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ABSTRACT 

Anaplastic thyroid carcinoma (ATC) is a rare, undifferentiated, aggressive and 

therapy-resistant tumor of the thyroid follicular epithelium. Conventional 

chemo/radiotherapy, and targeted therapies directed against components of the 

Ras/MAPK pathway - a driver oncogenic cascade in thyroid carcinoma (TC) - 

have been used, but they have shown limited efficacy. 

Immunogenic cell death (ICD) is a form of apoptosis induced by specific 

stressors, able to evoke tumor regression through a durable antitumor immune 

response. Single compounds or combination therapies have been shown to 

induce ICD in distinct tumor types. Here, we wish to identify novel therapies 

capable of inducing ICD in ATC. To this aim, we used novel drug combinations 

against recently identified molecular targets to induce ICD in human ATC.  

One of the potential targets is represented by the immune checkpoint (IC) 

Programmed cell death-1 (PD-1). We found that ATC cells express both PD-1 

and its ligands, PD-L1/2. The PD-1 intrinsic circuit promoted ATC cell 

proliferation, migration and tumorigenicity in immunocompromised mice. 

Accordingly, Nivolumab, a PD-1 neutralizing antibody, blocked these effects. 

PD-1-mediated activities in ATC cells required the SHP2 tyrosine phosphatase, 

that, upon membrane recruitment by PD-1, can activate Ras, thus triggering the 

MAPK pathway. Indeed, SHP099, a SHP2 inhibitor, could block PD-1-mediated 

mitogenic and migratory activities of ATC cells. 

Another potential target, previously identified by us in ATC, is represented by 

interleukin 8 (IL8), an inflammatory chemoattractant cytokine that, by binding 

its receptors CXCR1/CXCR2, induces proliferation, survival, stemness, 

motility, tumor formation and immunosuppressive features of ATC cells. The 

blockade of the IL8 circuits with Reparixin, a non-competitive CXCR1/2 

inhibitor, repressed IL8-mediated activities in ATC cells. Furthermore, IL8 

potentiated the immunosuppressive properties of TC cells by increasing the 

expression of IC molecules on their surface. 

Since PD-1/SHP2 and IL8/CXCR1/2 circuits play a critical role in the 

maintenance of aggressive ATC features, we tried different combinations of 

Reparixin, Nivolumab and SHP099, in order to test whether the simultaneous 

blockade of these circuits could kill murine and human ATC cells in an 

immunogenic fashion. We found that SHP099, in combination with Nivolumab 

or with Reparixin, and Nivolumab in combination with Reparixin, exerted 

cytotoxic/cytostatic effects on both murine and human ATC cell lines. 

Importantly the formers combinations were more efficient than the latter in 

inducing ICD hallmarks, including eIF2α phosphorylation, calreticulin (CRT) 

exposure on cell surface, ANXA1, ATP and HMGB-1 increase. Thus, SHP099, 

in combination with Nivolumab or Reparixin, will be tested in vivo in syngeneic 

mice models in order to assess their ability to induce tumor regression and to 

elicit durable immunity against ATC.  
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1. INTRODUCTION 

1.1 Thyroid Cancer 

Thyroid is an endocrine gland situated in the lower part of the neck, anteriorly 

to the trachea. It consists of two lobes joined together by the isthmus. The main 

functional and structural unit of the thyroid gland is the thyroid follicle, which 

is made up of a single layer of epithelial cells, also known as thyroid follicular 

cells. These cells are responsible of iodine trapping from circulation and thyroid 

hormone production. In between thyroid follicular cells there are the 

neuroendocrine C cells, also known as parafollicular cells, involved instead in 

the secretion of the polypeptide hormone calcitonin.  

Thyroid cancer (TC) is the most prevalent endocrine neoplasia with an 

increasing incidence over the past three decades, as reported by epidemiological 

data from world cancers registers (1). The latest Global Cancer Observatory 

(GLOBOCAN) survey from 2020 reports that TC is responsible for 586,000 

cancer cases worldwide (2), moreover, if recent trends are maintained, TC may 

become the fourth most common cancer by 2030 in the United States (3). 

Multiple factors have been associated with the risk of developing TC, including 

female gender, age, obesity, radioiodine exposure, genetic alterations, history of 

goiter, and family history of thyroid disease (4).  

TC can arise from either follicular or parafollicular cells of the thyroid gland. 

Medullary Thyroid carcinoma (MTC) originates from parafollicular cells. TC 

arising from follicular cells are classified based on their histological and clinical 

features in well-differentiated (WDTC), poorly differentiated (PDTC) and 

undifferentiated/anaplastic (ATC) histotypes. WDTCs comprise papillary 

thyroid carcinoma (PTC) and follicular thyroid carcinoma (FTC) (Figure 1). 

PTC and FTC are the most frequent forms (90%) of TC, distinguished from the 

other forms by a relatively favorable prognosis. They are characterized by 

typical histological features, and by the maintenance of some differentiating 

markers such as the ability to capture iodine, synthesize thyroglobulin and 

respond to thyroid stimulating hormone (TSH). Most of patients experiencing 

WDTC (80-85%) have a good response to conventional therapies, including 

surgery, radioiodine treatment and TSH suppressive therapy (5); however a 

consistent percentage of patients, about 15-20%, displays recurrence or 

persistence of neoplasia, generally associated with resistance to radioiodine 

therapy (6). PDTCs and ATCs are the most aggressive forms of TC, accounting 

about 1-5% of TC, often associated with a poor prognosis due to aggressive 

behavior and short median time of survival, caused by the lack of successful 

treatment. In the most accepted theory of follicular cell carcinogenesis, different 

molecular alterations have been associated with specific steps, leading 

progression from well differentiated to undifferentiated forms of TC (7) (Figure 

1). According to this model, it has been observed the existence of differentiated 

or poorly differentiated areas within ATC samples, suggesting that there is a 

progressive dedifferentiation process of WDTC that leads to ATC (8).  

Thanks to the advent of new genome sequencing techniques [i.e., Next 

Generation Sequencing (NGS)], in the last three decades a huge number of 
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studies have characterized the genetic and epigenetic aberrations involved in TC 

development  (9–12). Indeed, more than 90% of mutations underlying TC 

pathogenesis have been identified, such as mutations that provide a selective 

growth advantage thus promoting cancer development (13) . The main molecular 

alterations that lead to TC initiation and progression involve mitogen-activated 

protein kinase (MAPK) and phosphatidylinositol-3 kinase (PI3K)/AKT 

signaling pathways. Several additional mutations in other cellular pathways, 

such as p53, Wnt/β-catenin or mutations in TERT promoter, are involved in TC 

progression to PDTCs and ATCs (Figure 1).  

 
Figure 1. Thyroid carcinomas (TCs) derived from thyroid follicular cells. TCs are the most 

common tumors of the endocrine system and can originate either from follicular cells or 

parafollicular C cells. From follicular cells derive well-differentiated forms (WDTC), such as 

papillary carcinoma (PTC) and follicular carcinoma (FTC), poorly differentiated carcinomas 

(PDC) and undifferentiated forms, such as anaplastic carcinoma (ATC).  

 

1.2 Genetic landscape of follicular cell-derived thyroid carcinoma 

1.2.1 Papillary thyroid carcinoma (PTC) 

PTCs are the most common subtype of TCs, mostly characterized by good 

prognosis in terms of long term-survival (90%) (13,14). PTCs comprise various 

histological subtypes: classical (CV), follicular (FV), tall cell (TCV) variant and 

other uncommon PTC variants. 

