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1.1 Clinical features of colorectal cancer 
Colorectal cancer (CRC) is the third most diagnosed cancer worldwide and the second 

leading cause of cancer-related death.1 Globally, the estimated cases of CRC in 2018 were 

1.8 million with a mortality rate of almost 50%.1 According to the World Health 

Organization, CRC is the third most diagnosed cancer in men and the second in women, 

representing worldwide almost the 10% of all malignancies, excluding non-melanoma skin 

cancer.1 In Italy, CRC is the second most frequent diagnosed tumor in both male and female, 

counting for the 13% of all cancer cases in man and the 15% in woman, preceded only by 

prostate and breast cancer respectively2 (Figure 1.1). Although the mortality rate associated 

with CRC has been progressively decreasing in the past years3, it remains a major health 

issue, particularly in industrialized states, where Caucasian males of older age are the main 

affected4.  

1.1.1 Pathogenesis and evolution of CRC 

The incidence of CRC can be influenced by both genetic5 and environmental factors5,6; 

however, sporadic cases are the most frequent event, counting for the 75% of all CRC 

patients7. The remaining 25% of cases are associated with a positive family history of CRC 

or hereditary syndromes that include Lynch syndrome, or Hereditary Non Polypotic 

Colorectal Cancer (HNPCC) and the Familial Adenomatous Polyposis or FAP.7  

When CRC manifests spontaneously, i.e. with no apparent genetic cause, the onset 

of the disease can be related to several risk factors. Most common ones include, as mentioned 

above, age, gender and ethnicity, which are also known as intrinsic/non-modifiable risk 

Figure 1.1. Estimated cancer statistic for Italy 2018 according to gender.2 Pie charts 

representing the distribution of the top five diagnosed cancers in male (left graph) and female 

(right graph). For each sex, the area of the pie chart corresponds to the proportion of the total 

number of cases, skin cancer excluded. Statistic data refer to the GLOBOCAN 2018 database. 
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factors diversely from extrinsic/modifiable risk factors, which include mainly high-fat diet, 

obesity, alcohol, sedentary life and smoking6 (Figure 1.2). In addition, intestinal chronic 

inflammation, generally associated with Inflammatory Bowel Diseases (IBD), such as Crohn 

or ulcerative colitis, also plays a major role in the development of CRC.8 

A common feature of above-mentioned risk factors is their predisposition to polyp’s 

formation.9 These lesions are epithelial protrusions found in the colon lumen, whose 

incidence increases with age.6 When polyps are malignant, they indicate the presence of an 

adenoma, which is considered the precursor lesion of CRC.9 Adenomas can rapidly evolve 

into adenocarcinomas and finally progress into invasive carcinomas.9 This transition from a 

normal mucosa into an adenocarcinoma is a multi-step process that results in the 

accumulation of several genomic mutations, which make CRC, at the molecular level, a 

heterogeneous group of diseases.10 The most common genetic pathways dysregulated in 

CRC are associated with genomic instability and generally include mutations in the proto-

oncogenes Kras, p53 and adenomatous polyposis coli (APC).10  

Upon CRC diagnosis, patients are classified in relation to the American Joint 

Committee on Cancer (AJCC) TNM system.11 This type of classification takes into 

consideration three variables: the size of the tumor (T), the lymph node infiltration (N) and 

the presence of metastases (M). According to the TNM staging system, which reflects the 

progression of the tumor, CRC is divided into five stages from 0 to IV (Figure 1.3). The 

presence of an in situ carcinoma is considered the earliest stage (stage 0); whereas the most 

advanced condition of an invasive and metastatic tumor, which has spread to distant organs 

of the body, correspond to stage IV11 (Figure 1.3).   

 

Figure 1.2. CRC risk factors. List 

of intrinsic/non-modifiable and 

extrinsic/modifiable risk factors 

in CRC. Data refer to 

Associazione Italiana di 

Oncologia Medica (AIOM), “I 

numeri del cancro in Italia 

2017”. IBD: Intestinal Bowel 

Disease 
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1.1.2 Colon-derived liver metastases (CLM) 

Metastases result from the spreading of cancer cells from the primary tumor to distant 

organs. This complex process involves different steps, during which malignant cells detach 

from the original tumor, enter the circulatory system, survive during the transit, and, through 

extravasation, finally seed and form new tumor colonies in distant tissues.12 

 In primary CRC, the liver is the first site of metastatic dissemination.13 The main 

reason of this high occurrence is the vascular connection, via the portal venous system, 

between the lower gastrointestinal tract and the liver.13 In fact, more than 50% of patients 

diagnosed for CRC will eventually develop metastatic disease to the liver, which, in about 

30 to 40% of advanced cases, will be the only site of metastasis.13 In a minority of patients 

(around 25% of all CRC patients), liver metastases will already appear at the time of CRC 

diagnosis or within a year (early liver metastases), while about 30% of the remaining ones 

will develop hepatic metastases after one year and within 3 years after the onset of the 

primary tumor (late liver metastases)14 (Figure 1.4). Typically, early metastases are usually 

more aggressive and associated with a higher T stage.14  

Figure 1.3. Staging classification 

of CRC patients.11 Classification 

of CRC patients according to the 

progression status of the tumor 

from earliest stage (stage 0) to most 

advanced conditions (stage IV).   
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In general, the presence of liver metastases is one of the major causes of death in 

CRC patients that without treatment have an average survival of less than 8 months after the 

presentation of the disease.14 Moreover, the prognosis of patients is worst when large 

metastases or higher number of them (more than 4) are present.15 In case of early CLM 

disease, 5-year survival post-resection is lower compared to late CLM.15 

Finally, except from the liver, other common sites of metastatic spread from CRC 

include the peritoneal cavity and the lungs.16 

1.1.3 Therapeutic approaches for CLM 

Up to date the surgical removal of CLM represents the sole valid option for a possible cure.17 

However, because of the extent of the metastatic disease, due to tumor size, number and 

location of lesions or other poor prognostic factors, the majority of CRC patients (up to 85%) 

cannot directly receive surgery.17 Hence, neoadjuvant chemotherapy (CHT) is generally 

administrated to these patients in order to reduce the metastatic disease and convert 

unresectable/potentially unresectable CLM into resectable ones17 (Figure 1.5). This kind of 

neoadjuvant CHT is referred as “conversion CHT” and includes the use of classical anti-

cancer drugs as a monotherapy or in combination with monoclonal antibodies (mAbs).18 

Because of its cytotoxic side effect, CHT is generally interrupted one month before the liver 

surgery.18 

Figure 1.4. Incidence of colon-derived liver metastases in CRC patients.14 Schematic 

representation of the occurrence of liver metastases in primary CRC.   
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The two main standard CHT regimens for the treatment of advanced CRC include 

the combinations of folinic acid (leucovorin) and fluorouracil (5-FU) with either Oxaliplatin 

(FOLFOX regimen) or Irinotecan (FOLFIRI regimen).18 FOLFOX and FOLFIRI regimens 

are generally combined with mAbs, also referred as target/biologic drugs, to improve the 

effectiveness of treatment.18 The most recommended biologic drugs for CLM are anti-

angiogenic drugs, which block the intratumoral neo-angiogenesis, and the epidermal growth 

factor receptor (EGFR) inhibitors.19 These latter are effective only in the absence of Kras 

gene mutations, which have to be tested before starting the treatment.19  

Bevacizumab was the first anti-angiogenic drug approved for cancer therapy with 

documented clinical benefit for metastatic CRC.20 It is a humanized mAb directed against 

the vascular endothelial growth factor (VEGF), which is a central mediator of tumor 

angiogenesis.21 In particular, it binds to all the isoforms of the VEGF-A molecule, which is 

the most relevant member of the VEGF family involved in tumor angiogenesis. This protein 

is secreted mainly by cancer cells and endothelial cells and upon binding with VEGF 

receptor (VEGFR)-1 and VEGFR-2, on endothelial cells, it promotes their proliferation, 

migration, survival and vascular permeability21 (Figure 1.6A). For this reason, the 

overexpression of VEGF in the tumor microenvironment favors the development of new 

blood vessels with structural abnormalities and functional defects, which eventually support 

the tumor progression.21 Several clinical trials have reported that bevacizumab-dependent 

blocking of this pro-tumor mechanism, in combination with standard anticancer drugs, 

increases the response rate as well as the overall and progression-free survival of CLM 

patients.22 

Figure 1.5. Clinical 

managing of CLM patients. 

Schematic representation of 

the clinical management of 

resectable and unresectable 

liver metastases.  

CHT: chemotherapy   
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Among EGFR-inhibitors, cetuximab is one of the biologic drugs with shown efficacy 

in CLM patients.23 It is a chimeric immunoglobulin G1 (IgG1) mAb that specifically targets 

the extracellular domain of the EGFR.24 The main mechanisms of action of cetuximab rely 

on its direct antiproliferative and proapoptotic effects on the tumor target due to the blocking 

of the ligand-induced receptor phosphorylation, which controls downstream signaling 

pathways and leads to cellular proliferation24 (Figure 1.6B). However, somatic mutations in 

the Kras gene vanish the effect of cetuximab because of the constant activation of the EGFR 

even in the absence of its ligand.23 Another agent possibly used in case of resistance to 

cetuximab is the panitumuab, which, similar to cetuximab, inhibits the interaction between 

the EGFR and its ligand EGF.24 Both cetuximab and panitumumab are widely used in wild-

type KRAS cases, in addition to FOLFOX or FOLFIRI, for the conversion of initially 

unresectable metastases into resectable and for the further potential curative resection.18 

Figure 1.6. Mechanisms of action of mAb-based therapy for CLM patients. (A-B) Illustration 

of the biologic mechanism of the anti-VEGF-A bevacizumab21 (A) on an endothelial cell and the 

anti-EGFR drug cetuximab/panitumumab24 (B) on a tumor cell. The intracellular pathways 

affected by the drugs are reported at the bottom of the figures. VEGF: Vascular Endothelial 

Growth Factor; EGF: Epithelial Growth Factor. 

 

A B 
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 All the therapeutic approaches described, when effective, allow the reduction in size 

of the liver metastases and their further removal in a meaningful number of patients.18 

However, surgery, even when combined with CHT, is curative only for few patients.25 In 

fact, one out four CLM patients will experience disease recurrence, exclusively to the liver.25 

1.1.4 The role of the immune system in CLM  

The host immune system has been recently suggested as a major contributing factor in the 

prognosis of CLM patients.15 Under physiological conditions, the majority of lymphocytes 

that populate the liver consists of Natural Killer (NK) cells, cytotoxic T cells (CTL) and 

gamma-delta (T cells, which contribute to the maintenance of liver homeostasis while 

favoring tumor immune surveillance.15  

Within the myeloid lineage, liver-resident macrophages, also known as Kupffer cells, 

represent the most abundant immune population with fundamental role in the maintenance 

of tissue homeostasis through the clearance of damage associated molecular patterns 

(DAMPs) and pathogen associated molecular patterns (PAMPs).26 Although not abundant, 

dendritic cells (DC) also populate the liver tissue and are essential for the antigen 

presentation and consequent activation of T lymphocytes.27  

 It has been reported that the local microenvironment of metastatic liver is 

characterized by higher levels of inflammatory cytokines and chemokine dysregulation that 

eventually can disrupt the normal immune cell milieu28 (Figure 1.7). In fact, constant 

interactions between tumor cells and tissue-resident and infiltrating immune cells can 

directly control the evolution of cancer.  In particular, the intratumor concentration and 

localization of specific subsets of immune cells have a major prognostic value.15 Our group 

recently reported that higher intratumoral percentages of both T cells and NK cells are a 

positive prognostic factor in CLM patients.29 Indeed, the density of these cells is associated 

with prolonged survival upon the removal of liver metastases.29 The understanding of the 

mechanisms that regulate the infiltration of T cells and NK cells is a necessary step to 

estimate the clinical outcome of CLM patients and to improve current therapeutic 

approaches. 
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In CRC, the presence of tumor-infiltrating immune cells has been linked with a higher 

survival rate.30 More in detail, the density inside the tumor and at the invasive margin of 

cytotoxic CD8pos and memory CD45RApos T cells can be used to assign an immunoscore.30 

This additional immune parameter in combination with the TNM staging system provides a 

further and more comprehensive criterion for the stratification and management of patients. 

The immunoscore can be further complemented by the immune profiling, which describes 

the immune signature of the host and is predictive of the patient’s response to therapy.31 This 

immune profile can be dynamically modified trough interactions between immune cells and 

tumor cells and it is a major determinant for the success of immunotherapeutic strategies.31 

The aim of these latter is to enhance the immune system response against tumor cells by 

targeting inhibitory receptors, known as checkpoint and generally expressed by cytotoxic T 

lymphocytes. The most relevant checkpoint inhibitors include the anti-Cytotoxic T-

Lymphocyte Antigen 4 (CTLA4), the anti-Programmed cell death protein 1 (PD-1) and the 

anti-PD-1 ligand (PD1L). However, no evidence has been reported on the efficacy of these 

drugs for the treatment of CLM. 

The use of target therapy as the anti-EGFR and the anti-VEGF can additionally modify 

the immunological setting of liver metastases. It is known that anti-EGFR mAbs enable the 

activation of immune cells and promote their migration to the site of the tumor.32 Moreover, 

by the expression of CD16, which recognizes the Fcγ chain of IgG1 mAbs such as 

Figure 1.7. Composition of immune cells in CLM.28 Tissue distribution of T cells, Natural Killer 

(NK) cells, macrophages and dendritic cells within the “normal” liver parenchyma, the invasive 

margin and the intratumor compartments. Cytotoxic subsets, including T cells and NK cells, are 

preferentially located at the invasive margin right next to the liver metastatic stroma. 
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cetuximab, NK cells and T cells can inhibit the tumor growth through antibody dependent 

cellular cytotoxicity (ADCC) further enhancing the efficacy of target therapies.33 

 In conclusion, each of the cells infiltrating the tumor tissue, including NK cells, T 

cells and T cells, contributes to the clinical heterogeneity of CLM patients and represents 

a potential target for the identification of new biomarkers, and the development of novel 

personalized immunotherapeutic approaches. 

1.2 Gamma-delta () T lymphocytes 

T lymphocytes are a unique T cell subpopulation expressing a T cell receptor (TCR) that 

is composed by a heterodimer of one TCR and one TCR chain34(Figure 1.8). They were 

first identified in the late ‘80s as a distinctive T cell lineage that appears earlier than T 

cells during thymocyte maturation.35,36 

After birth, T cells constitute 1 to 5% of total 

human circulating T cells, which are mainly T 

lymphocytes.37 However, they become more 

abundant in tissue compartments such as skin38 (1 to 

10%), liver39 (5 to 20%) and intestinal mucosa40 (5 

to 30%), where they contribute to tissue 

homeostasis.41 Similar, also mouse T cells are 

preferentially located at tissue barriers counting, for 

example, up to 20% of T resident gut intraepithelial 

lymphocytes (IELs)42 and the 50% of skin epidermal 

T cells43.  

In human, the preferential tissue-tropism of T cells 

is mainly associated to the expression of a specific chain, although some  chain 

combinations can be restricted to certain tissue sites (Table 1.1).44 According to this 

classification, human T cell subsets include: V1pos T cells that constitute the predominant 

population in the gut, liver, thymus and skin, V2pos T cells, preferentially located in the 

peripheral blood and the V3pos T cell subset, which is more represented in the liver and 

poorly found in the circulation.44 Differently, in mice, the tissue specialization is more linked 

Figure 1.8. T cell receptor 

(TCR). Schematic representation of 

the  and  chains heterodimer 

composing the TCR. 
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to the  chain expression with no equivalents with the two main human subsets of V9V2 

and V1pos T cells.45 

Table 1.1. Subsets of human γδ T cells. Preferential tissue distribution and V-V-paired 

combinations of human γδT cell subsets. Adapted from “human γδT cell subsets and their 

involvement in tumor immunity” by Wu et al. Cellular & Molecular Immunology, 2017.  

Species Subset Paired V genes Tissue localization 

Human 

 

V1 

 

V2 

V3 

Not defined  

V 

V5 

V9 

Not defined  

Liver, thymus, spleen 

Gut 

Skin 

Blood 

Blood, liver 

 

A unique property of T cells is their described ability to recognize antigens (Ags) in 

the absence of major histocompatibility complex (MHC) restriction.46 This important feature 

allows the direct recognition of Ags without any prior processing and presentation through 

the MHC,47 thus favouring the induction of rapid cytotoxic responses against infected or 

tumor-transformed cells.46  

Upon target recognition, T cells can release cytotoxic granules, as granzyme and 

perforine and cytokines, including mainly interferon (IFN)- and tumor necrosis factor 

(TNF)- In fact, it has been described that the frequency of blood circulating T cells 

can heavily increase (up to 60% of total T cells) during infections caused by both 

bacterial48,49 and viral agents50,51. Moreover, considering their preferential tissue-localization 

within epithelial barriers, T cells can function as a first line of defence in response to tissue 

damage or during pathological conditions.41 For instance, interleukin (IL)-17 sources, are 

provided by T cells without needing previous TCR activation for the physiological 

protection of mucosal barriers from bacterial infections.52 

The current thesis work is mainly focused on the well-established T cells antitumor 

properties and on their potential role in cancer immunotherapy that will be discussed in detail 

in Paragraph 1.2.4 and 1.2.5, respectively. 
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1.2.1 TCR repertoire of T cells   

T cells are a distinct cell lineage53 and the first subpopulation to appear during T cell 

differentiation54.  

In humans, the gene coding for the TCR -chain is located in the short arm of 

chromosome 755, while in mouse it is placed on chromosome 1356. The TCR-chain, instead, 

is located between the V and J gene segments of chromosome 14 in both human57 and 

murine36 genome. The generation of functional  and  genes is the result of complex gene 

rearrangement known as V(D)J recombination58,59 (Figure 1.9A). This process takes place 

during T lymphocytes development in the thymus and defines the TCR repertoire of the T 

cell lineage.58 It involves the rearrangement of variable (V), joining (J) and, sometimes, 

diversity (D) gene segments. The locus contains 4 J genes in association with 

corresponding C genes and 4-6 (based on the haplotype) functional V genes.55 The  locus, 

placed within the TCR locus, consist of 8 V genes that rearrange to Dδ/Jδ-Cδ segments57 

(Figure 1.9B). Compare to T cells (>2000 possible V combinations), the number of V 

segments arrangements in T cells is limited.60 Nevertheless, the potential diversity of the 

TCR repertoire is much higher (in the order of 1017) of that of T cells, thanks to the use 

of distinct D segments of the TCR locus and the possible N-nucleotide addition between 

D-D as well as to V-D and D-J junctions.61 This junctional diversity focussed the TCR 

variability in the complementarity determining region (CDR) that guides Ag-recognition. 

Moreover, structural studies on the V rearranged regions of the TCR demonstrated that 

they resemble the V regions of Abs rather than that of TCR,62 consistent with the 

recognition of surface Ags rather than MHC-presented peptides47. 
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  The generation of a functional TCR is part of the maturation process that takes 

place in the thymus and it is known as thymic selection. During this process, which is divided 

into different stages, the result is the production of a proper Ag-specific TCR. Both  and 

T cells derive from the same thymic progenitor, however, contrary to T cells, the 

process that drives T cell maturation, selection and peripheral localization are not well 

characterized since much of our knowledge in this field depends on mouse studies. In 

particular, in mice, T cells development is characterized by different waves of chain 

production. A first wave, during which the V5 chain is expressed and the colonization of 

Figure 1.9. V(D)J recombination at the tcrg and tcra/tcrd gene loci. Representation of the tcrg 

(upper panel) and tcrd (lower panel) chains loci.  The TCR-γ chain is produced through a single 

V-J recombination, with N additions occurring at the V-J junction. The TCR-δ chain derives from 

a V-D-J recombination with the possible inclusion of either 2 or 3 D segments, which leads to the 

production of up to 4 N diversity regions. Only gene segments used for the TCR-δ chain formation 

are represented. The structure of the tcrg and tcra/tcrd loci was adapted from the IMGT 

database.59 Only functional gene segments are shown. Adapted from “The promise of γδ T cells 

and the γδ T cell receptor for cancer immunotherapy” by Legut et al. Cellular & Molecular 

Immunology, 2015.  
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the epidermis takes place, and a second wave when the V6 chain is predominantly 

produced, corresponding to homing of the reproductive tract.42 V5 T cells originated 

from the first wave are referred as dendritic epidermal T cells (DETCs)63 with no defined 

counterpart in human.  Remarkably, about 90% of mouse DETCs express the invariant 

Vγ5Vδ1 TCR and their migration into the epidermis occurs early during embryonic 

development.64 

Molecular analysis of human T cells revealed that the majority of adult circulating 

subsets are oligoclonal, have limited junctional diversity and use mainly Vγ9Vδ2 gene 

segments.65 In addition, a conspicuous fraction of Vγ9Vδ2 T cells are shared between 

different individuals and are composed by similar Vγ9JγP variants. Interestingly, these 

variants are already present during prenatal development and expand in the first year after 

birth, probably as a result of microbial responses that consequently focus the Vγ9Vδ2 TCR 

repertoire of adults.66 

Non-Vγ9Vδ2 T cells consist mainly of V1pos rearrangements paired with different 

TCR-segments and hold high inter-individual heterogeneity.67 For this reason, a more 

adaptive nature has been suggested for V1pos T cells, compared to the more public Vδ2pos 

T cell subset.68 For instance, substantial oligoclonal expansion of V1pos T cells has been 

described in the presence of CMV infection.69 

Even though, in human, correlations between a particular paired of VV chains 

combination and its tissue localization is not as strictly defined as in mouse, the preferential 

expression of specific V is found among gut intraepithelial lymphocytes (IELs). In fact, 

human IELs T cells are mainly Vrestricted, similar to V T IELs in mice.70 This 

organ-specific repertoire could depend on specific Ag-restriction and be associated with 

different migratory-capacity of T cells subsets. 

