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Introduction 

Breast cancer 

Breast cancer (BC) is the most diagnosed malignancy worldwide and the leading cause of 

death related cancer [1]. BC accounts more than 12% of all new annual cancer cases and 

represents a widespread pathology in less-developed countries [2].The 90% of breast 

malignancies are defined as sporadic i.e. developed in the absence of a genetic or familial 

substrate, while 10% are due to a genetic predisposition. In this subgroup of patients, the 

most frequent germline mutations are in the breast cancer gene 1 and 2 (BRCA1/BRCA2), 

which together confer a 70% lifetime risk of developing cancer (72% for BRCA1 and 69% for 

BRCA2) [3]. Patients carrying this type of mutation are at a higher risk of developing other 

malignancies such as ovarian, pancreatic, and prostate carcinoma [4]. Other germline 

mutations that are associated with an increased risk of developing BC are the tumor protein 

53 (TP53) (Li-Fraumeni syndrome) and phosphatase and tensin homolog (PTEN) (Cowden 

syndrome) mutation, E-Cadherin (CDH1), serine/threonine kinase 11 (STK11), partner and 

localiser of BRCA2 (PALB2) [5–8]. In addition to genetic and familial predisposition, 

additional risk factors for developing BC have been identified. Risk factors can be further 

divided into modifiable and non-modifiable. 

Not modifiable risk factors include: age, family history of breast neoplasia, ethnicity, breast 

tissue density, personal history of benign breast disease, personal history of irradiation, 

reproductive history [9,10]. 

Numerous modifiable risk factors are involved in the development of BC.  Among 

modifiable risk factors the following are included: body mass index, hormonal factors, 

alcohol consumption, and cigarette smoking [9].  

Beyond factors positively influencing the likelihood of developing breast cancer, several 

protective factors such as breastfeeding, physical activity, and low-fat dietary intake in post-

menopausal women are included [11–14].  

Risk reduction can be also achieved by chemoprevention (performed with aromatase 

inhibitors in post-menopausal women or with tamoxifen in pre- and post-menopausal 
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women) or by prophylactic mastectomy. These medical-surgical strategies are only 

applicable in well-selected subjects [15–17].  

 

Classification of breast carcinoma 

Histological classification 

Breast carcinoma can be initially classified as carcinoma in situ (ductal carcinoma in situ - 

DCIS) or as invasive breast carcinoma when the neoplastic cells go beyond the basal lamina. 

According to the latest World Health Organisation (WHO) classification of 2019, invasive 

BC can be divided into 44 different types [18] 

The most frequent subtype is no special type (NST), previously defined as ductal carcinoma, 

which individually accounts for 40% to 80% invasive breast carcinomas [19]. Consequently, 

NST breast carcinoma represents a 'basket category' into which heterogeneous neoplasms 

fall. In the latest WHO classification several histotypes previously considered as separate 

entities (i.e. oncolytic, lipid-rich, glycogen-rich, clear cell, sebaceous and medullary 

carcinoma) have been reclassified as morphological variants of NST carcinoma [20]. Other 

types of BC include: invasive lobular carcinoma, mixed ductular-tubular carcinomas, 

tubular and cribriform carcinoma, mucinous carcinoma, papillary carcinoma, and apocrine 

carcinoma.  

Several entities are also described by the WHO (e.g. inflammatory breast carcinoma, male 

breast carcinoma). From practical and clinical research, the main mode of subdivision 

involves the distinction between NST, lobular and sometimes mixed carcinoma [20]. 

 

Molecular classification 

Since 2000s, a molecular classification has been introduced, independent of the histological 

subtype, while related to the gene expression pattern of the neoplasm. 

The classification originally comprised 4 molecular subtypes: 1) luminal (based on gene 

expression of estrogen receptor (ER), ER regulatory genes and genes normally expressed by 

luminal epithelial cells) 2) human epidermal growth factor receptor (Her-2) positive (based 
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on Her-2 overexpression/amplification); 3) basal (based on expression of ER genes, 

progesterone receptor (PgR), negativity for Her-2 and expression of genes normally 

expressed in breast myoepithelial cells) and 4) normal-like, which mimics the gene 

expression of healthy breast tissue. 

Numerous studies have subsequently identified the possibility of reproducibly predicting 

the molecular subtype by assessing the expression of only 3 genes (ER, PgR and HER-2) and 

have shown that the molecular profile of these genes is also conserved on microarray 

analysis [21,22].  

These studies pose the way for the foundations of current molecular classification 

representing the mainstay of breast carcinoma medical treatment. 

The current molecular subtypes include luminal A, luminal B, Her-2/neu positive and basal-

like (i.e. triple-negative breast cancer (TNBC)) and their main clinical-pathological features 

are reported in Table 1. 

Table 1. Clinical-pathological features of breast cancer molecular subtypes. 