Typical driver mutations found in nearly 70% of PTCs include point mutations 

of BRAF or Ras and RET rearrangements (15) occurring in a mutually exclusive 

modality. Genetic alterations of these molecules result in a constitutive 

activation of MAPK signaling leading to PTC initiation (15).  

The most frequent mutation in PTCs involves BRAF, that encodes for a 

serine/threonine protein kinase belonging to the RAF family. A recent analysis 

from The Cancer Genome Atlas (TCGA), reported that 74.6% of PTCs carry 

BRAF mutations, of which 61.7% were V600E substitutions (15). Other genetic 
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alterations have been identified in this gene; however, the majority of classical 

variant PTCs harbors the BRAFV600E mutant (15). The BRAFV600E driver 

mutation triggers a constitutive activation of MAPK signaling that, in turn, 

causes loss of differentiation, tumor progression and apoptosis inhibition (16). 

In particular, a down regulation in genes required for thyroid hormone 

biosynthesis, including thyroglobulin and the sodium iodide symporter (NIS), 

have been described in PTCs harboring this type of mutant (17–19). Moreover, 

this mutation has been described by several studies to be associated with 

aggressive features, such as lymph node metastases, invasion, and recurrence 

(20,21). 

The RAS family of small GTP-binding proteins includes the four different but 

related proteins H-Ras, N-Ras, K-Ras4A, and K-Ras4B, that act upstream of 

BRAF, and signal through the MAPK and PI3K-AKT pathways, controlling cell 

growth, differentiation, and survival. Ras proto-oncogenes were found mutated 

in PTCs (22) with an overall prevalence of 10-15%, especially in the follicular 

variant (23). Point mutations in codon 61 of N-Ras and, to a lesser extent, of H-

Ras are the most frequently observed (24). Conversely to BRAF mutations, Ras 

mutations define a less aggressive subsets of PTC tumors. 

The RET gene encodes for a single-pass transmembrane receptor tyrosine kinase 

for members of the glial cell line-derived neurotrophic factor (GDNF) family. 

Chromosomal rearrangements of N-terminal domains of unrelated gene(s) with 

the C-terminal kinase domain of RET result in the production of chimeric forms 

of the receptor (RET/PTC) that are constitutively active in thyroid cells. 

RET/PTC rearrangements have been identified in sporadic and radiation-

associated PTCs (25). Among the twelve rearrangements reported (26), the most 

common are RET/PTC1 (resulting from the fusion between the tyrosine kinase 

domain of RET and CCDC6) and RET/PTC3 (resulting from the fusion of the 

tyrosine kinase domain of RET with NCOA4) (27). According to the recent report 

of TCGA, in a series of 484 PTCs belonging to different ethnic groups, only 

6.8% presented RET rearrangements (15). In general, patients that have 

RET/PTC1 and RET/PTC3 have a favorable prognosis due to their ability to 

respond to radioactive iodine (RAI) therapy (28). 

 

1.2.2 Follicular thyroid carcinoma (FTC) 

Follicular thyroid carcinomas represent the second most common type of TC, 

accounting for 10-15% of WDTC cases. Point mutations in the Ras gene family 

(K, -H and -N) are found in 20-50% of FTCs (29), thus representing the most 

common lesion involved in FTC pathogenesis (30). The prognostic value of Ras 

mutations in FTC is still unclear; a previous study has demonstrated that Ras 

mutations are negative prognostic markers (31), whereas recent studies didn’t 

identify Ras mutations as predictors of disease-specific mortality (32). 

PAX8-PPARγ (paired box 8/peroxisome proliferator activated receptor γ) 

rearrangement is the second common mutation found in FTC cases, ranging from 

12% (33) to 53% (34). PAX8 belongs to paired box family of transcription 

factors, and it is involved in thyroid development, thyroid progenitor survival 



8 

 

and in the expression of thyroid-specific genes (35) . On the other hand, PPARγ, 

a member of the nuclear receptor family of transcription factors, is required for 

adipocyte differentiation and lipid metabolism (36) and it is considered a tumor 

suppressor gene (37). The fusion protein PAX8-PPARγ acts as dominant 

negative regulator of wild type PPARγ (38). Importantly, it has been found that 

PAX8-PPARγ rearrangement and Ras mutations are mutually exclusive (39).  

Finally, telomerase reverse transcriptase (TERT) point mutations have been 

reported in nearly 15% of FTC cases and are associated with bad prognostic and 

clinical features (40).  

 

1.2.3 Poorly differentiated thyroid carcinoma (PDTC) 

PDTCs represent rare and aggressive thyroid malignancies, accounting for 

approximately 5% of all TCs, are associated with a mean survival of 3.2 years 

after diagnosis. According to progressive dedifferentiation model of TC 

tumorigenesis, PDTCs share some of pathognomonic WDTC molecular 

alterations, and in addition they gain many other genetic alterations leading to 

dedifferentiation. 

In terms of biological features and aggressiveness, PDTCs are located in 

between WDTCs and ATCs. Indeed, these tumors are characterized by a higher 

mitotic index, infiltrative growth and vascular invasion, with respect to WDTCs 

(41). BRAFV600E mutations occurs in 33% of PDTCs, while Ras mutation are 

found in 28% of cases (11). BRAF and Ras mutations are mutually exclusive 

and denote diverse clinical behavior: BRAF-mutated PDTCs generally have a 

high rate of nodal metastases and show low expression of thyroid-specific genes 

related to radioiodine avidity; by contrast, Ras mutated counterparts show a high 

rate of distant metastases, and no evidence in alteration of genes involved in 

radioiodine avidity (11,42). 

Additional mutations that contribute to the pathogenesis of PDTCs are clonal 

point mutations in TERT promoter, ranging from 33% (43) to 40% (11) of 

PDTCs. Intriguingly, TERT promoter mutations are correlated with a higher risk 

of distant metastases and mortality (11).The eukaryotic translation initiation 

factor 1 A, X-linked, EIF1AX, was found mutated in 10% of PDTCs cases and 

its mutation is associated with worse clinical criteria (11). This protein is a 

component of the preinitiation complex (PIC), which is involved in the protein 

translation. EIFIAX mutations were associated with larger tumors and predicted 

shorter survival in PDTCs (11). Moreover, EIF1AX mutations often occurred 

with Ras mutations (42).  

The PI3K/AKT/mTOR pathway regulates different cellular processes such as 

cell metabolism, vitality, and motility. Mutations in components of this cascade 

have been found in 11% of PDTCs (11). 

The TP53 tumor suppressor gene encodes for a nuclear protein involved in cell-

cycle arrest, senescence, and/or apoptosis in response to different stimuli. 

Mutations that cause a loss of function (LOF) in this gene have been extensively 

considered a hallmark of advanced forms of thyroid neoplasia (44,45). Previous 

studies reported that inactivation of TP53 was found in 8% of PDTC cohort cases 
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(11), whereas recent study report that no one of 21 patients affected by PDTCs 

was positive for TP53 alterations (43).  

Chromosomal rearrangements that are common in WDTCs, such as RET/PTC 

and PAX8-PPARγ, have been found in 14% of PDTCs (43). 