1.2.2 Ligands recognition by the TCR 

Since the discovery of T cells in the mid ‘80s, the putative ligands proposed or established 

for the TCR include compounds with extremely diverse molecular structures71 (Figure 

1.10). Among candidate molecules, stress-related ones are thought to be the main target of 

T cells.72 Indeed, the majority of ligands identified so far correspond to self-molecules that 

are upregulated under cell stress, tumor transformation or upon bacterial and viral 
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infections.73–75 Differently from peptides binding the TCR, this sort of molecules are not 

processed by the MHC complex but are lipid compounds usually deriving from metabolic 

pathways.46 Among them, phosphoantigens (PAgs) have been one of the first ligands, not 

MHC-restricted, to be described for T cells.41 PAgs are low molecular weights metabolites 

of the mevalonate pathway that are endogenously produced under physiological conditions. 

However, an intracellular accumulation of PAgs can originate from cell-stress, like tumor-

transformation or during infections.76 For example, high amount of 

isopentenylpyrophosphate (IPP) are induced in malignant cells and are efficiently 

recognized by V9V2 T cells.77 On the contrary, homeostatic concentration of IPP does not 

stimulate the TCR allowing the discrimination of healthy cells.78 An example of pathogens 

associated PAg is the hydroxyl-dimethyl-allylpyrophosphate (HDMAPP), which strongly 

induce V9V2 T cells cytotoxicity.74  

Activation of V2pos T cells by PAgs is both TCR and contact-dependent, and recent 

observation suggested that B7-related butyrophilin (BTN) molecules CD277/BTN3A are 

directly involved in this mechanism.79 More in detail, the BTN3A1 isoform has been 

identified as a mandatory molecule for the PAg-dependent activation of V9V2 T cells.  In 

general, the recognition of PAgs by V9V2 T subset represents an efficient machinery for 

the sensing of cell stress and the rapid elimination of tumor-transformed or virus-infected 

cells that have dysregulated levels of PAgs.76 Moreover, this innate-like mechanism of 

immunosurveillance has been widely explored for the expansion and the immunotherapeutic 

usage of V2pos T cells that will be further discuss in paragraph 1.2.5. 

 Other types of molecules capable to stimulate the TCR, in humans, are the stress-

inducible receptor MICA and MICB that were firstly described as ligands for NKG2D, a 

typical NK cells activating receptor.80 It has been demonstrated that the expression of MICA 

and MICB, which augments in tumor cells and damaged intestinal epithelial cells, drives 

V1-TCR stimulation.73  

Other ligands discovered in the last decade for the TCR include: the UL16-binding 

proteins 4 (ULBP4s), that is also recognized by human NK cells through the activating 

receptor NKG2D,81 CD1c and CD1d molecules, recognized by V1posT cells subset,82,83 

the endothelial protein C receptor (EPCR) induced during Cytomegalovirus infections,84 the 

algae protein-phycoerythrin (PE),85 the mitochondrial F1-ATPase expressed on tumor cells 

surface86 and the histidyl-tRNA synthetase in patients affected by polymyositis87. 
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  In conclusion, the exact role of T cells in both physiological and pathological 

conditions still remain enigmatic especially because of the lack of Ags identified so far.88 

Hopefully, TCR-sequencing technology in combination with mass spectrometry analysis 

will shed new light on ligand recognition by T cell subsets with direct implication for the 

clinical use of T cells. 

1.2.3 Function of T lymphocytes  

T cells can execute a variety of functions depending on both tissue specialization and TCR 

restriction. A wide range of soluble factors, with regulatory or cytotoxic activity are secreted 

by T cells. Upon activation against pathogens, human circulating T cells  can release a 

high quantity of inflammatory cytokines including IFN- and TNF-.89 T cells resident 

within the derma and the intestinal lamina propria naturally express IL-17, which has a 

protective role in case of bacterial and fungal infections and it is also important for cancer 

immunosurveillance and gut homeostasis.52 For instance, IL-17 production by T cells is 

essential for the control of enteritidis caused by Salmonella enterica infections90 or during 

Mycobacterium tuberculosis infection of the lung91. It has been reported that by IL-17-

mediated recruitment of neutrophils, T cells could favor the removal of bacteria during 

Listeria moncytogenes liver infection and Escherichia coli intraperitoneal infection with 

V1pos subset of T cells being the major source of IL-17.52 The presence of IL-17-

producing T cells was a feature also of some viral infections, including the one caused by 

Figure 1.10. Putative and identified 

ligands recognized by the human TCR. 

Different classes of γδT cell ligands, 

including: CD1 family member (CD1c, 

CD1d), MHC-related molecules (MICA, 

MICB), endothelial protein C receptor 

(EPCR) and butyrophilin-like molecule 

(BTN3A1) presenting phosphoantigens 

(PAgs). Other type of ligands include 

soluble protein, free peptides and haptens.  

Adapted from “γδ T cell responses: How 

many ligands will it take till we know?” by 

Vermijilen et al. Seminars in Cell & 

Developmental Biology, 2018. 

 



25 
 

the West Nile virus92 and the Respiratory syncytial virus (RSV)93. However, cytokine 

secretion by T cells is not only linked to cytotoxicity but it can also consist of regulatory 

functions. In mice, DETCs T cells not only produce IFN- and granzymes, but also secrete 

IL-1394 or insulin like growth factor 1 (IGF1)95 that ultimately regulate IgE production by B 

cells and stromal cells activity respectively. Always in mouse, T cells present in the liver 

or the spleen can secrete both IFN- and IL-4 which, similarly to IL-13, control the humoral 

response.96 

The presence of a specific V or V chain can lead to different cellular responses. In 

mice, V1 but not V4 expression is associated with the clearance of Listeria infection while, 

in humans, the expression of the V1pos or V2pos chain, besides being associated with a 

distinct peripheral localization, is also involved in different responses.73 Indeed, V2pos T 

cells can secrete many inflammatory cytokines such as IFN-, TNF-, IL-17 and IL-12 as 

in response to virus-infections,97 while V1pos T cells were recently found to be associated 

with antitumor activity98. 

T cells are also involved in wound healing due to their production of keratinocyte 

growth factor (KGF) which was reported in mice skin localized V5V1 cells.99 Mice 

intestinal T cells also perform a protective role as it was demonstrated using a mouse 

model of IBD chemically induced with dextran sulphate sodium (DSS). These mice were 

more susceptible to chemical-induced epithelial cell damage when deprived of T cells if 

compared to wild type.100 

Despite the many evidences that correlate the presence of a certain Vor V chain 

with a specific function, the mechanisms responsible for this association remain unclear. 

Whether thymic selection give a specific function to the different T cell subsets or whether 

T cells acquire their phenotype once in the periphery according to tissue 

microenvironment, are still debated issues. 

One of the main functions explicit by T cells, object of interest in the last decades, 

regards their antitumor activity, which will be discuss in more detail in Paragraph 1.2.4. 

Additionally, T cells are important during the resolution phase of infection thanks to their 

action as antigen presenting cells (APCs) and their recruitment of effector cells to the 

inflammatory site.46 
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Summarizing T cells do not have a single function but they participate in many 

ways during an immune response as schematically shown in Figure 1.11. 

1.2.4 T cells in cancer   

The described innate-like properties of T cells, mainly consisting in rapid and MHC-

unrestricted cytotoxic-responses, define their role in cancer immunosurveillance. The first 

evidence of the antitumor protective role of T cells derived from a chemically-induced 

mouse model of skin cancer early in 2001.101 Further studies confirmed the antitumor 

activity of T cells in different human cancer types, including both hematological 

malignancies, as lymphoma and leukemia102, and solid tumors, as in the case of CRC103, 

lung carcinoma104, prostate cancer105 and melanoma106.  

 Different mechanisms are involved in the antitumor functions of T cells and they 

include both direct and indirect effects on the tumor growth. By the release of cytotoxic 

granules, including perforins and granzymes, T cells can directly induce the cytolysis of 

cancer cells.44 The specific recognition of tumor-transformed cells can rely on the 

engagement of both the TCR as well as NK receptors (NKRs). One of the main NKR 

receptor expressed by T cells is NKG2D. This activating/antitumor receptor recognizes 

stress-induced molecules as IPP, MICA and MICB that are generally overexpressed on the 

surface of tumor cells thus inducing T effector functions.107 For example, the production 

of inflammatory cytokines, IFN- and TNF-by T cells, not onlydrives the recruitment 

of other cytotoxic subsets but it also has a direct lytic effect on tumor target cells. In 

Figure 1.11.T cells functions. 

T cells participate to all phases of 

an immune response by: the 

production of inflammatory 

cytokines that are necessary for 

antitumor activity, the elimination of 

infected and stressed cells and 

neutrophil recruitment. Additionally 

T cells regulates dendritic cells 

maturation, T cells activation 

and stromal cells activity. KGF: 

Keratinocyte Growth Factor  
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particular, TNF- can induce the apoptosis of target cells by binding to CD95 ligand and 

TNF-related apoptosis inducing ligand (TRAIL) expressed by tumor cells.108 Whereas the 

secretion of IFN- by T cells, by enhancing MHC class I expression on tumor cells, further 

favor their recognition by cytotoxic CD8pos T lymphocytes. Recently it was also 

demonstrated that, once activated, T cells can increase the expression of CD16, which, by 

recognizing the Fc structure of IgGs (Fcγ), triggers ADCC against tumor targets.108,109 In 

addition, T cells can favor the maturation of DCs thus promoting the development of Ag-

specific responses mediated by T lymphocytes.46 

In contrast to their antitumor activity, T cells also display protumor functions under 

specific circumstances.110 For instance, it has been reported that the infiltration of T cells 

can promote the establishment of an inflammatory microenvironment associated with tumor 

progression. In fact, γδT cells are essential producers of IL-17 that strongly increases 

inflammation responses in tumor immunity and promotes angiogenesis.111 For example, in 

a mouse model of metastatic breast cancer, it was shown  that IL-17 secretion by T cells  

is responsible for the recruitment of immunosuppressive cells subsets as myeloid derived 

suppressor cells (MDSCs) that eventually support tumor growth by inducing neo-

angiogenesis and by creating an immunosuppressive microenvironment.112 In human CRC 

IL-17pos γδT cells can induce a severe immunosuppressive milieu associated with high 

production of TNF-α and granulocyte- macrophage colony-stimulating factor (GM-CSF) 

which promote tumor growth.113 Consequently, the infiltration of IL-17pos γδT cells in 

human CRC positively correlates with tumor burden and worse prognosis. Moreover, γδT 

cells can contribute to immune-checkpoint inhibition of αβT cell, through the high 

expression of PDL1 as observed in a murine model of pancreatic ductal adenocarcinoma.114 

In the last year, many studies focused on the specific subsets of T cells (defined by 

their TCR repertoire and functional differences) which may have diverse activity in 

antitumor immunity.115 Indeed, the antitumor-activity of peripheral blood Vγ9V2 T cells 

have been tested in different types of cell lines and primary tumors, including both leukemia 

and carcinoma cells.116 The mechanism driving V2pos T cells antitumor function is the TCR-

mediated recognition of tumor-associated PAgs, mainly IPP. Other surface molecules, 

overexpressed on tumor cells, that are recognized by V2-TCR include human MutS 

homologue 2 (hMSH2) and BTN3A1 which is essential for PAgs-mediated activation of 
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V2pos T cells. At the same time, the frequent expression of NKG2D related ligands on the 

surface of tumor cells, is a potent inducer of V2pos T cells antitumor cytotoxicity.117 

Besides TCR-dependent mechanisms, an important role in the recognition and killing 

of tumor targets is played by CD16-mediated ADCC. Indeed, the upregulation of CD16 on 

activated V2pos T cells cause the binding of IgG-coated tumor cells during mAbs treatment,  

as it has been described for trastuzumab, which binds the human epidermal growth factor 

receptor 2 (HER2) and for the anti-CD20 mAb rituximab used for the treatment of B-

lymphomas118.  

 

Similar to the V2pos subset, the antitumor functions of V1pos T cells have been 

broadly investigated. For instance, we reported that cytokine and TCR-dependent in vitro 

stimulation of blood-circulating T cells, induces the expansion of natural cytotoxicity 

receptor (NCR)pos Vpossubset with high tumor-killing activity against leukemia cell 

lines.119 However, tumor-ligands binding the V1-TCR are still largely unknown. Till now 

the main mechanisms described to induce V1pos T cell antitumor response are based on the 

Figure 1.12. Main mechanisms of V pos T cells antitumor response. Interaction driving the 

recognition of tumor cells by V2 
pos T cell subsets are represented. Antitumor responses of V2 

include: direct cytotoxicity by the release of granzyme and perforin, proinflammatory cytokines 

production (IFN- and TNF-) and CD16 mediated recognition of mAbs that activate the antibody 

dependent cellular cytotoxicity (ADCC). Known Ags recognized by V2 pos T cells include MHC class 

I-related chain A/B (MICA/B); UL16-binding proteins (ULBs), isopentenyl pyrophosphate (IPP), 

Apo-A1 and F1-ATPase. 
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expression of NKR, including NKG2D, NKp30 and NKp44.120 Interestingly, it has been 

observed that MICA is directly recognized by the V1-TCR and, together with NKG2D-

mediated stimulation, induces an efficient antitumor activity mediated by increased levels of 

IFN- and perforins.107 Analogously, high levels of ULBPs on tumor cells of hematological 

origin drive the cytotoxicity and/or cytokines production by Vδ1pos subset even in the 

absence of TCR-involvement.121 In vitro-expanded V1pos T cells from peripheral blood 

present enhanced antitumor activity against solid tumors. Recently, it has been shown that 

freshly isolated human peripheral Vδ1pos T cells have increased killing activity against 

human colon cancer cell lines compared to Vδ2pos T counterparts.122Moreover, CMV-

induced V1pos T cells can inhibit not only the growth of primary CRC but also the 

occurrence of secondary tumor foci.123 Tumor-Ags and corresponding receptors driving the 

recognition of tumor cells by V2pos and Vδ1pos T cells subsets are represented in Figure 

1.12 and 1.13, respectively. 

Figure 1.13. Tumor-Ags recognition by specific V1pos T cell subset. Known and putative 

interactions driving the recognition of tumor cells by Vδ1pos T cell subset are represented. They 

include NKG2D-mediated recognition of MHC class I-related chain A/B (MICA/B) and UL16-

binding proteins (ULBPs) ligands and natural cytotoxicity receptors (NCRs)-dependent activation 

of V1pos T cells. Ligands specifically recognized by the V 1pos TCR remain unknown. Moreover, 

protumor functions of V1 pos T cells have been described trough the release of IL-17.  
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In conclusion, our knowledge on the biology of tumor-associated T cells is 

progressively improving thanks to recent works that gave new insights on their interaction 

with tumor and other immune cells, underlining both the antitumor and protumor properties 

of T cells and the role of specific T cell subsets to cancer progression.  All these 

evidences underline the great potential of T cells in cancer-immunotherapy, which will be 

discussed in the next paragraph.  

1.2.5 Immunotherapeutic application of T lymphocytes 

The main goal of immunotherapy is to achieve durable and efficient antitumor responses 

using immune cells capable of releasing antitumor cytokines and successfully kill tumor 

targets. These properties are all intrinsic features of T cells that have a great potentiality 

for cancer immunotherapy.124  

Currently strategies adopted for the manipulation of T cells involve both V1pos 

and V2pos T cell subsets. In case of V1pos T lymphocytes, they include isolation and in vitro 

expansion from peripheral blood using a recently published approach known as Delta One 

T (DOT) protocol.125 This strategy is based on TCR and cytokine-dependent stimulations 

and allows to obtain, after three weeks, NCRpos V1pos T cells endowed with high cytotoxic 

activity against both hematological malignancies and solid tumors.  

On the other hand, V2-based approaches rely on their in vitro or in vivo activation 

using chemical compounds that induce or resemble the expression of PAgs. (Figure 1.14). 

PAgs are intermediates of the mevalonate pathway, which is upregulated on tumor cells 

causing the accumulation of PAgs and consequent activation of V2pos T cells.74 For this 

reason, Vγ9Vδ2 T cells should efficiently and specifically target and kill cancer cells. In 

addition, it is possible to easily increase the levels of PAgs by the therapeutic administration 

of aminobiphosphonates (NBPs), including zoledronate or pamidronate. For this instance, 

zoledronate, by interfering with the mevalonate pathway, causes the increase of intracellular 

IPP, which is then presented on the surface of tumor cells and specifically recognized by the 

V9V2-TCR126 (Figure 1.14). Another approach involves the generation of engineered T 

cells, known as TEGs that consist in the transfer of particular and high-affinity Vγ9Vδ2 

TCRs gene into αβT cells.127 These hybrid T cells are currently being tested in a phase I 

clinical trial in patients with hematological malignancies (Netherlands Trial Register. Trial 

NL6357). 
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 To date, T cells have been tested in different clinical trials regarding both solid 

tumors, such as renal cell carcinoma (RCC)128 and advanced lung cancer129, and 

hematological malignancies, including multiple myeloma (MM) and acute myeloid 

leukemia (AML)130. All of them relied on the expansion of polyclonal Vγ9Vδ2 T cells, by 

either in vitro or in vivo stimulations and were based on the TCR-dependent recognition by 

Vγ9Vδ2 T cells of PAgs (Table 1.2). Interestingly, a complete remission of a patient affected 

by metastatic renal cell carcinoma has been reported, after 6 monthly cycles of peripheral 

autologous γδT injections, pre-activated and expanded in vitro with low dose of HMBPP 

and IL-2, combined with the infusion of zoledronate.112 This response was specifically 

associated with a strong increase production of INF- by Vγ9Vδ2 T cells after the adoptive 

transfer. Even if clinical studies performed so far certainly proved the safety of using T 

cells in cancer immunotherapy, they also showed highly variable responses. This scarce 

efficacy can be explained by both quantitative and qualitative limitations of Vγ9Vδ2 T cells. 