 Luminal A Luminal B Her-2/neu Basal-

like/TNBC 

Diagnostic 

criteria 

Expression of 

ER and/or PgR 

on at least 1 in 

100 cells.  

Her-2/neu not 

amplified.  

Ki-67 < 20% 

Expression of 

ER and/or PgR 

on at least 1 cell 

per 100. 

Amplification 

of Her-2/neu 

and/or Ki-67 ≥ 

20 %. 

Negative for ER 

and PgR, 

amplification of 

Her-2/neu 

Negative for ER 

and PgR.  

Her-2/neu not 

amplified 

Frequency 50% of 

 invasive breast 

carcinomas 

20% of  

invasive breast 

carcinomas 

15 % of 

invasive breast 

carcinomas 

15 % of 

invasive breast 

carcinomas 

Most 

represented 

histotypes 

Tubular, 

cribriform, 

lobular,  

low-grade NST 

NST, 

micropapillary 

High-grade 

NST 

High-grade 

NST, 

medullary, 

metaplastic 

Response to 

therapy and 

prognosis 

Good response 

to hormone 

therapy. 

Variable 

response to 

Response to 

hormone 

therapy inferior 

to luminal A. 

Response to 

anti-Her-2 

target therapy 

(e.g. 

Trastuzumab). 

Non-responsive 

to hormone and 

target therapy. 

Sensitive to 

platinum-based 
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chemotherapy. 

Good prognosis 

Response to 

chemotherapy 

greater than 

luminal A. 

Intermediate 

prognosis, less 

than luminal A 

Response to 

anthracycline-

based 

regimens. 

Worse 

prognosis 

compared to 

other subtypes 

regimens. 

Generally has a 

worse 

prognosis than 

the other 

subtypes 

NST: No Special Type, ER: estrogen receptor, PgR: progesterone receptor. 

 

Triple-negative breast cancer (TNBC) 

As previously described, TNBC refers to a particularly aggressive molecular subtype of 

breast carcinoma lacking the expression of ER, PgR, and Her-2/neu amplification [23]. 

According to the American society of clinical oncology/college of American pathologists 

(ASCO/CAP), this entity is defined by the expression at the immunohistochemistry (IHC) 

of ER and PgR in less than 1 in 100 cells and the expression at the IHC of Her-2/neu classified 

as 0 or 1+ [24]. 

TNBC accounts for about 15% of invasive BC, tends to affect younger women than the other 

subtypes, and is more frequent in African-American women [25].  

Moreover, TNBC appears to affect, disproportionately compared to other molecular types, 

individuals carrying PALB2. TNBC patients' prognosis is closely related to insensitivity to 

hormone therapy and the absence of targeted therapies. Prognosis is 8-16% lower than in 

hormone-sensitive neoplasms [25].  

 

TNBC classification  

Following the studies of Perou et al. [26] who introduced the molecular classification of BC, 

several systems were developed providing the fundamentals of current TNBC molecular 

classification [27,28]. It is increasingly evident, that TNBC represents a group of molecularly 

heterogeneous neoplasms that share the same immune phenotype rather than a single 

entity, and a similar approach has been applied to TNBC sub-classification. Lehman et al. 

[29] were the first to propose a classification into 6 molecular subtypes based on gene 
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expression and activation of different molecular pathways: basal-like 1 (BL1) and basal-like 

2 (BL2), immunomodulatory (IM), mesenchymal (M), mesenchymal stem-like (MSL) and 

luminal androgen receptor (LAR). Subtype BL1 has predominant expression of genes 

involved in the cell cycle and DNA repair while BL2 of growth factors. The IM subtype 

expresses the genes responsible for immune cell function, the M and MSL subtypes express 

genes responsible for epithelial to mesenchymal transition (EMT), and the LAR subtype is 

characterised by the activation of the androgen receptor (AR) signalling. The same team has 

shown that gene expression of IM and MSL subtypes is due to the lymphocyte infiltrate and 

mesenchymal stromal cells rather than tumour cells, respectively, and consequently refined 

the classification into four subtypes: BL1, BL2, M and LAR [30]. Finally, a further 

classification derives from the studies of Burstein et al. [31] who proposed the following 

subtypes: basal-like immune suppressed (BLIS), basal-like immune activated (BLIA), M and 

LAR. The subtypes introduced with respect to Lehrman's classification are BLIS and BLIA. 

Both share TP53 mutation (>90%) and DNA repair defects (e.g.* mutation of BRCA1/2) while 

are characterized by the high prevalence of stromal tumor infiltrating lymphocytes (TILs) 

in the BLIA subtype and the depletion of TILs in the BLIA subtype. BLIS and BLIA tumours 

have respectively the worst and best prognosis among all TNBC molecular subtypes [31].  

Table 2 shows the main molecular features of the subtypes according to the classification 

proposed by Burstein et al. 