 

1.2.4 Anaplastic thyroid carcinoma (ATCs) 

ATCs, also known as undifferentiated TCs, although representing 1-2% of TC 

cases, are the most aggressive type of follicular cell-derived TCs, and 

unfortunately associate to a patients’ mean survival of only six months after 

diagnosis. ATCs can originate from preexisting WDTCs or they can arise de 

novo (46,47). Conversely to other forms of follicular cell-derived TCs, ATCs 

lose many features of normal follicular cells, like iodine uptake, thyroglobulin 

synthesis, as well as TSH dependence, rendering this type of tumors refractory 

to conventional TC therapies (42). From a clinical point of view, ATCs is 

characterized by a high rate of growth, metastasis and a rapidly fatal clinical 

outcome. With respect to PDTCs, ATCs have a higher tumor mutation burden 

(11). The most common driver mutation present in ATCs is BRAFV600E, 

present in 45% of ATCs, whereas mutations in N-, K-, or H-Ras occurre in 24% 

of ATCs (11,43) and they are mutually exclusive with BRAF mutations and RTK 

gene rearrangements. TERT promoter point mutations and TP53 LOF mutation 

are the most common alterations in ATCs (11,43). Importantly, since TP53 is 

mutated at high frequency in ATCs, it is reported to be pathognomonic for these 

tumors (11). EIF1AX was found mutated in 9% of ATCs cases and it is strongly 

associated with Ras mutations (48). Differently to PDTCs, the PTEN/PI3K/Akt 

pathway was found mutated with a high prevalence in ATCs (39%). A huge 

number of ATCs (65%) display mutations in CTNNB1 gene, that encodes for β-

catenin. This protein is normally involved in the maintenance of cell adhesion, 

while, when mutated, is sequestered in the nucleus where it acts as 

transcriptional factor, favoring the expression of genes promoting tumor growth 

(49). Additional alterations found in ATCs with high prevalence (36%) are 

represented by genes encoding components of the SWI/SNF chromatin 

remodeling complex (11). Moreover, genes involved in epigenetic 

modifications, in cell cycle regulation as well as in DNA mismatch repair, were 

found mutated in ATCs, whereas no chromosomal aberrations were found (11).  

 

1.3 Tumor microenvironment (TME): a focus on immune landscape of TC 

In the context of tumor initiation and progression, a critical role is played by 

tumor microenvironment. The crosstalk between cancer cells and the different 

cellular and non-cellular players of this environment might drastically influence 

the destiny of cancer progression. In this scenario, immune cells infiltrating the 

tumor bed have been extensively studied (50). To date, the main immune cell 

populations identified in TC microenvironment are Tumor-Associated 

Macrophages (TAMs); Dendritic Cells (DCs); Tumor-Associated Mast Cells 

(TAMCs); Tumor-Associated Neutrophils (TANs); Natural Killer Cells (NKs); 

CD8+ Cytotoxic T Cells (CTLs); CD4+ T helper cells including Regulatory T 
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lymphocyte (Treg cells) (Figure 2). Non-cellular components of TME are 

represented by many cytokines involved in tumor initiation and progression, 

such as interleukin 8 (IL8) (51). 

 

 

 
Figure 2. Representative immune cells in tumor microenvironment (TME) of thyroid 

tumor histotypes. TME of DTCs is the most studied. ATCs have been also shown to be 

infiltrated by cells and mediators of immune system. PDTCs display TAMs and TAMCs in their 

TME: DTC, differentiated thyroid cancer; ATC, anaplastic thyroid carcinoma; PDTC, poorly 

differentiated thyroid carcinoma; NK, natural killer; TAM, tumor-associated macrophage; TAN, 

tumor-associated neutrophil; TAMC, tumor-associated mast cell; CTL, cytotoxic T lymphocyte; 

DC, dendritic cell; CD4+T, CD4+ T helper cell. Modified by Menicali et al., 2021 (5).  

 

1.3.1 Roles of immune cells in thyroid TME 

Tumor-Associated Macrophages (TAMs) represent the most abundant immune 

cells in TME of TC. A huge number of studies reported that TAM infiltration in 

TCs correlates with clinic-pathological features of this malignancies. 

Specifically, it has been shown that in PTCs, TAMs positively correlated with 

increased tumor size, lymph node metastasis and reduced survival (52,53). 

Moreover, it has been described that production of IL8 by TAMs in human 

PTCs, promotes invasiveness of TC cell lines in vitro (53). Intriguingly, PTCs 

harboring BRAFV600E mutations show an increased in TAM infiltration (54). 

A murine model of PTCs was useful to demonstrate that TAM infiltration is due 

to Colony stimulating factor-1 (CSF-1) and C-C motif chemokine ligand 2 

(CCL2) production by TC cells (54). 

Also in PDTCs, TAMs show a fundamental role in conferring an aggressive 

phenotype to these tumors. Indeed, increased TAM infiltration strongly 

correlates to histological grade, extra-thyroid invasiveness, and decreased 

survival in PDTCs (55).  

In comparison to WDTCs and PDTCs, ATCs display the highest TAM density 

in tumor bed, representing more than 50% of infiltrating immune cells (56). 

Moreover, it has been shown that the presence of these cells in TME of ATCs 
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directly correlates with poorer overall survival and with worst clinical outcome 

(56). 

Dendritic cells (DCs) that infiltrate TCs show an immature phenotype 

characterized by low expression of costimulatory molecules, high expression of 

inhibitory molecules, and an immunosuppressive secretory phenotype (57). 

Since these cells show an impaired antigen presenting ability, they are unable to 

completely activate T cells. Very few studies are available regarding the role of 

DCs in TC context indicating that: i) DCs cells are recruited to PTC niche 

because cancer cells express various molecules with chemotactic activity that 

enhance their recruitment (58); ii) PTCs display an increased DCs infiltration 

with respect to both normal thyroid tissue and FTCs (58,59); iii) PTCs harboring 

BRAFV600E mutations exhibit an increased level of DC infiltration in 

comparison to PTCs that do not carry this mutation (60); iv) conversely to 

WDTCs, DCs infiltration is not very common in PDTCs and ATCs (61).  

Tumor-Associated Mast Cells (TAMCs) role in TCs was firstly characterized by 

Melillo and coll. They showed that TAMC infiltration was higher in PTCs 

sample compared to normal thyroid tissues and it correlated with tumor extra 

thyroid extension (62). Moreover, they demonstrated that in PDTCs and ATCs 

samples, TAMC density correlated with tumor invasiveness (63). Finally, they 

showed that TAMCs play a pro-tumorigenic role in TC context: TAMCs 

produced the proinflammatory IL8 cytokine that induced epithelial-to-

mesenchymal transition (EMT) and the acquisition of stemness features in TC 

cells (63). In FTCs, high TAMC infiltrate was found increased with respect to 

adenoma, and correlated with extracapsular extension (64).  

Many evidence suggest a critical role of Tumor-Associated Neutrophils (TANs) 

in cancer biology (65,66). Despite in several tumor context the high peripheral 

blood neutrophil to lymphocyte ratio (NLR) was found correlated to larger tumor 

size and high risk of recurrence (67), in TC NLR was not associated with a 

dismal disease-free survival or higher risk to metastasis (68). Galdiero et al. 

found that a high TAN density correlated with larger TC size. Moreover, they 

showed that TC cell lines, by secreting IL8 and GM-CSF, promoted neutrophil 

recruitment and survival, respectively (69).  

Natural Killer Cells (NKs) are distinguished in two major subtypes: CD56dim 

CD16+ NK cells, that show a higher cytotoxic activity and CD56bright CD16−/low, 

that are more efficient in cytokine production (70). In PTCs, NK density was 

higher compared to goiters and healthy thyroids (71). In patients affected by 

ATC, the levels of circulating NKs were significantly higher in comparison with 

healthy subjects, with an enrichment in CD56bright CD16−/low NKs subtype, less 

prone to cytotoxic activity, suggesting that ATC mediates suppression of NKs 

within tumor bed (72). 

