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1 Abstract 

T Large granular lymphocytes leukemia (T-LGLL) is a rare lymphoproliferative 

disorder characterized by the clonal expansion of T-LGL. According to the expression 

on the leukemic clone of CD8- (CD8+ T-LGLL) and CD4-related determinants (CD4+ 

T-LGLL) two main groups of patients are identified. Somatic mutations are involved in 

T-LGLL pathogenesis; they have been identified in genes that are central for the 

survival of the leukemic clone and are differently distributed among the patients. STAT3 

mutations characterize CD8+ T-LGLL cases with a discrete immunophenotype (i.e. 

CD16
+
/CD56

-
) and correlate with neutropenia, which represents the most relevant 

clinical manifestation in T-LGLL. On the other hand, STAT5b mutations can be 

observed in CD4+ patients, usually characterized by an indolent disease. The leukemic 

clone survival is mediated by several deregulated pathways that are likely under the 

control of external stimuli. Indeed, several pro-inflammatory cytokines are increased in 

patients’ plasma, including CCL5 and IL-6. This latter cytokine has been demonstrated 

to sustain LGL survival via STAT3 activation. 

The role of soluble factors have been described in the pathogenesis of T-LGLL, but no 

data are up to now available on the cellular compartment of the microenvironment. For 

this reason we studied the involvement of tumour microenvironment (TME) cells and 

we found that: a) monocytes are central for leukemic LGL survival; b) leukemic cells 

belonging to CD8+ and CD4+ T-LGLL patients take advantage from different TME-

mediated survival mechanisms. 

In CD8+ patients, particularly in cases with severe neutropenia, monocytes were altered 

in their population distribution, with an increase of intermediate and non-classical 

monocytes; in addition Th17/Treg ratio was found to be higher than in healthy controls, 

due to an increased Th17 cells percentage. Since these two features were associated 

with a high pro-inflammatory stimulus and correlated with the presence of concurrent 

autoimmune diseases, which are often reported in T-LGLL, we suggest that a strong 

peripheral blood inflammation is ongoing in CD8+ neutropenic patients. All these data 

taking together, we propose that a network takes place between LGL, monocytes and 

Th17 cells in CD8+ neutropenic patients. In detail, we identified that the CCL5 

produced by the leukemic clone specifically stimulates the expression of IL-6 in 

monocytes, a cytokine that in turn is mandatory for the survival of the leukemic clone 

and for Th17 cells differentiation. We also reported that the above described alterations 

of cell subsets were partially reverted after immunosuppressive therapy, suggesting a 

putative role of these drugs as TME modifiers. 

A pro-inflammatory environment with different features was present in CD4+-LGLL 

patients, who were characterized by an indolent course of the disease. Similarly to 

CD8+ patients, they expressed a high Th17/Treg ratio, but the imbalance in this setting 

is sustained by a reduction of Treg cells. CD4+ LGLL patients were also found to be 

characterized by a peculiar over-activation of Erk in monocytes, which was reported to 
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be indicative of Senescence Associated Secretory Phenotype (SASP), mostly composed 

of pro-inflammatory cytokines. Our data obtained through cytokines arrays 

demonstrated an overall higher level of plasma soluble factors in CD4+ patients than 

healthy controls, in particular soluble CD14 and Lymphotactin, which could account for 

TME cellular imbalances of these cases. 

This study emphasizes the role of inflammatory background occurring in the TME of T-

LGLL patients pointing to newly reported differences between T-LGLL sub-types. In 

particular in symptomatic patients, we identified a putative network between TME cells 

and leukemic LGL, which could help defining new targets to design innovative 

strategies. 
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homeostasis. Since LGL do not undergo apoptosis efficiently, an impairment of AICD 

process allows the maintenance of cytotoxic clones, leading to the development of a 

malignant condition, referred to as Large Granular Lymphocytes Leukemia
7
. 

2.1.2 Monocytes 

Monocytes were firstly introduced in the mid-nineteenth century by Paul Ehrlich, who 

defined the cells with a kidney shaped nucleus as “transitional cell”. The term 
“monocyte” was proposed in 1910 and till the 70s it was thought that most of the 

resident macrophages differentiate from circulating monocytes. Technological 

advances, such as single-cell transcriptomics, subsequently pointed out that most 

resident macrophages are able of self-renewal and do not derive from circulating 

monocytes
8
. 

2.1.2.1 Monocytes classification 

The advent of flow cytometric analyses contributed to disentangle monocytes 

heterogeneity. Monocytes can be phenotypically classified in three categories: classic, 

intermediate and non-classical
9
. 

This classification is based on the surface expression of the lipopolysaccharide (LPS) 

receptor CD14, also known as Toll-like receptor (TLR) 4, and CD16, the low-affinity 

immunoglobulin (Ig)G receptor FcȖ III involved in the antibody-dependent cellular 

cytotoxicity
10

. Classic monocytes are the most frequent type, up to 90% of the total 

monocytes, and they are defined by a high surface expression of CD14 and the absence 

of CD16 (CD14
++

/CD16
-
)
11

. The remaining 10% is shared between the intermediate and 

non-classical monocytes, characterized by high CD14 and low CD16 expression 

(CD14
++

/CD16
+
), and by a low/negative CD14 and a high CD16 expression 

(CD14
±
/CD16

++
), respectively

12
. 

Recently, it has been proposed to update the classification based on surface marker 

expression to a continuum of monocyte phenotypes, a definition already well accepted 

for macrophages
13

. These hypotheses are also supported by the gene expression profile 

analysis, because the intermediate monocytes are proposed as a continuum of 

maturation between classic and non-classical
11

. Moreover, by human in-vivo deuterium 

labelling, it has been demonstrated that classic monocytes are released from the bone 

marrow (BM) and remain in the blood stream up to 24 hours before they die, or migrate 

or differentiate in intermediate monocytes, since their deuterium integration is detected 

after 72 hours of injection. In the end, intermediate monocytes might differentiate in 

non-classical monocytes because their deuterium peak is reached at 7 days post-

injection. This different potential has been also demonstrated in a xenograft model of 

human classical monocytes into humanized mice
14

.  

The three categories of monocytes were also proven to be highly heterogeneous. RNA 

sequencing evidenced that intermediate monocytes are the most heterogeneous
15

. 

Therefore, different molecular features can be exploited to identify and characterize the 
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IL-12A, IL-15 and IL-23A
20

. 

Taking together, these features underline that classic monocytes are involved in 

inflammation after infection, antibacterial activity and phagocytosis, which are 

confirmed also by the generation of a transcriptomic network and proteomic studies
21,22

. 

 

2.1.2.1.2 Intermediate monocytes 

Intermediate monocytes are proposed to be the intersectional link from classic to non-

classical monocytes and they are indeed the most heterogeneous subgroup
11,15

. They 

have an enriched expression of MHC II processing genes, a high expression of CD40 

and co-stimulatory factors, underlining a strong potential of antigen presentation and a 

major T lymphocytes stimulatory function
11,20

. Moreover, their exclusive expression of 

CCR5 makes intermediate monocytes also recruiters of DCs
20

. A high expression of 

IRF5, IRF8, NFkB1 and protein (p)65, all involved in NFkB signaling, have also been 

detected in this monocytes class, as compared to other monocytes. Moreover, some 

cytokines are more produced by this group of monocytes, including IL-1ȕ, IL-12A, IL-

18 and IL-23A; therefore intermediate monocytes contribute to Th1 and Th17 

differentiation. 

The expression profile of the intermediate monocytes is closer to the non-classical 

profile than to the classic one
19

. Despite this similarity, and in contrast with non-

classical monocytes which produce TNFα, when intermediate monocytes are stimulated 

by LPS, they induce IL-10 underlining an anti-inflammatory potential
19

. 

 

2.1.2.1.3 Non-classical monocytes 

Non-classical monocytes are the most differentiated and less proliferative cells as 

demonstrated by the high expression of pro-apoptotic genes and Cyclin-dependent 

kinase inhibitor 1C (CDNK1C), a potent cell cycle inhibitor
11

. They patrol vasculature
23

 

responding to viral infection and to damaged cells and they are the best cytokines 

producers in these settings
21

. Moreover, an enrichment of genes involved in 

cytoskeleton rearrangement and of genes linked to the complement activation and 

adhesion, such as Integrin alpha L (ITGAL) and Siglec10, has been identified
11

. Non-

classical monocytes do not express CCR2 and down-modulate typical classic 

monocytes markers, the receptor more sensitive to migratory stimuli being 

CX3CR1
11,21

. An upregulation of a metalloprotease, referred to ADAM 

metallopeptidase domain 17 (ADAM17), has been identified, which is involved in the 

processing of TNF, which is, in turn, also upregulated
20

.  

The inflammatory behaviour of the non-classical monocytes is also mediated by cellular 

senescence and these cells are the most important producers of the senescence-

associated secretory phenotype SASP, which defines the secretion of pro-inflammatory 

cytokines by senescent cells, via the activation of NFkB
24

. This category has the highest 
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expression of micro-RNA (mir)146a and Erk activation, the lowest expression of the 

protein expressed by proliferating cells Ki67, the shortest telomere length and an 

impairment in the respiratory chain
24

. 

 

2.1.2.2 Alteration of the monocytes physiology 

An altered distribution of monocytes can be found in several pathological conditions. It 

has been reported that CD16+ monocytes reach a peak after the acute myocardial 

infarction, being a negative prediction of myocardial salvage. Increased CD16+ 

monocytes are also associated with atherosclerosis, as they correlate with dyslipidemia 

and they can be induced by statin treatment
25

. Moreover, the induction of CD16 on 

monocytes is related to cardiovascular risk in diabetes
26

. 

Deregulation in monocytes distribution has been evidenced in several autoimmune 

diseases, which are indeed often correlated with chronic inflammatory stimuli. For 

instance, in rheumatoid arthritis (RA) the increase of the intermediate monocytes 

correlates with the high level of IL-17 in plasma. Since Th17 lymphocytes are important 

for RA pathogenesis, also a role for intermediate monocytes has been postulated in this 

disease
27

 and their high presence during methotrexate treatment has been proposed as a 

negative predictor
25

. On the other hand, the clinical impact of the monocyte physiology 

is controversial. An example rests on the role of non-classical monocytes in systemic 

lupus erythematosus (SLE), since they are reported to be reduced and less functional, 

but they can also harbour a deregulated pattern of expression in genes linked to chronic 

immune stimulation, feature even identified in classical monocytes. 

Classic monocytes can be altered in different conditions: in chronic myelomonocytic 

leukemia (CMML) the increased percentage of classical monocytes is a useful tool to 

discriminate between CMML, reactive monocytosis and myeloid malignancies in 

patients with a borderline monocyte count. Furthermore, classic monocytes have 

aberrant expression of CD56, CD62L and CD115 and a down-regulation of Human 

Leukocyte Antigen-DR isotype (HLA-DR)
28

. 

Upon aging, people become more susceptible to infection, less responsive to vaccines 

and have a higher incidence of cancer and cardiovascular diseases; this phenomenon is 

associated to an age-associated decline of the immune system, defined as 

immunosenescence which is associated to a low-grade inflammation
29

. In this context, 

the three categories of monocytes do not present a different transcriptional signature, 

but they have a lower cytokines expression than young subjects [interferon (IFN)-α for 

classic and IFN-Ȗ for non-classical monocytes], upon TLRs stimulation
19

. This 

reduction might lead to an impaired migration of the immune cells towards the infection 

site, explaining the worse outcome for old patients
19

. Moreover, non-classical 

monocytes derived from old subjects show a higher CX3CR1 expression, leading to a 

potential increased recruitment to inflamed sites, which can be a risk factor for the 

development of chronic inflammatory disease for this category of people
19

. In elderly, 
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the absolute count of non-classical monocytes is higher as compared to young subjects 

and they have been also demonstrated to secrete a higher basal level of SASP, as TNFα 

and IL-8
24

. 

2.1.3 Th17 lymphocytes and T regulatory cells 

2.1.3.1 Th17 cells 

Th17 lymphocytes were firstly evidenced in mouse model of autoimmune 

encephalomyelitis and type II collagen-induced arthritis, two diseases associated to 

Th17 CD4+ lymphocytes dysfunction, where they were identified as the autoimmune 

pathogenetic cause and named IL17-producing CD4+ lymphocytes induced by IL-23
30

. 

Subsequently, this new population was demonstrated to differentiate independently 

from Th1, even if they share the cytokine receptor IL-12Rȕ2, which binds IL-23 for 

Th17 or IL-12 for Th1. In presence of INFȖ, the Th17 differentiation is blocked and, 

indeed, upon INFȖ blockade and availability of IL-23, it is possible to induce Th17 

without Th1 or Th2 master regulator transcription factors activaton
31

. In-vitro and in-

vivo studies have confirmed that differentiation of IL-17-producing effector T cells is 

independent from the mechanisms required for Th1 or Th2 cell development. The tissue 

inflammatory action of Th17 lymphocytes has been further clarified: they secrete IL-6 

and several chemokines, such as C-C Motif Chemokine Ligand (CCL)2, CCL7, CXCL1 

and CCL20 and they induce neutrophils recruitment toward lungs
32

. 