Table 2. Main characteristics of the molecular subtypes of triple-negative breast cancer. 

Molecular subtype Gene expression and recurrent mutations and 

microenvironment 

BLIS Common TP53 mutation (>90%) 

Common homologous repair defects (>80%)  

Poor lymphocytic infiltrate 

BLIA Common TP53 mutation (>90%) 

Common homologous repair defects (>80%)  

Abundant lymphocytic infiltrate 

M Relatively frequent (50%) homologous repair defects  

Frequent PI3K pathway activation  

Very poor lymphocytic infiltration 
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LAR Rare homologous repair defects (5%) 

Activation of the AR pathway 

Poor lymphocytic infiltrate 

 

Angiogenesis and vascular mimicry 

Angiogenesis is the process by which new blood vessels are generated and is orchestrated 

by many soluble factors that stimulate (pro-angiogenetic) or inhibit (anti-angiogenetic) neo-

vessel formation [32]. In normal tissues, the balance between pro- and anti-angiogenetic 

factors controls physiological angiogenesis. This depends on various exogenous and 

endogenous stimuli, mainly related to the concentration of O2 at the tissue level. Pro-

angiogenic factors include growth factors (e.g.: vascular-endothelial growth factor (VEGF), 

platelet-derived growth factor (PDGF), tumor necrosis factor α (TNF-α), angiogenin, 

cytokines (interleukin 1 (IL-1), IL-6, IL-8)), as well as numerous anti-angiogenic factors (e.g.: 

IL-10, IL-12, angiostatin, plasminogen activator inhibitor-1 (PAI-1), interferon‑α (INF-α)). 

Within solid neoplasms, the balance between angiogenesis-inducing and angiogenesis-

inhibiting factors is abnormal and imbalanced, thereby favouring pro-angiogenic factor 

action and the genesis of newly formed vessels in an aberrant process known as tumour 

angiogenesis [33]. 

Angiogenesis is a key step in tumour progression and recognised as one of the main 

hallmarks of cancer [34]. 

Weinder et al. [35] first correlated the microvascular density with lymph node and distant 

metastases in BC. Other studies, investigating the prognostic significance of angiogenesis in 

BC, have also demonstrated a poorer survival in patients with tmours connoted by the 

presence of high microvascular density [36]. In TNBC, micro-vascular density appears even 

more represented than in other non-TNBC BC subtypes (p<0.001), as shown by Mohammed 

et al. [37] in a study including 830 breast carcinomas. In the same study, the 20-year survival 

of TNBCs with vascular invasion was almost halved compared to cases without vascular 

invasion. VEGF is one of the main regulators of angiogenesis and therefore, its increase 

reflects neo-vascular formation. The more active tumour angiogenesis in TNBC was further 
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supported by the presence of VEGF in the TME. Based on these observations it has been 

stated that tumour vasculature is even more relevant to therapeutically target TNBC. For 

instance, Lopatina et al. [38] have recently shown that blocking the signal mediated by 

interleukin-3 receptor α (IL-3Rα), expressed on tumour endothelial cells (TECs), interferes 

with the formation of neo-vessels and metastasis formation in mouse models of BC. 

Unfortunately, trials investigating the therapeutic role of anti-angiogenic drugs alone in 

metastatic TNBC failed to provide a clear survival benefit [39–41]. 

Vascular mimicry (VM) is a process by which tumour cells differentiate and arrange 

themselves to form neo-vessels. This was first described in 1999 by the observation that 

vascular structures containing erythrocytes were negative for the expression of endothelial 

markers (factor VII, CD31) while positive for Shiff's periodic acid reaction (PAS) in uveal 

melanoma [42]. Subsequent experiments on cell lines of different human neoplasms identify 

the main signalling pathways involved in VM. Indeed, it has been shown that hypoxia in 

the tumour microenvironment (TME) stabilises the level of hypoxia inducible factor-1α 

(HIF-1α) and induces EMT resulting in vascular-endothelial cadherin (VE-cadherin), ephrin 

type-A receptor 2 (EPHA2) and CD44 expression [43].  

As represented in Figure 1, VE-cadherin-mediated activation of EPHA2 can activate signals 

through phosphatidylinositol 3-kinase (PI3K), extracellular signal‑regulated protein kinase 

1/2 (ERK1/2), the expression of metalloproteinases MMP14, MMP2 and laminin, and induce 

cell migration [44,45]. In fact, inhibition of these molecules interferes with VM [46,47].  