The T lymphocyte compartment infiltrating tumors includes both CD8+ and 

CD4+ cells (73). It is well known that, among the others, the two main population 

affecting cancer progression are the CD8+ cytotoxic lymphocytes, with the 

potential to kill cancer cells, and the regulatory subset of CD4+ T lymphocytes 

(CD4+CD25+FoxP3+ Tregs), which instead contributes to dampen anti-tumor 
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immunity (74,75). In well differentiated TCs, CD8+ T cells infiltration is 

associated with good prognostic features (76). In more aggressive forms of TC, 

there is an enrichment of CD8+ cells negative for granzyme B, indicating a state 

of anergy of these cells (77). Various reports indicate that there is a direct 

correlation between tumor Treg infiltration and aggressive traits of TCs. In 

PTCs, Tregs frequency correlated with lymph node metastasis and recurrence 

(78,79). It has also been described that, in PTCs carrying BRAFV600E mutation, 

low intra-tumoral CD8+/Foxp3+ ratio was associated with an increased 

expression of immunosuppressive molecules, such as programmed death-ligand 

1 (PD-L1) (80). Recently, it has also been demonstrated an involvement of Tregs 

cells in the immunosuppressive behavior of ATCs, due to their expression of the 

immune checkpoints PD-1 and PD-L1 (81). 

 

1.4 Role of IL8 in TME of TC 

The contribution of TME to cancer progression is not only associated to the 

presence of specific subsets of immune cells and to their phenotype, but also to 

the soluble components of TME, which can directly impact on cancer cell 

functions or indirectly contribute to cancer progression by affecting the 

phenotypic characteristics of TME infiltrating cells (82).  

Interleukin 8 (IL8) is a proinflammatory cytokine expressed by several cancer 

types that contributes to cancer aggressive features (83). Consistent data 

revealed that IL8 is an active player also in TC context, representing an 

important marker of aggressiveness in this neoplasia (51,84). 

Visciano and coll. demonstrated that TAMCs, by producing IL8, could activate 

the epithelial-to-mesenchymal transition (EMT) and increase the stemness 

features of TC cells (63). Liotti et al. found that IL8 was not only produced by 

tumor stroma, but also by TC cells, and that TC cells overexpress also the IL8 

receptors, CXCR1/R2 (85). By characterizing the role of IL8 in TC scenario, 

they found that, regardless of its source, IL8 contributes to various TC aggressive 

features, sustaining cell proliferation, survival, motility, inducing EMT and 

stemness properties (63,85). 

Consistently, IL8 serum levels are associated with TC stage (84), and IL8 

staining intensity of human TC samples is correlated with the presence of lymph-

nodal metastasis (85). Consistently with the key role of IL8 in TC 

aggressiveness, Liotti et al. demonstrated that Reparixin, an allosteric dual 

inhibitor of the IL8 receptors CXCR1/R2, affected various IL8 mediated 

biological functions in TC, but did not exert effects on normal thyroid 

compartment (86). Specifically, Reparixin reverted IL8 mediated cell 

proliferation, survival, EMT, stemness and tumorigenic potential of TC cells 

(86). Moreover, Reparixin potentiated both in vitro and in vivo the cytotoxic 

activity of classical chemotherapeutic agents (i.e., Doxorubicin, Docetaxel) (86).  

These data, taken together, suggest that IL8 circuit blockade by using Reparixin 

(or other IL8 circuit inhibitors), both alone or in combination with 

chemotherapy, might represent a new strategy for aggressive forms of TC that 

do not respond to conventional therapeutic regimen (86). 
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1.5 Immune escape of TCs driven by immune checkpoints (ICs) 

The immune system is able to recognize and eliminate precancerous/cancerous 

cells before they become harmful for the host. Unfortunately, despite an 

extensive immune surveillance, cancer cells, in certain circumstances, succeed 

in circumventing immune system attacks through different mechanisms (87), by 

a phenomenon called cancer immuno-editing, that results in tumor immune 

escape. Within tumor bed, cancer cells modulate the host immune cells by 

recruiting immunosuppressive cells, by reducing tumor immunogenicity, or by 

exploiting immunosuppressive mechanisms (88).  

The upregulation, by cancer cells, of membrane-associated immune-inhibitory 

molecules is the one of most relevant tumor immune escape mechanism. The 

immune checkpoints (ICs), such as programmed cell death-1 (PD-1), and 

programmed cell death-ligand 1 (PD-L1) and 2 (PD-L2), normally involved in 

the maintenance of self-tolerance and in switching off T cell-mediated immune 

response, are among the most important inhibitory molecules expressed within 

tumor stroma responsible for the inhibition of the anti-tumor immune response 

(88).  

PD-1 is a membrane receptor expressed on the surface of activated T and B 

lymphocytes and by NK cells, that, by binding its ligands PD-L1 or PD-L2, 

inhibits the effector function of CTLs, thus attenuating the immune response 

(88). It has been shown that tumors express high levels of PD-L1 or PD-L2 and 

exploit this mechanism as an immune escape strategy (87). Different studies 

have investigated the expression of ICs and their relevance in TC (89–91). These 

studies confirmed the expression of PD-L1/L2 on TC epithelial cells of both 

WDTCs and ATCs and showed that there is a heavy PD-1+ T cell infiltrate, thus 

indicating that TCs are “hot tumors”, and they could be capable of respond to 

immunotherapy since their expression of ICs (5). Several studies reported that 

there is a positive correlation between PD-L1 expression and BRAFV600E 

(15,80,92). Moreover, a recent meta-analysis highlighted that positive PD-L1 

expression is significantly associated with poor survival in TC patients and that 

increased PD-L1 expression has a significant positive association with disease 

recurrence (93). Finally, the expression of PD-L1 was significantly associated 

with increased tumor size and multifocality in PDTCs (94). To date, no 

consistent data about the correlation of PD-L2 expression levels and clinical 

features of TCs patients are reported. 

An emerging and promising approach treatment for cancer is based on the use 

of immune checkpoint inhibitors (ICIs). ICIs basically are neutralizing 

monoclonal antibodies against ICs, which are used in clinic in order to block the 

co-inhibitory signals, thus re-activating a prolonged anti-tumor immune 

response (91). The expression of ICs in TCs sets the stage for the employment 

of immunotherapeutic approaches also for the advanced forms of these tumors. 

Nowadays various clinical trials are testing the employments of ICIs alone or in 

combination with other agents, such as multi kinase inhibitors (MKIs), in 

advanced form of TCs (91). It has been demonstrated that pembrolizumab (anti-

PD-1) alone enabled the complete surgical resection of a BRAF-mutated ATCs. 
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Furthermore, pembrolizumab showed to be an effective salvage therapy added 

to tyrosine kinase inhibitors (TKIs) in a subset of patients with ATC (91). 

Although produced on few patients, these reports demonstrated that ICI 

treatment was well tolerated and may represent an effective treatment with 

robust sustained responses (91). 

 

1.6. Treatment strategies for TCs 

American Thyroid Association Management Guidelines indicate that adult 

patients affected by WDTCs are treated with a multidisciplinary approach 

involving surgeons, endocrinologists, medical oncologists, and nuclear medicine 

radiologists.  

When tumor is resectable (low-risk, differentiated thyroid cancer with a tumor 

size smaller than 4 cm) surgery is still the initial treatment of choice (95). After 

surgical resection, WDTC management includes radioactive iodine (RAI) 

ablation and thyroid-stimulating hormone (TSH) suppression in case of high-

risk groups (95). However, in 10% of WDTCs, surgical resection and RAI 

ablation fail, and patients experience recurrence and distant metastasis. These 

tumors, together with PDTCs and ATCs, are RAI refractory (RAIR) and are 

considered “advanced thyroid cancers”. These malignancies represent a 

therapeutic challenge since although patients received a multimodal therapeutic 

approach (standard therapies and cytotoxic chemotherapy), treatment efficacy 

has been very limited (96).  

