛾𝛿 T cells are the most represented subset of 

melanoma-infiltrating lymphocytes, displaying an activated phenotype and a strong in vitro cytotoxic 

activity toward melanoma cells. We showed a correlation among 𝛾𝛿 TILs and melanoma stage, and 

an inverse correlation of peripheral 𝛾𝛿 T with mortality and relapse rates in metastatic melanoma 

[67].Wistuba-Hamprecht K. et al. also showed an interesting correlation between V𝛿2+ high 

frequencies and V𝛿1+ low frequencies with favorable overall survival of melanoma patients treated 

with ipilimumab [97].  

While 𝛾𝛿-based immunotherapy is already a clinical reality for other solid tumors, research on 𝛾𝛿 T 

cells and melanoma is mostly at a preclinical descriptive stage, and their immunotherapeutic potential 

has not been deeply investigated. Γ𝛿 immunotherapeutic strategies have already proved their efficacy 

in several preclinical and clinical studies on other solid and nonsolid tumors.  (yd t cell-based 

immunotherapy in melanoma [98].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3: Schematic representation of the main preclinical and clinical research lines on 𝛾𝛿 T cell-based immunotherapy in melanoma. 
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CHAPTER 2 
 

 

Materials and Methods 
 

 

2.1 Patients 

The study was approved by the Ethical Committee of the University Hospital, Palermo, where the 

patients were recruited. The study was performed in accordance to the principles of the Helsinki 

declaration and those of the “Good Clinical Practices”, and all individuals gave written informed 

consent to participate. 57 adult patients were enrolled in our study with clinical suspicion of 

melanoma. The patients were treated surgically at the Plastic Surgery Department of the University 

Hospital in Palermo, from 2018 to 2021 and all were followed post operatively at the oncological 

Department for the development of clinical outcomes such as metastasis and death.  The median age 

was 51 (21-88 years). A blood drawing (in a dry test tube) was taken before the surgical excision and 

a fragment (about 1 mm) of perilesional skin was taken before the tumoral excision. The histological 

diagnosis of the samples was classified in: 9 melanoma in situ, 14 melanoma pt1a, 2 melanoma pt1b, 

3 melanoma pt2a, 2 melanoma pt2b, 2 melanoma pt3b, 1 lentigo maligna melanoma pt1a, 6 

metastases from melanoma (of which 1 satellites), 3 basal cell carcinoma, 1 squamous cell carcinoma 

in situ, 5 congenital nevi, 4 dysplastic nevi, 1 reed nevus, 1 lentigo simplex.  

 

2.2 Tissues dissociation and Flow cytometry  

All bioptical samples were collected in phosphate buffered saline (PBS) and processed immediately. 

They first subjected to mechanical dissociation in a petri dish, cutting in small pieces with surgical 

scalpel. Then, for enzymatic digestion, pieces were transferred into a falcon tube containing RPMI 

1640 culture media with following enzyme cocktail: collagenase IV (Life-technologies 1.5 mg/ml), 

hyaluronidase (Sigma 20 µg/ml) and DNAse (Sigma 50 µg/ml). Biopsies were incubated at 37°C 

(CO2 5%) for 2 hours, after which digested tissues were sieved through 40�m cell strainer, in order 



20 
 

to remove the unwanted debris and recover TILs. After, the filtrate was centrifuged at 1600 rpm for 

5 min and the final pellet was resuspended in flow cytometry buffer. The cells were stained with 

following anti-human monoclonal antibodies (Miltenyi Biotec): TIM3 FITC (F38-2E2), CD223 

(LAG3) VioBright B515 (REA351), CD279 (PD1) APC (PD1.3.1.3), TIGIT APC (REA1004), CD45 

APC-Vio 770 (REA747), CD3 PerCP-Vio 700 (REA613), TCR���PE (11F2). 

The cells were analyzed by FACS Canto II (BD Biosciences) on FACS Diva software (BD 

Biosciences). Viable lymphocytes were gated by forward and side scatter, and analysis was performed 

for each sample by using FlowJo (Tree Star, version 10.5.3). 