Indeed, this subset is highly sensitive to activation-induced cell death and exhaustion 

deriving from chronic stimulation and precluding the full efficacy of this approach. To 

overcome this issue, new experimental approaches have been taken into consideration. For 

example, the use of checkpoint inhibitors against PD-1 or CTLA4, can overcome immune 

Figure 1.14. V9V2 T cells expansion by aminobiphosphonates (NBPs). Isopentenyl 

pyrophosphate (IPP) is an intermediate metabolite of the mevalonate/cholesterol pathway that is 

exacerbated in tumor cells. NBPs administration by blocking the pyrophosphate (FPP) 

synthetase cause the accumulation of intracellular IPP levels. Endogenous IPP is then presented 

on the cell surface and recognized by the V9V2-TCR.  
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suppression and exhaustion. For instance, the higher frequency of V2pos T cells in 

melanoma patients upon treatment with anti-CTLA4 mAb (ipilimumab) is associated with 

prolonged overall survival.131 Combination approaches could also improve the functionality 

of autologous Vγ9Vδ2 T cells, as demonstrated by the potent antitumor activity of Vγ9Vδ2 

T cells against chronic lymphocytic leukemia (CLL) cells obtained after coculture with 

monocyte-derived dendritic cells (moDC) together with ibrutinib administration.132 This 

latter is a tyrosine kinase inhibitor approved for the therapy of CLL that has a direct effect 

on Vγ9Vδ2 T cells by promoting the production of IFN-. In addition, the production of 

bispecific Abs is under investigation in order to ameliorate Vγ9Vδ2 T cell cytotoxicity and 

specific targeting of the tumor as in the case of a nanobody-based construct recognizing both 

Vγ9Vδ2 T cells and the EGFR.133 This bispecific Ab was tested in a xenograft model of 

CRC where it was found to induce high cytolytic capacity on Vγ9Vδ2-T cells with efficient 

killing of cancer cells. Lastly, the use of chimeric antigen receptors (CARs) represents 

another valid strategy in δT cell-based immunotherapy since they combine the avid antigen 

recognition of Abs with TCR signaling, as shown for example with anti-CD19 specific 

CAR.134 

 Table 1.2. Clinical trials using γδ T cell-based cancer immunotherapies. CBR=Clinical Benefit 

Rate= (complete response+ partial response+ stable disease)/n. of evaluable patients. Adapted from 

Godfrey DI et al. Immunity Review, 2018 

Cell type Disease Cell source 
N. of 

patients 
Phase of 

clinical trial 
Outcome 
CBR (%) 

References 

V9V2 T 
Prostate 
cancer PBMC 18 I 73 

Dieli et al. 
(2007) 

V9V2 T 
Renal cell 
carcinoma 

In vivo 
expansion 

10 I 100 
Bennouna et 
al. (2008) 

T 
Lung 
carcinoma 

PBMC 10 I 38 
Nakajima et 
al. (2010) 

V9V2 T 
Lung 
carcinoma 

PBMC 15 I 50 
Sakamoto et 
al. (2011) 

T 
Renal cell 
carcinoma 

PBMC 11 I/II 55 
Lang et al. 
(2011) 

T, T, 
NK 

Renal cancer, 
MM, AML 

In vivo 
expansion 

21 I/II 40 
Kunzman et al. 
(2012) 

V9V2 T CRC  PBMC 6 I 100 
Izumi et al. 
(2013) 

T 
Lung 
carcinoma  

PBMC 15 I 50 
Kakimi et al. 
(2014) 
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The therapeutic efficacy of T cells against human tumors is still undervalued and 

so far constrained to autologous settings. However, the use of T cells is particularly 

relevant for allogenic strategies, giving their MHC-unrestriction that largely abolishes graft 

versus host reactivity. Identification of new molecules directing γδT cell functions in the 

tumor microenvironment and of other ligands binding the γδTCR or other NKRs is necessary 

to take advantage of the pan-cancer antitumor potential of T cell-based cancer 

immunotherapy. 

 Liver immune-biology  

The liver constitutes the largest tissue of our body and is characterized by unique physiology 

and functions. By receiving blood supply from both the hepatic artery and the portal vein, 

the liver organ constantly drains fluids from the gut. For this reason, it is continuously 

exposed to potentially harmful bacterial products and Ags as well as non-pathogenic stimuli, 

including for example, food-derived and self-Ags, which have to be finely tolerated.135 

External insults such as drugs or toxins, and viral infections can break liver immune-

tolerance and result in acute liver disease. If the insult is not removed and persists in time, 

the outcome is a chronic liver condition characterized by fibrosis, at first, and the 

development of cirrhosis and/or hepatocellular carcinoma (HCC) in the ultimate stages. 

Infections by hepatitis C virus (HCV) and hepatitis B virus (HBV) represent the main causes 

of chronic liver disease. Other pathological conditions, associated with liver inflammation 

and fibrosis, include alcoholic liver disease and autoimmune disorders, as primary biliary 

cholangitis (PBC).136 

It is widely recognized that specialized immune cell populations reside in the liver 

tissue providing local immunosurveillance. For instance, liver sinusoids, are enriched of 

sentinels and antigen presenting cells (including liver sinusoidal endothelial cells, Kupffer 

cells, and hepatic stellate cells), which are important for the initiation and recruitment of 

immune responses. In general, activation of the intrahepatic immune system can play a dual 

role contributing to both host defence, as well as to liver inflammation and chronic disease. 

The protective nature of intrahepatic immune responses is evident during viral 

hepatitis, in which the spontaneous control of HCV replication is linked with the activation 

of intrahepatic cellular immunity. Whereas high production of IFN-γ and TNF-α can 

contribute to the inhibition of HBV replication and results in HBV-clearance in the majority 

of cases.   
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In humans, the most relevant lymphocyte populations resident in the liver, include NK 

cells, αβ and γδ T cells, whose role will be discussed in the next paragraph. 

1.3.1 Liver-associated T lymphocytes 

Liver T cells are particularly abundant in the liver tissue, especially if compared to 

peripheral blood.39 Among intrahepatic T cells, V1pos T cells represent the predominant 

cell subset, while V2 pos and V3 pos are found at lower amount.39  

Considering the high proportion of liver-resident T lymphocytes, which count up 

to 20% of total T cells39, understating their contribution to liver physiopathology is 

extremely relevant. During chronic HCV infection an increased liver-infiltration of γδT cells 

was found in patients.137 Agrati and colleagues observed a specific increase of Vδ1pos γδT 

cells in HCV-infected liver, reaching up to 9% of CD3pos lymphocytes.138 Moreover, Vδ2pos 

T cells were able to control HCV replication in vitro, through the secretion of IFN-γ.138 

Studies in mice suggest the contribution of T cells to liver inflammation. For example, in 

the presence of adenovirus infection, IL-17 secretion by T cells was associated with 

increased liver injury as well as with the recruitment of cytotoxic T cells.139 However, 

analogous subpopulations of Th17-like γδT cells have not been yet identified in humans. A 

decreased intratumoral infiltration of γδT cells has been observed in HCC patients.140 In this 

setting, the lower antitumor capacity of T cells was attributed to the immunosuppressive 

microenvironment, associated with Tregs infiltration. Differently, in a mouse model of CRC, 

Vδ1pos T cells displayed important anti-metastatic effector functions.123 In another study, the 

production of IL-17 by γδT cells favored the accumulation MDSCs in human CRC tissue 

specimen, thus contributing to tumor progression.113 

Finally, recent TCR-sequencing analysis revealed the existence of liver-resident V1pos T 

cell subpopulation with unique clonal diversity.141 This study revealed that liver-resident 

V1pos T cells are mainly TEMRA and TEM. However, only TEM V1pos cells constitute the 

actual liver-resident subset as same clones of TEMRA subset were identified in the blood, 

suggesting the recirculation of V1pos TEMRA subpopulation between liver tissue and blood.141 

Further studies are needed to clarify the functional role of recirculating V1pos TEMRA in both 

physiological and pathological conditions 
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2. Aim and rationale  

The liver is the most common metastatic site in colon-rectal cancer (CRC) patients. In fact, 

more than 50% of patients with primary CRC develop liver metastasis (CLM) within one or 

two years after the primary tumor diagnosis. Up to date surgical resection of CLM is the 

only option for potential cure, and even when combined with chemotherapy, it is curative in 

only 20% of cases. Thus, there is crucial need of finding novel prognostic markers and 

effective therapeutic approaches. 

Gamma-delta () T cells are innate-like lymphocytes with an important role in 

cancer immunosurveillance. Given to their broad array of antitumor functions, including 

potent cytotoxicity and cytokines production, they can limit cancer progression. Based on 

the TCR-chain expression, two main subsets of human T cells are distinguished, V1pos 

and V2pos, which preferentially localize in mucosa/epithelial tissues and peripheral blood 

(PB) respectively. Functional and tissue-distribution diversity of V1pos and V2pos T cells 

reflect their distinctive TCR features, as recently demonstrated by transcriptomic and T cell 

receptor (TCR)-repertoire sequencing analysis. In particular, V2pos T cells are characterized 

by less clone heterogeneity and more innate-like properties, while V1pos T cell subsets 

consist mainly of adaptive and private TCR repertoire with the ability to undergo 

clonal/oligoclonal expansion. In the human liver tissue T cells represent up to 20% of total 

T lymphocytes. Nevertheless, their specific behavior during metastatic spreading remains 

largely unexplored. Therefore, a comprehensive phenotypical characterization of the 

specific subsets of human V1pos and V2pos T cells will help to elucidate their impact on 

CRC progression and possibly clarify their immunotherapeutic potential. 

To this aim, we studied the frequency, maturation and activation status as well as the 

effector functions of human V1pos and V2pos T cell subsets in patients with CLM. In 

collaboration with The Liver Surgery Unit of Humanitas Research Hospital (HRH), Milan, 

Italy, we obtained biological specimens from the PB, tumor-free and intratumor tissue 

compartments of CLM patients. By high dimensional flow cytometry analysis, we were able 

to deeply characterize, at a single cell level, the exclusive phenotypic signatures of both PB 

and liver tissue-associated/resident T cell subpopulations linked to the CLM pathological 

condition. Finally, our experimental findings were correlated to the clinical outcome of CLM 

patients with a particular focus on their prognosis and therapy. 
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3 

Material and Methods   
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3.1 Ethic statement  

Research use of clinical samples was in accordance with the Declaration of Helsinki. The 

Institutional Review Board (IRB) of Humanitas Research Hospital (HRH), Rozzano, Milan, 

Italy, approved all clinical and experimental procedures (Approval N.168/18). Each patient 

signed a consent form approved by the above IRB, which clarifies that the donation of 

specimens for this research project did not affect in any way the diagnosis, the therapies and 

the prognosis of the disease. 

3.2 Clinical features of patients 

We recruited patients undergoing surgical resection for colon-derived liver metastases 

(CLM) at the Hepatobiliary Surgery Unit of HRH in Milan, from 2014 to 2019. From each 

patient we collected fresh peripheral blood, tumor-free (from 0.2 to 1 cm far from the tumor 

lesion) and intratumor tissues. In total, 97 CLM patients were analyzed and followed post-

surgery for the occurrence of relevant clinical outcomes such as recurrence of metastasis and 

overall survival. The vast majority of patients was represented by elderly (mean age of 64 

years old) males (58%) with advanced TNM staging of the primary CRC (positive N status 

in 76% of cases). The number of CLM was highly variable, ranging from 1 to 30 metastatic 

foci with a median number of 4 concomitant lesions, which in the 71% of cases appeared in 

less than 1 year from the primary colon surgery (early CLM). Before surgical resection of 

CLM, the majority (75%) of patients underwent neoadjuvant chemotherapy (CHT) that 

consisted in different number of chemotherapy cycles, ranging from 1 to 34. Due to the toxic 

effect of CHT, surgery was performed on the average of 6 weeks after the completion of the 

last CHT cycle. CHT administration included CHT-monotherapy (14% of cases) or 

combined with mAbs including anti-VEGF (41%) and/or anti-EGFR agents (19%).  

All the main features of patients are reported in Table 3.1.  
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Table 3.1. Characteristics of CLM patients. 

Feature Variable 
Patients 

(N=97) 

Age - mean (range)  64 (30-83) 

Sex – no. (%) Male 

Female 

54 (58) 

39 (42) 

N status of primary tumor - no. (%) 

 

Negative 

Positive 

22 (24) 

68 (76) 

           

K-RAS status - no. (%) 

 

Wild type 

Mutated 

40 (50) 

40 (50) 

Liver metastases - no. (%) 

(Median = 4; range: 1-30) 

 

Early (<12 month) 

Late (>12 month) 

67 (71) 

29 (29)     

            

Adjuvant CHT - no. (%) 

(Courses median = 8; range: 1-34) 

 

 

 

Monotherapy (FOLFOX/FOLFIRI) 

Ass. with anti-VEGF 

(Bevacixumab or Aflibercept) 

Ass. with anti-EGFR  

(Cetuximab or Panitumumab) 

No CHT 

73 (75) 

36 (14) 

39 (41) 

 

18 (19) 

 

24 (25) 

            

 Recurrence – no. (%) 

          

 

 

Only liver 

Only lung 

Liver and lung 

Others 

61 (63) 

32 (33) 

7 (7) 

11 (11) 

11 (11) 
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3.3 Blood absolute count                                                                                        

Absolute cell count was performed on 100 L of freshly collected and undiluted blood 

samples that were stained with anti-human mAbs from BioLegend (San Diego, CA, USA): 

CD3 (SK7; BV605) and CD45 (H130; AF700), from Beckman Coulter (Brea, CA, USA) 

V2 (IMMU-389; FITC). Then, 1.0 ml of BD FACSTM lysing solution (BD Bioscience, 

New Jersey, NJ, USA) was added and after 10 min of incubation, a fixed volume of 25 μl 

of CountBrightTM Absolute Counting Beads (Invitrogen, Carlsbad, California, USA) was 

added to the sample prior to evaluation using FACS SymphonyTM flow cytometer (BD 

Bioscience). By flow cytometry analysis we assessed the number of V1pos, V2pos and 

CD3pos T cells per L of blood. 

3.4 Isolation of peripheral blood mononuclear cells (PBMCs)  

Blood samples were obtained from CLM patients (N= 76), prior to surgical resection of 

CLM and healthy volunteers (N=55). PBMCs were isolated by using Lympholyte® Cell 

Separation density gradient solution (Cederlane Laboratories, Burlington, Canada). Briefly, 

10 to 15 mL of fresh blood were first diluted in a 1:1 ratio with sodium chloride physiological 

solution. Diluted blood was added to the Lympholyte® solution in a volume ratio of 1:3 and 

centrifuged for 30 minutes at 400 rcf at room temperature (RT) without brake. The interphase 

ring containing mononuclear cells was collected, washed with Hank's Balanced Salt Solution 

without calcium and magnesium (HBSS-/-) (Lonza, Basel, Switzerland Basel, Switzerland) 

and centrifuged two times for 10 minutes at 200 rcf in order to remove platelets cells. After 

isolation, PBMCs were frozen in cryovials (Globe Scientific INC., Paramus New Jersey, 

USA) in a final volume of 1mL of Fetal Bovine Serum (FBS) (Lonza) with 10% of 

cryoprotective Dimethyl Sulfoxide (DMSO) (Sigma Aldrich, St. Louis, Missouri, USA). All 

flow cytometry experiments were then performed in batch on frozen samples to minimize 

technical variability.   
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3.5 Ex-vivo isolation of human lymphocytes from tumor-free 

and intratumor tissues   

Human tumor-free and intratumor tissue samples were obtained from patients affected by 

liver metastatic disease from primary CRC who underwent a surgical resection of CLM by 

the Hepatobiliary Surgery Unit at HRH. Tissue samples were conserved in Roswell Park 

Memorial Institute (RPMI)-1640 medium supplemented with 10% FBS, 1% UltraGlutamine 

(Lonza, Basel, Switzerland), 2% Hydroxyethylpiperazine-Ethanesulfonic Acid (HEPES) 

buffer 1M (Lonza), 1% Penicillin-Streptomycin-Amphotericin (Lonza), 0.1% geneticin 

(Sigma-Aldrich), until use. After removal of sutures and occasional adipose tissue, samples 

were weighted and cut in smaller pieces of 2-3 mm to favour the digestion. Tissue 

dissociation was obtained by mechanical dissection using gentleMACS™ Dissociator 

(Miltenyi, Bergisch Gladbach, Germany) and enzymatic digestion with 2 mg/mL of 

collagenase D (Roche Diagnostic; Indianapolis, IN, USA) in HEPES buffer for 45 minutes 

at 37°C/5% CO2 under rotation. 5ml of enzymatic solution were used for each gram of tissue 

and up to 2g were placed in GentleMACS™ C-Tubes (Miltenyi).  After enzymatic 

incubation, obtained cells were filtered using 100 m and 70 m cell strainers, washed in 

HBSS-/- and lymphocytes were separated using 30% and 70% Percoll gradient. After 

isolation, lymphocytes from the tumor-free and intratumor compartments were counted and 

preserved with the same procedure described for PBMCs.          

  

3.6 High-dimensional flow cytometry analysis 

3.6.1 Technical principles 

Flow cytometry is a widely used technology for the analysis of surface markers expression 

and intracellular molecules at a single cell level allowing the characterization of different 

subpopulations within a heterogeneous group of cells.  

The staining protocol is based on the incubation of a single-cell-suspension with 

specific fluorescent probes or fluorochrome-conjugated monoclonal antibodies (mAbs) 

followed by the acquisition at the flow cytometer. During the acquisition, cells are excited 

by different laser beams to investigate the size (Forward-scatter, FSC), the intracellular-

complexity of the cell (Side-scatter, SSC) and the fluorescence emitted by fluorescent 

molecules and/or mAbs used.  
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Nowadays, many fluorochromes are available, each of them characterized by specific 

wavelengths of excitation and emission, thus allowing the combination of several mAbs 

labelled with different fluorochromes for the simultaneous detection of a large spectrum of 

molecules. 

For an accurate flow cytometer analysis, cells have to pass uniformly through the 

bright centre of the focused laser beams and be excited by the same amount of laser-light. 

Thanks to the fluidic part of the cytometer cells are hydrodynamically focused through a 

small nozzle to cross one by one through the laser beams (Figure 3.1). Then, the optical 

system of the cytometer, which includes the lasers that illuminate the particles and optical 

filters, will split the forward and side scattered light and all fluorescences from stained cells 

into defined wavelengths. The various filters will direct photons of the correct wavelength 

to each detector, limiting the range of wavelength measured by a specific detector. However, 

spectral overlap can occur when two or more fluorochromes emitting at similar wavelength 

are used causing that the light emitted from one fluorochrome is collected also by a detector 

optimized for a different fluorochrome. This phenomenon is called spillover and can be 

corrected by using compensation approaches (detailed in paragraph 3.6.3). 

Finally, the electronic part of the cytometer includes the detectors that convert the 

fluorescence into proportional electrical pulses and are divided into: i) photomultiplier tubes 

(PMTs), usually used to detect the SSC and the signals generated by all fluorescence 

channels; ii) photodiodes, less sensitive to light signals compared to PMTs and appropriate 

for the detection of the FSC signal; iii) software for the conversion of voltage pulses into 

digitized values, visualized on a computer. 

For this project all data were acquired on a FACSymphonyTM (BD Biosciences) flow 

cytometer that is equipped with five lasers (blue, red, violet, ultraviolet and yellow-green) 

and allows the simultaneous measurement of up to 28 different parameters on a single cell. 
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3.6.2 Polychromatic Flow Cytometry staining                                                  

Polychromatic Flow Cytometry (PFC) panels were developed both for phenotypical 

(extracellular staining) and functional analysis (extracellular and intracellular staining) of  

T cells in CLM patients and healthy donors (Table 3.2). All stainings were performed in 

dark in order to preserve fluorochromes stability. For the identification and phenotypical 

characterization of T lymphocytes, we included Abs against specific lineage marker (CD3, 

CD45, V1 and V2 TCR) and extracellular molecules (CD45RA, CD27, CD28, CCR7, 

CD57, CD8, CD16, CD56, CD69, CD161, PD-1, CTLA4, NKG2A, NKG2D, CXCR3, and 

CD86). Whereas, the functional evaluation was assessed by the expression of lysosomal-

associated membrane protein 1 (LAMP-1), also known as CD107a (BD Biosciences) 

conjugated with PE for the study of T cells cytotoxicity, as described in Paragraph 3.7, 

and of intracellular cytokines TNF- (Mab11; BV786), IFN- (B27; PE-Cy7) and IL-17 

(BL168, BV570) according to the procedure described in paragraph 3.8.  

Figure 3.1. Schematic representation of the components in a flow cytometry system. A flow 

cytometer is composed by three main systems: fluidics, optics, and electronics. The fluidics system 

is necessary to transport particles in a stream to the laser beam for interrogation while the optic 

system includes the lasers that illuminate the particles and optical filters that direct the resulting 

light signals to detectors (photomultipliers) where the signal is converted into proportional 

electronic input by the electronics system.  
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The mAbs used in our panel were purchased from the following companies: 

BioLegend (St. Diego, California, USA), BD Biosciences (San Jose, California, USA), 

eBioscence (St. Diego, California, USA), and Miltenyi (Bergisch Gladbach, Germany). 

Additionally, to design our PFC panel, Abs titrations, optimal combination between 

antigen and fluorochrome, spectral overlapping and grade of compensation between 

channels (further described in 3.6.3 and 3.6.4), have all been carefully considered. 

Table 3.2. List of mAbs used for multiparameter flow cytometry analysis. In the list are indicated 

all Abs used in the panel, conjugated-fluorochrome, clone, company and type of staining 

(extracellular/intracellular). 