In the specific case of an ATC, if the tumor is resectable, first line treatment 

includes radiotherapy followed by a combination of chemotherapies (cocktails 

of taxanes, anthracyclines, and platinum-based cytotoxic agents) (47). However, 

no clear evidence for improvement in quality of life or survival with these 

approaches in ATCs has been found (47). Overall, ATC response rate to standard 

systemic therapies is suboptimal, usually <15% (97). 

Since somatic mutations are well characterized in TCs, MAPK signaling 

inhibitors have been introduced in the management of advanced thyroid cancer 

patients (47). Unfortunately, the occurrence of resistance to these pharmacologic 

approaches is common (98). This clinic challenge together with the development 

of RAIR in few WDTCs, in most PDTCs and in ATCs, favored studies 

investigating new therapeutic approaches or combinatorial strategies designed 

to overcome primary and/or secondary drug resistance or RAI refractoriness. 

It has been found that MAPK signaling inhibitors exert cytostatic effects on TC 

cells but they can also achieve RAI re-sensitization (47,98). In particular, in a 

phase 2 clinical trial (NCT02152995), treatment with trametinib, a second 

generation MEK inhibitor, followed by RAI therapy, enhanced RAI 

uptake/efficacy in a subset of Ras and BRAF mutated tumors. Sorafenib and 

Lenvatinib, two TKIs, have been approved by the Food and Drug administration 

(FDA) in the management of patients with RAIR progressive WDTCs (98). 

Different other TKIs are currently investigated in RAIR tumors in phase 2 and 3 

trials, in which lenvatinib is the most studied (NCT03573960, NCT03506048, 

NCT02702388, and NCT03139747 among others) (47). Several trials continue 

https://clinicaltrials.gov/ct2/show/NCT02152995
https://clinicaltrials.gov/ct2/show/NCT03573960
https://clinicaltrials.gov/ct2/show/NCT03506048
https://clinicaltrials.gov/ct2/show/NCT02702388
https://clinicaltrials.gov/ct2/show/NCT03139747
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to investigate the optimization of RAI treatment either as monotherapy 

(NCT00415233) or in combination with TKIs (NCT03506048, NCT02393690), 

cytotoxic agents (NCT03387943), and BRAF + MEK inhibitors 

(NCT03244956).  

New combinatorial strategies aim also to increase the rate of ATC response to 

drugs. Tubulin-binding compounds, e.g. paclitaxel, fosbretabulin, and 

TKIs/MKIs have been utilized in phase 1/2 studies with highly variable response 

rates (47). In a phase 2, open-label trial, in 16 patients with ATC subjected to 

prior radiation and/or surgery and/or systemic therapy, the safety and efficacy of 

combination therapy with dabrafenib (BRAF inhibitor) and trametinib (MEK 

inhibitor) was evaluated. The clinical study reported an overall response rate of 

69%, including 1 complete response (97). Concordant results were also obtained 

in a basket trial that had enrolled patients with non-melanoma cancers carrying 

BRAFV600E disease-causing variants. Among the 7 ATC patients who had tried 

prior systemic therapies, one patient had a complete response, and another 

patient had a partial response, and these responses were sustained for more than 

12 months (99). Thus, FDA approved BRAF/MEK inhibitor therapy 

combination for the management of BRAFV600E-positive ATCs.  

Also, PI3K/AKT/mTOR pathway, activated in about 30-35% of ATCs, 

represents a target for therapy (47). Several phase 2 clinical studies evaluated 

everolimus, a mTOR inhibitor, in patients with locally advanced or metastatic 

ATCs, showing an increase in progression free survival (PFS) (47). Clinical 

trials, testing other novel therapies for ATCs, include ALK inhibitors (ceritinib, 

NCT02289144), other selective mTOR inhibitors (sapanisertib, NCT02244463), 

and efatutazone (PPARγ agonist, NCT02152137). 

Since TCs display immune cell infiltrate with an enrichment in the expression 

of CTLA-4 and PD-L1 positive cells, also immunotherapy continues to be 

actively investigated (91). Examples of the immune checkpoint inhibitors (ICIs) 

under studies in ATCs include atezolizumab (anti-PD-L1) (NCT03181100), 

nivolumab (anti-PD-1) (NCT03246958), ipilimumab (anti-CTLA-4) 

(NCT03246958), pembrolizumab (NCT03211117) (anti-PD-L1), durvalumab 

(NCT03122496) (anti-PD-L1), tremelimumab (anti-CTLA-4) (NCT03122496), 

and spartalizumab (anti-PD-1) (NCT02404441).  

The partial results of a phase II of the study have been published regarding the 

spartalizumab efficacy in patients with ATCs. Forty-two patients were enrolled, 

reaching an ORR of 19% and a PFS of 1.7 months (100). Another clinical trial 

evaluated the clinical efficacy of Nivolumab and Ipilimumab as single institution 

in a cohort of 13 patients with metastatic ATCs. This trial reported an objective 

response rate of 16% (2/13), and a one-year survival rate of 38% (5/13) (101).  

Even though up to now multidisciplinary approaches have been used, ATC 

management remains very challenging. Effective treatment strategies are highly 

needed.  

 

https://clinicaltrials.gov/ct2/show/NCT00415233
https://clinicaltrials.gov/ct2/show/NCT03506048
https://clinicaltrials.gov/ct2/show/NCT02393690
https://clinicaltrials.gov/ct2/show/NCT03387943
https://clinicaltrials.gov/ct2/show/NCT03244956
https://clinicaltrials.gov/ct2/show/NCT02289144
https://clinicaltrials.gov/ct2/show/NCT02244463
https://clinicaltrials.gov/ct2/show/NCT02152137
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1.7 Induction of immunogenic cell death (ICD) as a novel therapeutic 

strategy for ATC 

In an imaginary perfect scenario, we should have the possibility to manage 

pharmacologic approaches able to provide a durable and complete response to 

cancer. A possibility to get close to this goal is to design a strategy that educate 

our immune system to recognize and kill cancer cells overcoming the immune 

escape mechanisms activated in cancer cells. This could be reached by 

increasing the “visibility” of cancer cells and in the meantime by improving the 

antitumor immune response.  

In this context, several research groups are investigating pharmacologic 

strategies able to kill cancer cells favoring the release of several cell components 

with immunogenic, antigenic, and/or proinflammatory potential. This kind of 

induced cell death is to date defined as “Immunogenic Cell Death - ICD” (102). 

For decades a unique paradigm differentiated between homeostatic (i.e., self and 

non-antigenic) and pathogen-induced (i.e., non-self and antigenic) forms of cell 

death, being the first one typically non inflammatory, while the second one an 

inflammation-inducing cell death. Today, it is clear that also cell death provoked 

by endogenous forms of damage could induce inflammation, becoming 

immunogenic (102). 

ICD is characterized by the induction of endoplasmic reticulum (ER) stress and 

is accompanied by the exposure, active production, or release of numerous 

dangers associated molecular patterns (DAMPs) and inflammatory cytokines. 

DAMPs, in the context of an inflammatory microenvironment, make cancer cells 

‘visible’ to immune system, in particular to dendritic cells (DCs). In this way, 

DCs engulf dying tumor cells and initiate a strong antitumor immune response, 

able eventually to also block tumor growth. Thus, ICD inducers can drive an 

inflammatory response and trigger the activation of cytotoxic T lymphocyte 

(CTL)-driven adaptive immunity coupled with the establishment of long-term 

immunological memory (102) (Figure 5).  