In addition to the above mentioned molecules, orchestrating VM, BC has additional 

molecular peculiarities. In a study of 200 human breast carcinoma samples, Gu et al. [48] 

demonstrated an association of VM with the expression of osteopontin. Cell lines capable of 

forming tubular structures in vitro expressed more osteopontin, and this was inversely 

correlated to the expression of the microRNA hsa-mir-299-5p [49]. In addition, miR-204, was 

also found inversely correlated with VM in BC [50]. VM is not an isolated process but is 

closely related to the stemness of neoplastic cells (the presence of CD133+ cells) and EMT 

through the activation of several transcription factors such as zinc finger E-box binding 

homeobox (ZEB), twist-related protein (TWIST), and suppressor of mothers against 
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decapentaplegic (SMAD). VM was also found in the other molecular subtypes. However, 

given its higher prevalence in TNBC and the lack of targeted therapies in this group of 

malignancies, it has been considered a potential therapeutic target. 

Figure 1. Molecular pathways involved in vascular mimicry. Source: Andonegui Elguera et al., 2020 

 

The interleukin-3/interleukin-3 receptor α axis 

Interleukin-3 (IL-3), also referred to as multilineage-colony stimulating factor (Multi-CSF), 

is a cytokine with a molecular weight of 20-26 kDa predominantly produced by CD4+ T 

lymphocytes, monocyte and stromal cells initially identified as a growth factor for immature 

bone marrow cells [51,52]. The gene coding for IL-3 is located on chromosome 5q31 [53]. IL-

3 plays an important role in haemopoiesis: it has been shown to induce the proliferation of 

haematopoietic stem cells, neutrophils, megakaryocytes, macrophages, lymphoid and 

erythroid cells [54]. 

To exert its action on target cells, IL-3 binds to its receptor resulting in the activation of 

downstream signalling pathways. The interleukin-3 receptor is a heterodimeric receptor 

consisting of two subunits: an α subunit (IL-3Rα, also known as CD123) and a β subunit 
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shared with the interleukin-5 receptor (IL-5R) and the granulocyte-macrophage colony-

stimulating factor receptor (GM-CSF), called the β subunit (βc) (Figure 2).  

Generally, in the absence of stimulation, the receptor is not in its dimer form but, in the 

presence of IL-3, undergoes ligand-induced hetero-dimerization. IL-3Rα, specifically, 

contains an extracellular domain, a transmembrane domain, and a cytoplasmic domain. 

Several molecular studies have shown that IL-3Rα is required for the activation and 

phosphorylation of signal transducer and activator of transcription 5 (STAT-5) [55,56]. In 

addition to its well-documented role in haemopoiesis, Evans et al. [57] demonstrated that 

activation of IL-3Rα in murine pluripotent cells can induce not only proliferation but also 

differentiation, suggesting that within haemopoiesis, IL-3Rα activation is involved in cell 

fate determination. The role of the IL-3/IL-3R axis in conditions other than haemopoiesis has 

been also investigated over the years. A great deal of evidence has shown that IL-3 is 

involved in several pathological processes. IL-3Rα expression is frequent (45-95%) in acute 

myeloid leukaemia and its expression has been associated with a worse prognosis [58,59]. 

IL-3Rα seems to be involved in the pathogenesis of some lymphoid neoplasms, 90% of 

Hodgkin's lymphomas express CD123 [60]. 

IL-3 also contributes to the remodelling of the pathological vasculature, particularly tumour 

vasculature. Dentelli et al. [61] have shown that TECs produce IL-3 which, in an autocrine 

manner, promotes their migration through the induction of membrane-bound c-kit ligand 

(mbKitL). It was also shown that the inhibition of the IL-3/IL-3Rα axis switched off β-catenin 

signalling in tumour endothelial cells by interfering with the formation of tumour neo-

vessels [62]. Despite its action as hemopoietic growth factor, its pro-inflammatory action, 

and role in neoplastic angiogenesis, CD123 expression has been poorly investigated in solid 

neoplasms.  
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Figure2. Representation of the interleukin-3 receptor with its two subunits. 

 

Aim of the study 

TNBC is a specific molecular subtype that lacks immunohistochemical expression of ER, 

PgR, and Her2/neu expression and/or amplification. Unlike other molecular subtypes, 

TNBC does not benefit from the use of hormonal therapies or targeted anti-Her2/neu 

therapies. For these reasons, TNBC tends to be characterized by a lower therapeutic 

response and a worse prognosis. 

In recent years, the concept that, despite its extreme heterogeneity, TNBC shares the lack of 

expression of the aforementioned markers has been increasingly consolidated. Therefore, 

the identification of immunohistochemical and molecular markers capable to distinguishing 

specific tumor entities could both improve patient prognostic stratification and provide new 

therapeutic targets for a neoplasm currently lacking targeted therapies. The IL-3/IL-3Rα axis 

was initially studied for its hematopoietic function but, over the years, it has been 

considered for its pro-inflammatory and angiogenic activities.  

Despite the biological relevance covered by the IL-3/IL-3Rα axis, its expression, and its role 

in solid tumors, and in particular in TNBC, has never been investigated. 