Marker Fluorochrome Clone Company Staining 

NKG2A VioBright-FITC REA110 Miltenyi Extracellular 

CD27 APC eFluor780 0323 eBioscience Extracellular 

CCR7 AF700 150503 BD Extracellular 

CXCR3 APC 1C6 BD Extracellular 

NKG2D BV780 1D11 BD Extracellular 

PD-1 BV711 EH12.1 BD Extracellular 

CD86 BV650 2331 (FUN-1) BD Extracellular 

CD69 BV605 FN50 BioLegend Extracellular 

CD161 BV421 HP-3G10 BioLegend Extracellular 

CD8 BUV805 SK1 BD Extracellular 

CD45RA BUV737 HI100 BD Extracellular 

CD3 BUV661 UCHT1 BD Extracellular 

CD56 BUV563 NCAM16.2 BD Extracellular 

CD16 BUV496 348 BD Extracellular 

V2 BUV395 B6 BD Extracellular 

CD28 PE-CY7 CD28.2 BioLegend Extracellular 

CD152/CTLA4 PC5 BNI3 BD Extracellular 

CD57 PE-Vio615 REA769 Miltenyi Extracellular 

V1 PE REA173 Miltenyi Extracellular 

CD107 PE H4A3 BD Extracellular 

IFN- PE-Cy7 B27 BD Intracellular 

TNF- BV786 MAb11 BioLegend Intracellular 

IL-17 BV570 BL168 BioLegend Intracellular 
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3.6.2.1 Extracellular staining  

Frozen PBMCs, tumor-free and intratumor lymphocytes were thawed in medium (RPMI-

1640 supplemented with 10% FBS, 1% penicillin-streptomycin and 1% UltraGlutamine) and 

washed in HBSS-/-. 

After pelleting cells by centrifugation for 5 min at 400 rcf, they were immediately 

stained for live/dead discrimination with Zombie Aqua™ fixable viability kit (Invitrogen, 

Carlsbad, California, USA), in a final volume of 100 μl for 15 min at RT, for a maximum of 

10 x 106 cells. The Aqua mix was freshly prepared diluting: 0.5 μl of the Zombie Aqua™ 

Fixable viability kit (Invitrogen) with 19.5 μl of sterile water and 380 μl of HBSS -/-. 

The Zombie Aqua™ is a fluorescent reactive dye that permeates into cells with 

compromised membranes (i.e. dead or necrotic cells) and reacts with amines located 

intracellularly in death cells, resulting in a bright positive fluorescent signal. On the contrary, 

in viable cells having intact cell membrane Zombie Aqua™ dye only reacts with cell-surface 

amines, resulting in a dim fluorescence signal. Hence, the use of the Zombie Aqua™ kit 

allows the identification of dead cells and their consequent exclusion from the analysis, 

avoiding unspecific binding and false positive events possibly due to dead cells auto-

fluorescence. 

At the end of incubation, cells were washed with 1 ml of FACS Buffer (HBSS -/- 

with 2% FBS) and centrifuged for 5 min, at 400 rcf. Then, pelleted cells were incubated with 

the appropriate combination of anti-human mAbs chosen for the extracellular staining, for 

20 min at RT, prepared in FACS Buffer, in a final volume of 100 μL (for a maximum of 10 

x 106 cells). Finally, cells were washed with 1 ml of FACS Buffer and fixed in 1% 

paraformaldehyde (PFA; Santa Cruz Biotechnology, Dallas, TX, USA).  

3.6.2.2 Intracellular staining  

Intracellular staining was done using Cytofix/CytopermTM and Perm/WashTM kits (BD 

Biosciences) according to the manufacturer’s instructions. After the extracellular mix 

incubation, cells were washed with 1 mL of FACS Buffer and centrifuged for 5 min, at 400 

rcf. Pelleted cells were resuspended in 150 μl of Cytofix/CytopermTM (BD Bioscences) and 

incubated for 30 minutes at 4°C. Cytofix/CytopermTM simultaneously fixes and 

permeabilizes cells, allowing the following intracellular staining. 
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At the end of incubation, cells were washed with 1 mL of saponin-containing 

Perm/WashTM Buffer 1X (BD Bioscence) and centrifuged for 5 min, at 450 rcf. The use of 

Perm/WashTM Buffer (BD Bioscence) is particularly important since saponin-mediated cell 

permeabilization is a reversible process, thus cells need to be kept in solution with saponin 

during all the successive passages of the intracellular staining. 

Pelleted cells were incubated for 30 minutes at 4°C with the Perm/WashTM Buffer 

(BD Bioscence) containing the mix of antibodies chosen for the intracellular staining, in a 

final volume of 100 μL (for a maximum of 10 x 106 cells). 

Finally, samples were washed with 1 mL of Perm/WashTM Buffer (BD Bioscence), 

centrifuged for 5 min, at 450 rcf and resuspended in an appropriate volume (100-150 μl) of 

Perm/WashTM Buffer (BD Bioscience) for the further acquisition at the flow cytometer. 

3.6.3. Compensation 

As already mentioned, when two or more fluorochromes are detected simultaneously, 

spectral overlap can occur, especially if they emit at similar wavelengths, causing what is 

known as spillover. Compensation allows to mathematically correct spillover. In order to 

obtain a proper compensation, every fluorochrome used during staining procedure should 

have a paired single-stained control. Additionally, the following precautions should be 

followed:  

1. Single-stained control samples have to be at least as bright as the test staining, since 

dimmer controls will lead to overcompensated or undercompensated data. 

2. Each compensation control must have a paired negative control of the same source, 

since autofluorescence can vary depending on the type of source (cells vs beads). 

3. If the conjugate is a tandem, the same antibody-fluorochrome conjugate used during 

the staining has to be used for single stained controls. Indeed, fluorochrome:protein 

molar ratio can vary between different batches of reagents thus affecting 

compensation. 

The higher is the number of parameters analyzed simultaneously in a polychromatic 

experiment the more compensation procedure is complex due to the higher amount of 

possible pair wise combinations between fluorochromes and the increased chance of 

operator-driven mistake. To avoid manual compensation errors is harshly recommended to 

use Software-assisted compensation. For our experiments, all samples were compensated 

with Comp-BeadsTM (BD Biosciences). These beads are conjugated with an antibody 
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specific for the Kappa light chain of Immunoglobulins (Ig), from mouse, rat, or rat/hamster. 

For probes like AQUA live/dead (Invitrogen) we used The ArC Amine Reactive 

Compensation Bead Kit (Molecular Probes Invitrogen, Eugene, Oregon, USA), that includes 

two types of specially modified polystyrene microspheres for the compensation of the 

LIVE/DEAD fixable stains: the ArC reactive beads which bind any of the amine-reactive 

dyes, and the ArC negative beads. 

3.6.4 Antibody Titration 

Manufactures’ recommended concentration of the fluorochrome-conjugated mAb not 

always allow optimal detection of the antigen in a specific experimental setting. Therefore, 

to choose the right amount of reagent to use in a flow cytometry experiment, titration is 

necessary. During a titration experiment two parameters must be considered. The first one 

is separation between negative vs positive signal and the second one is the background due 

to unspecific binding of mAb. The correct titer should give the highest separation between 

negative and positive events and it can be calculated by dividing the median of fluorescence 

intensity (MFI) of positive and negative events. The optimal separation corresponds to the 

highest ratio. The background that results from unspecific binding is determined by 

considering the negative population. Usually a maximum of 10 x 106 cells in a final volume 

of 100L are stained with the chosen titer of mAb.  

The main aspects to consider when performing a titration experiment are antigen 

level of expression (bright or dim), type of cell population expressing the antigen (cell 

specific or ubiquitous) and dead cells exclusion to avoid unspecific binding and false positive 

events due to dead cells autofluorescence. 

In this study mAb titrations were performed using cryopreserved PBMCs isolated 

from blood of healthy donors. After thawing, PBMCs were stained firstly with the probe 

AQUA live/dead (Invitrogen), to exclude dead cells contamination, and then marked with 2-

fold serial dilutions of the mAb of interest (1:2 1:4, 1:8, etc.). An example of titration 

experiment is shown in Figure 4.1. 

3.7 CD107a degranulation assay 

CD107a, also known as LAMP-1 is a type I transmembrane glycoprotein usually located 

across lysosomal membranes which can be used as a degranulation marker for lymphocytes 

because it is exposed on the exterior membrane layer upon cellular exocytosis.  
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In order to test the cytotoxic activity of human ex-vivo isolated lymphocytes from 

blood, tumor-free and intratumor compartments, total cells were plated in a 96 well plate at 

a concentration of 2 x 106 cells/mL and incubated over-night (O/N) in RMPI-1640 complete 

supplemented with IL-15 (Peprotech, Rocky Hill, NJ, USA ) 10 ng/ml. The day after, cells 

were stimulated with 10 ng/ml Phorbol-Myristate-Acetate (PMA) and 0.5 µg/ml Ionomycin 

(both from Sigma-Aldrich) and cell cytotoxic activity was assessed by CD107a flow 

cytometry-based assay using 8 g/mL of PE-conjugated anti-CD107a Ab (H4A3; BD 

Biosciences). After 4 hours of incubation at 37°C with 5% CO2 cells were collected, washed 

with HBSS and stained for extracellular markers as described above. 

3.8 Cytokine detection by flow cytometry 

Freshly isolated PBMCs and tumor-free and intratumor-derived lymphocytes were plated in 

U-bottom 96-well plates (2 x 106 cells/mL) in RPMI-1640 supplemented with IL-15 

(Peprotech) 10 ng/mL. The day after, for intracellular IFN-, TNF- and IL-17 accumulation 

cells were stimulated or not with PMA (0.5 g/mL) and Ionomycin (0.1 g/mL) (both from 

Sigma Aldrich) in the presence of 1g/mL of Golgi Plug (BD Biosciences) for 4 hours. 

Intracellular staining was done using Cytofix/CytopermTM and Perm/WashTM kits (BD 

Biosciences) as described (Paragraph 3.6.2.2) and using specific anti-human Abs (BD 

Biosciences) for TNF- (Mab11; BV786), IFN- (B27; PE-Cy7) and IL-17 (BL168, 

BV570). 

3.9 Hematoxylin and Eosin (H&E) staining   

Formalin-fixed paraffin-embedded (FFPE) metastatic liver specimens, were sectioned with 

a microtome HM310 Microm (GMI, MN, USA) at 2-4 m thickness and mounted onto 

charged glass slides Superfrost+ (Thermo Fisher Scientific). Then slides were stained for 

H&E using a standard protocol. Briefly, after two changes of xylenes, rehydration in an 

ethanol/water gradient (100%, 90%, 70%), followed by washing in water, slides were stained 

with in Mayer’s Hematoxylin solution (Dako, CA; USA) for 18 min, differentiated under 

running tap water for 10 min, then stained with 1% aqueous solution of Y Eosin (Dako) for 

8 min, followed by three washes with 100% ethanol, and three washes with xylenes. Lastly, 

H&E stained slides were mounted with Eukitt (Sigma Aldrich) and dried before acquisition 

on imaging Microscope BX51 (Olympus, Tokyo, Japan).  
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3.10 TCR-repertoire analysis 

3.10.1 Cell sorting 

PBMCs and tumor-free lymphocytes of CLM patients were stained with following mAbs: 

anti-CD45 (H130; AF700; BioLegend), anti-CD3 (SK7; BV650; BD Bioscience), anti-V1 

(REA173; PE; Miltenyi), anti-V2 (IMMU 389; FITC; Beckman Coulter) and anti-CD69 

(FN50; BV605; BioLegend).  CD69pos and CD69neg V1pos T cells from PB and total V1pos 

T cells from tumor-free tissue were sorted on a FACSAria cell sorter (BD Biosciences). 

3.10.2 TCR-sequencing 

CDR3 regions of either the γ-chain or δ-chain were amplified from flow cytometry-sorted 

CD69pos and CD69neg V1pos T cells from PB and total V1pos T cells from tumor-free tissue 

of CLM patients, via a previously described mRNA-based multiplex PCR amplification 

method (ref: PMID ID 28218745). PCR amplicons were indexed with the Illumina Nextera 

Index Kit, purified with Agencourt AMPure beads, equally pooled with 96-samples and 

sequenced at the Illumina MiSeq platform (paired-end, 500 cycles, high-output) as 

recommended by Illumina guidelines, while 20% PhIX was used as a spike-in control. The 

obtained Fastq files of read1 were annotated with MiXCR software (PMID: 25924071) 

using default parameters and further analyzed with the R package TCR (PMID: 26017500) 

and VDJtools (PMID: 26606115). For TRD repertoires only Vδ1pos sequences were 

processed after MiXCR annotation.  

3.11 Immunohistochemistry 

Immunohistochemical analysis was performed on 5 mm-thick FFPE sections of metastatic 

liver specimen. Slides were heated for Ag retrieval in 10 mM sodium citrate (pH 6.0). After 

rinsing in distilled H2O, inhibition of endogenous peroxidase was performed with 3% H2O2 

for 5 min. After two washes in Tris-Buffered Saline (TBS) solution, slides were incubated 

with 10% human serum for 20 min to block unspecific staining. Following elimination of 

excess serum, sections were exposed to specific Abs against anti-human TCR (mouse 

monoclonal, BD Pharmingen) or anti-CD3 (mouse monoclonal, Dako) or isotype-matched 

controls at appropriate dilutions, overnight at 4° C. Then sections were washed in TBS and 

incubated with biotinylated anti-mouse antibody for 30 min at RT and treated with 

streptavidin-peroxidase (LSAB2 Kit, Dako).  
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Antigen detection was performed by using 3,3-diaminobenzidine (DAB chromogen) 

and counter-staining of nuclei was performed with hematoxylin. Images were obtained with 

optical microscopy (Olympus BX53). The immune-reactivity to CD3pos and TCRpos T cell 

was evaluated in three different areas for each case of CLM: a) intra-tumor, b) invasive 

margin and c) tumor-free liver parenchyma. For each area (a,b,c), we determined the 

frequency of CD3pos and TCRpos T cell in 10 consecutive 40x microscopic fields (HPF) 

after having pre-analytically evaluated the homogenous distribution of all immune reactive 

cells in all areas. The choice of the first field was arbitrarily. 10 HPF correspond circa to 1 

cm2 that is the size of the lesions sampled by surgeons for pathological analysis. Hence, the 

number of examined HPF fields covered approximately the entire sampled tumor area of the 

majority of CLM specimens. By manual count we determined the percentages of TCRpos 

T among CD3posT cells.  

3.12 Data analysis 

3.12.1 Flow-Jo  

Flow Cytometry Standard (FCS) 3.0 files, obtained from FACS Symphony flow cytometer, 

were analyzed using FlowJo software (TreeStar Inc, Ashland, Oregon, USA), versions 9.9.6 

and 10.2.0. Flow cytometry data analysis based on t-stochastic neighbor embedding (t-SNE) 

algorithm were performed using FlowJo 9.6 software. 

3.12.1.1 High-dimensional cytometry data 

The analysis of high-dimensional cytometry data was performed by manual single gating 

strategy. After their generation, raw data were pre-processed using FlowJo software version 

9.9.6. In particular, FCS file were firstly compensated by using single stained controls 

(Paragraph 3.6.3) and analyzed in order to remove debris, dead cells, doublets and other 

cell populations and identify V1pos and V2pos T cells. In addition to single gating, an 

unbiased computational approach was applied to combine all marker information at the same 

time and to assess cell similarity. This approach was based on t-SNE algorithm that enables 

the identification of novel cell subpopulation or biomarkers, which would be hardly detected 

by manual analysis.  

3.12.1.2 Cluster visualization with t-SNE 

Data from each sample, were randomly subsampled for V1 or V2 T cells and concatenated 

in a single matrix to perform the t-SNE algorithm. This algorithm is based on non-linear 
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dimensionality reduction analysis, which allows to visualize high-dimensional data into a 

two-dimensional scatter plot (t-SNE map), named t-SNE1 and t-SNE2. On the t-SNE map, 

cells that are phenotypically similar are located closely together, and correspond to different 

cellular cluster.  

3.12.2 Statistical analysis 

Statistical analysis was performed using GraphPad PRISM (version 7.0, La Jolla, California, 

USA) software. The significance of the data was assessed by parametric (Student’s t-test) 

and non-parametric approaches such as the unpaired Mann-Whitney test, or the Wilcoxon 

matched-pair test. Results are represented as a mean ±Standard Deviation (SD). The number 

of experiments is specified in the Figure legends. For correlation analysis Pearson's 

coefficient was applied. Statistically significant P values were represented with GraphPad 

style and summarized with following number of asterisks (*): *P≤0.05; **P≤0.01; 

***P≤0.001; ****P≤0.0001. 

3.12.3 Survival analysis  

Overall survival (OS) was examined from date of metastatic disease to date of death or last 

available follow-up. Recurrence Free survival (RFS) was examined from date of liver 

surgery to the diagnosis of recurrent metastatic disease in the liver or other organs. Kaplan-

Meier survival curves were generated and compared using the log-rank test.   
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4 

Results 
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4.1 Optimization of the high-dimensional flow cytometry panel for the 

analysis of T cells  

For the high-dimensional flow cytometry analysis of T cells in CLM patients, we designed 

a multiparameter flow cytometry panel in order to identify both V1pos and V2pos T cell 

subsets and analyze several markers known to be associated with the T cell immune-

maturation, migration, regulatory activation and inhibition as well as antitumor response. 

Overall, the panel shown in Table 3.2 allowed the examination of 22 different 

markers/parameters. The gating strategy adopted for the identification of V1pos and V2pos 

T cell subsets is shown in Figure 4.1. First of all, we gated on single cell events by using 

a forward scatter-area (FSC-A) versus a forward scatter-height (FSC-H) plot in order to 

exclude from the analysis doublet events. Then, on Zombieneg live cells we selected the 

lymphocytes population based on cell dimension (FSC) and intracellular complexity (SSC). 

Finally, the specific subsets of V1pos and V2pos  T cells were identified on total CD3pos 

T cells. On each of the two  T cell subpopulations, phenotypical (CD45RA, CD27, CD28, 

CCR7, CD57, CD8, CD16, CD56, CD69, CD161, PD-1, CTLA4, NKG2A, NKG2D, 

CXCR3, CD86) and functional (CD107a, TNF-, IFN- and IL-17) markers were analyzed.  

Technical and analytical issues might be the consequence of spillover of 

fluorochromes and/or spreading, thus, we optimized the panel by choosing the most 

favorable combination between marker and fluorochrome, by antibody titration and by 

applying automatic compensation, as described in the Material and Methods section 

(Paragraph 3.6.3 and 3.6.4).  According to the general level of expression of surface 

Figure 4.1. Gating strategy adopted for the identification of V1pos and V2 pos T cell subsets in 

CLM patients. Representative dot plots showing Vδ1pos (orange dots) and Vδ2pos (green dots) γδT 

cell subsets on peripheral blood mononuclear cells (PBMCs) of a healthy donor. The two cell 

subpopulations were identified among CD3pos live lymphocytes after doublet events exclusion.   
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markers included in the panel, we combined brightest fluorochromes with molecules of 

“dim” expression, such as CD57 or CD69, and less “bright” dye with highly represented 

receptors, such as CD8 or CD16 lineage markers. Every combination was first tested on 

peripheral blood mononuclear cells (PBMCs) of healthy donors or tissue samples of CLM 

patients, accordingly to the preferential distribution of the marker. For instance, the 

expression of CD57 receptor on peripheral blood (PB) lymphocytes resulted in lower 

background signal and high brightness when the anti-CD57 monoclonal antibody (mAb) was 

combined with the PE-Vio615 tandem dye rather than the BV605 (Figure 4.2A). Similar, 

better separation of CD69 positive signal on tissue-associated lymphocytes, was obtained 

when conjugated with BV605 fluorochrome rather than BV421 (Figure 4.2B). In order to 

validate the specificity of a certain mAb and to obtain the optimal concentration to be used 

in the panel, each fluorochrome-conjugated mAb was previously titrated on positive controls 

by using different mAb concentrations and unstained cells were used as the negative control. 

Representative examples of titration experiments are shown for the anti-V1 and the anti-

V2 mAbs conjugated with PE and BUV395 fluorochromes respectively (Figure 4.2C-D). 

The titer with the highest median fluorescence index (MFI) ratio between positive and 

negative populations was chosen for the further validation of the panel.  