Antigenicity and adjuvanticity are two key factors for ICD induction. 

Antigenicity is determined by the expression and presentation of antigens that 

are not subjected to central tolerance, implying that the host contains naïve T 

cell clones that can recognize such antigens (103). Neoplastic cells express a 

panel of antigenic epitopes for which naïve T cell clones are generally available, 

thus displaying sufficient antigenicity to drive immune response (103). 

Adjuvanticity is provided by the release or exposure of DAMPs, that are 

necessary to trigger inflammation and for the recruitment and maturation of 

antigen-presenting cells (APCs), i.e., DCs (103). 

Cancer cells can initiate an antitumor immunity by expressing tumor-associated 

antigens (TAAs). TAAs are not unique to tumor tissue but are also expressed by 

healthy or immune-privileged tissues (103). The recognition of these antigens 

by central tolerance is leaky, and peripheral tolerance can be overcome in the 

context of robust adjuvanticity (103). Furthermore, TAAs have been shown to 

induce anticancer immunity, especially in the setting of therapeutic anticancer 

vaccination (103). 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7064135/#R65
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Tumor-related antigenicity is correlated to the elevated mutational rate that 

typically accompanies neoplastic transformation and progression and can cause 

also immune-evasion (103). Differentially to TAAs, tumor neoantigens (TNAs) 

originate from non-synonymous point mutations, rearrangements as well as 

frameshift mutations caused by small insertions and deletions (indels) in proteins 

that are expressed and properly processed by the major histocompatibility 

complex (MHC) molecules, the antigen presentation machinery (103).These 

TNAs differ from self-epitopes and, once exposed on the surface of malignant 

cells, can efficiently prime de novo immune responses (104). TNAs are more 

powerful in eliciting anticancer immunity than TAAs, but not all tumors have a  

mutational burden sufficient to lead to TNAs expression (104). It has been shown 

that, although TAAs are weaker than TNAs in immune anticancer stimulation, 

they can be relevant for ICD-driven immunity in tumors with low TNA load 

(104). If on one hand the high mutational burden of certain tumors is positively 

correlated with antigenicity, on the other hand it can be also involved in the 

impairment of antigen presentations, thus avoiding immune system recognition. 

Indeed, during cancer evolution, tumor cells can lose antigen subjected to active 

immunity (104) and/or can show an alteration of key components of the antigen-

presenting machinery caused by mutations, deregulated expression, or structural 

alterations (104). 

In the context of ICD, tumor-related adjuvanticity is induced by the exposure, 

active secretion, or release in the extracellular space of numerous DAMPs and 

inflammatory cytokines. DCs, thanks to their expression of chemotactic 

receptors (102), can be recruited in tumor bed, where they can recognize cancer 

cells and properly maturate, thus triggering the activation of cytotoxic T 

lymphocyte (CTL)-driven adaptive immunity. The crucial reported DAMPs 

involved in ICD induction are the ER chaperone calreticulin (CRT), ATP, the 

non-histone nuclear DNA-binding protein high mobility group box 1 HMGB1, 

the member of the annexin superfamily annexin A1 (ANXA1), cytokines like 

IFNs, C-X-C motif chemokine ligand 10 (CXCL10) (105) (Figure 5).  

During ICD, the ER stress response is initiated, inducing the activation of 

eukaryotic translation initiation factor 2 alpha kinase 3 (PERK) that, in turn, 

phosphorylates the initiation translation factor eIF2α at serin 51, causing the 

blockade of protein translation; as a consequence of the induction of ER stress, 

the ER chaperone calreticulin (CRT) translocates from ER side to the outer 

leaflet of the plasma membrane, where it acts as an “eat me” signal DAMP for 

immune cells, by binding the CD91 receptor (LRP1) on the surface of DCs. 

(105). Of note, CRT exposure is necessary to made cell death immunogenic 

(105). Accordingly, Bezu et al., reported that the phosphorylation of eIF2α at 

serin 51 (S51) is pathognomonic for ICD induction in the context of iatrogenic 

stressors (106); furthermore, a non- phosphorylable variant of eIF2α failed to 

evoke ICD (107).  

As a consequence of cellular blebbing, ATP is released by cancer cells in the 

extracellular space (105), and it is recognized by two purinergic receptors on 

APCs, P2Y2 (P2RY2) and P2X7 (P2RX7). The former receptor favors the 
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recruitment of DCs and their precursors, while the latter favors DCs activation 

by stimulating the canonical inflammasome (105) (Figure 5).  

Nucleic acids fragmentation produced during chemotherapy-driven ICD 

culminates in the in type I IFN secretion and the consequent initiation of an 

autocrine loop that generates CXCL10 (102). CXCL10 then acts as a 

chemoattractant for immune cells that express its cognate receptor CXCR3. 

Defects in this cascade abolish immunogenicity of cancer cell death in certain 

contexts (105).  

The mechanism underlying ANXA1 and HMGB1 release during ICD remains 

to be fully understood. ANXA1, by interacting with formyl peptide receptor 1 

(FPR1) on DCs, is able to spatially direct them to dying cancer cells (105). 

HMGB1, by binding advanced glycosylation end-product specific receptor 

(AGER) and Toll like Receptor 4 (TLR4), mediates potent proinflammatory 

effects (105). Upon HMGB1 binding, AGER receptor on DCs stimulates their 

maturation, while TLR4 activation promotes DCs antigen processing and cross-

presentation (105).  

In order to follow ICD induction by putative ICD inducers, Galluzzi et al. 

suggested to follow DAMPs induction upon specific single compound or 

combinatorial strategies treatment of cancer cells (108), and biochemical and 

functional assay to test the activation of DCs in vitro. Finally, they report that 

the gold standard feature for identification of bona fide ICD is the induction of 

antitumoral adaptive immunity by vaccination of immunocompetent mice with 

syngeneic tumor cells treated (in vitro or in vivo) with ICD inducers. The 

percentage of tumor-free mice and the growth rate of tumors are usually 

employed as indicators of (at least some) degree of immunogenicity (108). 

Single compounds or combination therapies have been shown to function as ICD 

inducers in several tumor types. Some example of cellular stressors reported as 

ICD inducers are: conventional chemotherapeutics like anthracyclines and some 

DNA-damaging agents, (i.e., oxaliplatin, but not cisplatin), targeted anticancer 

agents, such as the tyrosine kinase inhibitor crizotinib, the epidermal growth 

factor receptor (EGFR)-specific monoclonal antibody cetuximab, numerous 

physical interventions, such as ionizing radiation, hypericin-based 

photodynamic therapy (PDT), high hydrostatic pressure and finally other 

chemicals including the chinese herbal medicine component shikonin and 

capsaicin (105,108,109). 
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Figure 5. Properties of immunogenic cell death (ICD). As a result of premortem endoplasmic 

reticulum stress, cancer cells responding to ICD inducers expose CRT on the outer leaflet of their 

plasma membrane at a preapoptotic stage and secrete ATP during apoptosis. In addition, cells 

undergoing ICD release the nuclear protein HMGB1 as their membranes become permeabilized 

during secondary necrosis. CRT, ATP, and HMGB1 bind to CD91, P2RX7, and TLR4, 

respectively. This facilitates the recruitment of DCs into the tumor bed (stimulated by ATP), the 

engulfment of tumor antigens by DCs (stimulated by CRT), and optimal antigen presentation to 

T cells (stimulated by HMGB1). Altogether, these processes result in a potent IL-1β- and IL-17-

dependent, IFN-γ-mediated immune response, involving both γδT cells and CTLs, which 

eventually can lead to the eradication of chemotherapy-resistant tumor cells. (Abbreviations: 

ATP, adenosine triphosphate; CRT, calreticulin; CTL, cytotoxic CD8+ T lymphocyte; DC, 

dendritic cell; HMGB1, high-mobility group box 1; IFN, interferon; IL, interleukin; TLR, Toll-

like receptor.). From Kroemer et al., 2013 (105).  
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2. AIMS  

Anaplastic Thyroid Carcinoma (ATC) is the most aggressive and chemo-

resistant phenotype of follicular cell derived TC, whose management still 

remains challenging.  