 

2.3 Immunofluorescence staining 

Immunohistochemical analysis was performed on 5 mm-thick paraffin-embedded sections of 

melanoma samples. Slides were heated for antigen retrieval in 10 mM sodium citrate (pH 6.0). After 

rinsing in dH2O, inhibition of endogenous peroxidase was performed with 3% H2O2 (5 min). After 

two washes in TBS, slides were incubated with 10% human serum for 20 min to clock unspecific 

staining. Following elimination of excess serum, sections were then exposed to specific antibodies 

against anti-human TCR �� (purified mouse anti-human cd TCR, IgG1, BD Pharmingen), 

immunocheckpoint molecules (PD-1, CTL4, TIGIT, LAG 3, TIM 3) and their respective ligands (PD-

L1, CD86, CD112, GAL3 and GAL9) overnight at 4°C. Then sections were washed in TBS and 

incubated with secondary antibody for 60 min at room temperature. The nuclei were counterstained 

with Hoechst for 10 min at RT and the immunofluorescence analysis was conducted with confocal 

microscope. 

 

2.4 Bioinformatics and statistical analysis  

GEPIA 2 (Gene Expression Profiling Interactive Analysis) web tool (http://gepia2.cancer-pku.cn) 

analyze the RNA sequencing expression data of 9,736 tumors and 8,587 normal samples from the 

TCGA and the GTEx projects. We conducted gene expression correlation analysis between immune 

checkpoint receptor genes (PDCD1, TIM3, LAG3) and TCR γδ gene expression signature (TRDC, 

TRGC1 and TRGC2 genes). The correlation coefficient was determined by Spearman’s method. 

The significance of difference between peritumoral and circulating data were determined by Student’s 

t test. 
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CHAPTER 3 
 

 

Results 
 

 

3.1 Analysis of histological samples 

The total number of samples collected, with strong clinical suspicion of melanoma, during the 

research project was 54 samples. The histological reports were: 9 melanomas in situ, 14 melanomas 

pt1a, 2 melanomas pt1b, 3 melanomas pt2a, 2 melanomas pt2b, 2 melanomas pt3b, 1 lentigo maligna 

melanoma pt1a, 6 metastases from melanoma (of which 1 satellitosis). 15 samples did not confirm 

the diagnosis of suspicion: 3 basal cell carcinomas, 1 squamous cell carcinoma in situ, 5 congenital 

nevi, 4 dysplastic nevi, 1 reed nevus, 1 lentigo simplex. The analysis of the histological examination 

reports has showed that in 75% of cases the diagnosis of suspected melanoma was confirmed, 

demonstrating the clinical feasibility of our study protocol. The thin melanomas were the most 

frequent 45.8% (in situ and pt1a) with a greater incidence on the trunk (this also applies to the 

thickness), finally comparing the incidence of the diagnosis in relation to 'age we have noted that the 

most recorded cases were between 40 and 80 years (confirming the data collected in the literature) 

(figure 4). 
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Figure 4: Histological reports 

 

3.2 Analysis of the digested samples 

In 33% of cases, a suitable cell quantity was obtained for subsequent analyzes, in 30% of cases the 

samples were frozen because the size of the peritumoral fragment was considered insufficient, and 

finally in 37% of the digested samples, a sufficient cell quantity was not obtained for subsequent 

analyzes. In detail, in 33% of the samples for which it was possible to carry out the subsequent 

analyzes, 68% were melanomas while 32% were the other histotypes (basal cell carcinoma, lentigo, 

congenital and dysplastic nevi) (Figure 5).  

 

 

 

 

 

 

 

 

 
 

 

Figure 5: analysis of the digested samples 
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3.3 Analysis of the 𝜸𝛿 T lymphocytes  

After digestion of the samples, a subpopulation of T𝜸𝛿 lymphocytes (Vγ9 / Vδ2) was isolated in the 

peri-tumor fragments (infiltrating) and in the peripheral blood (circulating) of the same patient. The 

percentage of this population was slightly higher in peripheral blood than in peri-tumor tissue even if 

wasn’t statistical significant (Figure 6).  

 

 

 

 

 

 

 

 

 

 

The analysis concerned the most representative histotype (nevus, melanoma and metastasis of 

melanoma) excluding basal cell carcinomas and lentigos and others. 

The percentage of infiltrating 𝜸𝛿 T cell was higher in primary melanoma samples, slightly lower in 

melanoma’s metastases and lower still in nevi (Figure 7). 