Once the concentration of mAbs was optimized, we tested the panel on PBMCs of a 

healthy donor. In parallel, single-stained positive control beads and negative beads were 

acquired for the automatic calculation of the compensation matrix by FlowJo 10 software 

(Table 4.1). After examining the N-by-N view of plots (Figure 4.3), which shows all the 

possible combinations between acquisition channels, the compensation matrix was 

accurately applied to the sample to further proceed with the manual gating analysis. Only 

few combinations of parameters needed major compensation and mainly derived from the 

Brilliant Violet and Brilliant Ultraviolet lasers as in the case of BUV737 spillover into 

BUV805-derived signal.  
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Titer  

anti-V1 PE 

MFIpos/MFIneg 

5 545 

2.5 903 

1.25 1244 

0.63 1138 

0.3 1077 

0.15 1154 

0.07 1108 

Titer anti-V2 

BUV395 

MFIpos/MFIneg 

5 131 

2.5 155 

1.25 161 

0.63 142 

0.3 105 

0.15 63 

0.07 35 

D 

A B 

C 

Figure 4.2. Optimization of the high-dimensional flow-cytometry panel for the phenotypical 

analysis of T cells in CLM patients. (A-B) Flow cytometry plots showing the expression of 

CD57 (A) and CD69 (B) receptors on PB lymphocytes using different combinations of 

fluorochromes. (C-D) Data corresponding to different concentration of the anti-Vδ1 mAb in PE 

(C) and the anti-Vδ2 mAb in BUV395 (D) concatenated in a single file. Decreasing concentrations 

of Ab were used, starting from recommended titer (ranging from 5.00 μL to 0.07 μL in a total 

volume of 100 uL). The last plot represents the negative control, indicated as fluorescence minus 

one (FMO), and corresponding to unstained for the specific tested mAb cells. Red arrows 

correspond to the established titer. Under the graph, tables of the median fluorescence index 

(MFI) ratio between positive (MFIpos) and negative (MFIpos) events.  
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Table 4.1. Compensation matrix of spillover values automatically calculated by FlowJo 10 software. The color scale from white to yellow/orange is 

proportional to spillover values, with darker boxes corresponding to higher values.
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Figure 4.3. N by N view of the 22-parameter flow cytometry panel on PBMCs of a healthy donor. 

N by N plots view showing every combination between acquisition channels on the lymphocyte 

population. Light blue events correspond to the uncompensated sample. Darker yellow/orange plots 

refer to the more compensated channels accordingly to the compensation matrix shown in Table 4.1. 
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4.2 Phenotypical evaluation of  T cells in CLM patients 

In collaboration with The Liver Surgery Unit of Humanitas Research Hospital (HRH), we 

recruited a cohort of 94 patients with late stage CRC, who developed CLM either before 

(early metastases) or after (late metastases) one year from the primary colon tumor surgery. 

On the day of hepatic operation, from each patient the peripheral blood (PB), the tumor-free 

tissue and the intratumor samples were collected (Figure 4.4A). Tumor-free tissues were 

located from few millimeters up to 1 cm distant from the tumor lesion and corresponded to 

a physiologically preserved liver parenchyma both in color and consistency, with no 

macroscopic evidence of metastatic disease as analyzed by the surgeons (Figure 4.4B). In 

the presence of multiple metastases, only one metastasis of the highest dimension was 

selected for the flow cytometry analysis. Lymphocytes from each of the three compartments, 

PB, tumor-free and intratumor tissues, were freshly isolated as described in the Material and 

Methods section (Paragraph 3.4 and 3.5) and stocked in liquid nitrogen for the further 

simultaneous study. Globally, we applied high-dimensional flow cytometry analysis for the 

comprehensive phenotypical characterization of  T cells on 76 PBMCs, 82 tumor-free and 

40 intratumor tissue samples. 

Figure 4.4. Scheme of the study design for the phenotypical 

investigation of  T cells in CLM patients. (A) Experimental 

workflow. From each CLM patient we collected blood, tumor-free and 

intratumor tissue samples. Obtained single-cell suspensions were used 

for multiparameter flow cytometry analysis, which included several 

phenotypical markers indicated inside the colored boxes. (B) Picture 

of the tumor-free tissue (upper photograph) and the intratumor lesion 

(bottom photograph) after surgical removal.  

A 

B 
Figure 4.4. Scheme of the study design for the phenotypical 

investigation of  T cells in CLM patients. (A) Experimental 

workflow. From each CLM patient we collected blood, tumor-free 

and intratumor tissue samples. Obtained single-cell suspensions were 

used for multiparameter flow cytometry analysis, which included 

several phenotypical markers indicated inside the colored boxes. (B) 

Picture of the tumor-free tissue (upper photograph) and the 

intratumor lesion (bottom photograph) after surgical removal.  

A 

B 
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4.2.1 Study of the frequency and the differentiation status of T cells in 

CLM patients 

4.2.1.2 Analysis on peripheral blood (PB) 

Firstly, we investigated the frequency and the absolute number of two major subsets, V1pos 

and V2pos
, of human T cells in the PB of both healthy donors and CLM patients. In 

physiological condition, as expected65, V2pos T cells constitute the predominant 

subpopulation of circulating γδT lymphocytes with the mean of 2.6% ±2.8 on total T 

lymphocytes. Instead, a lower percentage of V1pos T cell counterpart that reached the 

average of   1.4% ±1.3 was observed (Figure 4.5A). Diversely, similar frequencies of V1pos 

(3% ±3.7) and Vδ2pos (4.2% ±6.5) T cell subsets were found in CLM patients (Figure 4.5A). 

Indeed, a statistically significant increase in the frequency of Vδ1pos T cells was observed in 

CLM patients compared to healthy controls (Figure 4.5A). Whereas no variation was found 

in the frequency of PB Vδ2pos T cells between CLM patients and healthy individuals (Figure 

4.5A). 

Observed higher proportion of Vδ1pos T cells in the PB of CLM patients was not 

associated with increase in their absolute number (Figure 4.5B). Indeed, the absolute count 

of V1pos T cells per 1 L of whole-blood was similar between CLM patients and healthy 

controls (Figure 4.5B). On the other hand, respect to physiological conditions, significant 

lower counts of PB V2pos and total CD3pos T cells were found in the blood of CLM patients 

(Figure 4.5B). 

To evaluate additional phenotypical changes possibly affecting the maturation status 

of circulating γδT cells in CLM patients, we examined the cellular membrane expression of 

CD45RA and CD27 receptors, which identify four T cell subpopulations: TNAIVE 

(CD45RAposCD27pos), TCM (central memory, CD45RAnegCD27pos), TEM (effector memory, 

CD45RAnegCD27neg) and TEMRA (terminally differentiated effector memory, 

CD45RAposCD27neg) that represents the most differentiated effector subset142,143. In both 

healthy donors and CLM patients, TEMRA, and TNAIVE are the most represented 

subpopulations of V1pos T cell subset among PBMCs (Figure 4.5C). Diversely, Vδ2pos T 

cells mainly consist of TEM and TCM without significant variations in these two 

subpopulations between pathological and physiological conditions (Figure 4.5D). Notably, 

CLM patients were characterized by a major increase of TEMRA Vδ1pos T cells, with the mean 

increased from 51.9% ±25.6 to 68.4% ±23.5 (Figure 4.5C). Similar, but at lower extent, 
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higher proportion of TEMRA Vδ2pos T subpopulation, which changed from 17.9% ±15.1 to 

25.3% ±23.7, was observed (Figure 4.5D). The increase of TEMRA subset, among Vδ1pos and 

Vδ2pos T lymphocytes, was associated with a decrease of the less mature TNAIVE 

subpopulation (Figure 4.5C-D). On the other hand, TCM and TEM subpopulations were 

poorly represented among V1pos T lymphocytes in both CLM patients and controls and their 

relative proportion remained similar between the two groups (Figure 4.5C-D).  
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All these data indicate that in CLM patients the frequency and the maturation status 

of PB T cells resulted to be altered respect to physiological conditions. In particular, CLM 

patients are characterized by an increased percentage of V1pos T cells probably due to 

decrease of the absolute amount of total T lymphocytes and V2pos T cells in the blood. 

Importantly, the increase percentage of V1pos T lymphocytes, in CLM patients, is associated 

with the higher abundance of TEMRA subpopulation. 

4.2.1.3 Analysis of tissue-associated  T cell subsets 

As predictable39,141, in the liver tissue, Vδ1pos T cells are the predominant subset in the tumor-

free region (8.1% ±8.8) reaching up to 40% of total T cells (Figure 4.6A-B). However, in 

the intratumor tissue Vδ1pos T lymphocytes were drastically decreased, counting the average 

less than 1.9% ±2.0 (Figure 4.6B). Compared to the Vδ1pos T subset, Vδ2pos T lymphocytes 

where less abundant in the tumor-free tissue (2.7% ±2.5) (Figure 4.6B). In addition, similar 

frequency of Vδ2pos T cells was observed in the intratumor region. Indeed, the percentage of 

V2pos T lymphocytes did not change between the tumor-free and the intratumor areas 

(Figure 4.6B). 

Concerning the differentiation status of tissue-associated T cell subsets, TEMRA and 

TEM were the most represented subpopulations of Vδ1pos T lymphocytes in both tumor-free 

and intratumor compartments (Figure 4.6C). However, the intratumor tissue was 

characterized by a higher occurrence of TCM and TNAIVE V1pos subpopulations and a lower 

concentration of TEMRA V1pos cells (Figure 4.6C). The frequency of TEM V1pos cells did not 

change between the two tissue-regions (Figure 4.6C). On the other hand, V2pos T 

lymphocytes in the tumor-free area were mainly TEM (74.6% ±15.8) (Figure 4.6D). This 

Figure 4.5. Frequency and differentiation status of V1pos and V2pos δ T cell subsets in 

PBMCs of healthy donors and CLM patients. (A) Frequency (%) of Vδ1pos and Vδ2pos T cell 

subsets in PBMCs of CLM patients (red circles, N=76) and healthy donors (white circles, N=66). 

(B) Absolute counting (n°) of cells per 1 L of whole-blood of CD3pos T cells, Vδ1pos and Vδ2pos T 

subsets in CLM patients (black circles N=59) and healthy individuals (white circles, N=12). (C-

D) Pie-chart of TEMRA, TNAIVE, TCM and TEM mean distribution on Vδ1 pos (C) and Vδ2pos (D) δT 

lymphocytes in PBMCs of CLM patients (N=50) and healthy controls (N=33). Below, 

representative flow cytometry dot plot of CD45RA and CD27 expression. Results are shown as a 

mean ±SD (A) or median (B). Statistical significance was calculated with two-way, unpaired or 

paired t-test (A, C, D) and Mann-Whitney, unpaired test (B). *P ≤ 0.05; **P ≤ 0.01; ***P ≤ 

0.001; ****P ≤ 0.0001 
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latter subpopulation was decreased in the intratumor lesion (56.4% ±19.6), while TCM V2pos 

cells were increased from the mean of 13.6% ±9.0 to 30.6% ±16.1 (Figure 4.6D). On the 

contrary, the relative proportions of TEMRA and TNAIVE V2pos cells were similar among 

tumor-free and intratumor tissues (Figure 4.6D).  

A 

C D 

B 

Figure 4.6. Frequency of T cell subsets from tissue of CLM patients. (A) Representative dot 

plots showing the frequency of Vδ1 pos and Vδ2 pos γδT cell subsets from tumor-free (upper panel) 

and intratumor tissues (bottom panel). (B) Frequency (%) of Vδ1pos and Vδ2pos T cell subsets in 

the tumor-free (blue squares; N=82) and the intratumor (red squares; N=40) tissues of CLM 

patients. (C-D) Pie-chart of TEMRA, TNAIVE, TCM and TEM mean distribution on V1pos (C) and V2pos 

(D) T lymphocytes from tumor-free (N=50) and intratumor tissues (N=15). Below, 

representative flow cytometry dot plot of CD45RA and CD27 expression.  
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To determine the spatial distribution of T cells within the tumor-free and the 

intratumor parenchyma of CLM patients we performed an immunohistochemistry (IHC) 

staining of formaldehyde-fixed and paraffin-embedded (FFPE) liver specimen routinely 

prepared for the histopathological evaluation as described in the Material and Methods 

section (Paragraph 3.11). For the IHC analysis, histological sections were divided into three 

distinct tissue regions: intratumor (IT), invasive margin (IM) surrounding the tumor, and 

normal liver (NL) parenchyma located distantly from the IT region (Figure 4.7A). 

Consistently with our flow-cytometry data, the majority of CD3pos TCRpos cells localized 

within the IM and the NL tissue, which corresponded to the tumor-free samples analyzed by 

flow cytometry (Figure 4.7B). In contrast, fewer T cells were detectable in the IT stroma 

(Figure 4.7B), in accordance with our previous results (Figure 4.6A). Indeed, the percentage 

of TCRpos cells was lower in the IT compartment compared to both the IM and the NL 

tissues (Figure 4.7B). On the other hand, no differences were observed in the frequency of 

T cells between the IM and NL areas (Figure 4.7B). 

Unfortunately, IHC analysis on separate V1pos and V2pos T cell subsets was 

technically unfeasible due to the absence of specific Abs suitable for IHC staining. 

Figure 4.7. IHC staining of T cells in liver specimen of CLM patients. (A) Representative IHC 

staining for CD3pos (upper panel) and TCRpos (lower panel) cells on sequential FFPE sections 

from the liver specimen of a CLM patient viewed at 10X (left) and 20X (right) magnification 

obtained with optical microscopy. Black arrows indicate CD3pos TCRpos cells (B) Statistical 

representation of the frequency (%) of TCRpos cells, measured by IHC in the normal liver (NL), 

invasive margin (IM) and intratumor (IT) regions of FFPE liver section of CLM patients (N=9). 

Results are shown as a mean ±SD. Statistical significance was calculated with two-way paired t-

test. *P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001; ****P ≤ 0.0001 

A B 
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All these results indicate that the distribution and frequency of T cells is largely 

different between the tumor-free area and the intratumor stroma in metastatic lesions. This 

latter is characterized by a three-fold lower proportion of Vδ1pos T cells with higher 

frequency of less mature/differentiated subpopulations of TCM and TNAÏVE cells. Concerning 

V2pos T cells, besides that their global frequency is similar between the intratumor lesion 

and the tumor-free area, their maturation status changes. Indeed, the percentage of the 

specific intratumor TEM V2pos subpopulation is lower compared to the tumor-free tissue. 

Additionally, TCM V2pos cells represent the second major subpopulation of the tumor-free 

anatomical site.  

All found differences, in the frequencies and maturation of T cells, within tumor-

free and intratumor tissue regions, might be the consequence of intrinsic factors of T 

lymphocytes biology and/or effects of the tumor microenvironment. For this instance, 

intratumor V1pos and V2pos T cell subsets might be endowed with a different migration 

capacity or a diverse activation status, which could be further affected by the toxic and/or 

suppressive mechanisms carried out by tumor cells.  

4.2.2 Effect of chemotherapy on the frequency and maturation status of  

γδ T cells in CLM patients 

Chemoterapy (CHT) is generally administrated to CLM patients before surgery to convert 

unresectable metastases into resectable and to improve the overall clinical outcome.18 In our 

cohort, 75% of all patients received CHT, which corresponded in the administration of 

monotherapy CHT (14% of all cases), generally based on FOLFOX/FOLFIRI regimens, or 

combined-CHT (82% of CHT-treated patients) with either an anti-VEGF and/or an anti-

EGFR mAb (Figure 4.8). The remaining 25% of CLM patients directly underwent liver 

surgery without receiving any prior treatment (NO CHT) (Figure 4.8).  

Figure 4.8. Distribution of CLM 

patients according to CHT. Pie-chart 

showing the distribution of CLM 

patients who received CHT 

monotherapy or CHT combination 

with the anti-EGFR mAb and/or the 

anti-VEGF. All treatments are 

considered prior to the liver surgery.  
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Since conventional chemotherapeutics, by acting on highly proliferating cells, not 

only affect the tumor growth but can also lead to immunological consequences144, we 

evaluated the effect of CHT on the proportion and differentiation status of γδT cells in 

PBMCs, tumor-free and intratumor tissues of CLM patients.  

To assess the potential outcome of CHT-treatment on the rate of T lymphocytes, 

we compared patients that received CHT, either in combination with targeted agents or as a 

monotherapy, with untreated ones (NO CHT). We observed that the frequency of V1pos T 

lymphocytes was affected by CHT administration (Figure 4.9A). Indeed, CHT-treated 

patients had a higher proportion of V1pos T cells compared to the NO CHT group. (Figure 

4.9A). On the contrary, CHT administration did not affect the frequency of V2pos T cells 

since similar percentage was observed in both CHT and NO CHT cohorts of CLM patients 

(Figure 4.9B).  

The administration of CHT and mAbs might affect the ratio of lymphocytes, not only 

in the PB, but also in the tissue compartments. In particular, the use of targeted drugs can 

have either a direct or indirect effect on the tumor growth. In fact, anti-EGFR agents binds 

the EGF receptor expressed on the surface of tumor cells to inhibit their proliferation, while 

anti-VEGF mAbs inhibit the intratumoral neovascularization, thus affecting indirectly the 

progression of the tumor. Therefore, we evaluated the possible differences in the frequency 

of Vδ1pos and Vδ2pos T cell subsets in the tumor-free and the intratumor tissue areas 

according to CHT.  

Diversely from the blood, similar proportion of tissue-associated Vδ1pos and Vδ2pos 

T cells were observed between CHT and NO CHT groups in both the tumor-free and 

intratumor tissue (Figure 4.9C-D). 
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The diverse effect of CHT on the proportion T lymphocytes from PB 

compartments might also be influenced by the status of maturation of cells. In particular, 

knowing that the proliferation capacity of T cells depends on the stage of differentiation 

145 we then considered the effect of anti-cancer therapy on the frequency of TEMRA, TCM, TEM 

and TNAÏVE in both Vδ1pos and Vδ2pos T lymphocytes. From the analysis of V1pos T cells in 

PBMCs, we observed a similar distribution of all four subpopulations between CHT and NO 

CHT groups (Figure 4.10A upper graph) indicating that the increase of blood-circulating 

V1pos TEMRA cells (Figure 4.5C) is independent of the CHT-treatment. Diversely, major 

differences emerged from the examination of PB V2pos T cells. Indeed, CHT-treated 

patients had a higher proportion of the TEMRA subpopulation and a lower abundance of TCM 

compared to the untreated ones (Figure 4.10A lower graph). In accordance, the increase of 

TEMRA V2pos cells was a feature of only CHT-treated patients (Figure 4.10B). No 
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Figure 4.9. Effects of CHT on the frequency of 

PB and tissue-associated  T cells in CLM 

patients. (A-C) Frequency (%) of Vδ1pos and 

Vδ2 pos T cell subsets in PBMCs (A), tumor-free 

(B) and intratumor (C) tissues of CLM patients 

in chemotherapy treated (CHT, blue circles) 

and  untreated (NO CHT, white circles) groups. 

Each dot corresponds to a single CLM patient. 

Results are shown as a mean ±SD. Statistical 

significance was calculated with Mann-

Whitney, unpaired test. *P ≤ 0.05; **P ≤ 0.01; 

***P ≤ 0.001; ****P ≤ 0.0001 
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differences were observed in the frequency of TEM and TNAIVE V2pos cells between these 

two groups (Figure 4.10A). We then assessed whether the frequency of the specific TEMRA 

V2pos cell subset depended on the number of CHT cycles. We observed that the number of 

DNA-damaging CHT cycles (8.0 ±5.3) did not correlate with the frequency of V2pos TEMRA 

subpopulation (Figure 4.10C) but, it was inversely associated to the frequency of V2pos 

TCM cells (Figure 4.10D). This difference might be due to the increased frequency of non-

dividing cells among TEMRA V2pos cells in contrast to proliferating TCM cells, which are 

directly affected by CHT toxicity.   
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Finally, analysis of TEMRA, TCM, TEM and TNAÏVE subpopulatios in the tumor-free 

tissue did not reveal any difference in CLM patients associated to CHT, neither in the V1pos 

nor in the V2pos T cell subsets (Figure 4.11). Owing to the small  number of untreated 

patients, as well as, low number of isolated cells, it was not possible to perform similar 

analysis on intratumural  T cell subsets. 

 

Above results suggest that the observed increase of total PB V1pos T cells in CLM 

patients (Figure 4.6A) is associated with CHT treatment. On the other hand, the proportion 

of TEMRA V1pos in the circulation is similar and independent from CHT. Diversely, 

circulating TEMRA V2pos cells might be positively selected by CHT therapy since their 

frequency is much higher in treated rather than untreated patients. One explanation of this 

data is that increased frequency of PB V1pos T cells in CHT patients is due to the higher 

sensitivity to CHT of less differentiated and more proliferating V2pos T cells, as well as 

other, CD4pos and CD8pos, T lymphocytes. Indeed, as shown in Figure 4.5A, we observed a 

Figure 4.10. Effects of CHT on the maturation stage of T cells in PBMCs of CLM patients. 