Therefore, the aim of the work was to retrospectively evaluate the expression of IL-3Rα on 

human TNBC samples and to study its role as prognostic marker and possible TNBC 

therapeutic target. The results of this study are reported in the attached published paper. 
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Results: 

• Interleukin-3-Receptor-α in Triple-Negative Breast Cancer (TNBC): An 

Additional Novel Biomarker of TNBC Aggressiveness and a Therapeutic Target. 

Koni M, Castellano I, Venturelli E, Sarcinella A, Lopatina T, Grange C, Cedrino M, 

Femminò S, Cossu-Rocca P, Orrù S, D'Ascenzo F, Cotellessa I, Tampieri C, 

Debernardi C, Cugliari G, Matullo G, Camussi G, De Miglio MR, Brizzi MF. 

Cancers (Basel). 2022 Aug 13;14(16):3918. doi: 10.3390/cancers14163918. 

https://www.mdpi.com/2072-6694/14/16/3918 
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Overall, we have demonstrated for the first time that IL-3Rα is highly expressed in human 

TNBC tumor cells. In our study, 291 out of 421 tumors, corresponding to 69%, expressed IL-

3Rα at the immunohistochemical evaluation. The use of two cohorts from two different 

centres allowed us to confirm the percentage of its positivity, suggesting that the expression 

of IL-3Rα on TNBC is highly reproducible and frequent in this neoplasm. The expression of 

IL-3Rα was then confirmed in cell lines derived from human TNBCs, confirming that the 

receptor is widely expressed in tumor derived from both primary and metastatic lesions. To 

corroborate its relevance as a biomarker, we demonstrated that IL-3Rα was not expressed 

on non-neoplastic breast cells (MCF-10A). The association with a higher lymph node 

invasion and a significantly lower survival together with the high reproducibility of the 

immunohistochemical expression of IL-3Rα, suggest that the receptor can be used as a 

biomarker for the characterization of a more aggressive and poorer prognosis subset of 

TNBC. We also demonstrated that IL-3, when administered in vitro to TNBC cell lines 

confers a more aggressive phenotype by including EMT, VM, and impairing the anti-tumor 

immune response. We demonstrated that, when stimulated with IL-3, TNBC cells, undergo 

profound phenotypic changes forming tubular structures assuming endothelial-like 

characteristics. IL-3 has been also shown to regulate EMT- and VM-related transcription 

factors.  

The deep association of IL-3Rα expression with other genes involved in EMT and MV was 

further confirmed by gene expression analysis on a large number of TCGA-derived BC. IL-

3Rα expression positively correlates with the expression of pivotal VM genes, suggesting 

that stimulation of the IL-3/IL-3Rα axis is instrumental in the activation of mechanisms that 

confer tumor aggressiveness. From the analysis of the TCGA data also emerged that a set of 

genes related to EMT and VM, together with the expression of IL-3Rα accurately 

discriminate this molecular subtype.  

Finally, we evaluated the role of IL-3Rα in an in vivo model using NGS mice. In vivo 

experiments demonstrated that IL-3 administration increases the metastatic potential and 

the formation of large vascular lacunae lined with tumor cells. We also demonstrated that 
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the activation of the IL-3/IL-3Rα axis in vivo favours VM and dissemination of tumor cells. 

Moreover, IL-3 showed the ability to remodel tumor immunogenicity by increasing the 

expression programmed cell death ligand 1 (PD-L1). PD-L1 is differentially expressed by 

neoplastic cells and contributes to the inhibition of the anti-tumor immune response, 

thereby facilitating tumor cell evasion. IL-3 in vivo administration, significantly increased 

the expression of PD-L1 on both primary tumor and metastases, thus promoting an 

immunosuppressed environment. 

In conclusion, this study identified IL-3Rα as a potential new biomarker of aggressiveness 

in TNBC, thus, supporting the possibility that the IL-3/IL-3Rα axis may represent a new 

therapeutic frontier in TNBC. 
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During the three years of my PhD, I also contributed to other studies investigating the pro-

tumor effects of the extracellular vesicles and to the preparation of a review focused on Wnt 

signalling pathway. 

 

Extracellular Vesicles  

Extracellular vesicles (EVs) were first identified in 1967 as membrane particles, termed 

‘platelet dust’, released from activated platelets and considered as cellular components 

lacking any function [63]. Since then, many studies have been performed to understand the 

composition of EVs and their biological function. EVs are heterogeneous small membrane-

bound carriers secreted in physiological and pathological conditions. EVs are composed by 

a lipid bilayer which encloses several cytoplasmic proteins, lipids, as well as nucleic acids, 

recapitulating the “cargo” of their cell of origin.  

Almost any cell release EVs and they have an important role in intercellular communication 

modifying the behaviour of target cells at close or distant sites. EVs are shed by almost any 

cell including primary cells, stem cells and cancer cells [64,65], and can be identified in many 

biological fluids, including blood and urine [66,67].  