Nowadays, Th17 CD4+ lymphocytes are well accepted as a further CD4+ lineage 

differentiation and their maturation pathway has been defined. Under physiological 

conditions, CD4+ näive cells differentiate in the thymus towards Th17 lineage only if 

they express the lineage precursor marker CD161, a glycoprotein that induces Th17 

cells to migrate
33

. Moreover, on the cell membrane Th17 precursors are equipped with 

the receptors necessary to sense the proper differentiative cytokines cocktails, i.e. IL-

23R, transforming growth factor (TGF)-ȕR, IL-6R, IL-21R and IL-1R, necessary to 

bind IL-23, TGF-ȕ1 and IL-6
33

. 

Th17 cells produce different cytokines and chemokines that are active on both non-

immune and immune cells. IL-17A and IL-17F induce epithelial cells, endothelial cells 

and fibroblasts to produce CXCL8, which is crucial for recruitment of neutrophil 

granulocytes. A similar effect is induced by IL-22 and IL-26 on epithelial cells. Th17 

cells are also able to recruit neutrophils through the activation of monocytes by the 

combined activity of IL-17A, IL-17F and granulocytes-macrophage colony stimulating 

factor (GM-CSF), as well as the direct production of CXCL8 and GM-CSF. IL-17A, IL-

17F, IL-22 and IL-26 also stimulate epithelial cells to produce CCL20, that results in 

the recruitment of Th17 cells themselves. IL-21 activates NK cells and CD8+ cytotoxic 

T cells, is a powerful B cell stimulatory factor and also provides an autocrine 

amplification loop for Th17 cells themselves. 

The transcription factor known as the “master regulator” of Th17 differentiation is 
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RAR-related orphan receptor gamma T (RORȖT), but others regulators are similarly 

crucial: Signal transducer and activator of transcription 3 (STAT3), Transcription factor 

Maf (c-Maf), Basic leucine zipper transcription factor, ATF-like (BATF) and IRF4 

access to similar loci. On the contrary, Fosl2 is a negative regulator, because its 

occupancy overlaps with BATF and IRF4. Moreover, RORȖ is not the prototypical 

regulator, because it does not “lock” the lineage program, since it can be easily 

switched
34

. Taken together, Th17 cells have a great plastic capacity and are sensitive to 

different external stimuli either in physiological and pathological conditions. 

 

2.1.3.1.1 Th17 cells role in pathological condition 

The direct pathogenetic involvement of Th17 cells has been reported in many 

autoimmune disorders. One of the most studied, used as a model to study Th17 

plasticity, is experimental autoimmune encephalomyelitis (EAE). Pathological Th17 

cells are induced by IL-23, IL-6 and TGF-ȕ3, which, differently from TGF-ȕ1, blocks c-

Maf and Aryl-hydrocarbon Receptor (Ahr), notably the genes responsible for the 

regulatory phenotype of Th17 lymhocytes
35

. IL-23 is mandatory for the pathogenicity 

because it blocks the production of IL-10, an immunomodulatory cytokine, and induces 

GM-CSF and TGF-ȕ3 as an autocrine self-maintenance
36

. Moreover, activation of T-

box transcription factor (T-bet) induces the expression of IFNȖ, an important 

pathogenetic mediator. This kind of Th17 involvement in autoimmune diseases can be 

extended to many other pathological conditions such as allergic reactions and others 

autoimmune diseases
37

. 

 

2.1.3.2 T regulatory lymphocytes  

The importance of thymus in establishing and maintaining the self-tolerance was firstly 

evidenced fifty years ago. Forty years later a subset of CD4+ T lymphocytes has been 

identified expressing high amounts of CD25 and capable of suppressing disease in 

models of autoimmunity
38

.  

Treg cells differentiate mainly in the thymus medulla where CD4+ lymphocytes 

undergo high-avidity interactions with self-peptide/MHC class II complexes and IL-2R 

signaling and are responsible for the systemic self-tolerance
38

. Moreover, Treg can 

differentiate in the secondary lymphoid organs giving rise to the peripheral Treg, which 

are responsible for the maintenance of the tolerance to commensal microbiota
39

. They 

develop from näive T-cell precursors upon exposure to antigenic stimulation under 

tolerogenic conditions, i.e. strong TCR signaling, suboptimal co-stimulation and high 

amounts of TGF-ȕ1 and retinoic acid
38

. Moreover, it has recently been shown that a 

small subpopulation of Treg cells express CCR6, which is associated with T cells that 

possess an effector-memory phenotype and their development is boosted by IL-35
40

. 

To gain the induction of Treg lineage the expression of the transcription factor forkhead 
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box P3 (FoxP3) is mandatory, which is considered the “master regulator” for Treg 

development. A peculiarity of Treg is an overall DNA hypomethylation, which makes a 

cell poised for expressing not only Foxp3 but also other Treg cell function-associated 

molecules and contribute to the stability of cell lineages that are critical for long-term 

immune tolerance
41

. Among these other factors, Forkhead box protein O1 (Foxo1) 

inhibits the expression of the inflammatory cytokine IFNȖ42
.  

Treg lymphocytes are central to maintain the self-tolerance and, indeed, their depletion 

in mouse models leads to acute autoimmunity
43

. Upon FoxP3 stimulation, Treg cells 

express Cytotoxic T-Lymphocyte Antigen 4 (CTLA4), IL-10, IL-10Rα, CD5 and Fas. 

On the other hand FoxP3 blocks the expression of pro-inflammatory cytokines 

including IL-2, TNFα, IFNȖ, IL-17 and IL-4
43

. The immunomodulatory action of the 

regulatory lymphocytes can be subdivided according to different functions: inhibitory 

cytokines release, cytolysis and metabolic disruption. The first one refers to the 

secretion of the above listed cytokines (IL-10, TGF-ȕ and IL-35). The cytolytic action is 

mediated by the secretion of Granzime A and Perforin and the expression of FasL and 

Galectin1, which all induce T cells apoptosis. Treg cells block effector lymphocytes 

also through the depletion of important metabolites: their higher expression of CD25 

impounds IL-2, a cytokine necessary for lymphocytes survival; concurrent expression of 

the ectoenzymes CD39 and CD73 was shown to generate pericellular adenosine, which 

suppresses effector T-cell function and enhances the generation of induced Treg cells by 

inhibiting IL-6 expression while promoting TGFȕ secretion. Eventually, Treg cells 

suppress effector T-cell function directly by transferring the potent inhibitory second 

messenger cyclic AMP (cAMP) into effector T cells through membrane gap junctions
40

. 

2.1.3.2.1 Treg cells role in pathological condition 

The major pathogenic role of Treg cells deals with tumorigenesis. As far as lymphomas 

are concerned, Treg cells have been categorized in four types, accordingly to their role: 

- Suppressors Treg cells: they favour the immune evasion of the lymphoma cells 

by blocking CTL; 

- Malignant Treg cells: they favour the tumours proliferation, as for adult T 

lymphocyte leukemia; 

- Killer Treg cells: they induce the apoptosis of cancerous cells; 

- Incompetent Treg cells: they result less active and are reduced in numbers
44

. 

 

2.1.3.3 Th17/Treg ratio and its implication in pathological condition 

TGF-ȕ is an important player for differentiation and growth of both Th17 and Treg 
cells. It induces the expression of the transcription factors RORȖT and FoxP3 and the 

differentiation towards one or another type of lymphocytes based on the cytokine 

microenvironment. A period of co-signal transduction for both cell type differentiation 
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2.2 T-Large granular lymphocytes leukemia 

2.2.1 LGLL classification 

Large Granular Lymphocyte Leukemia (LGLL) is a rare chronic lymphoproliferative 

disorder characterized by the clonal expansion of LGL
49

. 

The 2016 World Health Organization (WHO) classification identifies two main chronic 

lymphoproliferations among LGLL: T-LGLL, which defines a CTL clonal expansion 

and represents the most frequent variant up to 85% of total LGLL cases, and NK cells 

neoplasm, which can be further subdivided in the provisional entity of Chronic 

Lymphoproliferative Disorders of NK cells (CLPD-NK,   10% of cases) and the 

Aggressive NK Leukemia (ANKL, <5% of cases and with the highest prevalence in 

Asia)
50

.  

Epidemiological studies have estimated that LGL proliferations account for 2%–5% of 

chronic lymphoproliferative disorders in North America and Europe and for 5%–6% in 

Asia
51

. Recently, the incidence of LGLL has been published from the Dutch and the 

American registry, which reported 0.72 cases and 0.2 cases per 1 million individuals per 

year respectively
52,53

. T-LGLL and CLPD-NK are commonly diagnosed in elderly 

patients, the median age at diagnosis being 66.5 years with females likely to be 

diagnosed at 3 years earlier compared with males
53

. 

T-LGLL and CLPD-NK share an indolent and chronic nature, with similar clinical and 

biological features
54

. The discovery of the same genetic lesions, both in leukemic T-

LGLs and NK cells, might suggest a common pathogenetic mechanism, despite they 

arise from different cell lineages
55

. In contrast, ANKL is characterized by a highly 

aggressive clinical behavior
56

 and it has been suggested to represent a separate clinico-

pathologic entity within NK cells proliferations.  

Apart from the LGLL variants listed in the WHO classification, LGLL has represented a 

matter of controversy, because LGL proliferations include a large spectrum of disorders 

ranging from polyclonal, usually self-limiting lymphocytosis, to indolent clonal 

expansions, until symptomatic treatment requiring aggressive diseases
57,58

. This thesis is 

focused on the study of T-LGLL. 

 

2.2.2 T-LGLL diagnosis 

The diagnosis of T-LGLL requires the demonstration of a clonal lymphocytosis lasting 

more than six months and must be differentiated from transient lymphocytosis that can 

be often detected in patients affected by viral infections, autoimmune diseases, solid 

tumours or after organ transplantation
4
. Moreover also chronic polyclonal LGL 

expansions are described, but they are referred as benign expansions
4
. The threshold for 

LGL lymphocytosis was set at 2×10
9
/L. However, since several patients can present 

lower clonal expansion of LGL and are typically associated with cytopenias or 
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autoimmune conditions, a threshold of 0.5×10
9
/L is now generally accepted

59
. 

A T-LGL lymphoproliferation must be properly identified using the expression of the 

cytotoxic markers CD16, CD57 and CD56
57

. Moreover, leukemic T-LGL show terminal 

effector memory phenotype, i.e. CD3
+
/CD4

-
/CD5

dim
/CD8

+
/CD27

-
/CD28

-
/CD62L

-

/CD45RA
+
/CD122

+
/CCR7

-60
. In addition, T-LGL can also express cytotoxic NK cell 

markers and receptors as killer immunoglobulin–like receptor (KIR) and C-type lectin 

receptor, as the CD94/NKG2 heterodimer
61

. A rare subset of leukemic T-LGL, 

characterized by the typical immunophenotype CD3
+
/CD8

+
/CD56

+
, denotes an 

aggressive form of T-LGLL with a poor outcome and a younger age of incidence
62

. 

T-LGL are usually CD8+, but CD4+ chronic T-LGL proliferations have been described, 

with or without the co-expression of CD8, resulting more indolent than the classical 

CD8+ form
63

. Despite the expression of CD4, which usually defines T helper cells, both 

CD8 and CD4 LGL are classified as cytotoxic T lymphocytes and are to some extent 

associated to cytomegalovirus infection
64,65

. 

T-LGLL typically harbours an αȕTCR, but a few, uncommon, clonal T-LGL can 

express a ȖįTCR and display a Vį1/2 and Vį9 profile66
. Patients affected by ȖįTCR-

LGLL show similar clinical and biological features to the αȕTCR form67
. 

To define the diagnosis of T-LGLL, the clonal nature of T-LGL expansion has to be 

assessed by detection of TCRȖ gene rearrangement60
. Moreover, deep sequencing of 

TCR has demonstrated a restricted diversity of TCR repertoire
68

. Flow cytometry 

analysis with monoclonal antibodies against the Vȕ repertoire of the TCR can be used 
as a surrogate for clonality by showing the preferential use of one or two TCR-Vȕ 
segments

57,69
, strongly associated with monoclonal CDR3 region. It is worth mentioning 

that fluctuations in clonal dominance, referred to as clonal drift, are described up to one 

third of cases
57,70

. 

Bone marrow aspirate and/or biopsy is not recommended for T-LGLL diagnosis and are 

not routinely performed as a part of the initial diagnostic work-up. However, in some 

cases in whom the diagnosis is not specified or the etiology of cytopenias is not clear, a 
BM evaluation is needed to exclude other bone marrow failure syndromes frequently 

associated to LGLL such as Myelodysplastic Syndrome (MDS), Aplastic Anemia and 

Paroxysmal Nocturnal Hemoglobinuria
57

. 

 

2.2.3 Clinical features 

Patients affected by T-LGLL have usually an indolent course with an overall survival of 

14.5 years
71

. Approximately one-third of patients are asymptomatic at diagnosis, 

whereas two-thirds of patients will become symptomatic during the course of the 

disease
2
. Clinical manifestations include mainly cytopenias and neutropenia is the most 

frequent feature. Neutropenia is defined by an absolute neutrophil count (ANC) lower 

than 1,500/mm
3
 and about 25% of neutropenic patients develop also severe neutropenia 
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(ANC<500/mm
3
)
72

. Infections derived by chronic neutropenia affect from 15% to 39% 

of patients, involving primarily skin, oropharynx, and the perirectal area
73

. Moreover, 

severe septic complications may occur in about 5% of patients, representing the primary 

cause of T-LGLL related death
59

. 