 In the peripheral blood, the percentage of circulating 𝜸𝛿 T cell was greater in metastases from 

melanoma than in primary melanomas and nevi.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Analysis of T 𝜸𝛿 lymphocytes in PBMCs and TILs  
 

Figure 7: Analysis of infiltrating and circulating T lymphocytes  
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3.4 Analysis of immunocheckpoints expression  

 The expression analysis of the immunocheckpoint molecules, PD1, TIGIT, LAG3 and TIM3 was 

carried out on the isolated cells and it can be seen that their levels of expression in infiltrating 𝜸𝛿 

rather than circulating ones are clearly higher (Figure 8).  

 

 

 

 

 

  

 

 

 

 

 

 

In particular the same analysis was conducted on main tumor histotype (nevi, melanoma and 

metastasis) in circulating and infiltrating 𝜸𝛿 T cells. In the group of infiltrating samples, it wasn’t 

able to isolate 𝜸𝛿 T cells from nevi samples. The expression of LAG3 appears to be the same in the 

circulating 𝜸𝛿 T cells of nevi and primary melanoma samples, it is down-regulated in metastatic 

melanoma samples; whereas in infiltrating 𝜸𝛿 T cells the data were opposite: higher in metastatic 

than in primary melanoma. PD1 expression in circulating 𝜸𝛿 T cells was higher in nevi and primary 

melanoma and lower in metastatic; while in infiltrating cells, it remains constant among the samples 

analyzed. The expression levels of TIM3 in circulating blood were very low in nevi and increase in 

metastatic and primary melanoma; while in the infiltrating cells, they are almost kept constant and 

with higher values. Finally, TIGIT was up-regulated in circulating 𝜸𝛿 T cells of primary melanomas 

compared to metastatic melanoma and in nevi. On the other hand, the expression levels of TIGIT 

decrease drastically in the infiltrating T cells (Figure 9).  

Figure 8: Analysis of the expression of new immunocheckpoints on PBMCs and TILs  
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3.5 Immunofluorescence investigations  

Immunofluorescence investigations of the analyzed samples confirmed the expression of the PDL1, 

GAL3, CD112 and GAL9 (data not shown) ligands on primary melanoma tumor cells. As well as the 

expression of PD1, LAG3, TIGIT and TIM3 on the same sections. As well as, the expression of the 

TCR receptor, typical of γδ T lymphocytes, was also evident in the intratumoral area (figure 10). 
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Figure 9: Analysis of expression immunocheckpoints on infiltrating and circulating T lymphocytes in the melanoma 
samples  
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Figure 10: Representative images of TCR and immunocheckpoints receptors and 

ligands. 
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3.6 Histological correlation analysis 

We performed an analysis of correlation between the histotype of our samples and the expression of 

γδ T cells and immunocheckpoints molecules valued by flow cytometry in circulating and infiltrating 

samples. 

 

 

Primary melanoma: 

The melanoma samples were divided according to the pathological stages into ptis, pt1a, pt1b, etc. 

The percentages of γδ lymphocytes, on peritumoral samples, showed a particular trend: 1.94% on 

ptis, 1.53% on pt1a, 8.3% on pt1b, 1.23% on pt2b, nd on pt3b and 1.3% on ptx. 

On peripheral blood, the average values obtained were: 4.08% ptis, 2.41% pt1a, nd pt1b, 1.34%pt2b, 

nd pt3b and 3.65% ptx.  

The immunocheckpoint expression’s percentage was: 

• on peritumoral samples, LAG3 and TIGIT were not expressed in situ stage, whereas highly 

detectable in pt1a (LAG3 21.86% and TIGIT 12.26%). In the advanced stages, only LAG3 was 

expressed in γδ lymphocytes (1.85% in pt1b, 15.8% in pt2b and 3.8 in ptx). TIGIT wasn’t expressed 

in these others histotype. PD1 and TIM3 were expressed at high levels in the early stages (pt1s 

13.45% / 6.2%, pt1a 15.21% / 26.4%) and were subsequently no longer detectable in the pt1b, pt2b 

and pt3b stages (only PD1 1.49% in pt1b). 