(A) Pie-chart of the mean distribution of TEMRA, TNAIVE, TCM and TEM on Vδ1pos (upper panel) and 

Vδ2 pos (lower panel) δT lymphocytes in PBMCs of CHT-treated (right graph; N=39) and NO-

CHT (left graph; N=12) CLM patients. (B) Statistical representation of the frequency (%) of TEMRA 

Vδ2pos cells in PBMCs of healthy controls (grey; N=33) and CLM patients divided into NO CHT 

(white circles; N=12) and CHT (blue circles; N=39). (C-D) Statistical analysis showing the 

correlations between the frequency of either TEMRA (C) or TCM (D) V2pos T cells and the number 

(n°) of CHT cycles administered to patients affected by CLM (n=40). Results are shown as a mean 

±SD. Statistical significance was calculated with two-way, unpaired t-test or Mann-Whitney, 

unpaired test. *P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001; ****P ≤ 0.0001. For correlation analysis 

Pearson's coefficient was applied. 

Figure 4.11. Effects of CHT on the 

maturation stage of T cells in the tumor-

free tissue of CLM patients. Pie-chart of the 

mean distribution of TEMRA, TNAIVE, TCM and TEM 

subsets on Vδ1pos (upper panel) and Vδ2pos 

(lower panel) δT lymphocytes from tumor-free 

tissue of CHT-treated (right graph; N=39) and 

NO-CHT (left graph, N=12) CLM patients.  
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significant drop in the absolute count of total CD3pos and V2pos T cells but not in V1pos T 

cells. On the other hand, at the liver site CHT has no appreciable influence on neither the 

frequency nor the differentiation status of tissue-associated T cells. Thus the systemic 

outcome of therapy that results in the higher abundance of total V1pos T cells and the 

specific increase of TEMRA V2pos cell subset is consequence of their distinct/intrinsic 

differentiation status and immuno-recostitution after CHT treatment. 

 

4.2.3 Identification of the tumor-related cluster of CD69posVδ1pos TEMRA 

in PBMCs of CLM patients  

We took advantage of high-dimensional flow cytometry analysis for the phenotypical 

evaluation of V1pos T cells from PBMCs of 54 CLM patients in comparison to 44 healthy 

donors.  Consistently with the higher abundance of circulating TEMRA V1pos subpopulation 

in CLM patients compared to healthy donors (Figure 4.5C), we found that V1pos T cells 

from CLM patients expressed lower levels of CD28 receptor, a well-characterized 

costimulatory molecule for T cells146, with non-redundant function in the proliferation and 

survival of both CD27pos and CD27neg T cells147 (Figure 4.12). No significant variations 

were observed in regard to other markers associated with T cells differentiation, including 

CD57 and CD16, which are induced upon maturation145,148. Additionally, low and not 

different expression level was observed for CCR7, generally lost at higher stages of 

differentiation149 (Figure 4.12).  The analysis of different activating receptor associated with 

T cells effector functions, revealed a more cytotoxic-related phenotype of V1pos T 

lymphocytes in CLM patients compared to healthy individuals. In particular, PB V1pos T 

cells of CLM patients were characterized by increasing levels of CD69, CD161 and NKG2D 

receptors (Figure 4.12). Notably, CD69, defines early stages of T cell activation150 and thus 

it is poorly expressed at steady conditions (6.8% ±5.2) (Figure 4.12). 

 We observed a higher average expression (24.4% ±18.8) of CD69 protein on total 

V1pos T lymphocytes of CLM patients that could reach up to 80% of total cells (Figure 

4.12). Similarly, CD161 molecule, which cellular membrane expression is associated with 

different functions of T cells, including liver-homing151 and cytokines production152, 

reaches high levels of expression in CLM patients (Figure 4.12). While NKG2D receptor, 

a well-established antitumor-receptor for T cells107, constitutively expressed on the 
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majority of V1pos T cells at physiological setting (53.5% ±26.7), showed a further increase 

with the average expression of 77% ±28.3 (Figure 4.12). 

For a more comprehensive view of the activation status of V1pos T cells we also 

evaluated the presence of CTLA4 and PD-1, the two main checkpoint inhibitors commonly 

expressed after T lymphocytes activation153,154. Remarkably, the expression of CTLA4 

raised up from the mean of 7.9% ±8.8 to 18.3% ±17.6. This increase of CTLA4 was in line 

with lower expression of CD28 molecule, which shares with CTLA4 the same, CD80 and 

CD86, ligands155 (Figure 4.12). On the other hand, PD-1 levels were similar between healthy 

controls and CLM patients with the average of 10.9% ±9.5 and 12.2% ±13.4, respectively. 

Lastly, the costimulatory molecule CD86 and the chemokine receptor CXCR3 were poorly 

represented on the cellular membrane of V1pos T cells in both physiological conditions and 

CLM patients, although some statistically significant changes were observed in the 

expression of CD86 (Figure 4.12).  

Importantly, no differences in the expression of the main cellular activating markers 

including, CD69, CD161 and NKG2D was observed between V1pos T cells of the two CHT 

and NO CHT groups (Figure 4.13). Higher,  CHT-independent expression of CD69, CD161 

and NKG2D markers in CLM patients compared to healthy controls, indicates a tumor-

related, rather than therapy-associated, activating phenotype of V1pos T cells (Figure 

4.13A-C).  

Figure 4.12. Phenotype of Vpos T cells in 

PBMCs of CLM patients compared to 

healthy donors. (A) Heatmap of the mean 

of expression (%) of different surface 

markers measured by flow cytometry on PB 

V1 pos T cells from healthy individuals 

(N=44) and CLM patients (N=58). Color-

scale is depicted at the top right side.  

Results are shown as mean ±SD. Statistical 

significance was calculated with two-way 

Mann-Whitney unpaired test. *P ≤ 0.05; 

**P ≤ 0.01; ***P ≤ 0.001; ****P ≤ 0.0001 
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For a more complete and unbiased phenotypical analysis, we performed the t-SNE 

algorithm on the global flow cytometry results collected on V1pos T cells from PBMCs of 

CLM patients and healthy individuals. This algorithm enables the visualization of complex 

high-dimensional flow cytometry data into a two-dimensional map, in which cells with a 

similar cytometric signature are placed in the same region of the graph.156 

The t-SNE analysis revealed a different distribution of V1pos T cells between CLM 

patients and healthy controls, indicating important changes happening in this subset, not only 

in the frequency but also in the distribution of different immunological markers (Figure 

4.14A). Thus, we looked at the spatial localization of all analyzed receptors on the t-SNE 

plots obtained from healthy donor and CLM patients. We noticed that the expression of 

CD69 was largely different in terms of both frequency and spatial distribution between the 

two t-SNE maps (Figure 4.14B). Indeed, the CLM t-SNE plot was characterized by a well-

Figure 4.13. Tumor-related phenotype of V1pos T cells 

in PBMCs of CLM patients compared to healthy 

donors. (A-C) Statistical representation of the frequency 

(%) of NKG2D (A), CD69 (B), CD161 (C) surface 

markers, on Vδ1pos δT lymphocytes in PBMCs of 

healthy controls (grey, N=64) and CLM patients divided 

into NO CHT (orange circles, N=13) and CHT (blue 

circles, N=56) groups. Results are shown as mean ±SD. 

Statistical significance was calculated with two-way 

Mann-Whitney unpaired test. *P ≤ 0.05; **P ≤ 0.01; 

***P ≤ 0.001; ****P ≤ 0.0001 
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defined cluster of CD69pos V1pos T cells that was poorly represented and quite disperse in 

the t-SNE map of healthy individuals (Figure 4.14B). A more detailed analysis of the 

CD69pos cluster revealed that the 91% of V1pos T cells in CLM patients corresponded to the 

TEMRA subset, defined as CD45RAposCD27neg (Figure 4.14C). Moreover, the CLM-

associated CD69pos V1pos cluster was characterized by high co-expression of CD161 and 

NKG2D receptors (Figure 4.14C), which were statistically increased in CLM patients 

(Figure 4.11). Finally, the vast majority of CD69pos V1pos T cells of CLM patients were 

negative for CD28, further confirming the prevalence, within the cluster, of highly 

differentiated and effector cells (Figure 4.14C).  

A B 

C 

Figure 4.14. Tumor-related cluster of CD69pos V1pos TEMRA cells from PBMCs of CLM patients. 

(A-B) t-SNE graphs showing the spatial distribution of V1pos T cells (A) and CD69 (B) in healthy 

individuals (N=22) and CLM patients (N=26). (C) t-SNE graphs showing the frequency of TEMRA, 

NKG2D, CD161 and CD28 on CD69pos V pos cluster in CLM patients. t-SNE analysis was 

performed on concatenated V1 pos T cells for a total of 100.000 events including both donor and 

CLM patients.   
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Remarkably, the cluster of CD69posCD161posNKG2DposCD28neg V1pos TEMRA cells counted 

for only about 2% in healthy individuals while it appeared on about 20% of total V1pos T 

cells in CLM patients (Figure 4.15A-B) suggesting its relevance in the presence of liver 

metastatic disease. 

Expression and cluster-distribution of additional markers relevant for the T cells 

immune response on the CLM-associated cluster of CD69posCD161posNKG2DposCD28neg 

V1pos TEMRA cells are shown in Figure 4.15C. 

In conclusion, the overall t-SNE analysis on PB V1pos T lymphocytes allowed the 

identification of the activating and tumor-related CD69pos V1pos  T cells cluster 

preferentially associated with the TEMRA subset and distinguished from the healthy 

counterpart by higher expression of NKG2D receptor and CD161 molecule (Figure 4.14C).  
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4.2.4 Chemotherapy related changes of PB Vδ2pos T cell in CLM patients  

The same panel of markers studied on PB V1pos T cells was applied for the phenotypical 

evaluation of V2pos T cells from PBMCs of CLM patients. Similar to V1pos T cells, V2pos 

T lymphocytes of CLM patients had lower levels of CD28 molecule compared to healthy 

donors (Figure 4.16). This result, was in line with the observed decrease percentage of 

TNAIVE V2pos cells in CLM patients (Figure 4.5D). On the other hand, in accordance with 

the increased proportion of PB V2pos TEMRA cells (Figure 4.45D), CD57 and CD16 

molecules, whose expression is associated with T cells maturation and senescence145,148, 

were upregulated in CLM patients (Figure 4.16). In particular, the level of CD57 receptor 

growth up from the average of 3.9% ±6.2, at physiological conditions, to 14.9% ±16.7 in 

CLM patients. Although, expression of CD16 receptor, relevant for the antibody dependent 

cellular cytotoxicity (ADCC) response, presented variable expression in normal adults 

(21.5% ±21.9), however, it was higher in CLM patients (31.6% ±27.3) (Figure 4.16). 

Moreover, no variations were observed in the poorly expressed chemokine receptor CCR7, 

normally associated with the migration of T cells to lymph nodes149 (Figure 4.16).  

Regarding activating receptors, V2pos T cells of CLM patients presented several 

differences compared to healthy controls. In particular, we observed higher expression of 

activating CD56 marker and NKG2D receptor, which has critical role on the antitumor 

effector functions of V2pos T cells81 (Figure 4.16). Interestingly, the increased CHT-

independent occurrence of NKG2D molecule was observed in both V1pos and V2pos T cells 

in PBMCs of CLM patients (Figure 4.16 and Figure 4.12). Diversely, the expression of 

CD69 and CD161 receptors, which increased in the PB V1pos T cells of CLM patients 

(Figure 4.12), in case of V2pos T lymphocytes, did not change (Figure 4.16), thus 

suggesting different tumor-related impact on the activation of V2pos T cells. On the other 

hand, similar to V1pos T cells (Figure 4.12), we found a slight increase in the expression of 

Figure 4.15. Frequency and phenotype of the cluster of CD69posCD161posNKG2DposCD28neg 

V1pos TEMRA cells in PBMCs of CLM patients. (A-B) Statistical chart (A) and related t-SNE 

graphs (B) showing the frequency of the tumor-related CD69posCD161posNKG2DposTEMRA V1pos T 

cells cluster between healthy controls (N=17) and CLM patients (N=22). (B) Expression and 

distribution of PD-1, CTLA4, CXCR3, CD86, CD16, CD56 and CD57 receptors on the tumor-

related cluster shown in Figure 4B. Results are shown as mean. Statistical significance was 

calculated with two-way, unpaired t-test. *P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001; ****P ≤ 0.0001.   
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CTLA4 receptor, while PD-1 levels remained unchanged between controls and CLM 

patients. Similar, in both CLM patients and healthy controls more than 50% of V2pos T cells 

were positive for NKG2A (Figure 4.16). Since antigen-presenting function have been 

described for V2pos T cells157, we evaluated the expression of CD86 molecule, usually 

present on the cellular surface of antigen presenting cells (APCs). However, a very low 

expression of this molecule was found in both groups (Figure 4.16). Finally, CXCR3, which 

is poorly represented on V2 pos T cells of healthy individuals, maintained its low expression 

levels in CLM patients as well (Figure 4.16).  

 

Overall, the analysis of the PB V2pos T cells revealed substantial phenotypical 

changes between CLM patients and healthy controls, which mainly resulted in the increase 

of maturation-related markers, CD57 and CD16, activating receptors CD56 and NKG2D and 

the checkpoint inhibitor CTLA4.  

We observed that the increase of TEMRA V2pos cells in the PB was associated with 

CHT-treatment (Figure 4.5A), thus we looked for others phenotypical CHT-related 

differences in the V2pos T cell subset. Interestingly, only CHT-treated patients, compared 

to untreated ones, were characterized by higher expression of CD57, strictly induced on 

senescent T cells145. Similar, increased expression of CD16, which identify terminally 

differentiated subset of V2pos T cells148, was also associated with CHT treatment (Figure 

Figure 4.16. Effect of CHT on the phenotype 

of Vpos T cells from PBMCs of CLM 

patients. Heatmap of the mean of expression 

(%) of different surface markers measured by 

flow cytometry on PB V2pos T cells from 

healthy individuals (N=44) and CLM patients 

(N=58). Color-scale is depicted at the top 

right side. Statistical significance was 

calculated with two-way Mann-Whitney 

unpaired test. *P ≤ 0.05; **P ≤ 0.01; ***P ≤ 

0.001; ****P ≤ 0.0001 
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4.17A-B). On the other hand, the expression level of NKG2D receptor was similar in both 

groups, regardless of CHT (Figure 4.17C).  

These results further confirmed a major susceptibly of the blood-circulating V2pos 

T cells to the toxic effect of CHT-therapy, which result not only in the higher proportion of 

V2pos TEMRA subset compared to the less mature subpopulation but also in the induction of 

a highly-differentiated and senescent-like phenotype.   

The use of t-SNE algorithm allowed a better characterization of the cluster of 

CD57pos V2pos T cells found in PBMCs of CLM patients. Remarkably, 95% of CD57pos 

V2pos T cells coexpressed CD16 receptor and was 99% negative for CD28 molecule 

(Figure 4.18A). For instance, the majority of CD57pos V2pos T cells belonged to the TEMRA 
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Figure 4.17. CHT-related phenotype of Vpos T cells 

from PBMCs of CLM patients. (A-D) Statistical 

representation of the frequency (%) of CD57 (A), 

CD16 (B) and NKG2D markers, on Vδ2 pos δT 

lymphocytes in PBMCs of healthy controls (grey, 

N=64) and CLM patients divided into NO CHT 

(orange circles, N=13) and CHT (blue circles, N=56) 

groups. Results are shown as mean ±SD. Statistical 

significance was calculated with two-way Mann-

Whitney unpaired test. *P ≤ 0.05; **P ≤ 0.01; ***P ≤ 

0.001; ****P ≤ 0.0001 
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subpopulation (Figure 4.18A). The freqeuncy of the specific CD57posCD16posCD28neg 

TEMRA V2pos cell cluster (Figure 4.18B) was statistically higher in CHT patients compared 

to the NO CHT group of patients and to the healthy counterpart (Figure 4.18C-D).  

Figure 4.18. t-SNE analysis of the specific CHT-dependent CD57posCD28negCD16posTEMRA V2pos 

T cell cluster. (A) t-SNE analysis plots in CHT treated CLM patients (n=16) showing CD57pos cells 

cluster on total V2pos T cell subset. (B) Expression of CD16, CD28 and TEMRA cells on 

CD57posV2pos T cells; (C) t-SNE analysis plots (right plots) and statistical chart (left graph) of the 

CHT-mediated changes in the frequency (%) of CD57posCD16posCD28neg TEMRA V2pos T cell cluster 

between healthy controls (N=17), and CHT treated (CHT; N=22) and not treated (NO CHT; N=) 

CLM patients. Results are shown as mean. Statistical significance was calculated with two-way 

Mann-Whitney unpaired test. *P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001; ****P ≤ 0.0001 

H
e
a
lt

h
y
 

N
O

 C
H

T

C
H

T

0

1 0

2 0

3 0

4 0

5 0

C
D

5
7

p
o

s
 T

E
M

R
A

c
lu

s
te

r
 /

 V



T
 (

%
)

**
**

A B 

C 



77 
 

The comparison of phenotypical changes observed on T cells from PBMCs of CLM 

patients highlights the different features and impact of CHT treatment on V1pos and V2pos 

T cell subsets. In general, major differences existing between these two subpopulations in 

healthy donors were maintained in CLM patients (Figure 4.19A-B). Of notice, two markers, 

including CD69, which identified the tumor-related cluster of V1pos T cells (Figure 4.14) 

and CD57, which together with CD16 discerned the CHT-associated cluster of V2pos T 

lymphocytes (Figure 4.18), were differentially expressed on V1pos and V2pos T cells in 

CLM patients (Figure 4.19B). Interestingly, the expression of CD69 receptor on V2pos T 

lymphocytes remained very low in both controls and CLM patients (Figure 4.19A-B) 

indicating that the induction of CD69 expression in CLM patients is a specific feature of 

V1pos T cells (Figure 4.19B).   

  

A B 

Figure 4.19. Phenotypical differences of T subsets from the PBMCs of healthy donors and 

CLM patients. (A-B) Heatmap of the mean of expression (%) of different surface markers 

measured by flow cytometry on V1pos and V2 pos T cells from healthy donor PBMCs (N=48) (A) 

and CLM patients (N=65) (B). Red stars indicate the marker differentially expressed on V1 and 

V2 in CLM patients and not in healthy controls. Statistical significance was calculated with two-

way, paired t-test. *P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001; ****P ≤ 0.0001.   
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4.2.5 Immunophenotyping of T lymphocytes from tumor-free and 

intratumor tissues of CLM patients  

To evaluate the tissue-associated T cell subsets in patients with CLM we performed a 

phenotypical analysis of the main relevant markers for V1pos and V2pos T subpopulations 

derived from the intratumor lesion and the surrounding tumor-free tissue. Both T subsets 

were largely different between these two tissue compartments. For this instance, higher 

prevalence of less differentiated V1pos T cells inside the tumor (Figure 4.6C) was 

accentuated by the increase expression of CD28 molecule compared to the tumor-free region 

(Figure 4.21A). As expected141, the tissue-associated phenotype of T cells was deductible 

by high expression of CD69 molecule on both V1pos and V2pos T cell subsets. In particular, 

the expression of this receptor recently has been linked to the liver-resident V1pos T cell 

subsets.141 Indeed, Davey et. al. demonstrated that human CD69pos V1 liver-resident cells 

include two TEM and TEMRA cell subpopulations.141 The TEM subsets is characterized by a 

unique TCR-clonality/repertoire, specifically found in the liver and not among PB V1pos T 

cells while, on the contrary, TEMRA V1pos T cells can recirculate from the liver to the PB, as 

similar clones were found within both anatomical compartments.141 To prove the existence, 

at a clonal level, of recirculating liver-derived V1pos T cells within the increased CD69pos 

V1pos T cell subset (Figure 4.14B) in CLM we performed TCR-sequencing analysis. 

Obtained result on one CLM patient revealed that specific V1-TCR clones in the PB are 

shared with the tumor-free tissue and are associated with CD69 expression (Figure 4.20). 