Concerning other cytopenias, transfusion-dependent anemia affects between 6% and 

22% of patients according to different series, whereas pure red cell aplasia occurs in 8% 

to 19% of cases. Thrombocytopenia is less severe and has been described in less than 

20% of cases. A quarter of patients harbours splenomegaly, with T-LGLL infiltration; 

on the contrary, hepatomegaly or lymphadenopathy are rarely observed
74

. B symptoms 

and fatigue are rare and they are observed in only 20%-30% of cases
59

. As mentioned, 

when T-LGLL is sustained by a clone CD3
+
/CD8

+
/CD56

+
, the disease is associated with 

very high LGL count, hepatosplenomegaly, lymphadenopathy, severe anaemia and 

thrombocytopenia and presents with an aggressive course of the disease similar to 

ANKL
62

. 

T- LGLL is commonly associated with autoimmune diseases, reported in about 15% to 

40% of patients. RA is the most frequent disorder that is present in about 15% of the 

cases. Autoimmune cytopenias are reported in approximately 10% of patients, including 

pure red cells aplasia, immune thrombocytopenia and haemolytic anemia. SLE, 

Sjögren’s syndrome, autoimmune thyroid disorders, coagulopathy, vasculitis with 

cryoglobulinemia, pulmonary artery hypertension and inclusion body myositis have 

occasionally been reported
59

. 

Besides autoimmune diseases, T-LGLL can correlate also with other haematological 

malignancies. Defects in downregulation of immunoglobulin secretion in LGL leukemia 

might lead to the development of autoantibodies and clonal B-cell malignancies 

observed in this disease, monoclonal gammopathy of undetermined significance being 

the most frequent (10%–20%)
59

. Chronic lymphoid leukemia, follicular lymphoma, 

mantle cell lymphoma, Hodgkin lymphoma, myelodysplastic syndromes and aplastic 

anaemia can be also associated with LGLL
75–77

. 

 

2.2.4 T-LGLL pathogenesis 

The etiology of T-LGLL has not been clarified yet, but accumulating evidence suggests 

that a chronic antigenic stimulation, mediated either by auto- or viral-antigen, might 

lead to a polyclonal T-LGL expansion in the bone marrow
57,78

. Indeed, many chronic 

viral infections have been documented, including Hepatitis C virus, Cytomegalovirus, 

Epstein-Barr virus or Human T-lymphotropic virus
79–81

. Moreover, the discovery of a 

direct interaction between DC, which are antigen presenting cells (APC), and LGL in 

patients’ bone marrow suggests that this site represents the place where the 

lymphoproliferation begins
82

. 

Even if T-LGLL pathogenesis is not to date completely understood, the hypothesis has 

been proposed that a multi-step process drives to T-LGLL development, as shown in 
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the identification of activating somatic mutations, so far reported as a minor criteria in 

the 2016 WHO classification
50

. 

 

2.2.5 STAT mutations 

2.2.5.1 STAT3 mutations 

The presence of STAT3 mutations has been documented in 11–73% of patients and the 

most frequent are Y640F and D661Y, located in the SH2 domain, which promotes the 

dimerization, phosphorylation and localization in the nucleus of STAT3 proteins
90

 (fig. 

5). Activating STAT3 mutations can be also detected in the coiled-coil and DNA 

binding domains (DBD). Phenotypically, no difference has been observed between 

patients with somatic mutations in the SH2 domain as compared to those with mutations 

in the DBD and in the coiled-coil domains
91

. The activating action of the mutations was 

related both to a stronger STAT3 phosphorylation, ending with a higher downstream 

anti-apoptotic proteins expression and also to a higher transcription of the target 

genes
90

. 

Despite their high mutational frequency, it has been demonstrated that the presence of 

STAT3 mutations are insufficient to induce LGLL in mice models, therefore it has been 

suggested that STAT3 mutations do not play a causal role in development of T-LGL 

leukemia, but additional mutations or deregulation of pro-survival pathways are 

necessary to develop the disease
92

. Consistently, the demonstration has been recently 

provided that STAT mutation represents a secondary event arising either within an 

already pre-expanded clonotype, or simultaneously with the clonal expansion of the 

immunodominant TCR Vȕ clonotype57,93
. 

As already stated, STAT3, even in its unmutated form, is constitutively activated in 

leukemic LGL. Moreover, patients, that resulted wild type (wt) for STAT3, can present 

mutations in other genes directly related with JAK/STAT pathway, leading as well to T 

cell activation
94,95

. 

In terms of clinical impact of STAT mutations, a significant correlation between the 

presence of STAT3 mutations and neutropenia/symptomatic disease or rheumatoid 

arthritis has been highlighted in several studies
72,96,97

. In particular, it has been found 

that neutropenic patients, mostly STAT3 mutated, are associated to a peculiar 

immunophenotype, i.e. CD3+/CD8+/CD16+/CD56-
72

. 

2.2.5.2 STAT5b mutations 

STAT5b mutations have been identified in a small subset (2%) of T-LGLL patients, with 

a distinctive immunophenotype (CD3
+
/CD8

+
/CD56

+
) and a clinically aggressive 

disease, with a poor prognosis
98

 (fig. 4). Then, STAT5b mutations were detected also in 

55% of CD4+ T-LGLL patients, underlining that STAT5b mutations characterize, but 

not exclusively, the CD4+ phenotype rather than the CD8+ phenotype
99

. Clinically, 

STAT5b mutated CD4+ T-LGLL patients show an indolent and asymptomatic disease, 
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IL-15 stimulates LGL proliferative and cytotoxic capacity in-vitro, as IL-2 does
101,102

. 

The IL-15 membrane form has been detected on LGL surface as well as the expression 

of the specific receptor IL-15Rα, suggesting the capability of specific response on LGL, 

also confirmed by the presence of the other two receptors necessary for the signaling, 

i.e. IL-2/IL-15Rȕ (CD122) and the common Ȗ-chain (CD132)
101

. The expression of the 

soluble cytokine might be related to monocytes, since IL-15 mRNA expression 

correlates also with CD14 production
101

. IL-15 mediated survival is induced by 

proteasomal degradation of the pro-apoptotic protein Bid and this effect can be reverted 

upon Bortezomib (Bz, a proteasome inhibitor) treatment, leading to leukemic LGL 

apoptosis
103

. Chronic in-vitro IL-15 stimulation induces chromosomal aberrations and 

hyper-methylation, through the repression of miR-29b, which is responsible of the DNA 

Methyltransferase 3 Beta (DNMT3B) down-modulation. Moreover, myc and NFkB 

activation leads to DNMT3B activation and this effect can be reverted in-vitro by Bz 

treatment
104

. 

The pathogenetic role of IL-15 has been also demonstrated in-vivo: transgenic (tg) mice 

overexpressing murine IL-15, under MHC class I promoter control in order to lead a 

higher efficiency of expression, developed an early lymphocytosis with lethal 

accumulation of NK cells and CD8+ clonal T-lymphocytes in peripheral blood, several 

lymphoid and other organs
105

. Since the above mentioned in-vitro effects of 

Bortezomib, its liposomal formulation was tested in-vivo leading to a reduction of the 

leukemic burden in IL-15tg mice
104,106

. On the other hand, mice overexpressing 

recombinant human IL-15 develop a benign and non-clonal NK and CD8+ T 

lymphocytes expansion, which is then followed by an acute expansion of CD8+ T 

lymphocytes, defined as terminal stage. CD8+ terminal stage cells are transplantable in 

syngeneic mice causing a secondary leukemia. The leukemic cells have constitutive 

STAT5b activation and they grow ex-vivo only supplemented by IL-15, indicating the 

crucial role of this cytokine for the leukemogenesis. Moreover, leukemic cells co-

express the specific receptor IL-15Rα that is mandatory for the development of the 

terminal stage, underlying the importance of the in cis activation. Double transgenic 

mouse IL-15Rα-/-
IL-15Tg maintained a controlled CD8+ lymphocytes expansion. The 

specific expression of IL-15Rα on leukemic cells can be attributed to a reduced 

methylation of its promoter in comparison to healthy CD8+ lymphocytes
107

.  

The importance of specific IL-15 receptor has also been demonstrated in patients. A 

higher concentration of the soluble form of IL-15Rα has been detected in comparison to 

healthy controls and this correlates with the incidence of neutropenia. The expression of 

IL-15Rα was detected on monocytes and, for some patients, on LGL; this underlines a 

high sensitivity even to a low dose of IL-15 for LGL mediated by in cis activation also 

thanks to the IL-15Rα shedding from monocytes, which in turn is induced by the 

metalloprotease ADAM17
108

. A further proof of the in cis action of IL-15 comes from 

clinics: a phase I clinical trial has been performed using a monoclonal murine antibody 

against CD122, which blocks the in trans activation of the trimeric receptors. The 
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biological drug has been demonstrated to be safe but only a little and transient increase 

of the neutrophils has been detected in some patients
109

. On the contrary, the in-vitro 

chemical inhibition of CD132 with the peptide BNZ-1 in ex-vivo T-LGLL PBMC and 

in-vivo models effectively decreases the IL-15, IL-2 and IL-9 mediated survival
110

. 

A microarray analysis on purified LGL underlies a disease specific higher expression of 

IL-1ȕ in comparison to healthy controls, which has been also confirmed by the high 

presence of this cytokine in the patients’ plasma. The steepest difference has been 
detected in patients affected also by RA, a common co-morbidity for LGLL, due to the 

pathogenetic role of IL-1ȕ in this disease
111

. Consistently, another study has underlined 

the higher mRNA expression of IL-1ȕ and IL-1Rα, but confirmed the higher presence in 

patients’ plasma only for IL-1Rα112
. Moreover, IL-18 (also connected to RA), CCL5, 

CCL4, IFNȖ and IL-8 are constitutively expressed and found at higher concentrations in 

patients’ plasma than in healthy subjects; this allows to observe an overall proliferative 

Type I lymphokine profile in T-LGLL, a pattern of secretion that can be also linked to 

anti-viral response, since these chemokines can stimulate CD8+ lymphocytes after 

infection
112

. 

Other cytokines related to RA are demonstrated to play a role in T-LGLL: in-vitro IL-6 

treatment contributes to LGL survival through the phosphorylation of STAT3 inducing 

the expression of the anti-apoptotic protein Mcl1. Moreover, when IL-6 is neutralized 

by a monoclonal antibody (mAb), the survival of LGL is clearly reduced. IL-6 and the 

soluble form of its specific receptor IL-6Rα are detectable in the non-leukemic fraction 

of PBMC, speculating that monocytes might be the cellular source. Moreover, plasma 

levels of IL-6 and IL-6Rα are notably higher in LGLL patients as compared to healthy 

controls. Anyway, IL-6 treatment fails in inducing the STAT3 mediated SOCS3 

expression, i.e. the negative feed-back of STAT3 activation. It has been demonstrated 

that SOCS3 is epigenetically silenced and its STAT3 inhibiting role is restored upon 

treatment with demethylating agents
113

. 

Monocytes might also secrete IL-8/CXCL8, since a high expression of these cytokines 

has been identified in the non-leukemic fraction of PBMC. Only leukemic T-LGL 

overexpress CXCR1 and to a less extent they are positive for the receptors of these 

cytokines (CXCR3 and CXCR4). Taken together, these findings allow to suggest a 

specific LGL chemotaxis in presence of IL-8/CXCL8
114

. Consistently, late 

inflammation CCRs, namely CXCR1 and CXCR2, are overexpressed in T-LGLL, 

indicating that leukemic T-LGL behave as terminally differentiated inflammatory cells. 

Furthermore, an inverse correlation between the CCR5 expression and neutropenia or 

lymphocytosis has been described
115

. On the contrary, another study did not identify a 

differential expression among patients, with exception of CCR7 down-modulation for 

patients’ LGL. A correlation between CCR5 and CXCR3 expression has been 

identified, together with an increased presence of their ligands in patients’ plasma 
(CXCL10 and CXCL9), further underlining the heterogeneity of T-LGLL

116
. 
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2.2.6.2 Bone marrow features 

The analysis of leukemic LGL infiltration in the bone marrow is not routinely 

performed to assess the diagnosis of LGLL. Aspirates and biopsies sometimes are found 

ipercellular and the infiltrates represent small groups of LGL with small, minimally 

irregular nuclei and sparse cytoplasm. The bone marrow involvement recognizes two 

patterns: a) an interstitial clusterization of CD8+, CD57+, granzyme B+ and TIA1 

Cytotoxic Granule Associated RNA Binding Protein + (TIA-1) lymphocytes; b) a linear 

arrangement of cells with the same immunophenotype representing the LGL 

accumulation in microvascular stuctures
117,118

. Some lymphoid aggregates of CD20+ 

and non-cytotoxic CD3+ lymphocytes which are common to infective reaction and 

autoimmune diseases can be observed
117

. Moreover, an increased amount of erythroid 

precursors leads occasionally, i.e. around the 30% of the cases, to a decreased M:E ratio 

(the ratio between myeloid and erythroid precursors). Reticulin deposit has been 

identified in BM biopsies of T-LGLL patients, evidencing a fibrosis status which is 

more evident close to the lymphoid aggregates
119

. 

2.2.6.2.1 Bone marrow T-LGLL microenvironment 

Mesenchymal stromal cells (MSC) play a role in cytopenia development in bone 

marrow of T-LGLL patients: they are demonstrated to be less in number, to grow 

slowly, to be more senescent and to deposit more collagen type I, III and V than MSC 

derived from healthy controls. All these findings lead to a reduced growth of 

hematopoietic precursors. MSC express less fibroblast growth factors (FGF) and, upon 

treatment with this cytokine, MSC become less senescent and deposit less collagen, 

leading to a higher hematopoietic precursor growth. In CD8+ T-LGLL cases, a strong 

reduction of CD4+ lymphocytes with a parallel enrichment in CD8+ takes places. It has 

been postulated that this phenomenon could represent an underappreciated part of the 

pathogenesis in which leukemic cells act not directly on hematopoietic precursors but 

on BM microenvironment
119

. 