• On peripheral blood samples, LAG3 and TIGIT  were expressed  1.85% and 5.13% respectively in 

ptis,  in pt1a LAG3 was not detectable (0.36%),  the TIGIT’s mean  values was 10.41 %. As the 

pathological state increases, TIGIT is never present while LAG3 has variable mean values with a 

peak of 4.61% in pt2b. PD1 and TIM3 were well represented in ptis with values of 2.13% and 6.20%, 

they tend to decrease in pt1a (PD1 1.65%, TIM3 0.99%) and subsequently increased as the stage 

increases (PD1 8.18% and TIM3 14%). 
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Metastatic melanoma: 

The percentage of γδ lymphocytes was of 2.68% on peritumoral tissue samples and of 4.54% on 

peripheral blood samples  

Instead, the analysis of immunocheckpoints expression showed very high values both on tissue 

samples and on peripheral blood as shown in the table. 

 

 

MELANOMA 

PERITUMORAL SAMPLES  n° 18 

 Ptis 

n° 5 

Pt1a 

n° 8 

Pt1b 

n° 1 

Pt2b 

n° 2 

Pt3b 

n° 1 

Ptx 

n° 1 

% γδ T cells 1.94 1.53 8.3 1.23 nd 1.3 

% LAG3 0.2 21.86 nd 15.8 nd 3.8 

% TIGIT 0 12.26 0 0 nd 0 

% PD1 15.21 13.45 1.49 0 nd 6.67 

% TIM3 6.2 16.4 0 0 nd 3.93 

 

BLOOD SAMPLES  n° 16 

 Ptis 

n° 5 

Pt1a 

n° 9 

Pt1b 

- 

Pt2b 

n° 1 

Pt3b 

- 

Ptx 

n° 1 
% γδ T cells 4.08 2.41 - 1.34 - 3.65 

% LAG3 1.85 0.36 - 4.61 - 0.24 

% TIGIT 5.13 10.41 - 0 - 0 

% PD1 2.13 1.65 - 8.18 - 0.38 

% TIM3 6.2 0.99 - 14 - 0 
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3.7 γδ T cell signature correlates with immune-checkpoints gene expression in melanoma 

A bioinformatic analysis was performed on a web tool (GEPIA2.0) by comparing the expression of 

some immunological checkpoint receptors in primary melanoma, of which in particular PD1 

(PDCD1), TIM3 and LAG3 showed a positive Spearman correlation and statistically significant with 

the genetic signature characteristic of γδ T lymphocytes (i.e. TRGC1 TRGC2 AND TRD, genes that 

code for the γδ receptor) (Figure 11). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.8 Immune-checkpoint blockade therapy modifies γδ T cell gene expression 

In addition, a bioinformatic analysis of the GSE120575 dataset containing transcriptomic data of 

single cell RNA 16291 immune cells from 48 samples obtained from patients with melanoma treated 

with inhibitors of the checkpoints CTLA4, PDL1 and CTLA4 + PDL1 was performed, in order to 

METASTASIS 

n° of samples=3 

Tissue (%) PBMCs (%) 

% γδ T cells 2.68 4.54 

LAG3 22.58 4.42 

TIGIT 3.6 5.02 

PD1 7.22 7.22 

TIM3 3.8 17.2 

Figure 11: γδ T cell signature in melanoma 
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define the status function of γδ T lymphocytes and the impact on it of immunotherapy with immune 

checkpoint inhibitors (Figure 12).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In order to define the functional status of γδ T cells and the impact of therapy with checkpoint 

inhibitors, the expression of cell cycle (A), migration (B), cytotoxicity (C) and exhaustion genes (D) 

was analyzed. The results showed that checkpoint inhibitor therapy induces a greater expression of 

the cytotoxicity genes, particularly NKG7 and PRF1. The expression of the migration genes as 

CXCR3, CXCR4 and CCR5 is particularly increased after therapy with checkpoint inhibitors, 

especially CXCR4. On the other hand, the expression of genes of various phases of the cell cycle 

showed an increase in the expression of CD27 and ITGAL, and a slight decrease in the expression of 

IL7R, SELL and CCR7, genes particularly expressed in naive T lymphocytes located in the thymus 

and in periphery. 