According to the International Society of Extracellular Vesicles (ISEV), EVs can be classified 

as small EVs (less than 100 nm in diameter) and medium–large EVs (more than 100 nm in 

diameter) [68].  

Since EVs are important in cell-to-cell communication, they have gained increasing interest 

in the past decades, and several studies have provided methodologies of isolation and 

characterization from several cell types and their presence was also demonstrated in body 

fluids [69]. 

Once released, EVs can act on target cells through different mechanisms. Transmembrane 

proteins on EVs membrane can interact with receptors expressed on target cells [70]. These 

receptor–ligand interactions can then activate signalling cascades affecting target cell 

activities. EVs can also fuse with their recipient cells to release their cargo, either by direct 

fusion with the cell membrane or by endocytosis [71]. The cargo and EVs function depend 
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on their producing cells, and it has been shown that cellular stress also affects EVs content, 

suggesting that intercellular communication through EVs is dynamic [11]. 

As above stated, EVs may differ in both protein and genetic cargo depending on their 

parental cell and most of the researches have focused on cancer. It has been shown that 

tumor-derived EVs (TEVs) carrying pro-tumorigenic proteins, such as transcription factors, 

miRNAs, and growth factors, strictly control tumor growth and metastasis [72,73]. 

Therefore, inhibiting TEVs functional effects would most likely yield some significant 

advantages in the treatment of neoplasms. 

 

TEVs: trafficking, sorting, and function in TME 

The TME is highly complex and dynamic affecting cancer dissemination and progression. 

The milieu comprises stromal cells, endothelial cells, immune cells, and various resident 

cells [74]. 

Several studies have extensively demonstrated that TEVs are active components of the TME, 

providing autocrine, paracrine, and other signals supporting EMT and leading to tumor 

growth, metastasis, immune evasion [75–77] The ratio of TEVs/normal cell–derived EVs is 

various, but generally, TEVs represent a majority of total EVs in patients with advanced 

malignancies. In the TME, TEVs participate to the intercellular crosstalk and transfer 

messages from the parent tumor cells to recipient cells. It has been shown that TEVs impact 

in non-tumorigenic cells within the TME [78]. Indeed, Paggetti et al. [79] demonstrated that 

TEVs released by chronic lymphocytic leukemic cells induced the transition of stromal cells 

into cancer-associated fibroblasts. On the same line, a recent study demonstrated that TEVs 

shed from non-small cell lung cancer cells drive invasion and permeability of normal 

epithelial cells [80]. 

In the TME, TEVs can also “seed the soil” for metastasis. Cancer metastasis is a complex 

process where cancers spread from a primary tumor to different organs [81]. The priming 

of the secondary site occurs before cancer cell colonization. This process employs soluble 

factors such as cytokines, growth factors, proteins, metabolites as well as TEVs. TEVs also 
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play significant and flexible roles in cell-to-cell communication at long-distance. This 

property makes them ideal candidates for cancer cells to find and prime healthy tissue in 

distant organs to form metastatic niches.  

A study has tracked GFP-labelled TEVs released by BC demonstrating that they can be up 

taken by other cancer cells and by normal lung tissue in orthotopic nude-mouse model, 

providing strong evidence that TEVs also work as long-distance messengers [82].  Another 

study by Costa-Silva at al. [83], demonstrated the TEVs priming activity. TEVs from 

pancreatic ductal adenocarcinomas induced the production of transforming growth factor- 

β (TGF-β) and fibronectin by hepatic stellate cells. TEVs cargo was found enriched in 

macrophage migration inhibitory factor involved in liver pre-metastatic niche formation. 

Moreover, macrophage migration inhibitory factor was found higher in TEVs of patients 

who developed liver metastasis. 

Recently, Maji et al. have shown that TEVs originated from metastatic BC carry high levels 

of annexin II. Annexin II-TEVs triggered the nuclear factor kappaB (NF-kB), p38, mitogen-

activated protein kinase (MAPK), and STAT3 pathways in macrophages. These pathways 

lead to the secretion of inflammatory cytokines, IL6 and TNF-α, and supported the 

establishment of the pre-metastatic niche both in brain and lung [84].  

EV-mediated mechanisms of metastatic regulation also involve the recruitment of 

mesenchymal stem cells. Mesenchymal stem cells derived from bone marrow were found 

crucial to initiating metastatic process. Lindoso et. al [85] have shown that mesenchymal 

stem cells are susceptible to renal cancer stem cell-EVs. Indeed, it has been shown that TEVs 

can boost the expression of genes associated with cell migration (C-X-C chemokine receptor 

type 4 (CXCR4) and CXCR7), matrix remodelling (collagen type IV alpha 3 chain 

(COL4A3)), angiogenesis and tumor growth. 

 

The role of TEV cargo in tumor angiogenesis  

Tumor cell proliferation and metastasis highly depend on new blood vessel formation. 