Indeed, 3 out of the 20 majorly represented clones are specifically shared between PB 

CD69pos V1pos T cells and liver-derived V1pos T cells of the tumor-free tissue (Figure 

4.20). The same 3 clones are absent in PB CD69neg V1pos T cells, although some other clones 

are shared between liver and blood independently of CD69 expression (Figure 4.20). Further 

TCR-sequencing analysis on additional CLM patients will clarify if an expansion of liver-

derived clones is indeed associated with CD69 expression on PB V1pos T cells of CLM 

patients. 
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In accordance to literature evidence on the immunosuppressive tumor 

microenvironment typical of CLM158,159,  we found that intratumor T lymphocytes 

displayed a less effector and cytotoxic phenotype resulting in lower expression levels of 

activating NKG2D and CD161 receptors in both V1pos and V2pos T cell subsets (Figure 

4.21A-B). Moreover, intratumor V2pos T lymphocytes expressed lower amount of CD56 

further confirming their lower activating profile (Figure 4.21B). Whereas higher frequency 

of PD-1 were observed in intratumor V1pos T cells compared to the tumor-free counterpart, 

further suggesting a more inhibitory rather than cytotoxic behavior (Figure 4.21A). 

Likewise, higher levels of checkpoint inhibitor CTLA4, were found on V1pos T cells 

residing the tumor-free region (Figure 4.21A). 

In line with the low abundance of TEMRA V2pos T cells in the liver tissue (Figure 

4.6D), both CD57 and CD16 were little expressed in both tumor-free and intratumor 

compartments (Figure 4.21B). Finally, CXCR3 which is involved in the recruitment of T 

cells to the liver tissue160, was found at higher levels on both V1pos and V2pos T cell subsets 

of the tumor-free area compared to the intratumor site, which might explained the lower 

abundance of T cells in this latter compartment (Figure 4.21A-B).  

Figure 4.20. TCR-sequencing analysis of 

PB and liver tumor-free V1 pos T cells.  

Venn diagram showing the number (in white) 

of liver tumor-free V1-TCR clones shared 

with CD69pos and/or CD69neg V1pos T cells 

from PB of one CLM patients. In black, 

number of shared clones between CD69pos 

and CD69neg PB V1pos T cells.  
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Altogether, the phenotypical analysis of the tissue-associated T cells suggests an 

important impact of the tumor microenvironment on the maturation status and the cytotoxic 

potential of both V1pos and V2pos T cell subsets resulting in the selection of poorly 

differentiated and less effector populations. 

  

A B 

Figure 4.21. Phenotypical differences of T cell subsets from the tumor-free and intratumor 

tissues of CLM patients. (A-B) Heatmap of the mean of expression (%) of phenotypical markers 

measured by flow cytometry on V1pos (A) and V2 pos (B) T cells from tumor-free (N=68) and 

intratumor tissues (N=21) of CLM patients. Statistical significance was calculated with two-way, 

Mann-Whitney unpaired test. *P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001; ****P ≤ 0.0001. 
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4.3 Clinical relevance of T cell subsets identified in CLM patients 

By high-dimensional flow cytometry analysis we identified in the PB of CLM patients two 

distinct subpopulation of V1pos and V2pos T cells. In this paragraph the clinical relevance 

of the cluster of the tumor-related CD69pos TEMRA V1pos cells and the CHT-dependent 

CD57posCD16pos TEMRA V2pos cells will be assessed separately. 

4.3.1 Expression of CD69 on Vδ1pos T cells is associated with better 

prognosis in CLM patients  

CD69 receptor besides being an early marker of activation it is also associated with the 

tissue- residency of T cells.161 In addition, in  T lymphocytes CD69 identifies the subset 

of tissue-resident memory (TRM) cells.162 We found that CD69 molecule is highly expressed 

by V1pos T cells of both tumor-free and intratumor tissue-regions (Figure 4.21 and Figure 

4.22A). Moreover, in the blood of CLM patients, CD69 expression can rich up to 60% of 

total V1pos T cells (Figure 4.13B and Figure 4.22A). As previously observed by t-SNE 

analysis (Figure 4.14C), further statistical evaluation on the matched samples of the same 

patient, confirmed higher expression of CD69 on the specific TEMRA subpopulation (Figure 

4.22B). Notably, the expression of CD57 on the blood-circulating TEMRA V1pos lymphocytes 

was inversely correlated to the expression of CD69, thus suggesting that an activating rather 

than a senescent phenotype is associated with the expression of CD69 on the TEMRA V1pos 

cells (Figure 4.22C)  Importantly, in line with the described ability of the liver-resident 

TEMRA V1pos lymphocytes to recirculate between blood and normal liver tissue of 

autoimmune disease conditions141and also in CLM patients (Figure 4.20) we found that 

higher frequency CD69pos TEMRA V1pos cells in the tumor-free region highly correlates with 

the increased proportion of this subset in the PBMCs of CLM patients (Figure 4.22D). This 

evidence is indicative of the increase of activated CD69pos liver-derived TEMRA V1pos 

cells in PBMCs of CLM patients.  



82 
 

 

   

A B 

C D 

0 2 0 4 0 6 0 8 0 1 0 0

0

2 0

4 0

6 0

8 0

1 0 0

C D 6 9
p o s

 /  V   T E M R A

P B M C s  (% )

C
D

6
9

p
o

s
 /

 V



T
E

M
R

A

T
u

m
o

r
-f

r
e

e
 (

%
)

<0.0001P

0 2 0 4 0 6 0 8 0 1 0 0

0

2 0

4 0

6 0

8 0

1 0 0

C D 6 9
p o s

 /  V   T E M R A

P B M C s  (% )

C
D

5
7

p
o

s
 /

 V



T
E

M
R

A

P
B

M
C

s
 (

%
)

0.0115P

0

2 0

4 0

6 0

8 0

1 0 0

C
D

6
9

p
o

s
 /

 V


1
 (

%
)

P
B

M
C

s
T

u
m

o
r-

fr
e

e
In

tr
a

tu
m

o
r

****
****

0

2 0

4 0

6 0

8 0

1 0 0

C
D

6
9

p
o

s
 /

 V


1
 (

%
)

**
*

T C M   T E M   T E M R A

Figure 4.22. Increased frequency of PB CD69pos V1 pos TEMRA cells in CLM patients depends on 

the occurrence of these cells in the liver. (A-B)Statistical analysis showing the expressions (%) of 

CD69 receptor on matching V1pos T cell subset in PBMCs, tumor-free and intratumor tissues (A) 

(N=26) and among TCM, TEM and TEMRA V1pos T cell subpopulations in PBMCs of CLM patients 

(B)( N=19). (C-D) Statistical analysis showing the correlations between the frequency of either 

CD57 on PBMCs (C) or CD69 on tumor-free (D) V1pos TEMRA T cells and the frequency of CD69 

on V1pos TEMRA cells in PBMCs of CLM (n=40). Statistical significance was calculated with two-

way, paired t-test. *P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001; ****P ≤ 0.0001. For correlation analysis 

Pearson's coefficient was applied. 
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The number of metastatic sites is a strong predictor of CLM patient’s survival15, and 

specifically in our cohort of CLM patients better survival was found when less than 4 

metastatic tumors were present (Figure 4.23A). Importantly, higher frequency of CD69pos 

V1pos T cells in the tumor-free tissue of CLM patients was associated with the development 

of a lower number of liver metastases (Figure 4.23B) suggesting the prognostic relevance 

of this subset.  

   The possible protective role of TEMRA V1pos cells was further demonstrated by their 

higher cytotoxic potential. In fact, PB TEMRA V1pos subpopulation from CLM patients, 

displayed higher levels of CD107a degranulation marker upon Phorbol-Myristate-Acetate 

(PMA)/Ionomycin stimulation similar to healthy controls. Additionally, CD69posV1pos 

TEMRA cells from the tumor-free tissue of CLM patients showed increased expression of 

CD107a molecule thus, indicating an effector and not exhausted behavior of both tissue-

associated and blood-circulating TEMRA V1pos lymphocytes. On contrary, intratumor 

derived V1pos TEMRA cells displayed highly variable response which resulted with 

significantly lower degranulation percentage (Figure 4.24).  

Figure 4.23. Prognostic relevance of CD69 marker in CLM patients.  (A) Statistical analysis 

showing the correlation between the frequency of CD69 on matching V1pos T subset in the tumor-

free tissue of CLM (N=77) and the number (n°) of liver metastases. (B) Kaplan-Meier survival 

analysis of CLM patients according to the number of liver metastases: n<4 (pink, N=51) and n>4 

(light blue; N=40). For correlation analysis Pearson's coefficient was applied. P ≤ 0.05 were 

considered statistically significant. 
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Since V1pos T cells can be an important source of inflammatory cytokines in the 

tumor setting46, we analyzed the intracellular production of interferon (IFN)-, tumor 

necrosis factor (TNF)- and interleukin (IL)-17 after in vitro PMA/I stimulation. We found 

that TNF- was the major cytokine produced by V1pos TEMRA cell from both the PBMCs 

and the tumor-free tissue of CLM patients (Figure 4.25A). Importantly, the extent of TNF-

 response was similar between TEMRA V1pos cells of PBMCs of CLM patients and healthy 

donor, demonstrating that the effector function of tumor-related V1pos TEMRA is conserved 

respect to physiological conditions (Figure 4.25A). Diversely, PB TEMRA V1pos cells of 

CLM patients did not respond with high synthesis of IFN- as it was observed in healthy 

controls (Figure 4.25B). In a similar way we did not see IFN- release by TEMRA V1pos 

lymphocytes of the tumor-free tissue (Figure 4.25B). Moreover, no IL-17 production was 

detectable by TEMRA V1pos cells neither in PBMCs of healthy controls nor in PBMCs and 

tumor-free compartment of CLM patients (Figure 4.25C). 

Figure 4.24. Cytotoxic potential of V1pos TEMRA subpopulation in CLM patients. Statistical 

analysis showing CD107a expression upon stimulation with PMA/Ionomycin (PMA/I) on V1pos 

TEMRA subset from PBMCs of healthy donors (ctrl), PBMCs of CLM patients, tumor-free tissue  

and intratumor lesion (n>5). Statistical significance was calculated with two-way paired t-test. 

*P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001; ****P ≤ 0.0001. 
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Altogether, our functional analysis demonstrates that the degranulation capacity and 

TNF- production in TEMRA V1pos cells of CLM patients are conserved compared to 

physiological conditions, in both the PB and the tumor-free tissue compartments, suggesting 

a similar effector pattern between PB and tissue-derived subsets, which further supports the 

hypothesis of TEMRA V1pos cells recirculation between liver tissue and blood.  

A 

B 

C 

Figure 4.25. Cytokine production by V1pos TEMRA subset in CLM patients. (A-C) Statistical 

analysis showing TNF- (A), IFN(B), IL-17 (C) intracellular production on V1pos TEMRA subset 

from PBMCs of healthy donors (Ctrl) and from PBMCs and tumor-free tissue of CLM patients 

upon stimulation with PMA/I (n>5). Statistical significance was calculated with two-way paired t-

test. *P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001; ****P ≤ 0.0001 
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4.3.1 CTLA4 expression on PB Vδ1pos T cells is a favorable prognostic 

marker in CLM patients  

 An extensive screening of all phenotypical markers included in our high-dimensional flow 

cytometry analysis, revealed that the expression of CTLA4 on PB V1pos T cells was 

associated with a lower rate of metastatic-disease recurrence thus a prolonged recurrence-

free survival (Figure 4.26A). CTLA4 is an important checkpoint inhibitor of T cells 

immune-response that increases upon activation.153 Importantly, prognostic outcome of this 

marker was independent of other clinical variable including CHT, lymph nodal positivity of 

the primary tumor (N status) and presence of early liver metastases (developed in less than 

1 year from CRC diagnosis) (Figure 4.26B).  

As we have shown, expression of CTLA4 was higher in CLM patients compared to healthy 

donors (Figure 4.12 and Figure 4.15C). In addition, similar expression of CTLA4 on V1pos 

T cells was observed between matched V1pos T cells from the PB and tumor-free tissue 

(Figure 4.27A). Interestingly, in the PB of CLM patients the occurrence of CTLA4pos V1pos 

T cells strongly correlates with its expression on the specific CD69pos V1pos T cell subset 

(Figure 4.27B). 

Parameter Hazard 

ratio 

P value 

CTLA4/ 

V1pos 
0.39 0.038 

CHT 1.53 0.527 

N status 1.65 0.356 

Early CLM 0.54 0.250 

Figure 4.26. Clinical relevance of CTLA4 expression on PB V1pos cells in CLM patients. (A) 

Recurrence-free survival (RFS) analysis of CLM patients according to the level of expression of 

CTLA4 (> or < 27.15%) on V1pos cells from PBMCs of CLM patients. High-CTLA4 (red; N=35), 

Low-CTLA4 (light blue; N=19). (B) Statistical analysis of hazard ratio and corresponding P value 

of the RFS associated with different parameters including CTLA4 expression on V1pos cells from 

PBMCs of CLM patients, chemotherapy (CHT) administration, lymph nodal positivity (N status) of 

primary tumor and the presence of early CLM (developed in less than 1 year from CRC diagnosis). 

P ≤ 0.05 were considered statistically significant. 

A B 
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Likewise, expression of CTLA4 on the PB CD69pos V1pos T cell subset matched with higher 

percentage of CTLA4 levels in the liver tumor-free tissue of V1pos TEMRA cells (Figure 

4.27C).  

All these data firmly indicate that expression of CTLA4 on PB V1pos T cells depends 

on the frequency of tumor-related cluster of CD69pos V1pos TEMRA cells and constitutes a 

favorable prognostic marker for CLM patients. 

  

Figure 4.27. CTLA4 expression is associated 

with PB CD69pos V1pos TEMRA cells in CLM 

patients. (A) Statistical analysis showing the 

expressions (%) of CTLA4 receptor on matching 

V1pos T subset in PBMCs, tumor-free and 

intratumor tissues (N=26) (B) Statistical analysis 

showing the correlation between the frequency of 

CTLA4 V1pos and CD69pos V1pos T cells in 

PBMCs of CLM patients (N=41). (C) Statistical 

analysis showing the correlation of frequency of 

CTLA4 expression between the PB CD69posV1pos 

T cells and tumor-free V1pos TEMRA cells (N=26). 

Statistical significance was calculated with two-

way, paired t-test. *P ≤ 0.05; **P ≤ 0.01; ***P ≤ 

0.001; ****P ≤ 0.0001. For correlation analysis 

Pearson's coefficient was applied. 
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4.3.2 Age-related changes of V2pos T cells in PBMCs of CLM patients 

CD57 receptor is considered a universal marker of senescence, in both  and T cells. We 

found that the increased occurrence of TEMRA V2pos in CHT patients highly correlated with 

the augmented percentage of CD57pos V2pos cells (Figure 4.28A). In particular, the 

expression of CD57 followed the trend of CD27/CD45RA differentiation phenotype since 

V2pos TEMRA cells showed higher CD57 expression compared to their TCM and TEM 

counterparts (Figure 4.28B). Interestingly, age-related changes were observed in the 

frequencies of both CD57pos and TEMRA V2pos cell subsets that were significantly higher in 

CLM subjects receiving CHT treatment after 60 years old (Figure 4.28C). The parallel 

senescent-related phenotypic changes observed with the increased expression of CD57 on 

V2pos T cells were also related to loss of the CD28 marker that inversely correlated with 

CD57 and, on the contrary, an increased expression of CD16 (Figure 4.28D), the FcRIII 

receptor known to define highly differentiated human V2pos TEMRA cells.148  

  

0 2 0 4 0 6 0 8 0 1 0 0

0

2 0

4 0

6 0

8 0

C D 5 7  /  V 2  (% )

T
E

M
R

A
 /

 V


2
 (

%
)

<0.0001P

0

2 0

4 0

6 0

8 0

C
D

5
7

 /
 V


2

 (
%

)

*****

T C M   T E M  T E M R A

0 2 0 4 0 6 0 8 0 1 0 0

0

2 0

4 0

6 0

8 0

1 0 0

C D 5 7  /  V 2  (% )

C
D

1
6

 /
 V


2

 (
%

)

<0.0001P

0 2 0 4 0 6 0 8 0 1 0 0

0

2 0

4 0

6 0

8 0

1 0 0

C
D

2
8

 /
 V


2

 (
%

)

C D 5 7  /  V 2  (% )

<0.0001P

0

2 0

4 0

6 0

8 0

1 0 0

V


2
 (

%
)

* *

C D 5 7    T E M R A

<  M e a n  a g e

  M e a n  a g e

A B 

C D 

E 



89 
 

Further functional characterization revealed that cytokines production, IFN- and 

TNF-, by V2posCD57pos was impaired compared to the CD57neg counterpart in CHT 

patients upon PMA/Ionomycin stimulation (Figure 4.29). Similar inhibitory relation of 

CD57 expression was observed on the degranulation activity observed in V2pos cells 

(Figure 4.29). 
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Figure 4.29. Functional analysis of PB 

V2pos T cell according to CD57 expression. 

Statistical analysis showing the fold change 

increase of cellular membrane CD107a, and 

intracellular IFN- and TNF- expression in 

PMA/Ionomycin stimulated cells, in relation 

to not stimulated controls, analyzed in both 

effector (TEMRA and TEM) CD27negCD57pos and 

CD27negCD57neg in CLM patients underwent 

CHT regimens (N=6). Statistical significance 

was calculated with two-way, paired t-test *P 

≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001; ****P ≤ 

0.0001.  

 

 

Figure 4.28. Age-related changes in the PB V2pos T cell subsets in CLM patients after CHT 

treatment. (A) Scatter graph showing the correlation between the frequencies of CD57 on V2pos 

T and TEMRA V2pos cells in CLM patients receiving CHT regimen (N=40) (B) Statistical analysis 

(left graph) and representative histogram plot showing the expressions of CD57 on matching 

TCM, TEM and TEMRA V2pos T cell subsets in CLM patients receiving CHT regimen (n=15). C) 

Statistical analysis showing the expressions of CD57 and the frequencies of TEMRA subset on 

V2pos T cells in CLM patients underwent CHT regimens. CLM patients was sub-divided in two 

groups: < mean age (empty circles; N ≥18) and ≥ mean age (black circles; N ≥21). The mean 

age (61 ±10.7 years old) estimated in CHT-treated CLM patient is shown in right upper graph. 

(D-E) Scatter graphs showing the correlations between the frequencies of CD57 on V2pos T cells 

and the expression of CD16 (n=51) (D) or CD28 (n=51) (E) on V2pos T cells in CLM patients 

receiving CHT regimens. Statistical significance was calculated with two-way, paired t-test or 

unpaired t-test. *P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001; ****P ≤ 0.0001. For correlation analysis 

Pearson's coefficient was applied. 
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5. Conclusions  

During this PhD project we characterized the two main human subsets, V1pos and V2pos, 

of T cells in patients affected by colon-derived liver metastases (CLM). We performed an 

extensive phonotypical analysis of T cells derived from PBMCs, tumor-free and 

intratumor liver tissue compartments of CLM patients. We found several and considerable 

changes in the frequency, maturation and activation status of both V1pos and V2pos T cells 

that mainly implicated the peripheral blood (PB) T cell compartment of CLM patients.  

In particular, we identified a tumor-related and activated cluster of CD69pos V1pos 

TEMRA cells endowed with high antitumor potential. Both the increase of PB V1pos TEMRA 

cells as well as the induction of CD69 receptor in CLM patients were independent of 

chemotherapy and associated with the higher expression of antitumor receptor NKG2D and 

CD161 molecule and negative expression of CD28. The tumor-associated origin of the 

cluster was deduced by the strong correlation in the frequency of CD69 expression on V1pos 

TEMRA cells between PB and tumor-free liver tissue. Moreover, we found a common TCR-

repertoire between liver tissue and PB CD69pos V1 cells in CLM patients. Importantly, the 

increased occurrence of CD69 expression on tissue V1pos T cells was associated with the 

lower number of metastases in these patients, revealing the protective role of this subset in 

the control of metastatic spreading. In addition, higher expression of CTLA4, which 

expression depends on the frequency of the specific cluster of PB CD69pos V1pos T cells, 

was linked to prolonged disease free survival in CLM patients. 