Despite immune system is able to control cancer growth, it is well established 

that cancer cells can overcome immune system attack by diverse mechanisms 

(87). One of the best characterized is the expression, in the context of cancer, of 

immune checkpoints (ICs), including programmed death 1 (PD-1) and its ligands 

programmed cell death-ligand 1 and ligand 2 (PD-L1, PD-L2) (87). Cancer cells 

can bypass anticancer immune response by exploiting the PD-1 circuit (87).  

We recently demonstrated that IL8, produced both by cancer cells and immune 

cells infiltrating tumor bed, is able to sustain TC aggressiveness by favoring 

cancer cell proliferation, survival, migration, induction of EMT and stemness 

feature (63,85). Interestingly, preliminary results demonstrated that IL8 is also 

able to potentiate TC cell immunosuppression as demonstrated by the reduction 

of T lymphocyte proliferation and survival in co-culture experiments. We found 

that this immune suppression was mediated by the ability of IL8 to increase the 

expression of the PD-1 ligands PD-L1/2 on TC cells. Interestingly, we found that 

PD-1 is also constitutively expressed by TC cells in culture and in TC surgical 

samples.  

Starting from the above-mentioned observations, here we explored the role of 

the immune checkpoints PD-1, PD-L1 and PD-L2 in TC context with a particular 

attention to the PD-1 intrinsic signaling. We investigated PD-1 activation effects 

on TC cells and the downstream mechanisms of action. 

Based upon previous data, and on data presented in this thesis, both IL8 and PD-

1/PD-L1 represent potential therapeutic targets in ATC context. Thus, we 

exploited the possibility to use compounds targeting IL8 or PD-1, alone or in 

combination, to define novel strategies that could induce ICD in ATCs. 
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3. MATERIALS AND METHODS 

3.1 Cell culture and transfection  

The normal thyroid cells H6040 have been isolated from normal human thyroid 

tissue and cultured in Human Epithelial Cell Medium with the addition of 

Insulin-Transferrin-Selenium, EGF, Hydrocortisone, L-Glutamine, antibiotic-

antimycotic solution, Epithelial Cell supplement, and FBS were obtained from 

Cell Biologics (Chicago, IL, USA). Human thyroid cancer cell lines, TPC-1, 

BcPAP, 8505c and SW1736 were maintained in DMEM medium supplemented 

with 10% fetal bovine serum, 1% penicillin/streptomycin and 1% glutamine 

(Life Technologies Inc., Pasley, PA)  

TT2609-Co2 cells were maintained in RPMI 1640 supplemented with 20% fetal 

bovine serum, 1% penicillin/streptomycin and 1% glutamine (Life Technologies 

Inc., Pasley, PA) 

FTC133 cell line was maintained in DMEM/HAMF12 (1:1) supplemented with 

10% fetal bovine serum, 1% penicillin/streptomycin and 1% glutamine (Life 

Technologies Inc., Pasley, PA) 

Murine thyroid cancer cell line T683 (110) was kindly provided by A. Di 

Cristofano and maintained as elsewhere described (110).  

All cell lines were kept in incubator at 37°C in humidified atmosphere containing 

5% CO2. 

PD-1 was cloned in pFLAG 5A (Invitrogen, Carlsbad, CA, USA). Transient 

transfections of 8505c cells were performed using polyethylenimine according 

to manufacturer’s instructions (Merck, Darmstadt, Germany) (111).  

 

3.2 Reagents  

Soluble PD-L1 (sPD-L1) was from R&D systems (Minneapolis, MN, USA), 

Nivolumab was kindly provided by S. Scala. IgG4 control antibodies were from 

Invitrogen (Invitrogen, Carlsbad, CA, USA). SHP099 and Reparixin were from 

Selleckchem (Houston, TX, USA).  

 

3.3 Cytofluorimetric analyses  

Cells were incubated (30 min at 4 °C) with specific or isotype control antibodies, 

and then analyzed with a FACS Calibur cytofluorimeter using CellQuest 

software (BD Biosciences, Mississauga, ON, Canada). 104 events for each 

sample were acquired (111). Human anti-PD-1 and anti-PD-L1 were from 

ebioscience (Thermo Fisher, Waltham, MA, USA), anti-PD-L2 was from 

Miltenyi Biotec (Bergisch Gladbach, Germany) (111). Murine anti-PD-1, anti-

CXCR1 and anti-CXCR2 were from Miltenyi Biotec (Bergisch Gladbach, 

Germany). Anti-CRT Ab was from Novus Biologicals (Centennial, CO, USA) 

(112). The concentration used for flow cytometric staining was that indicated by 

manufacturers.  

Detection of ANXA1 intracellular protein levels were performed by cell 

membrane permeabilization using the Cytofix/Cytoperm kit (BD Biosciences, 

Canada). ANXA1 staining was carry out using a primary anti-ANXA1 goat 

polyclonal Ab, at the concentration indicated by manufactures, (R&D Systems, 
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Minneapolis, MI, USA) followed by the staining with a secondary anti-goat Ab 

Alexa Fluor 488 (Invitrogen, Waltham, MA, USA). In this case the secondary 

antibody alone was used as a negative matched control (113). 

 

3.4 S-phase entry 

The incorporation of Bromodeoxyuridine (BrdU) in the DNA was used to 

evaluate S-phase cell entry. Cells were serum-deprived and treated with stimuli 

for 24 h. BrdU was added at a concentration of 10 μM for the last 1 h. BrdU-

positive cells were revealed with Texas Red conjugated secondary Abs (Jackson 

Laboratories, West Grove, PA, USA) (111). Fluorescence was detected by 

FACS analysis (86).  

 

3.5 Migration Assay  

Chemotaxis was evaluated using a Boyden chamber. A 48-well 

microchemotaxis chamber (NeuroProbe, Gaithersburg, MD, USA) and 8-μm-

pore polycarbonate membranes (Nucleopore, Pleasanton, CA, USA) coated with 

10 μg/ml fibronectin (Merck) was used, as described elsewhere (111). 

 

3.6 Protein studies  

Protein extraction and immunoblotting experiments were performed according 

to standard procedures (111). Antibodies to PD-1, phospho-BRAF, phospho-

MEK1/2, phospho-MAPK (p44/p42), SHP2, phospho-EIF2α and total EIF2α for 

Western blot analysis were obtained from Cell Signaling Technology (Danvers, 

MA, USA), anti-tubulin antibody was from Sigma Aldrich. Secondary anti-

mouse and anti-rabbit antibodies were linked to horseradish peroxidase (Biorad, 

Hercules, CA, USA). 

Total 8505c cells lysates were subjected to reciprocal coimmunoprecipitation 

with anti-PD-1 or anti-SHP2. The immunocomplexes were eluted and resolved 

by sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE), 

followed by immunoblotting with indicated antibodies (111).  