Finally, we evaluated the expression of genes related to cell function depletion, HAVCR2 (TIM3), 

PDCD1, TOX, TIGIT and CTLA4. These results showed that immunotherapy with checkpoint 

inhibitors causes an increase in memory T lymphocytes, with a marked migratory phenotype and an 

increase in depleted γδ lymphocytes. The analysis suggests that immunotherapy with checkpoint 

inhibitors induces the upregulation of genes associated with the cytotoxic (NKG7 and PRFI), memory 

Figure 12: UMAP plot of the cellular clusters in melanoma 
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(CD27 and ITGAL) and migratory (CXCR3, CXCR4 and CCRS) phenotype, and clonal depletion 

(HAVCR2, PDCD1, TOX, TIGIT and CTLA4) in γδ T lymphocytes (figure 13).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(A) (B) (C) (D) 

Figure 13: the functional status of γδ T cells 
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CHAPTER 4 
 

 

 

 

Discussion 
 

 
Melanoma is one of the most sensitive tumours to immune modulation and currently immunotherapy 

is the major challenge for melanoma patients’ survival. Particularly, immune checkpoint inhibitors 

therapy with anti-CTLA4 and anti-PD-1 antibodies induces regression and long-term durable cancer 

control in nearly 50% of melanoma patients [99], moreover despite the absence of powered trial data, 

combined anti-CTLA4 and anti-PD1 checkpoint inhibition has the highest 5-year overall survival rate 

of all therapies in advanced melanoma. Several checkpoint inhibitors, such as ipilimumab, 

pembrolizumab, nivolumab, and others, are currently FDA approved in the treatment of several 

malignancies including metastatic melanoma. Populations of patients, primary nonresponders or with 

secondary resistance, have been the majority of cases, even in melanoma. Approximately 45%-60% 

of untreated metastatic melanoma patients treated with PD-1 inhibitors have an initial response, but 

by three years 43% of patients will have developed resistance and relapsed with fatal results. Over 

80% of melanoma patients treated with CTLA-4 inhibitor monotherapy have primary resistance. 

Mechanisms of resistance include those inherent to the tumor microenvironment, the tumor cells 

themselves, and the function of the patient’s native immune cells [100]. 

In addition to CTLA-4 and PD-1, several other immune checkpoint receptors have been identified 

including lymphocyte activation gene 3 (LAG-3), T-cell immunoglobulin and mucin 3 (TIM-3), V-

domain Ig-containing suppressor of T-cell activation (VISTA), and T-cell immunoreceptor with Ig 

and ITIM domains (TIGIT) that are expressed by T-cells and negatively regulate immune responses 

[101]. 

In view of their well-known and potent MHC-unrestricted antitumoral activity against a broad variety 
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of tumours including melanoma, gd T cells are considered optimal candidates for cellular 

immunotherapy [66]. Literature review revealed that strong preclinical and limited clinical evidence 

supports the role of 𝛾𝛿 T cells in immunotherapeutic strategies for advanced melanoma.  

Thus, our aim was to evaluate the percentage of melanoma-infiltrating gd T cells and the expression 

of immunocheckpoint molecules, in order to hypothesize a new combined immunotherapeutic 

approach. 

In this study, we showed that gd T cells are present among melanoma infiltrating lymphocytes, with 

higher percentage than healthy skin. In particular, the concentration of infiltrating T 𝜸𝛿 lymphocytes 

in the peritumor tissue undergoes a reduction correlating with the stage of the disease progresses 

(except pt1b although it is only one sample). Data on circulating 𝜸𝛿 T lymphocytes also decrease 

with increasing disease severity. This correlation must be seen as a reduction in the immune response 

to the tumor, and therefore a worse prognosis for the patient, that it could also have an important 

predictive value in response to immunotherapy. 

The other extremely important aspect that we have evaluated is that relating to the expression of 

immunocheckpoints. As we would have expected, the overall evaluation in melanoma samples 

confirms that the expression of immunocheckpoints is considerably more represented in TIL's than 

in circulating ones. In particular, LAG3 increases from melanoma to metastasis samples. 