The direct role of MSC is still to be defined, but it has been proved that bone marrow 

derived DC induce the proliferation of either leukemic T-LGL or NK cells. A direct 

connection between DCs and LGL or NK cells found in patients’ BM biopsies has been 

demonstrated, suggesting that DC pulsed with a particular antigen, which is still to be 

defined, might be the potential inciting agent responsible of LGL proliferation
82

. 
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avoid potential Myelodysplastic Syndrome/Acute Myeloid Leukemia complications
57

. 

The results of the first perspective trial of immunosuppressive therapy in LGLL have 

been recently reported: 55 patients underwent MTX as first line therapy, with 38% 

ORR; non-responding patients switched to CTX therapy with 64% ORR
125

. A 

randomized trial (NCT01976182) investigating the first line therapy with MTX vs CTX 

is on-going in France aiming to determine the best first line choice of therapy in this 

setting. 

CyA (3-5 mg/kg) is usually preferred in patients with severe anemia or as a second line, 

for which the ORR is variable (21-100%) and the duration of treatment is undefined, 

since the disease usually relapses
126

. Many other options have been proposed as 

salvage-therapy: Alemtuzumab (anti-CD52) reaches an ORR of 74% and a complete 

response of 47%, but toxicities limit its use; purine analogs (fludarabine, cladadrine, 

pentostatine or bendamustine) have been experienced in few patients and the ORR is 

promising (70-80%)
127–129

. 

Considering the poor response of the approved drugs, the role described of STAT 

mutations and microenvironment in T-LGL survival, and the concurrence of 

autoimmune diseases prompted the application of drugs directed towards these targets. 

Rituximab (anti-CD20) has been used in few T-LGLL patients with concurrent RA and 

LGLL, with unexpected responses; authors suggested that the elimination of B cell 

expansion and auto-antigens is responsible for LGL clone suppression
130

. Tofacitinib, a 

JAK3 inhibitor, approved for the treatment of refractory RA, was tested in 9 patients (4 

carrying STAT3 mutations) affected by concomitant refractory LGLL and RA, with 

hematological response in 6 patients and neutropenia improvement in 5 out 7 

patients
131

. 
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3 Aim of the study 

T-LGLL is a chronic and heterogeneous lymphoproliferative disorder; cells 

proliferation is sustained by both deregulated pathways within the leukemic clone and 

by external pro-inflammatory stimuli. In particular, NFkB and JAK/STAT axes are 

reported to be constitutively active in leukemic clone. The abnormal STAT activation is 

also strengthened by somatic, mutually exclusive mutations in STAT3 or STAT5b genes, 

specifically detected in CD8+ and CD4+ T-LGLL respectively. The intracellular 

deregulations are also affected by external stimulation. In fact, some pro-inflammatory 

cytokines are increased in T-LGLL patients’ plasma including IL-6 and CCL5. 

Moreover, one of its receptors, CCR5 is less expressed on leukemic LGL surface.  

With the above background, this study has been designed to evaluate the 

microenvironment in T-LGLL focusing on two main topics: the role of monocytes in 

LGLL and the distribution of T cell subsets, notably Th17 and Treg. The first issue 

addresses the role of monocytes in leukemic T-LGL survival, characterizing putative 

relationships between monocytes and LGL, particularly mediated by IL-6 and CCL5. 

Since three classes of monocytes are recognized, namely classic, intermediate and non-

classical and since their distribution can be altered in several autoimmune diseases, 

conditions often associated to T-LGLL, we evaluated the distribution of monocytes 

subsets and their molecular features in peripheral blood of T-LGLL patients. 

Regarding the second topic, since nothing is actually known on the putative pro-

leukemic role of other subsets of the immune system in T-LGLL, i.e. residual T 

lymphocytes, we planned to evaluate Th17 and Treg lymphoid populations in patients’ 
peripheral blood. 

Eventually, to better characterize the inflammatory environment in peripheral blood of 

patients, our study also aims to provide a preliminary evaluation of the patients’ 
secretome in order to identify possible new pathogenetic cytokines taking place in the 

TME. In a few symptomatic patients requiring treatment, we also evaluated whether 

therapy would impact on TME cells. 
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4.1.2 Immuno-magnetical LGL and monocytes purification 

LGL and/or monocytes were purified from PBMC with monoclonal antibodies (mAb) 

conjugated to magnetic microbeads (Miltenyi Biotec, Germany), anti-CD57 for LGL or 

anti-CD14 for monocytes. Purification was performed separately, but, when necessary, 

a double purification was carried out firstly to isolate monocytes and, subsequently, the 

negative fraction was used to extract LGL. 

The defined number of cells was centrifuged at 1200 rpm, 20°C for 10’ and then 
incubated for 15’ at 4°C with the proper amount of purification buffer (PBS 1X, BSA 

0,5%, EDTA 2 mM) and antibodies, in a ratio 5:1. At the end of the incubation time, the 

cells were washed from the antibody excess with purification buffer and centrifuged at 

1200 rmp, 4°C for 10’. In the meantime, the proper magnetic column was placed in the 

MACS separator (Miltenyi Biotec, Bergisch Gladbach, Germany) and equilibrated with 

purification buffer. The cells were then resuspended in 500 ȝl of purification buffer and 

poured into the column, leading the binding of the cells magnetically labelled to the 

column and the collection of the unlabelled cells in the flow through. The column was 

rinsed 3 times with purification buffer and then removed from the separator and placed 

in another tube and the labelled cells were flushed out by pushing the plunger into the 

column. Both fractions were centrifuged at 1200 rpm, 20°C for 10’ and, in the end, the 

cells were resuspended in the proper amount of physiological solution to be counted 

with a Neubauer chamber and further processed after the purity check performed by 

flow cytometry. 

4.1.3 Cell culture 

Cells were cultured 2x10
6
 cells/mL in RPMI 1640 (Euroclone, Milan, Italy) enriched 

with 10% Fetal Calf Serum (FCS; Euroclone, Milan, Italy), 1% penicillin + 

streptomycin (Gibco Laboratories, Dublin, Ireland) at 37°C and 5% CO2. 

4.1.3.1 Cytokines stimulation 

To perform cytokines stimulation, monocytes and LGL were purified from the same 

subjects. The two populations were obtained through a double immune-magnetic 

purification. 

Monocytes were stimulated with recombinant human (rh) CCL5 (R&D Systems, 

Minneapolis, USA) 100ng/ml. LGL and negative counterpart were stimulated with rh-

CCL5 100 ng/ml or rh-IL-6 (SIGMA; Saint Louis, USA) 20 ng/ml.  

The cells were incubated for 12 hours at 37°C and 5% CO2, after that, the cells and 

supernatant were harvested and further processed. 

4.1.4 Cryopreservation 

4.1.4.1 Vital cryopreservation 

The volume of cells needed for the freezing was precipitated at 1600 rpm for 9’ at 20°C 
and then resuspended with cold freezing medium (complete RPMI with the addition of 
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50% FCS and 7% Dimethyl sulfoxide, DMSO), to avoid the cytotoxicity of the DMSO. 

1 mL of the resulting cell suspension was transferred into the cryovials and the tubes 

were put into the freezing-aid ("Mr. Frosty"). This device was half-filled with absolute 

isopropanol, which ensured a slow cooling rate of the cell suspension of 1 C/min to 

avoid cell damage. The freezing apparatus was stored up to 5 days at -80°C. The 

cryovials were transferred for long term storage in a liquid nitrogen tank (-196 C). 

4.1.4.2 Cryopreservation for molecular analyses 

 To extract RNA the cells were preserved in lysis buffer (RNeasy Mini Kit, Qiagen, 

Hilden, Germany) added with 1% ȕ-mercaptoethanol (ȕ-ME). The proper number 

of cells were aliquoted and centrifuged at 5000 rpm, 4°C for 5’. The supernatant 
was discarded or cryopreserved for further analysis. The cells were lysed and the 

lysate was kept at -80°C till the RNA extraction. 

 To extract protein or DNA the cells were processed as for RNA extraction but the 

cells are frozen as pellet and kept at -80°C till the extraction. 

 Plasma and cell culture supernatants were preserved at -80°C for serological 

evaluation. 

4.2 Molecular biology 

4.2.1 Mutational analysis 

4.2.1.1 DNA extraction 

DNA was extracted from patients’ PBMC, approximately 1-20 million total cells. The 

“Puregene Cell and Tissue Kit” (Qiagen, Minneapolis, USA) was used. Firstly, the cells 

were lysed through 1 hour incubation with Cell lysis solution at 37°C, after shaking it 

firmly with a vortex. Then, RNA was degraded through treatment with RNase A 

solution for 1 hour at 37°C and subsequent cooling of the cell lysate in ice (5’). Protein 
was precipitated by adding Protein precipitation solution to the lysate and vortexing; the 

sample was centrifuged at 13000 rpm for 3’ at room temperature (RT), after which the 
DNA containing supernatant was transferred into a new tube. 100% was added and 

DNA was precipitated gently inverting the tube several times until a white precipitate 

appeared. The sample was centrifuged at 13000 rpm for 2’ at RT and the supernatant 
was discarded. The DNA precipitated was washed with ethanol 70% in order to 

eliminate alcohol contamination and centrifuge at 12000 rpm for 1 minute, after which 

the supernatant is discarded. DNA was endingly hydrated by adding DNA hydration 

solution to the DNA pellet, once it was completely dry, and incubated overnight at room 

temperature. The concentration of the RNA was assessed by evaluating the 260 nm 

absorbance with Nanodrop 2000 (ThermoFisher Scientific, Waltham, Massachusetts, 

USA) and the quality was evaluated considering the 260nm/280nm ratio more than 1.80 

and the 260/230 ratio over 2.20. DNA samples were stored at 4°C for short-term usage 

or at -20° for longer storage time. 
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4.2.1.2 PCR 

Polymerase chain reaction (PCR) was used in the present study as the first step of DNA 

sequencing for two main purposes: the screening of patients’ mutational status on 
STAT3/STAT5b. Primers used for the amplification of STAT3 and STAT5b hotspot 

regions (table 1) derived from literature and were specific for exon 21 of STAT3 gene
90

 

and for exon 16 of STAT5b gene
98

, respectively. 

Table 1: Primers used for STAT3 and STAT5b mutational screening; bp= base pairs. 

Target 

region 
Forward primer (5’-3’) Reverse primer (5’-3’) Amplicon 

length 

STAT3 

exon 21 
TCCCATCGGTCACCCCAACA CAGGCCACTGAACAGGGTG 523 bp 

STAT5b 

exon 16 
TGTTGGGGTTTTAAGATTTC CAAATCAGAATGCGAACATTG 266 bp 

 

A standard PCR protocol available in the lab was used, being this analysis a routine 

procedure on LGLL patients. The PCR reaction mixture with the reagents (Applied 

Biosystems, Weiterstadt, Germany) listed in table 2 was prepared on ice under a UV-

sterilized hood, then DNA (200 ng/tube) was added outside the hood, up to a final 

volume of 25 ȝl. A negative control with no DNA was always present in the PCR to 

exclude the presence of contaminants. 

Table 2: Components of the PCR mix and respective final concentrations. 

Reagent Volume (μl) Final concentration 

10X PCR Gold Buffer 2.5 1X 

25 mM MgCl2 1.5 1.5 mM 

10 mM dNTPs 2 0.4 mM 

20 ȝM forward primer 2 0.8 ȝM 

20 ȝM reverse primer 2 0.8 ȝM 

AmpliTaq Gold 5U/ȝL 0.25 1.25 U/25 ȝL 

Sterile water up to 25 ȝL  
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Thermal cycling conditions used for standard PCR reactions are reported in table 3.  

Table 3: Standard PCR program. 

 Enzyme activation 
PCR 

(35 cycles) 

Final 

extension 

Step  Denaturation Annealing Extension  

Temperature 94°C 94°C 
Depending on 

the primers 
72°C 72°C 

Time 10’ 30’’ 1’30’’ 1’ 7’ 

 

4.2.1.3 Analysis of PCR products by gel electrophoresis 

PCR products were run in a 2% agarose electrophoresis gel for the evaluation of the 

results. The gel was prepared dissolving agarose powder (Euroclone S.p.A, Milano, 

Italy) in 1X TAE buffer (TRIS 2M, glacial acetic acid 1M, EDTA 0.5M, pH 8.0; 

Sigma-Aldrich, St. Louis, USA) and adding 5% EuroSafe Nucleic Acid Staining 

Solution 20,000x (Euroclone S.p.A, Milan, Italy). The PCR reaction was mixed with 5 

ȝL of 6X Loading Buffer (Qiagen, Minneapolis, USA) and entirely loaded in the gel; a 

100bp DNA Ladder (Invitrogen, Milan, Italy) was loaded in the first well to 

discriminate the size of the amplicons analyzed. The result of the electrophoresis was 

analyzed using a ChemiDoc Gel Imaging System (Bio-Rad, California, USA).  