Angiogenesis consists of sequential steps: i) degradation of basal membrane and the 
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subsequent extracellular matrix surrounding the blood vessels; ii) endothelial cells 

activation, migration and proliferation; iii) the formation of capillary tubes developing into 

novel basal membrane [86]. The literature suggests that angiogenesis is caused by hypoxia. 

The sprouting process is regulated by the balance between proangiogenic and anti-

angiogenic factors, dominated by the overproduction of VEGF triggered by tissue hypoxia 

[87]. VEGF mediates angiogenesis and results as a key in the “angiogenic switch”. 

As tumor expands and grow excessively in size, cancer cells are exposed to an imbalanced 

oxygen supply due to diffusion from normal functional vessels. To overcome hypoxic 

microenvironment, malignant cells increase the TEVs release with a subsequent 

enhancement of EV-mediated angiogenesis. In a recent study, it was demonstrated that BC 

patients released TEVs into circulation that stimulate cellular changes involved in 

angiogenesis. More specifically, EV fractions deprived of platelet EVs increased migration, 

invasion and formation of new tubules when compared to the same fraction of EVs released 

by healthy subjects [88]. Another study demonstrated that TEVs carry VEGF on their surface 

promoted tumor angiogenesis. Moreover, the enrichment of VEGF in TEVs was also 

associated with tumor progression in patients with anti-cancer therapy [89].  

HIF is a highly conserved transcription factor that controls the expression of genes 

regulating angiogenesis, metabolism, and cell cycle. Accordingly, hypoxia promotes vessel 

growth by upregulating multiple pro-angiogenic pathways that mediate key aspects of the 

vascular network. Interestingly, recent studies show that hypoxia influences additional 

aspects of angiogenesis, including vessel patterning, maturation, and function. Through 

extensive research, Seo et al. [90] demonstrated that E74‑like ETS transcription factor 3 

(ELF3) is over-expressed in epithelial ovarian cancer under hypoxia. ELF3 transcriptionally 

upregulated insulin-like growth factor-1 (IGF1). IGF1 promoted the stability of HIF-1α  

thereby increasing its protein level and enhancing VEGF expression and tumor 

angiogenesis. 

TEVs influence endothelial cells to stimulate vascular permeability and angiogenesis. 

Studies suggested that these TEVs contribute to angiogenesis. Dentelli et al. [61] showed 

that BC tissue released IL-3, which influences TECs in the TME. IL-3-treated cancer cells also 
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secreted TEVs, serving as a paracrine mechanism for neighbour cells. When tumor TECs 

were treated with a blocking IL-3Rα antibody, TEVs miR-214-3p content was upregulated, 

while miR-24-3p downregulated. These two miRNAs regulated neovessel structures 

through the Wnt/β-catenin pathway. Moreover, TEVs derived from TECs pre-treated with 

anti-IL-3Rα antibody induce regression of tumor neovessels in vivo [62]. 

A hypoxic TME, due to a fast and uncontrollable growth of cancer influences tumor cells to 

secrete not only several chemical mediators but also EVs, which contribute to 

neovasculature. 

 

TEVs: multi-faced tools for tumor immune escape  

To guarantee and support its development, tumors adopt many strategies to affect the 

surrounding microenvironment. One of the most powerful strategies through which cancer 

protects its growth involves the immune evasion [91]. 

The mechanisms underlying immune escape has attracted particular attention in the 

scientific community in the last years. Recent data highlighted the contribute of TEVs in 

cancer immune evasion acting on T cells exhaustion, regulatory T cells (Treg) and myeloid-

derived suppressor cells (MDSCs) expansion.  

In a study published by Shen et al. [92], it has been shown that prostatic cancer TEVs 

negatively regulate T cell functions. They treated CD8+ T cells with prostatic cancer TEVs 

and demonstrated that TEVs induced apoptosis in CD8+ T cells by activating endoplasmic 

reticulum stress via the p38 MAPK signalling pathway. Furthermore, TEVs induced Treg 

amplification through the upregulation of forkhead box O (FOXO) transcription factor and 

nuclear translocation in FOXP3+ Treg cells. Another study showed that TEVs induced the 

expansion of human Treg. More specifically, TEVs-associated IL-10 and TGF-β1 mediate 

Treg induction and expression of FasL, IL-10, TGF-β1, cytotoxic T-lymphocyte antigen 4 

(CTLA4), granzyme B, and perforin [93].  

T cells exhaustion exhibits dysfunctional function and decreased viability and proliferation. 

There is a consensus that exhausted T cells display some common marker, including: 
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programmed cell death protein-1(PD-1), lymphocyte activation gene 3 (LAG3), CTLA4 and 

T cell immunoglobulin mucin 3 (TIM3) along with a reduced proliferative capacity when 

stimulated [94]. 