In the literature, a recent study of Lee et al. showed that LAG-3 and TIGIT expression on tumor-

infiltrating lymphocytes were significantly correlated with PD-1 expression and associated with 

negative prognostic factors: deeper Breslow thickness, lymph node involvement, and advanced stage 

of disease. High expression of LAG-3 or TIGIT was associated with worse survival and in an analysis 

of Breslow thickness, they have seen that both immunocheckpoint molecules have prognostic 

significance regardless of tumor thickness. They found that LAG-3 and TIGIT were expressed in 

TILs and correlated with the density of TILs. They suggested that a combination of LAG-3 or TIGIT 

antibodies with PD-1 antibody might have important implications for immune checkpoint therapy in 

advanced cutaneous melanoma [102]. According to this study, we analysed the immunocheckpoints 

expression of the infiltrating or circulating 𝜸𝛿 T lymphocytes, in correlation with histological features 

of the samples. A detailed analysis of these data, on perilesional infiltrating 𝜸𝛿 T lymphocytes, 

showed that PD-1 is more expressed in melanomas in situ, and then, as the stage increases, its value 

decreases from pT1a. On the other hand, the immunocheckpoints analysis, TIM3, TIGIT and above 

all LAG3, show a considerable increase, suggesting that the latter plays a fundamental role in the loss 

of control by the immune system over tumour progression. The data on the expression of the 

immunocheckpoints analyzed in metastases samples are indeed conflicting, although LAG 3 is again 

the highest of all the immunocheckpoints.   
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On the other hand, the results of immunocheckpoint expression on circulating 𝜸𝛿 T lymphocytes 

showed highly variable values in the analysis for pathological stage, except TIGIT, whose values are 

high in the ptis and pt1a.  While in the mestastases samples, all immunocheckpoints were more 

expressed. 

The limit of this study is the small number of samples from which it was possible to isolate a sufficient 

amount of 𝜸𝛿 T lymphocytes for cytofluorimetric analysis, in fact, in some cases we had one or two 

samples. Furthermore, we obtained less peritumour tissue samples from advanced melanoma than 

from thin melanoma (PT1s and pt1a), according to the epidemiological data of the disease.  

The detection of γδ T lymphocytes classically require access to fresh tumour samples that are much 

difficult to obtain due to the immediate need for diagnosis. However, recent developments in 

bioinformatics analysis, expecially scRNA sequencing, have proved instrumental in providing us 

with the best level of resolution for gene expression patterns of large sets of cells and allowing finer 

aspects of the cells and their classification from human tissues [103]. Therefore, our bioinformatics 

analysis of checkpoint ligands expression in melanoma showed higher levels of LGALS3, LGALS9 

and CD274 compared to healthy tissue, even though the relative expression of the latter was lower 

than others. Moreover, Spearman correlation analysis between immune checkpoint ligand genes and 

gd T cells gene signature was significantly positive only for CD274 and LGALS9 whilst LGALS3 

expression was negatively correlated.  

In summary, these promising preliminary results showed that: 

- 𝜸𝛿 T lymphocytes were mostly present in peripheral blood than in peri-tumor tissue;  

- immunocheckpoints molecules were more expressed in peritumoral samples and increased in 

metastases ones, supporting the idea that it was related to a decreased immune response to the tumor 

and thus a worse prognosis for the patient;  

- Immunotherapy with checkpoint inhibitors brings about qualitative changes in γδ T lymphocytes 

and in their gene expression pattern: in particular, there was an increase in lymphocytes with cytotoxic 

activity, memory and migratory phenotype, and in γδ T lymphocytes with characteristic phenotype 

of clonal exhaustion.  

- Of all the immunochekpoints analyzed, LAG3 was the most highly expressed in both primary and 

metastatic melanoma samples. Therefore, in the future the impact of neutralizing LAG3 with some 

inhibitors should be further investigated to understand the functional role of LAG3 in anti-PD1 

resistant patients. 

Taken together, these results provide useful information in relation to possible prognostic and 

therapeutic role of melanoma-infiltrating gd T cells, and support the possibility to combine immune 

checkpoint inhibitors and gd T cell based therapy in melanoma. 
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CHAPTER 5 
 

 

Conclusion 
 

 

This study once again demonstrates the correlation between the disease stage and the immune 

response, as well as the importance of studying the molecules expressed on TIL's. Other studies with 

larger case series are needed to confirm the results we have obtained, however this preliminary study 

opens the way to the evaluation of new possible molecular targets, in particular LAG3, in the 

immunotherapeutic treatment of melanoma, as an alternative to the more well-known PD-1 and 

CTLA-4.  
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