As the PCR products were needed for Sanger sequencing, DNA was recovered from the 

agarose gel by excising the bands and extracting the DNA with the kit QIAquick Gel 

Extraction Kit 250 (Qiagen). Gel slices were dissolved in a buffer containing a pH 

indicator and the mixture was applied to the QIAquick spin column, which contains a 

silica membrane to which nucleic acids adsorb in high-salt conditions. Agarose and 

other impurities were washed away and DNA was eluted in 30 ȝl of the low-salt DNA 

Elution Buffer provided by the kit. DNA concentration after the gel extraction was 

measured with Nanodrop 2000. 

4.2.1.4 Sanger sequencing 

This technique has been the gold standard targeted approach for detecting single 

nucleotide variants (SNV), as well as insertions and deletions; in the present study, 

indeed, it was employed for the mutational screening of STAT3/STAT5b genes. 

4.2.1.4.1 Cycle sequencing 

Gel-extracted PCR products were prepared for Sanger sequencing with BigDye 

terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, Weiterstadt, Germany). 

Cycle sequencing is a particular amplification reaction based on the same principles of a 

standard PCR; except for the presence in the reaction mix of fluorescently labelled 

ddNTPs, which stop the DNA elongation whenever they are randomly incorporated by 

the DNA polymerase. Two separate reaction mixtures were prepared for each sample, 
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one containing 1 ȝL of 3.2 ȝM forward primer and the other one with 1 ȝL of 3.2 ȝM 

reverse primer. Both reactions required 4 ȝL of the BigDye Terminator 3.1 Ready 

Reaction Mix provided by the kit, containing dNTPs, the four different fluorescent 

ddNTPs, AmpliTaq DNA polymerase, MgCl2 and Tris-HCl buffer. 50 ng of purified 

amplicon per reaction was added. Sterile water was added to the reaction tube up to a 

final volume of 10 ȝL and samples were moved to the thermal cycler where the 

following amplification program was used (table 4). 

Table 4: Thermal cycling conditions for cycle sequencing reaction. 

Parameters Steps 

 25 cycles 

Hold  Denaturation Annealing Extension 

Temperature 96°C 50°C 60°C 4°C 

Time 10’’ 5’’ 4’’ ∞ 

 

4.2.1.4.2 Capillary sequencing 

Cycle sequencing reactions were purified with DyeEx 2.0 Spin Kit (Qiagen) according 

to the manufacturer’s protocol to remove unincorporated dye terminators and excess 
primers. After this step, 2 ȝL of each reaction was loaded onto an ABI PRISM 3130 

Genetic Analyzer (Applied Biosystems, Weiterstadt, Germany) capillary sequencer, in 

which DNA samples were separated by size through a 4-capillary electrophoretic 

system injected with POP7 (Applied Biosystems, Weiterstadt, Germany) semi-liquid 

polymer. An electric field was applied to force the negatively charged DNA fragments 

into the capillaries and, shortly before reaching the positive electrode, a laser beam 

excited the flouorescently-labelled ddNTPs. When each dye was excited by the laser 

emitted light at a different wavelength, the four bases being in this way detected and 

distinguished in one capillary injection. 

Sequencing output was provided in *.ab1 format files and analysed with ChromasPro 

data analysis software that converted raw fluorescence signals into a chromatogram (fig. 

8). The nucleotide sequence containing the mutation site was searched in the 

chromatogram to check if the mutation was present. 
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were used to anneal with the poli-A (adenine) tail, in order to retrotrascribe only 

mRNA. The retranscription reaction was performed in the thermocyclator GeneAmp 

PCR System 2700 (Applied Biosystems, Weiterstadt, Germany) and the program was 

42°C for 15’, 95°C for 5’ and then the reaction was stopped and kept at 4°C till the the 
sample were cryopreserved at –80°C for long-time storage. 

4.2.2.3 Quantitative PCR 

4.2.2.3.1 Primer design 

The primers were generated with the Primer Express software version 3.0 (Applied 

Biosystems, Weiterstadt, Germany). They were designed to anneal two exons (one of 

them at the splicing junction) in order to be sure that only the cDNA of interest was 

amplified. The optimal length for single-stranded primers is about 15–20 bases, and the 

G/C content should be between 40% and 60%. They were also optimized in order to 

have a specific melting point which should not differ by more than 1–2°C between the 

two primers, with minimum and maximum Tm of 58°C and 60°C
132

. The primer used 

for this thesis project are reported in table 5. 

Table 5: List of the primers used for expression analysis. 

Primer Forward Reverse 

GAPDH AATGGAAATCCCATCACCATCT CGCCCCACTTGATTTTGG 

IL-6 GGCACTGGCAGAAAACAACCTG TCACCAGGCAAGTCTCCTCATTGAAT 

CCL5 TCTGCCTCCCCATATTCCTCGG GGCGGTTCTTTCGGGTGACAAAG 

CCR5 CAAAAAGAAGGTCTTCATTAC CCTGTGCCTCTTCTTCTCATTT 

p65 CCCCACGAGCTTGTAGGAAAG CCAGGTTCTGGAAACTGTGGAT 

NFkB1 CAAATAGACGAGCTCCGAGACA GAGACTCGGTAAAGCTGAGTTTGC 

IRF8 TGGACATTTCCGAGCCATACA GCCTAGTTTGCATTTTTGCTCTTC 

IL-23A TCAGTGCCAGCAGCTTTCAC TCTTAGATCCATGTGTCCCACTAGTG 

TNF-α CCCAGGCAGTCAGATCATCTTC GGTTTGCTACAACATGGGCTACA 

IL-10 CCCTAAACAGATGAAGTGCTCCTT GGTGGTCGGAGATTCGTAGCT 

ADAM17 ACACTGTAAAATGGCAGGACTTCTT ATGTGGGCTAGAACCCTAGAGTCA 

 

Every primer designed was tested for the specificity and for efficiency. The first aspect 

was evaluated by PCR and the amplification product was analysed in agarose gel to 

exclude non-specific amplification, the two techniques were described at sections 

4.2.1.2 on page 28 and 4.2.1.3 on page 29. The primers were then analysed by q-PCR to 

derive their efficiency from a standard curve as described in the following section. 

 



MATERIAL AND METHODS  | 33 

 

 

 

4.2.2.3.2 Quantitative PCR 

The method used for detection exploited the fluorescent intercalating agent SyberGreen. 

It has a strong and measurable fluorescence emission when bound to a double standed 

(ds) DNA which increased in an exponential way every cycle of amplification, due to 

the duplication of the amplicon. The signal recorded, anyway, is not sequence specific, 

therefore the measurement of the SybrGreen amount was linked to the melting peak 

analysis, because the melting temperature is sequence specific allowing the 

identification of the amplicon from potential artefacts. The mix of reaction is reported in 

the table 6. 

Table 6: Components for qPCR. 

Reagents Quantity 

RNase free water 4,2 ȝL 

5 ȝM forward primer 0,9 ȝL 

5 ȝM reverse primer 0,9 ȝL 

SYBR Green PCR Master Mix 2X 

(Roche, Basel, Switzerland) and NEB (Ipswich, USA) 
7,5 ȝL 

 

The reaction of amplification was carried out in the instruments 7000 Sequence 

Detection System (Applied Biosystems, Weiterstadt, Germany) or Quant Studio5 

(ThermoFisher Scientific, Waltham, Massachusetts, USA) with the following steps: 

 An initial step when Uracil N-glycosylase (UNG) was activated at 50°C for 2’ to 
degrade any contamination of RNA left by cDNA synthesis, because it could detect 

uracil instead of timidine. 

 A second step at 95°C for 10’ to inactivate UNG and to denaturate the template 

cDNA. 

 The third step consisted in the polymerase reaction. 40 cycles in which there was an 

alternation of a denaturation step at 95°C for 15’’ and an annealing of primers and 
elongation od the amplicon at 60°C for 1’. 

 The polymerase reaction can be further subdivided in 3 phases: 

 Initial phase in which the fluorescence intensity is below the baseline. 

 Exponential phase in which the quantity of the amplicon is related to the cycle 

number according to the equation: [DNAn] = [DNAi] x (1+efficiency)
n
. 

 Plateu phase in which the reagents run out and the enzyme loses efficiency. 
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4.2.2.4 Expression evaluation 

 Absolute quantification: this approach was exploited for the evaluation of the 

primer efficiency. The amplification reaction was carried out using scalar dilutions 

(1:5). The Ct (threshold cycles: indicated the fractional cycle number at which the 

amount of amplified target reaches a fixed threshold) obtained were plotted in a 2D 

diagram reporting the template quantity in the x axis and the relative Ct in the y 

axis. From the equation describing the curve it was possible to derive the slope (m) 

of the curve and the R
2
. Efficient primers should give m=-3.32 and R

2
>0.99, which 

meant 100% efficiency.  

 Relative quantification: to evaluate the relative expression of target genes the ddCt 

method was used
133

. The average Ct of the target gene was normalized to a 

reference gene (a housekeeping gene, as GAPDH) by subtracting its average Ct to 

the target gene obtaining the delta-Ct (dCt). Once obtained DCT for every sample, 

they were further normalized in order to compare different experiment and different 

patients: the dCt of the calibrator was subtracted to the dCt for every sample, 

deriving the delta-delta Ct (ddCt). In the end it was possible to define the relative 

quantity of the expression, defined in arbitrary units (AU) as AU=2
-ddCt

, because the 

primer used had 100% efficiency. 

4.3 Biochemical analysis 

4.3.1 Extraction of total cellular proteins 

To obtain total cellular protein, monocytes, harvested after in-vitro culture or freshly 

purified, were washed in PBS, centrifuged at 5000 rpm for 5’ at 4°C. The obtained 
pellet was lysed in a buffer containing: Tris-HCl (pH 7.5) 20mM, NaCl 150mM, EDTA 

2mM, EGTA 2mM, Triton X-100 0.5% (v/v), dithiothreitol (DTT) 1mM (Amhersham 

Biosciences, UK), proteases inhibitors cocktail diluted 1:100, okadaic acid 1ȝM 
(Sigma-Aldrich, Steinheim, Germany), phenylmethylsulfonyl fluoride (PMSF) 1mM 

(Sigma-Aldrich, Steinheim, Germany), phosphatase inhibitors cocktail diluted 1:100 

(Halt™ Phosphatase Inhibitor Cocktail, Pierce Biotechnology, Rockford, USA). The 

lysis was performed for 30’ on ice, vortexing cells every 10’. Cells were then 
centrifuged at 13000 rpm for 10’ at 4°C. The supernatant, containing cell protein 
extract, was collected and the proteins concentration was determined with the Bradford 

method. 

4.3.2 Bradford method for protein quantification 

The colorimetric system of Bradford (Sigma Aldrich, Steinheim, Germany) was used to 

establish proteins concentration. This method exploits the Comassie Brilliant Blue 

staining, which has the ability to bind proteins and to change their absorbance 

wavelength from 280 to 595nm, bringing the acquisition in the range of visible. In this 

way, the content of proteins is quantified with high sensitivity if it is in the range of 1-

5ȝg/ml. A calibration curve was built by reading the absorbance at 595 nm with Bio 
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Photometer D30 (eppendorf, Milan, Italy) of different concentrations (0.5, 1, 2, 4, 8, 16 

ȝg/ml) of the reference protein Bovine Serum Albumin (BSA; Sigma Aldrich, 

Steinheim, Germany). The absorbance values were plotted against the concentration of 

the reference protein in a Cartesian graph to obtain the calibration curve and its 

equation. From the equation, the coefficient of molar extinction İ was calculated. The 

knowledge of the coefficient of molar extinction is essential to define the protein 

concentration, indeed it can be obtained thanks to the Lambert-Beer law, A=İcȜ (where 

A is the absorbance, c is the proteins concentration of the sample and Ȝ is the length of 

the optic path). The tare of the spectrophotometer was obtained using, as blank, a 

solution of Bradford staining diluted 1:1 in milliQ water, then 1ȝL of protein extract 

was added to 1mL of Bradford reagent dilution and, in the end, the proteins 

concentration of the sample was determined reading the absorbance at Ȝ=595nm and 

using the Lambert-Beer law. 

4.3.3 Western Blotting (WB) 

Firstly, a defined amount of extracted proteins was resuspended in a loading buffer 

containing 0.4 M Tris, 5% SDS, 0,25% Bromophenol Blue, 1.5% DTT, 5% ȕ- 

mercaptoethanol. The protein suspension was heated at 100°C for 5’. The sample was 

then loaded in 10% poly-acrylamide gel and the electrophoresis run was performed at 

25mA using a Tris-Glycine based running buffer TGS (Tris 25mM, glycine 192mM, 

SDS 0.1%, pH 8.3). The SeeBlue Plus2 Prestained Standard (Invitrogen, Carlsbad, CA) 

was used as molecular weight (MW). 

After the electrophoretic separation, proteins were electro-transferred on a methanol 

activated PVDF membrane at 350mA for 2 hours, at 4°C in a buffer made of Tris 25 

mM, glycine 192 mM (pH 8.3) and methanol 20%. 

Subsequently, the membrane was saturated in TBS (0.137M Sodium Chloride, 0.0027M 

Potassium Chloride and 0.025M Tris)-Tween 0.1% (TBST), addicted with 5% w/V 

milk for 1 hour to block aspecific sites and then was incubated with the primary 

antibody in agitation overnight at 4°C. 

The day after the membrane was washed for 30’ in TBST followed by incubation with 
the secondary antibody for 1 hour. The secondary antibody dilution was: 1:5000 (anti-

rabbit, made in goat, Cell Signaling Technology, USA) or 1:20000 (anti-mouse made in 

goat, KPL, USA) in TBST addicted with 5% of milk. After washing for 30’ the 
membrane was ready to be developed. 