Thus, we described the existence of the liver-derived and blood recirculating 

CD69posCD161posNKG2DposCD28neg V1pos TEMRA cells, which reflects the tumor-related 

V1pos T cells activation and metastases protection that has a potential to represent a novel 

immunotherapeutic target for CLM patients. Moreover, the occurrence of CTLA4 on PB 

CD69pos V1pos T cells represents a candidate prognostic biomarker for CLM patients 

(Figure 5.1). 
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Figure 5.1 Model on the origin and prognostic relevance of the peripheral blood CD69pos V1pos 

T cell subset in CLM patients. From the upper left) According to the number of liver metastases, 

CLM patients present different frequency of CD69pos V1pos T cells: patients with lower number 

of liver metastases, in the tumor-free area, present higher frequency of tissue CD69pos V1pos cells 

that mainly are represented by two TEMRA and TEM subpopulations (upper pie chart). Liver 

CD69pos TEMRA V1 T cells are able to enter the bloodstream (yellow dashed arrow) and define 

the new PB CLM-associated cluster of CD69pos TEMRA V1pos T cells characterized by high 

expression of NKG2D and CD161. Moreover, higher expression of CTLA4 on PB V1pos T cells 

which depends on the occurrence of CD69pos TEMRA V1 T cells in the liver, is associated with 

prolonged recurrence free survival of CLM patients. Thus, determination of PB V pos CD69pos 

T cells in association with the expression of CTLA4 that relates on the activation status of V1 T 

cells at the liver site might represent a favorable prognostic marker and potential 

immunotherapeutic target for CLM patients.  
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The analysis of V2pos T cells revealed a major impact of chemotherapy (CHT) on 

the phenotype of this subset. We identified a large and persistent senescent 

CD57posCD28negCD16posTEMRA V2pos T cell cluster that was more pronounced in CHT 

treated patients compared to untreated patients and to healthy controls. An important 

component of this shift was the increased frequency of highly differentiated TEMRA V2pos T 

cells that, along with CD57pos cells, showed better resistance to chemotherapeutic agents. 

Our study also revealed the induction of a premature CHT-related senescent phenotype that 

was particularly pronounce in elderly patients. Moreover, CD57 expression on V2pos T cells 

in CHT patients was associated with an impaired functional response. Indeed, both cytokines 

production, IFN- and TNF-, and degranulation capacity (CD107a expression) were lower 

compared to the CD57neg counterpart upon PMA/Ionomycin stimulation.  

Thus, our data besides providing a further evidence of the existence of senescent 

V2pos T cells endowed with a specific phenotypic and functional profile also offer a hint on 

how anti-cancer treatment should be refine to improve the efficacy of V2pos T cell-based 

immunotherapy (Figure 5.2).  
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In conclusion, our study allowed the identification of the specific subpopulations of 

V1pos and V2pos T cells strictly associated with the pathological condition and CHT-

treatment of CLM patients that will be extensively and separately discussed in the next 

paragraph. 

  

Figure 5.2 CHT-related changes in the phenotype and function of V2pos T cells in PB of CLM 

patients. From left to right) CHT has a major effect on the maturation status of PB V2pos T cells 

that result in the higher proportion of TEMRA subpopulation and increased CD57 expression on 

V2pos T cells. This senescent phenotype is more pronounced in elderly patients and is associated 

with the higher expression of CD57 and CD16 that marks highly differentiated cells. Moreover, 

the identified CHT-cluster of CD57posCD16posCD28neg V2pos TEMRA is endowed with lower 

degranulation capacity (CD107alow) and cytokine production (INF-low and TNF-low). For these 

reasons, the occurrence of senescent V2pos T cells has considerable implications in the 

development of effective V2pos T cell-mediated therapeutic approaches. 
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6.1 CD69 marker detects tumor-related and liver-recirculating Vδ1pos 

TEMRA cell in the peripheral blood of CLM patients  

V1pos T cells constitute the main liver tissue-associated subset of  total T lymphocytes and 

T cells, comprising up to 80-90% of total T cell population.39,141 Nevertheless, the exact 

contribution of V1pos T cell subset in the progression of liver metastatic disease is still 

undefined.  

Our work provides an extensive phenotypical characterization of human circulating 

and liver/tumor-associated V1pos T cells in CRC patients developing liver metastases. We 

observed substantial changes affecting both the frequency and maturation status of V1pos T 

cells of CLM patients compared to the one of healthy individuals. In particular, CLM 

patients are characterized by increased frequency of the specific TEMRA subpopulation on PB 

V1pos T cells. TEMRA cells correspond to the latest stage of  and T cells differentiation, 

and thus are characterized by high effector function but low proliferative capacity. This 

feature, explains the higher resistance of PB V1pos T cells to CHT toxicity. Indeed, the 

absolute number of PB V1pos T cells does not change in CLM patients compared to healthy 

controls. Whereas CD3pos and V2pos T lymphocytes appeared more sensitive to CHT toxic 

effect and lower absolute count of these cell subsets are found in the blood of CLM patients. 

For this reason, the increased frequency of V1pos T cells on total PB T lymphocytes, seen 

in CLM patients, is probably the indirect consequence of the CHT-dependent reduced 

number of T cells and V2pos T cells and not of V1pos T lymphocytes, which consist for 

about 70% of low proliferating, and thus CHT-resistant TEMRA cells. 

However, CHT is not the only cause of increased V1pos TEMRA cells in PBMCs of 

CLM patients. In fact, several CHT-independent changes emerged from the phenotypical 

analysis of PB V1pos T cells. 

First of all, we observed a significant upregulation of the CD69 molecule, a well-

established marker of early T cell activation. Indeed, expression of CD69 on the surface of 

PB V1pos T cells from healthy individuals, have already been linked to higher cytotoxic 

responses compared to V2pos and CD69neg T cells.122 In particular, CD69pos V1pos T cells 

displayed higher cytotoxicity against adherent and metastatic sphere-forming CRC-derived 

tumor cells.122 
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Our analysis revealed that expression of CD69 on PB V1pos T cells of CLM patients 

is strictly associated to TEMRA subpopulation and to higher levels of NKG2D, a key regulator 

of T cells antitumor activity, suggesting the antitumor effector potential of this specific 

cancer-related V1pos T cell subpopulation. For this instance, it is known that NKG2D is 

constitutively expressed by γδT cells and its engagement, can potentiate TCR responsiveness 

thus resulting in degranulation and target cell lysis. NKG2D expression is involved in tumor 

cell recognition by both human PB163,164 and tumor-infiltrating165 γδT cells. In particular, 

MICA expression on epithelial tumors, including CRC, drives NKG2D-dependent Ag-

recognition and tumor-killing activity of PB T cells.163 In gastric cancer patients, high 

levels of NKG2D ligands’ expression, MICA and MICB, on tumor cells represents a 

favorable prognostic marker associated with increased survival.166 In fact MICA and MICB 

are prevalently expressed in epithelial tumors, where they contribute in the promotion of T 

cells antitumor functions.167,168 For instance, V1pos T cell lines obtained from different 

tumors, including colon cancer, recognized MICA and MICB in both autologous and 

heterologous conditions.165 Moreover, in vitro study, using human-derived CRC primary cell 

lines, demonstrated that the cell surface stabilization of NKG2D ligands had an inhibitory 

effect on the CRC cell lines metastatic ability,169 confirming the important role of NKG2D-

mediated antitumor response in CRC. It would be interesting to evaluate the degree of 

expression of NKG2D ligands on liver metastases and the related functional response of 

V1pos T cells. 

Another receptor strictly correlated with the cluster of CD69poNKG2Dpos V1pos 

TEMRA cells is CD161. This receptor is found on both NK cells and T cells170, however the 

exact functions associated with its expression remain controversial171. In NK cells, CD161 

binding with its ligand LLT1 inhibits NK cell cytotoxicity and cytokine secretion.170 

Whereas a costimulatory role of CD161 has been proposed in case of T cells.152 In fact, IL-

12 and IL-18 stimulation can induce an innate-like and TCR-independent response, based 

on IFN- production, in both  and T cells152. Importantly, CD161 is also expressed on 

memory T cell subsets172 with tissue-homing capacity151. For example, HCV-virus specific 

CD8pos T cell subsets expressing CD161 are particularly enriched in the human liver, during 

chronic hepatitis.173 Here, we found that CD161 is highly expressed on liver-derived V1pos 

T cells (44% of total V1pos T cells) and increased levels of this molecule are associated to 

the cluster of tumor-related (CHT-independent) activated (CD69pos, NKG2Dpos) and highly 

differentiated (TEMRA, CD28neg) V1pos T cells, which is increased in PBMCs of CLM 
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patients. Although the meaning of the higher expression of CD161 molecule in PB V1pos T 

cells of CLM patients is quite controversial, as multiple functions have been linked to this 

specific receptor, its antitumor relevance recently emerged from the transcriptomic analysis 

of several human malignancies.174 In fact, in this study, Gentles and colleagues, identified 

CD161 as the most favorable cancer-wide prognostic gene,174 stressing the importance of 

dissecting the specific features of CD161pos T cells in CLM as well as other tumor settings.  

To understand the origin of the cancer-related CD69pos TEMRA V1pos T subset two 

main facts must be considered. First of all, CD69 receptor is a largely accepted marker of 

tissue-residency for immune cell,161 indeed, we found high levels of this molecule in both 

tumor-free and intratumor-derived T cell subsets. Second, TCR-sequencing analysis 

already revealed the existence of recirculating liver-associated V1pos TEMRA cells in patients 

with end-stage liver disease, including mainly autoimmune conditions.141 In CLM patients, 

we observed a direct correlation in the frequency of CD69 expression on TEMRA V1pos T 

cells between blood and tumor-free compartments. Thus, we hypothesize that liver-derived 

recirculating CD69pos TEMRA V1pos T cells are enriched in the blood of CLM patients. 

Indeed, the analysis on one CLM patient, revealed that specific clones are shared between 

tumor-free V1pos T cells and PB CD69pos V1pos T cells and that same clones are absent on 

the CD69neg V1pos T cell counterpart. A more detailed TCR-repertoire analysis on more 

CLM patients will clarify our hypothesis on the existence of recirculating tumor-specific and 

liver-derived clones associated with CD69 expression on PB V1pos T cells. Moreover, TCR-

sequencing analysis will reveal possible clonal expansion of tumor-induced V1pos T cells 

in CLM patients.  

So far adaptive-like responses that imply the expansion of specific V1pos T clones 

have been described only in the presence of human cytomegalovirus (CMV) infections.69 

For this reason, it would be relevant to evaluate if the CMV serological status of CLM 

patients is associated anyhow to the higher abundance of V1pos TEMRA or to the upregulation 

of CD69 expression on PB V1pos T cells.  

A possible function of CD69pos V1pos TEMRA cells recirculation could be to keep the 

liver immunological memory and thus act as immune-sentinels. Similar role has, in fact, 

been proposed in case of skin-derived CD4pos T cells, which are found in the blood of healthy 

individuals.175 In this study, Klicznik and colleagues, found that CD4posCD69posCD103pos T 

cells exit from skin tissue and constitute a unique population in the blood with specific 
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cytokine profile and gene signature consistent with host-defense and tissue-repair 

responses.175 This general role of functionally specialized T memory subsets could be apply 

also for CD69pos V1pos TEMRA cells in CLM patients. It is possible that tumor-reactive 

V1pos TEMRA clones are induced at the early stage of CRC development and persist in the 

circulation of CLM patients. This persistence of recirculating V1pos TEMRA cells could be a 

mechanism of control of tumor progression. Indeed, CLM patients with higher frequency of 

CD69pos V1pos T cells within the tumor-free compartment experience a lower number of 

liver metastasis further suggesting the antitumor-protective role of this subset.  

The antitumor role of V1pos T cells has been explored in different human 

hematological malignancies including, lymphoma and leukemias.98,124 For example a 

significant amelioration of disease-free survival has been observed in patients with acute 

leukemia upon allogenic bone marrow transplantation after T cells depletion.176 Whereas 

analysis of intratumoral V1pos T cells of colon tumors revealed their cytotoxic activity in 

response to both autologous and heterologous tumor targets.177 Moreover expanded V1pos 

T cells from melanoma patients, produced high amount of both TNF- and IFN-and killed 

melanoma cell lines.106 However, protumor role associated with the V1pos T cell subset 

have also been described.110 In particular, in breast cancer, the higher occurrence of 

infiltrating T cells correlated with worse clinical outcome and the protumor role of V1pos 

T cells was associated with the production of IL-17.178 Similar, infiltration of IL-17high T 

cells in CRC patients was associated with their lower survival.177  

By immunohistochemistry analysis we observed that the majority of T cells are 

located at the invasive margin of liver metastases. This preferential localization could be the 

result of ongoing interaction with tumor cells. For instance, V1pos T cells of the liver tumor-

free compartment exhibit a more cytotoxic phenotype compared to the intratumoral 

counterpart, which results in higher prevalence of V1pos TEMRA and increased expression of 

activating NKG2D receptor. Of notice this same cells, differently from intratumor ones, 

present increased levels of CTLA4. This molecule is involved in the immune regulation of 

T cells and it is induced upon antigen-specific activation.153 The signaling pathway regulated 

by CTLA4 binding to B7 ligands on the surface of antigen presenting cells155 is generally 

targeted by therapeutic approaches aiming at favoring cytotoxic T cell responses179. Indeed, 

CTLA4 activation generates inhibitory signals, which eventually limit T cell activation.155 

Interestingly, we found that the expression of CTLA4 on tumor-free TEMRA cells directly 

correlates with its higher expression on the subset of PB CD69pos V1pos T cells thus 
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suggesting their recirculation. Remarkably, CLM patients with higher levels of CTLA4 on 

PB V1pos T cells showed prolonged recurrence free survival, underlining the prognostic 

significance of CTLA4 marker expression on V1pos T cells and its possible association with 

tumor-reactive clones. A tumor-reactive phenotype associated with the expression of 

CTLA4 have been also described for CD8pos T cells.180 From the analysis of six different 

human malignancies it was revealed that CTLA4 gene transcripts were specifically enriched 

on tumor Ag-specific T cells from both primary and metastatic lesions. Furthermore, this 

subset of tumor-reactive CD8pos T cells showed cytotoxic-activity against autologous tumor 

cells.180  

Expression of CTLA4 is associated with an exhausted phenotype181 and 

corresponded to the 9% of PB CD69pos V1pos TEMRA cells. Nevertheless, V1pos TEMRA 

subpopulation, displayed high degranulation capacity in response to PMA/Ionomycin 

stimulation with similar degree of response between PB and tissue-derived subsets. 

Moreover, patient-derived V1pos TEMRA were capable of producing high amount of the 

inflammatory cytokine TNF-. The release of this cytokine, in the tumor context, is 

associated with controversial an opposing functions related to the binding of two different 

receptors.182  TNF receptor type I (TNFR1), which is broadly expressed on many cell types, 

and TNF receptor type II (TNFR2) that is more restricted to immune cells and some type of 

tumor cells.  In particular, it was reported that TNFR2 expression on CD8pos effector T cells 

drives the activation and cytotoxic activity of this subset.182 Regarding T cells, the role 

TNF- production remains largely undefined. Li et al. demonstrated that TNF-α/TNFR2 

signals is necessary for the antitumor cytotoxic response of Vδ2pos T cells,183 while no reports 

exist on the effect of TNF- pathway on V1pos T cells. Thus, a more detailed analysis should 

be performed to evaluate the TNF--mediated antitumor role in CLM patients. 

Although we did not report any direct antitumor-activity of V1pos T cells from CLM 

patients, our data strongly support the existence of tumor-related subset/clones within the 

cluster of CD69posCD161posNKG2DposCD28neg V1pos TEMRA cells. We showed that this 

cluster is induced in the presence of metastatic liver disease and has important prognostic 

relevance for both the survival and disease free recurrence of these patients. The further 

identification of specific and tumor-reactive clones within the CD69 pos V1pos T cell subsets 

will represent an important achievement for the future immunotherapeutic treatment of CLM 

patients. However, we cannot excluded that the cluster of CD69 pos V1pos T cells include 
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different subsets endowed with diverse functions including regulatory activity. For instance, 

a minor subpopulation of CD86posV1pos T cells also emerged from the t-SNE analysis. 

Considering the adaptive nature of V1pos T cells, the identification of antitumor- 

V1pos T cells/clones has crucial relevance for T cells-based immunotherapeutic 

approaches. The use of diverse T cell subsets, a part from the V9V2 T cell 

subpopulation, or the identification of tumor specific clones would definitely improve the 

efficacy of T cells-based cancer therapy. Up to date, all the clinical trials reported, relied 

on the adoptive transfer of in vitro expanded V2pos T cells. Whereas, in the last years, new 

protocols have been published for the in vitro activation and expansion of V1pos T cells.125 

In this setting, expanded delta one T (DOT) cells from healthy donors displayed potent 

cytotoxicity against chronic lymphocytic leukemia (CLL) cells in both in vitro and in vivo 

models. This tumor-killing activity was mainly driven by the acquisition of an innate-like 

and natural cytotoxicity receptors-dependent phenotype.120,125 The adaption of the same 

protocol for the expansion of CLM-derived V1pos T cells could be of potential interest to 

obtain more patient/tumor-specific reactive clones and could be applied also for the 

expansion of liver-resident subsets. Indeed, some proliferative capacitive has been observed 

on in vitro cultured TEMRA cells. 

In conclusion in this work we describe a cancer-related subpopulation of 

CD69posCD161posNKG2DposCD28neg V1pos TEMRA cells with possible liver-recirculating 

capacity and important prognostic relevance in CLM patients. In general, our experimental 

approach represents a valid strategy for the identification of tumor-related cell subset that 

could be easily extendable to other immune-cell population and cancer conditions to finally 

improve current therapeutic strategies. 
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6.2 Impact of CHT-induced age-related changes of V2pos T cells on 

immunotherapeutic approaches for CLM patients. 

The analysis of the V2pos T cell subset in CLM patients, revealed the existence of 

previously described senescent T cells.184  We focused our study on the effect of CHT 

treatment by comparing control groups, including non CHT treated CLM patients and 

healthy donors, with CHT cohort. We found that patients receiving CHT showed a 

significantly higher V2pos T cell population with an immune-senescent profile, consisting 

of CD57posCD28negCD16posTEMRA, as also revealed by t-SNE analysis. Increased occurrence 

of CHT-mediated senescent V2pos T cells can be triggered by two major mechanisms. 

Primarily, CD57posTEMRA V2pos T cells display better resistance to DNA-damaging 

chemotherapeutic agents compared to other subpopulations, a further evidence of their 

senescent properties and of the existence of V2pos T senescent cells in vivo. Additionally, 

the age of the patient constituted an important factor for the increased amount of V2pos T 

senescent cells. For instance, increased proportions of both CD57pos and TEMRA V2pos T 

cells were found among patients over 60 years old, thus indicating the presence of an 

enhanced number of senescent Vδ2pos T cells in the elderly population.  

Of note, the senescent profile of V2pos T cells persisted post-cancer treatment, on 

the average of six weeks after completion of CHT, suggesting a lower recovery rate 

compared to V1pos T cell subset that did not show increased expression of CD57 marker. A 

longer observation period, at different time points, will be necessary to determine if immune-

reconstitution of V2pos T cells can counterbalance their senescence signature. Moreover, 

further studies will be needed to determine if the frequency of senescent CD57posTEMRA 

V2pos cells has any implication on the overall survival of CLM patients and on their 

response to therapy. In fact, prolonged expression of CD57 on T cells in gastric cancer 

was associated with lower patients’ survival.185 Senescence process is potentially reversible 

upon inhibition of p38 mitogen-activated protein kinase (MAPK) signaling.186 If senescence 

is indeed reversible, then the specific re-appearance of T cells after CHT-induced could 

represent and effective approach to improve cancer immunotherapies.  

Lately Weili Xu et al. proposed that CD57 is the only marker that defines senescent 

status on V2pos T cells and correlates with the shortening of telomere lengths.145 In addition, 

the authors did not see any correlation between expression and kinetics of both CD27 and 

CD45RA markers on V2pos T cells along progressive shortening of telomere ends.145 
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Therefore, there is still controversy on how to exactly define replicative senescence of V2pos 

T cells (i.e. to use the CD57 marker, either alone or in combination with CD27 and CD45RA 

or other markers) in both physiological and pathological conditions. We found that, at least 

in a human cancer setting, expression of both CD27 and CD45RA markers correlates with 

CD57pos and CD28neg senescent V2pos T cell phenotype. This phenotypic profile defines 

different effector functions of V2pos T cells. Indeed, Vδ2pos TEMRA cells result to be resistant 

to phosphoantigen stimulation, but rather respond to activation via FcγRIII (CD16).148 On 

the other hand, preserved proliferating capacity in vitro of TEMRA V2pos cell subset has been 

recently reported.187,188 

In conclusion, the present work shows that V2pos T cell immune-senescence is more 

pronounced in aged CHT treated patients than in controls. The majority of cancer patients 

are over the age of 65 years at diagnosis,189 therefore, large prospective trials in the elderly 

population are needed to better understand mechanisms underlying T cell senescence in 

cancer and cancer therapy. Therefore, the potential of V2pos T cells in cancer 

immunotherapy has to be investigated more extensively.  
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