In a study by Wang et colleagues [95] the relationship between CTLA4 and LAG3 in TILs 

from patients with esophageal squamous cell carcinoma was investigated. They found a 

positive correlation between LAG3 and CTLA4 expression. The double positive cells 

(LAG3+ and CTLA4+) were significantly associated with worse recurrence-free survival and 

overall survival.  

A recent study demonstrated how B cell lymphoma derived TEVs were able to activate 

CD19 CAR-T cells and induce the release of multiple inflammatory cytokines including: IL-

2, IL-4, interferon gamma (IFN-γ), IL-10, IL-6, and TNF-α. A persistent contact of CD19 

CAR-T cells to TEVs resulted in exhausted cells. CD19 CAR-T exhausted cells upregulated 

PD-1 and CTLA4 expression, decreased their expansion, overstated effector cell 

differentiation, and impaired the anti-tumor activities [96].  

Tumor cells can generate an immunosuppressive TME by increasing the expression of the 

inhibitory ligand PD-L1. PD-L1 prevents T cells response by binding to PD-1 expressed by 

T lymphocytes, avoiding cancer cell death. PD-L1 expression was found higher in advanced 

tumor stage and associated with poor prognosis [97]. A study demonstrated that 

glioblastoma TEVs carried PD-L1 on the surface. PD-L1 by binding to PD-1 blocked T cell 

activation and proliferation in response to T cell receptor stimulation. The use of an anti-

PD-1 receptor blocking antibody reversed TEV-mediated inhibition of T cell activation [98].  

During tumor development and expansion cancer cells can promote the expansion of 

MDSCs, a heterogeneous group of immature cells that derive from the myeloid lineage and 

are able to enhance immunosuppression within the TME. 

Moreover, TEVs had the power to transform normal myeloid cells into MDSCs, impairing 

the anti-tumor immune response. Melanoma cells released TEVs able to upregulate PD-L1 

expression on bone marrow immature myeloid cells as well as on immortalized myeloid 

suppressor cells, leading to the loss of T cell expansion. The mechanism under PD-L1 

expression and the immunosuppressive potential of TEVs was found dependent on the 
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expression of toll-like receptors (TLR) as well as on the heat-shock protein 86 (HSP86) 

carried by TEVs [99]. 

The ability of TEVs to promote MDSCs expansion has been attributed to their functional 

cargo. Recently, a study provided evidence of glioma TEVs in MDSCs expansion. Authors 

collected TEVs from normoxic and hypoxic glioblastomas. Hypoxia-TEVs allowed a 

significant immunosuppressive function of MDSCs compared both in vitro and in vivo. 

MicroRNA sequencing revealed that miR-10a and miR-21 enriched in glioma TEVs 

promoted the expansion and function of MDSCs in hypoxia condition. This was mediated 

by RAR Related Orphan Receptor A (RORA), a miR-10a target, and Phosphatase and tensin 

homolog (PTEN), a miR-21 target gene [100].  

 

Results: 

• Targeting IL-3Rα on tumor-derived endothelial cells blunts metastatic spread of 

triple-negative breast cancer via extracellular vesicle reprogramming 

Lopatina T, Grange C, Cavallari C, Navarro-Tableros V, Lombardo G, Rosso A, 

Cedrino M, Pomatto MAC, Koni M, Veneziano F, Castellano I, Camussi G, Brizzi 

MF. Oncogenesis. 2020 Oct 10;9(10):90. doi: 10.1038/s41389-020-00274-y 

https://www.nature.com/articles/s41389-020-00274-y 

• IL-3 signalling in the tumour microenvironment shapes the immune response via 

tumour endothelial cell-derived extracellular vesicles 

Lopatina T*, Koni M*, Grange C, Cedrino M, Femminò S, Lombardo G, Favaro E, 

Brizzi MF. Pharmacol Res. 2022 May;179:106206. doi: 10.1016/j.phrs.2022.106206.  
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Conclusions: 

The aim of my thesis was to explore the role of the IL-3/IL-Rα in the context of TNBC. 

We demonstrated: 

• For the first time that IL-3Rα is expressed by TNBC samples and correlates with 

metastatic nodes and with a poor overall survival. IL-3 stimulation induces vascular 

mimicry and a general increase of cancer aggressiveness. 

 

• The use of an antibody blocking IL-3Rα on TEC reprograms their EVs. anti-IL-3R-EV 

alter angiogenesis and the metastasis of primary tumors. Importantly, anti-IL-3R-EV 

in vivo priming reduced lung metastasis, probably because of its antiangiogenic 

functions and/or interference with cancer cell homing. 

 

• The blockade of IL-3Rα is a tool for anti-tumor immune therapy. The combination of 

immune checkpoint targeting drugs and PD-L1 downregulation in myeloid and 

tumor cells can ameliorate the response to immune therapy. 
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