Secondary Ab were conjugated with horseradish peroxidase (HRP), which converts 

luminol [LiteAblot ® PLUS and LiteAblot ® EXTEND (EuroClone, Milan Italy)] in a 

luminescent compound. The chemiluminescence measurement was performed using the 

Image Quant LAS 500 machine (GE Healthcare, USA) and the densitometric analysis 

of the bands was performed with the Image Quant TL software (GE Healthcare, USA). 

The same membrane, after the “stripping” (a treatment that remove primary Ab 
bounded to the membrane) has been incubated with others different primary Ab. 

Stripping was obtained by the incubation of the membrane with the Restore Western 
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Blot Stripping Buffer (Pierce Biotechnology, USA) at 37°C under agitation. 

4.3.3.1 Primary antibodies 

For this study the following antibodies have been used: anti-phospho-STAT3(Y705), 

anti-STAT3, anti-phospho-p65(S536), anti-phospho-Erk (T202/Y204), anti-Erk, anti-

phospho-p38(Y180/182), anti-p38, anti-GAPDH (Cell Signaling, USA) and anti-p65 

(Santa Cruz Biotechnology, USA). 

4.3.4 ELISA analysis for IL-6 

The enzyme-linked immunosorbent assay (ELISA) was used to measure the IL-6 

secretion in the culture supernatant by using Instant ELISA kit (Thermo Fisher, USA). 

Before starting, cell culture supernatants were centrifuged at 13000 rpm, 4°C for 10’ to 
remove cellular debris. The microplate, already functionalized with the antibodies 

necessary for detection of IL-6, and the reference strips, used for the generation of the 

calibration curve, were prepared accordingly manufacturer instructions. Supernatant 

were then aliquoted in duplicate, the plate was covered and incubated for 3 hours at RT 

on a microplate shaker at 400 rpm. 

At the end of the incubation, the microwell strips were washed 6 times with 

approximately 400 ȝl of Wash Buffer per well. The microwell plate was then dried prior 

the incubation with the substrate solution. The plate was subsequently incubated at RT 

for about 10’, avoiding direct exposure to intense light, to allow the colour development 
through enzymatic reaction. 

After 10’ the colour development was monitored on a microplate reader (VictorX5 

2030, Perkin Elmer, Milan, Italy) at 620 nm and the Stop Solution was added when the 

most concentrated standard sample reached an OD of 0.9-0.95. 

The evaluation of the absorbance at 450 nm was measured by the microplate reader, 

which was used as the primary wavelength, whereas the absorbance at 620 nm was used 

as the reference wavelength. 

The quantification was derived by the generation of a standard curve, using the 

reference strip, which were commercially available in the kit and contained a defined 

amount of IL-6. The absorbance value was plotted on a cartesian graph against the 

relative amount of IL-6 and the equation of the interpolated linear curve derived was 

used to derive the concentration of IL-6 in the culture supernatant. 

4.3.5 Cytokines array 

To determine the pattern of cytokines expression in T-LGLL, a Human Cytokine 

Antibody Array (Series 2000, RayBiotech, USA) was used to analyse 170 human 

cytokines related to angiogenesis, immunity and tumour proliferation pathways. Plasma 

of patients were analysed according to the manufacturer’s instructions. Briefly, 

microarray nitrocellulose membranes were saturated in blocking buffer for 30’ and 
subsequently incubated with 1:5 diluted samples under gentle agitation overnight at 

4°C. Slides were washed in appropriate buffer and incubated with a biotin-conjugated 
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cocktail of antibodies for 2 hours at RT. After further washing, horseradish peroxidase 

(HRP)-conjugated streptavidin was incubated for 2 hours at RT. To visualise bound 

antibodies, samples were incubated for 5 minutes with the detection buffer and signal 

intensity was assessed with the chemiluminescence detector Amersham™ Imager 600 
(GE Healthcare, USA). Densitometric analysis was performed by Image Quant TL 

software (GE Healthcare, USA). The data obtained were normalized for the mean 

optical density (OD) of the positive controls that were spotted in each array. The mean 

value of relative OD for each cytokine was then compared between patients. 

4.4 Flow Cytometry 

4.4.1 LGLL immunophenotype 

For the immunophenotypical characterization of the patients, an immunostaining with 

fluorescently labelled monoclonal antibodies (BD, Becton Dickinson Europe, Milan, 

Italy) was performed, as reported in the table 7. For every tube 250,000 cells were 

stained and incubated at RT 10’ in the dark. The excess of the unbound mAbs was 
washed with red blood cells lysis solution to get rid of eventual erythrocytes 

contamination, which could negatively influence the flow cytometric analysis. The cells 

were subsequently centrifuged for 5’ at 1300 rpm at RT. The supernatant was discarded 

and the cells were resuspended in PBS 1X (ThermoFisher Scientific, Waltham, 

Massachusetts, USA). In the end, the immunophenotype was recorded in a FACS Canto 

II (BD, Becton Dickinson Europe, Milan, Italy) and the data processed by the Diva 

Software. 

Table 7: Panel in use for the immunophenotypical characterization of T-LGLL patients. 

Tube FITC PE 
PE-Cy5 or 

PerCP-Cy5.5 
APC 

1 CD4 CD3 CD8 / 

2 CD57 CD3 CD16 CD56 

3 TCR Ȗį CD3 HLA-DR CD8 

4 CD5 / CD19 / 

 

4.4.2 Annexin V staining 

Apoptosis is a process characterized by a variety of morphological features. The 

translocation of the membrane phospholipid phosphatidylserine (PS) from the inner to 

the outer leaflet of the plasma membrane is one of the earliest indications of apoptosis. 

Once exposed to the extracellular environment, binding sites on PS become available 

for Annexin V, which is a 35-36 kDa, Ca2+-dependent, phospholipid binding protein 

with a high affinity for PS. Annexin V can be conjugated to a fluorochrome, and used 

for the flow cytometric identification of cells in the early stages of apoptosis.  
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The activation of LGL apoptosis was evaluated after in-vitro culture of patients derived 

PBMC or PBMC without autologous monocytes for 1, 2, 3 and 5 days.  

The staining was performed for 0.2x10
6 

cells, which were firstly harvested, washed with 

PBS to remove the medium and centrifuged at 1300 rpm for 5’ at RT. The supernatant 
was then discarded and the cells were incubated for 10’ in the darkness at RT with 
FITC-anti-human CD57. Cells then underwent a wash step with PBS and centrifuged at 

1300 rpm for 5’. Subsequently the supernatant was discarded and the cells resuspended 
in the binding buffer (furnished by the commercial kit) with Annexin V-PE and 

incubated for 10’ at RT, in the dark. In the end the apoptosis activation was measured 
by flow cytometric analysis. 

4.4.3 Evaluation of Th17/Treg ratio 

Th17 and Treg lymphocytes were identified by flow-cytometry among PBMC. The 

immunostaining was performed using 2x10
6
 PBMC using mAb obtained by Becton 

Dickinson (Europe, Milan, Italy) and R&D Systems (Minnealpolis, USA). 

4.4.3.1 Th17 cells analysis 

The immunostaing used for T17 lymphocytes is reported in table 8. 

Table 8: mAb used to detect Th17 lymphocytes among PBMC. 

Tubes FITC PE PerCP-Cy5.5 APC APC-Cy7 

Control CD161 / / / CD4 

Th17 tube CD161 IL-17 CCR6 IL-23R CD4 

 

In order to properly detect the cellular population of interest, two tubes were prepared: 

one used as a negative control, which was stained with anti-CD4 and anti-CD161 and 

one used to detect the population of interest. The steps used were the following: 

1) PBMC were immunostained with the mAb detecting surface antigens (CD161, 

CCR6, IL-23R e CD4) and incubated at RT for 20’ in the dark at RT. 
2) 100 µL of solution A was added in each tube (Fix and Perm, BD, Becton Dickinson 

Europe, Milan, Italy) and incubated at RT for 10’ in the dark at RT.  
3) The mAb in excess was washed with Staining Buffer (PBS + 10% FCS) and the 

cells centrifuged at 1600 rpm for 5’ at RT. 
4) The cells were then incubated with 100 µL of solution B (Fix and Perm, BD, 

Becton Dickinson Europe, Milan, Italy) and with anti-IL-17 at RT for 30’ in the 
dark at RT. 

5) A washing step was performed as reported above (point 3). The cells were in the 

end resuspened with PBS 1X and analysed by flow-cytometry using a FACS Canto 

II (BD, Becton Dickinson Europe, Milan, Italy) and the data processed by the Diva 

Software. 

6) The gating strategy is reported in the figure 9. 
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4.4.3.2 Treg cells analysis 

The immunostaining used for Treg lymphocytes is reported in the table 9. 

Table 9: mAb used to detect Treg lymphocytes among PBMC. 

 PerCP-Cy5.5 PE-Cy7 APC-Cy7 

FMO / CD25 CD4 

Treg tube FoxP3 CD25 CD4 

 

In order to properly detect the cellular population of interest, a Fluorescence Minus One 

(FMO) sample was used, i.e. a tube in which every mAb, with the exception of the one 

necessary to identify Treg lymphocytes, was used. The steps performed were the 

following: 

1) PBMC were immunostained with the mAb detecting surface antigens (CD25 and 

CD4) and incubated at RT for 20’ in the dark.  
2) All the solutions needed for the immunostaining were prepared as reported in the 

datasheet (Becton Dickinson Europe, Milan, Italy): 

a. Buffer A: fixing solution;  

b. Buffer B: permeabilization buffer. 

3) The mAb in excess was washed with Staining Buffer (PBS + 10% FCS) and the 

cells centrifuged at 1600 rpm for 5’ at RT. 
4) The cells were incubated with 2 ml of Buffer A for 10’ in the dark at RT. 
5) The cells were then centrifuged 1600 rpm for 5’ at RT. 
6) A washing step was performed as reported in point 3. 

7) 500 µl of Buffer B was added and incubated at RT 30’ in the dark at RT. 

8) A double washing step was performed as reported in point 3. 

9) The Treg tube was incubated with anti-FoxP3 for 30’ in the dark at RT. 
10) A double washing step was performed as reported in point 3. 

11) The cells are in the end resuspended with PBS 1X and analysed by flow-cytometry 

using a FACS Canto II (BD, Becton Dickinson Europe, Milan, Italy) and the data 

processed by the Diva Software. 

The gating strategy is reported in the figure 10. 
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4.4.4 Analysis of CD14 and CD16 distribution on monocytes 

To evaluate the distribution of classic, intermediate and non-classical monocytes 50 µL 

of peripheral blood was immunostained with the following panel of mAb (table10). It 

was used to properly detect monocytes and to avoid contamination of other 

populations in the monocyte morphological gate: 

- CD66b: defines granulocytes; 

- CD19/CD3: defines lymphocytes; 

- CD14/CD16: defines monocytes; 

- HLA-DR: intermediate monocytes has the highest expression of this marker.  

Table 10: mAb used to define monocytes distribution. 

Tubes FITC PE PerCP-Cy5.5 PeCy7 APC APC-Cy7 

Tube 1 CD66b CD14 CD16 HLA-DR CD19 CD3 

Tube 2 CD66b CD14 HLA-DR CD16 CD19 CD3 

 

The immunostaining was performed as follow: 

1) The mAbs were added in the tube and the blood was incubated for 10’ in the dark at 
RT. 

2) Tubes were incubated for 5’ at RT in the dark with red blood cells lysis solution to 
allow erythrocytes lysis. 

3) The cells were centrifuged at 1300 rpm for 5’ at RT. 
4) The supernatant was discarded. 

5) The cells were in the end resuspended with PBS 1X and analysed by flow-

cytometry using a FACS Canto II (BD, Becton Dickinson Europe, Milan, Italy) and 

the data processed by the Diva Software. 

The gating strategy was reported in the figure 11. 
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after CCL5 stimulation was also evident for STAT3 activation: pSTAT3 resulted 

slightly downmodulated in healthy controls [0.737 (0.558; 0.816)] but not in patients 

[1.085 (0.982; 1.855)], the difference, however, was not statistically significant 

(p=0.0571). Similarly, the trend of STAT3 expression appears more easily induced in 

patients [1.772 (1.136; 2.296)] than HC [1.044 (0.7790; 1.561)]; more data are then 

necessary to assess the statistical significance. 

Altogether these WB analyses evidenced that 12h CCL5 stimulation was able to 

partially induce STAT3 activation only in patients. 

5.2.2 Leukemic CD8+ T-LGL are involved in monocytes IL-6 

expression through CCL5 

The PBMC expression of CCL5 in LGLL patients has been previously reported
113

, but 

the precise cellular source of this chemokine was not defined. Therefore, RT-qPCR 

analysis of CCL5 mRNA expression was performed in immune-magnetically purified 

LGL and related negative fractions of HC and T-LGLL patients. As reported in figure 

15A, CCL5 resulted to be mainly produced by T-LGL both in HC [mean arbitrary units 

(AU) of expression: 7.203 ±2.298)] and in patients (10.446 ±1.650) as compared to the 

relative negative fraction (2.497 ±1.490 and 4.196 ±0.546, respectively). Moreover, the 

high T-LGL CCL5 expression observed resulted to be significantly different with 

respect to the remaining fraction of the PBMC for patients, with a p<0.01. 

To verify whether LGLL patients could express distinct CCL5 levels according to their 

different immunophenotype, patients were clustered as CD8+ and CD4+ T-LGLL and 

the results are plotted in fig. 15B. The increased CCL5 expression observed in T-LGLL 

patients was mainly related to CD8+ patients (15.050 ±2.347), significantly higher than 

HC (p<0.05) and CD4+ cases (6.500 ±0.744, p<0.01). 

On the other hand, when the basal mRNA expression of IL-6 on CD8+ and CD4+ 

patients’ and healthy controls’ monocytes was compared, no significant differences 

among the groups were found (fig. 15C). Nevertheless, a high variability among 

patients, particularly for CD8+ cases, was reported; around 25% of them harboured also 

10-fold increased expression, but further analysis might be necessary to uncover the 

molecular difference of the patients characterized by high IL-6 production. 

Provided the role of CCL5 in inducing monocytes IL-6 expression and in view of the 

fact that CCL5 was mainly produced by T-LGL, a crosstalk between monocytes and T-

LGL could be proposed through these two cytokines. Moreover, the significantly higher 

T-LGL CCL5 expression in CD8+ T-LGLL patients could suggest that this axis is likely 

to be more important for this group of patients in comparison to the CD4+ subset. 
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±2.176%) monocytes in CD8+ patients as compared to CD4+ cases (4.314% ±0.414% 

and 6.924% ±1.170%, respectively; p>0.05). Moreover, classical monocytes from 

CD8+ patients also resulted to be significantly reduced as compared to healthy controls 

(82.340% ±2.214%, p>0.01), whereas monocytes population from CD4+ cases were 

consistent with that of healthy controls (fig. 16A). 

Within CD8+ patients, both STAT3 wt and STAT3 mutated cases were included. The 

stringent correlation between STAT3 mutation and neutropenia has been recently 

reported when the leukemic clone was phenotypically characterized by the expression 

of CD8 and CD16 with the absence of CD56
72

. However, some neutropenic 

CD8+/CD16+/CD56- STAT3 wt patients have been also identified. Accordingly, the 

mean percentages of the three groups of monocytes within the CD8+ category have 

been clustered according to presence or absence of STAT3 mutation and neutropenia. 

The analysis, reported in figure 16 Panel B, showed a characteristic pattern of 

monocytes subsets on CD8+ STAT3 mutated patients, which was represented by 

53.796% (±5.466%) classical, 16.884% (±3.363%) intermediate and 19.326% 

(±3.311%) non-classical monocytes, as compared with healthy controls and CD8+ 

STAT3 wt non-neutropenic cases (p<0.01). On the contrary, the median percentages of 

monocytes in CD8+ STAT3 wt non-neutropenic patients were comparable with those of 

healthy controls. Concerning CD8+ STAT3 wt neutropenic patients a significant 

reduction of classical monocytes (64.067% ±5.488%) was observed in comparison to 

healthy controls and CD8+ STAT3 wt non-neutropenic cases, p<0.01. In addition, a 

slight increase of intermediate (12.067% ±2.385%) and non-classical monocytes 

(16.167% ±5.984%) was detected, even if not statistically significant, probably as a 

consequence of the low number of cases.  

A similar dissection of CD4+ patients was not performed because no changes in 

monocytes percentages within the group when compared to healthy controls had been 

identified. 

The above results taken together, it was possible to establish an accumulation of 

intermediate and non-classical monocytes for CD8+ T-LGLL patients. In detail, the 

imbalance was evidenced for CD8+ STAT3 mutated patients, including all neutropenic 

cases, but also in other classes in relationship to neutropenia. This correlation between 

neutropenia and monocytes sub-populations disequilibrium deserves further 

investigation. 
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5.3.2 Analysis of monocytes transcriptional activity  

Gene expression profiling studies of classic, intermediate and non-classical monocytes 

have described different patterns of transcriptional activity. Some genes involving 

NFkB machinery and pro-inflammatory cytokines production, as IL-23 and TNFα, 

resulted to be more expressed in intermediate or non-classical monocytes
20

, whereas the 

expression of the anti-inflammatory IL-10 was higher in classic monocytes when 

compared to other classes. Regarding surface receptors CCR5, a receptor for the 

chemokine CCL5, was exclusively expressed by intermediate monocytes and the level 

of ADAM17 expression was higher for non-classical monocytes
20

. Therefore, in order 

to evaluate whether the expression of these genes was altered in T-LGLL patients’ 
monocytes, the level of p65, NFkB1, IRF8, IL-23, TNFα, IL-10, CCR5 and ADAM17 

expression in immuno-magnetically purified monocytes was evaluated by RT-qPCR. 

Patients have been clustered according to the expression of CD8 or CD4 on the 

leukemic clone and the results were reported in figure 17. The levels of expression of 

the selected genes resulted to be conserved among the groups. However, a higher 

variability of the levels of expression for patients than healthy controls was detectable, 

possibly as a consequence of the presence of several outliers. 

The two groups of patients were further subdivided according to STAT3/5b mutational 

status. Even if significant differences were not evidenced, some minimal changes 

among groups were detectable (fig. 18). In particular, despite the difference was not 

significant due to the high internal variability, a slight higher median expression of 

CCR5 was observed for CD8+ STAT3 mutated patients [5.819 (1.023; 86.430)] in 

comparison to other groups. CCR5 expression for the other groups was 1.575 (0.3210; 

2.751) for HC, 2.007 (0.185; 3.517) for CD8+ STAT3 wt, 0.521 (0.409; 2.828) CD4+ 

STAT5b wt and 2.858 (0.506; 85.580) for CD4+ STAT5b mutated patients.  

These data showed that the expression pattern of relevant inflammatory mediators in 

total monocytes was not significantly deregulated in T-LGLL patients in comparison to 

healthy controls. On CD4+ T-LGLL this result was expected since we observed that the 

monocyte classes distribution was similar to HC. On the other hand, in CD8+ T-LGLL 

(i.e. mostly CD8+ STAT3 mutated cases) it was possible to observe that the increased 

percentage of intermediate and non-classical monocytes did not affect the monocytes 

overall gene expression. Anyway, differences in this group of patients could potentially 

be hidden by the percentage of classical monocytes, which still represented the mostly 

represented monocytes class. 
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5.3.3 Analysis of intracellular pathways activation in monocytes 

Monocytes were known to play a role in cancer inflammation through several cellular 

pathways. NFkB and STAT3 signaling are the most important pathways reported in 

literature, which resulted to be activated and reciprocally linked. In fact, several 

cytokines and growth factors encoded by p65 were STAT3 activators
134

. Moreover, 

NFkB could interact also with MAPK to exert a pro-inflammatory stimulation on 

monocytes
135

, which in turn could be addressed by cellular senescence by the activation 

of Erk
24

. 

To characterize the potential pro-inflammatory role then of T-LGLL patients’ 
monocytes, the above mentioned cellular pathways were then evaluated in immune-

magnetically purified CD14+ cells by Western Blotting analysis. The total protein 

expression has been evaluated and the pathways activation was assessed by the analysis 

of the phosphorylation of STAT3 (Y705), p65 (S536), Erk1/2 (T202/Y204) and p38 

(Y180/182), in order to evaluate the activation of JAK/STAT, NFkB and MAPK axes, 

respectively. Patients have been divided according to the immunophenotype in CD8+ 

and CD4+ cases. 

CD8+ T-LGLL patients’ monocytes harboured a significant higher proteins expression 

when compared to healthy controls or CD4+ cases (fig. 19A, B, C and D). Mean 

STAT3 expression was 0.674 ±0.103 for CD8+ patients, which was significantly higher 

than HC (0.282 ±0.069, p<0.01) and CD4+ cases (0.397 ±0.040, p<0.05). Similarly, in 

CD8+ the mean expression of p65 (0.728 ±0.224) and Erk1/2 expression (2.067 ±0.271) 

was significant higher than HC and CD4+ cases (p65: 0.188 ±0.045 and 0.257 ±0.098, 

p<0.05; Erk1/2: 0.674 ±0.112 and 0.360 ±0.059, p<0.001). Only a slight, not 

significant, increase was detected for p38 in the CD8+ patient group as compared to the 

other two groups. 

The increased expression levels above mentioned did not correlate with a higher protein 

activation. Indeed, only a slight increased phosphorylation of p65 for CD8+ cases 

(1.314 ±0.487) was observed when compared to HC (0.356 ±0.117) and CD4+ patients 

(0.973 ±0.293), but the difference did not result to be statistically significant (fig. 19F). 

The phosphorylation levels of STAT3 and p38 were not different among the studied 

groups (fig. 19E and H). Rather, a significant higher Erk1/2 phosphorylation was 

evidenced in CD4+ patients (1.863 ±0.439) than HC (0.457 ±0.099) and CD8+ cases 

(0.718 ±0.409), with a p<0.05 (fig 19G).  
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STAT3 wt (1.868 ±0.225) and STAT3 mutated (2.167 ±0.407) cases and resulted 

statistically significant when compared to the other groups (fig. 20E). 

Concerning the levels of proteins activation, a significant increased p65 and Erk1/2 

phosphorylation was detected for CD4+ STAT5b wt patients. In detail, the median 

phosphorylation levels for p65 was 1.222 (0.719; 2.259) and significantly higher than 

HC with p<0.05 (fig. 20D). The median phosphorylation levels for pErk1/2 was 2.657 

(1.911; 3.908), which was significantly higher than HC (p<0.01) and CD8+ cases, both 

STAT3 wt [0.459 (0.248; 0.669)] and mutated [0.288 (0.106; 2.150), p<0.05]; whereas 

the pErk was consistent with CD4+ STAT5b mutated patients [1.023 (0.608; 1.792), fig. 

20F]. On the other hand, for STAT3 phosphorylation and p38 activation no statistically 

significant differences were detected (fig. 20B and H). 

The evaluation of protein expression and activation showed different pattern in CD8+ 

and CD4+ T-LGLL patients. In CD8+ patients’ monocytes, mostly in STAT3 mutated 

cases, a higher expression of STAT3, p65, Erk1/2 and p38 was described in comparison 

to every other group. However, a significant increase in their phosphorylation levels 

was not detected. On the other hand, CD4+ patients’ monocytes, precisely STAT5b wt 

cases, were characterized by a higher activation of Erk in comparison to healthy 

controls and CD8+ patients and of p65 with respect to healthy controls. 
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As for the characterization of monocytes, Th17/Treg balance was further evaluated 

subdividing the patients according to their mutational pattern. Th17 compartment 

resulted significantly higher in CD8+ STAT3 mutated patients [0.036% (0.008%; 

0.064%)] than CD4+ STAT5b wt cases [0.009% (0.003%; 0.037%), p<0.05, fig. 11A]. 

In addition, our data showed that CD4+ STAT5b mutated patients harboured the highest 

median ratio [0.049 (0.036; 0.054)] as compared to all other groups: CD8+ STAT3 wt 

[0.008 (0.005; 0.037)], CD8+ STAT3 mutated [0.017 (0.005; 0.033)], CD4+ STAT5b wt 

[0.016 (0.009; 0.022)] and healthy controls (p<0.05, fig. 22B). 

Due to the high inner-group variability observed in CD8+ STAT3 wt patients, they were 

sorted for the neutropenia status to dissect whether neutropenic cases would be 

characterized by a deregulation in Th17 and Treg cells, regardless the presence or 

absence of mutation. Our data showed that CD8+ STAT3 wt neutropenic patients 

presented increased Th17 population [0.050% (0.030%; 0.091%)] with respect to 

healthy controls (p<0.01) and was consistent to what observed in CD8+ STAT3 mutated 

patients. On the other hand, Th17 percentage resulted similar to HC for CD8+ STAT3 

wt non-neutropenic cases [0.009% (0.007%; 0.012%)] and was different from CD8+ 

STAT3 mutated (p<0.01) and CD8+ STAT3 wt neutropenic patients (p=0.057) (fig. 

22C). As already described, the percentage of Treg cells resulted to be consistent with 

HC (fig. 22D). Moreover, the ratio between the two T cell populations was significantly 

increased in CD8+ STAT3 wt neutropenic patients [0.047 (0.028; 0.077)] in comparison 

to every other group (p<0.001).  

In summary, an overall deregulation of Th17/Treg lymphocytes in T-LGLL was 

observed. However, the mechanisms sustaining these features were different between 

CD8+ and CD4+ patients. For CD8+ patients, a direct boost of Th17 cells mainly in 

STAT3 mutated and neutropenic patients was detected. At variance, for CD4+ patients, 

either mutated and wt, the increase of Th17/Treg ratio was mostly related to the strong 

reduction in Treg cells. 
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5.5 Plasma cytokines concentration is differently 

represented in T-LGLL 

Several secreted cytokines were reported to be deregulated and play a role for leukemic 

clone survival in T-LGLL, including CCL5 and IL-6
112,113

. For these reasons, a 

screening of 170 cytokines was performed in T-LGLL patients (n=14) and healthy 

controls’ (n=4) plasma to identify possible new cytokines with a pathogenetic role in the 
disease. Plasma were incubated on commercially available arrays functionalized with 

antibodies specific for 170 soluble factors. The presence of each cytokine was evaluated 

by chemiluminescent reaction and the densitometric values were then compared among 

groups with one-way ANOVA or Kruskal-Wallis tests, according to data distribution. 

The statistical analyses were not definitively established yet, therefore, for this study, 

we reported the preliminary results obtained hitherto. 

A first analysis was focused on the comparison between patients and healthy controls. 

Four cytokines resulted altered: three were increased in patients, namely Insulin Like 

Growth Factor Binding Protein 4 (IGFBP4), uPAR and MCSFR and IL-2RȖ was 

reduced, with p<0.05. An evaluation of the literature available for these deregulated 

soluble factors was performed in order to identify possible pathological roles. It turned 

out that they were involved in tumour growth, inflammation and immune system 

activation
136–139

. 

Since we previously demonstrated that CD8+ and CD4+ patients were characterized by 

different deregulation in TME cells, we compared the presence of soluble factors 

subdividing T-LGLL cases in CD4+ and CD8+ in order to define differences not only 

towards healthy controls but also between the two patients groups. The cytokines 

resulting altered from the groups comparison were listed in the table 11. Most of the 

differences we observed dealt with CD4+ patients.  

Specific group comparison was performed according to data distribution. Of interest, we 

showed a higher concentration of soluble CD14 in CD4+ patients in comparison to 

CD8+ cases and healthy controls (p<0.05) and Lymphotactin was reduced than CD8+ 

patients, with p<0.05. 

Taken together, this still preliminary analysis of patients secretome evidenced a peculiar 

deregulation in CD4+ patients. Future analyses are going to be performed to validate the 

differences on secretome between the groups of patients. 
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Table 11: Cytokines differently represented between healthy controls, CD8+ and CD4+ T-LGLL 

patients. Plasma obtained from 4 HC, 8 CD8+ and 6 CD4+ T-LGLL patients have been evaluated for 

soluble factors through a commercial cytokines array. Normalized densitometric data distribution have 

been assessed by Shapiro-Wilk test and have then been checked for group differences with one-way 

ANOVA or Kruskal-Wallis tests. The table reports the soluble factors, and related p-values, showing a 

significant difference between groups. 

cytokine p-value cytokine p-value 

Agrp 0.016 IL-12p40 0.041 

AR 0.039 IL-17A 0.029 

BMP7 0.009 IL-1R2 0.028 

CCL16 0.024 IL-21R 0.012 

CCL27 0.011 IL-2RȖ 0.026 

CCL28 0.050 IL-5Rα 0.016 

CD102 0.021 IP10 0.032 

CD105 0.002 LeptinR 0.005 

CD31 0.045 LIF 0.008 

CD80 0.037 Lymphotactin 0.031 

CXCL16 0.045 MCSFR 0.012 

DR6 0.019 MMP1 0.024 

ErbB3 0.034 NGFR 0.003 

IFNȖ 0.042 PDGFRα 0.017 

IGF2 0.005 PDGFRȕ 0.032 

IGFBP2 0.027 SDF1b 0.008 

IGFBP4 0.009 TIMP2 0.041 

IL-10Rȕ 0.016 TIMP4 0.002 

IL-11 0.023 VE-Cadherin 0.027 
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5.6 Effect of immunosuppressive therapy on monocytes, 

Th17 and Treg cells in treated T-LGLL patients 

Although most T-LGLL patients presented with an indolent course of the disease, 

sometimes, due to neutropenia and/or recurrent infection, these patients require specific 

therapy, usually represented by immunosuppressive approach. In these cases, although 

neutropenia might disappear, the leukemic clone, even if in presence of complete 

response, often persists. Moreover, a description of drugs effects on non-leukemic 

peripheral blood cells is still lacking. To investigate this topic, patients at the end of the 

chemotherapy have been analysed to verify whether monocytes populations, Th17 and 

Treg cells were modulated by treatment. The patients evaluated received different 

immunomodulatory treatment, namely, Cyclosporine A, Cyclophosphamide and 

Methotrexate. All the patients reached at least partial response. Since almost only CD8+ 

T-LGLL patients need treatment, we performed the analysis only in this group 

subdividing treated and untreated patients, these latters being further subdivided in 

neutropenic and non-neutropenic cases, regardless the mutational status.  

 

The evaluation of Th17 and Treg cells is reported in figure 23 A and B. Th17 cells from 

treated patients (0.022% ±0.013%) resulted to be slightly higher than non-neutropenic 

(0.010% ±0.001%) and healthy controls and slightly reduced as compared to 

neutropenic untreated cases (0.043% ±0.009%). Treg cells in treated patients resulted to 

be comparable among every other group, indicating that the treatment did not affect 

Treg population. The relative ratio between the two populations reflected what observed 

for Th17 cells: the mean Th17/Treg ratio for treated patients (0.016 ±0.011) was 

increased as compared to healthy controls and non-neutropenic cases (0.006 ±0.002) 

and reduced as compared to neutropenic patients (0.030 ±0.008), although statistical 

significance was not yet reached likely for the low number of treated cases that have 

been considered. 

Also monocytes population distribution resulted changed in treated patients similarly to 

the Th17 percentage modulation (fig 23C). In treated patients the mean percentage of 

classical monocytes (70.625% ±2.617%) was significantly higher in comparison to 

neutropenic cases (56.364% ±4.412%, p<0.01) and comparable to healthy controls and 

non-neutropenic patients (80.833% ±1.759%). Intermediate monocytes (5.575% 

±1.845%) resulted reduced as compared to neutropenic cases (15.680% ±2.612%, 

p<0.05) and comparable to non-neutropenic patients (5.433% ±0.930%) and healthy 

controls. In treated patients even non-classical monocytes were slightly reduced 

(9.500% ±3.174%) despite the difference was not significant in comparison to 

neutropenic patients (18.536% ±2.789%), being comparable to non-neutropenic 

(5.460% ±0.854%) cases and healthy controls. 
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6 Discussion 

In the present study we demonstrated an alteration of different subsets of the immune 

system in T-LGLL. It has already been described that a pro-inflammatory 

microenvironment is needed for the leukemic LGL proliferation. For the first time, here 

we demonstrated a strong relationship between leukemic LGL and other immune cells, 

particularly, monocytes, Th17 and Treg lymphocytes, which were involved in the 

pathogenesis of several oncological and autoimmune diseases
47

. 

We demonstrated that monocytes were mandatory to sustain LGL survival. So far, the 

role of monocytes was only suggested for their role in the inflammatory response and 

secretion of important T-LGLL pro-survival cytokines, including IL-6 and IL-15
113,101

. 

In this study, we identified that IL-6 was produced by monocytes in T-LGLL patients 

and that some T-LGLL cases were characterized by a very high IL-6 expression. We 

also demonstrated that CCL5, a monocyte chemoattractant reported to be increased in 

patients’ plasma112
, was specifically released by leukemic LGL and able to induce the 

production of IL-6 by patients’ monocytes. This property was not observed in healthy 
controls, suggesting a disease specificity. According to these results, we hypothesize 

that monocytes and leukemic LGL could interact each other.  

T-LGLL is a heterogeneous disease, as defined according to different CD4+/CD8+ 

phenotypes and the mutational status
72

. The leukemic biological features, that contribute 

to discriminates among T-LGLL sub-types, were also reflected in microenvironment 

heterogeneity among groups. In fact, we found that the significant increase of CCL5 

expression was restricted to CD8+ T-LGL. This latter subset is also characterized by a 

high IL-6 expression in monocytes. Provided the above reported findings and the 

peculiar expression of IL-6 and CCL5 in CD8+ patients, we can speculate that the 

crosstalk between LGL and monocytes via CCL5 and IL-6 is likely to be more relevant 

for this subset of patients.  

We observed that monocytes-mediated LGL survival was a common feature for both 

CD8+ and CD4+ T-LGLL patients, but monocytes exert pro-survival actions with 

different mechanisms in the two disease entities. Consistently, a different alteration was 

observed not only on monocytes, but also on Th17 and Treg lymphocyte subsets in PB 

among CD4+ and CD8+ patients. 

CD8+ T-LGLL patients were characterized by an accumulation of intermediate and 

non-classical monocytes together with an increase of Th17 lymphocytes. These features 

are characteristic of an inflammatory environment and were also reported to be one of 

the pathogenetic mechanism of RA development
47

, a disease that is often associated to 

T-LGLL
59

. Moreover, we identified a correlation between monocytes, Th17 cells 

deregulation and T-LGLL severity. As a matter of fact, monocytes and Th17/Treg ratio 

alterations were mostly detected in CD8+ STAT3 mutated cases, a T-LGLL subset that 

is characterized by neutropenia.  

The identification of a consistent pattern of TME alterations present also in STAT3 wt 

neutropenic patients suggested a correlation between unbalanced TME cells and 
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neutropenia. Interestingly, the unbalanced Th17/Treg ratio demonstrated in neutropenic 

cases was mostly sustained by an increase of Th17 population. Since Th17 cells can 

stimulate T lymphocyte to secrete CCL5, this feature could explain LGL production of 

this cytokine
140

. Literature data suggest that also leukemic LGL, derived from CD8+ 

STAT3 mutated cases, might induce Th17 differentiation; in particular, IL-23 was found 

to be more expressed in a small cohort of these patients
55

. As a future perspective, 

considering that IL-23 is mandatory for pathogenetic Th17 differentiation
36

, we will 

evaluate IL-23 expression in T-LGL in our cohort of patients to verify the hypothesis of 

a putative interaction between leukemic clone and TME cells. Moreover, we speculate 

that patients’ monocytes in this disorder are also involved in Th17 differentiation, since 

we provided evidence that they were able to produce high level of IL-6, a cytokine 

necessary for Th17 maturation
46

. 

Different gene expression profiles between monocytes classes have been also 

reported
20

. In this study, we evaluated some of those factors involved in inflammation, 

including CCR5 and IL-23, which are more expressed in intermediate monocytes. 

However, we did not detect any significant modification of these genes in bulk 

monocytes, concluding that an imbalance on monocytes classes did not affect the 

overall monocytes gene expression. Nevertheless, we observed a slight higher CCR5 

expression in STAT3 mutated patients’ monocytes. We suggest that this increase might 
be interpreted as an effect of the high intermediate monocytes percentage in this group 

of patients, since these monocytes were defined as the only monocyte class to express 

CCR5
24

. This might lead to an increase of monocytes avidity to CCL5, produced by the 

leukemic clone. Taken these data together, a tentative network between leukemic LGL, 

monocytes and Th17 cells in CD8+ T-LGLL can be suggested, as summarized in figure 

24. 
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CD8+ STAT3 mutated patients require treatment for symptomatic neutropenia and, to 

date, the approved therapeutic strategies are immunosuppressive drugs
57

. In several 

haematological malignancies, the role of TME in mediating drug resistance has been 

reported and also drugs targeting microenvironment have been exploited as anticancer 

therapeutic strategy
143

. Even if immunosuppressive drugs were reported to give not 

satisfactory responses in these disorders
57

, our data demonstrated a potential mechanism 

of action of these drugs in T-LGLL as TME modifiers. In fact, patients who underwent 

this type of treatment showed a partial recovery of altered monocytes and Th17 

populations distribution, e.g. features that characterize neutropenic cases. Future studies 

will be focused to evaluate whether this observation might be useful as a prognostic 

marker of patients’ treatment response. 

Apart from the results obtained in CD8+ T-LGLL patients, we provided evidence that 

alterations in monocytes physiology and Th17/Treg ratio have been detected also in 

CD4+ T-LGLL cases. Interestingly, in CD4+ T-LGLL we observed that the mechanism 

leading to these deregulations was different from that shown in CD8+ T-LGLL. In 

particular, we found a decrease in Treg cells, that led to an imbalance of Th17/Treg 

ratio and a strong pErk activation on monocytes. These two features differently 

characterize STAT5b wt and mutated patients: the unbalanced Th17/Treg ratio has been 

identified in mutated ones, whereas monocytes activation has been associated to wt 

cases. We could speculate that STAT5b mutations might lead the leukemic clone to 

differently influence the TME and further analyses are in progress to unravel possible 

differences between the two groups of patients. Nevertheless, from ongoing studies on 

patients’ plasma secretome, some cytokines resulted to be differently represented in 
CD4+ patients. In particular, Lymphotactin was one of the few soluble factors that was 

reduced in CD4+ patients, as they were characterized by an overall increased level of 

plasma cytokines than healthy controls and CD8+ cases. Interestingly, Lymphotactin 

has been reported to be involved in Treg dysfunction when it is reduced
144

, suggesting 

its possible role in the decrease of Treg cells observed in these patients. On the other 

hand, among the soluble factors that have been found to be increased in CD4+ T-LGLL 

patients, we detected the soluble form of CD14, which has been regarded as an indicator 

of monocytes activation
145

. Together with the identification of a strong Erk activation 

on monocytes, this finding suggests that also CD4+ T-LGLL patients’ monocytes might 
be altered. In particular, Erk activation has been used as a marker of monocytes 

senescence, characterized by a peculiar pro-inflammatory senescence associated 

secretory phenotype (SASP)
27

. This observation can be linked to the higher presence of 

soluble factors in CD4+ patients’ plasma than in healthy controls and CD8+ cases. 
Taken our data together, we demonstrated that also CD4+ T-LGLL patients were 

characterized by an inflammatory microenvironment, although with different features as 

compared to CD8+ LGLL patients. 

In conclusion, T-LGLL has often been referred as a heterogeneous disease. In the 

present study we provided new information on the T-LGLL inflammatory events 
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showing that TME is different according to the biological features of the leukemic clone 

and the clinical setting. We unravelled, in this way, the differential role of monocytes, 

Th17 and Treg cells in the T-LGLL subsets. Moreover, we identified a potential 

network ongoing between leukemic clone and cells of TME in neutropenic patients, 

then contributing to better define the pathogenetic mechanisms leading to neutropenia 

development in this disorder. 
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