Enhanced chemiluminescence (ECL; Thermo Fisher) was used for immune 

detection of target proteins or proteins complexes (111).  

 

3.7 MTT Assay 

8505c and T683 cells were plated in 96-well plates at a density of 1500 

cells/well. The day after seeding the cells were treated or not with the above-

mentioned treatments. After 48 hs cell viability was determined by using MTT 

assay (Promega). The MTT reagent (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-

2H-tetrazolium bromide) is a salt that is reduced to formazan, a violet-blue 

water-insoluble molecule, only by metabolically active cells (114). Then 

formazan was solubilized by Dimethyl sulfoxide (DMSO and the absorbance 

(around 570 nm) was detected by optical microplate reader Biotek Synergy H1 

(Agilent, Santa Clara, CA, USA) (114).  
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3.8 Clonogenic Assay 

8505c and T683 cell lines were plated in duplicates at the density of 1.5 × 103 

and 0.5 × 102 cells/well respectively, into six-well plates, incubated for 24 hs, 

and then treated or not with Nivolumab (1 μg/mL) alone SHP099 (3 µM) alone 

or Reparixin (10 µM for 8505c cells and 30 µM for T683 cells) or their above-

mentioned combinations for 14 days. Then, cells were stained with crystal violet. 

Quantitative estimation of the number of colonies was performed by counting 

clustered pixels (1 pixel is referred to 1 cell) using ImageJ (115). A population 

of more than 50 cells was scored as one survivable colony (116).  

 

3.9 ATP release  

The cells were treated or not with Nivolumab (1 μg/mL) alone SHP099 (3 µM) 

alone or Reparixin (10 µM for 8505c cells and 30 µM for T683 cells) or their 

above-mentioned combinations and ATP release was tested in the supernatant 

after 24 hs by using ENLITEN ATP Assay System (Promega, Madison, WI, 

USA) following manufacturer's instructions. This assay uses recombinant 

luciferase to detect ATP based on the following reaction: ATP + D-Luciferin + 

O2 → Oxyluciferin + AMP + PPi + CO2 + Light (560 nm). Chemiluminescence 

was detected by optical microplate reader Biotek Synergy H1 (Agilent, Santa 

Clara, CA, USA) (117). 

 

3.10 HMGB1 release  

8505c and T683 cell lines were treated or not with Nivolumab (1 μg/mL) alone 

SHP099 (3 µM) alone or Reparixin (10 µM for 8505c cells and 30 µM for T683 

cells) or their above-mentioned combinations and HMGB1 release was tested in 

the supernatant after 24 hs by HMGB1 ELISA, according to manufacturer’s 

instructions (IBL International, Hamburg, Germany) (109). Absorbance at 450 

nm was detected by optical microplate reader Biotek Synergy H1 (Agilent, Santa 

Clara, CA, USA).  

 

3.11 Statistical analysis  

The results are expressed as the mean ± SD of at least 3 experiments. Values 

from groups were compared using the paired Student t test or Duncan test. 

P value < 0.05 was considered statistically significant. 

 

 

 

  



24 

 

4. RESULTS 

 

5.DISCUSSION  

6. CONCLUSIONS 

 

  



25 

 

7. ACKNOWLEDGEMENTS 

I would to thank the Professor Rosa Marina Melillo for her constant dedication 

and support throughout these three years, without her help I don’t know how I 

could have managed. Furthermore, my sincere thanks go to Prof. Nella Prevete 

and Prof. Federica Liotti for having given me a different prospective on the 

multiple aspects in this work. My thanks also go to Rosaria Catalano, Mattia 

Costanzo, Francesco Morra, Daniela Criscuolo and Sara Zirpoli, for having 

made our long working days in the lab joyous and easy. Last but not least, I thank 

my parents for having given me the opportunity to reach where I am and Simone 

for having lovingly put up with me in these years. 

 

  



26 

 

8. LIST OF PUBLICATIONS 

Liotti, F., Marotta, M., Melillo, R.M., Prevete, N. The Impact of Resolution of 

Inflammation on Tumor Microenvironment: Exploring New Ways to Control 

Cancer Progression. Cancers 2022, 14, 3333.  

 

Liotti, F., Marotta, M., Sorriento, D., Pagliuca, C., Caturano, V., Mantova, G., 

Scaglione, E., Salvatore, P., Melillo, R.M. and Prevete, N. (2022), Probiotic 

Lactobacillus rhamnosus GG (LGG) restrains the angiogenic potential of 

colorectal carcinoma cells by activating a proresolving program via formyl 

peptide receptor 1. Mol Oncol, 16: 2959-2980.  

 

Liotti, F., Marotta, M., Sorriento, D., Pone, E., Morra, F., Melillo, R.M., 

Prevete, N. Toll-Like Receptor 7 Mediates Inflammation Resolution and 

Inhibition of Angiogenesis in Non-Small Cell Lung Cancer. Cancers 2021, 13, 

740.  

 

Liotti, F., Kumar, N., Prevete, N., Marotta, M., Sorriento, D., Ieranò, C., 

Ronchi, A., Zito Marino, F., Moretti, S., Colella, R., Puxeddu, E., Paladino, S., 

Kano, Y., Ohh, M., Scala, S., Melillo, R.M. PD-1 blockade delays tumor growth 

by inhibiting an intrinsic SHP2/Ras/MAPK signalling in thryoid cancer cells. J 

Exp Clin Cancer Res 40, 22 (2021).  

 

  



27 

 

9. REFERENCES  

 1. La Vecchia C, Malvezzi M, Bosetti C, Garavello W, Bertuccio P, Levi 

F, et al. Thyroid cancer mortality and incidence: A global overview: Thyroid 

Cancer Mortality and Incidence. Int J Cancer. 2015 May 1;136(9):2187–95.  

2. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, 

et al. Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and 

Mortality Worldwide for 36 Cancers in 185 Countries. CA A Cancer J Clin. 

2021 May;71(3):209–49.  

3. Rahib L, Smith BD, Aizenberg R, Rosenzweig AB, Fleshman JM, 

Matrisian LM. Projecting Cancer Incidence and Deaths to 2030: The 

Unexpected Burden of Thyroid, Liver, and Pancreas Cancers in the United 

States. Cancer Research. 2014 Jun 1;74(11):2913–21.  

4. Nilubol N, Zhang L, Kebebew E. Multivariate Analysis of the 

Relationship Between Male Sex, Disease-Specific Survival, and Features of 

Tumor Aggressiveness in Thyroid Cancer of Follicular Cell Origin. Thyroid. 

2013 Jun;23(6):695–702.  

5. Menicali E, Guzzetti M, Morelli S, Moretti S, Puxeddu E. Immune 

Landscape of Thyroid Cancers: New Insights. Front Endocrinol. 2021 Apr 

27;11:637826.  

6. Mazzaferri EL, Jhiang SM. Long-term impact of initial surgical and 

medical therapy on papillary and follicular thyroid cancer. The American 

Journal of Medicine. 1994 Nov;97(5):418–28.  

7. Nowell PC. The Clonal Evolution of Tumor Cell Populations: Acquired 

genetic lability permits stepwise selection of variant sublines and underlies 

tumor progression. Science. 1976 Oct;194(4260):23–8.  

8. Wreesmann VB, Ghossein RA, Patel SG, Harris CP, Schnaser EA, 

Shaha AR, et al. Genome-Wide Appraisal of Thyroid Cancer Progression. The 

American Journal of Pathology. 2002 Nov;161(5):1549–56.  

9. Rossi ED, Locantore P, Bruno C, Dell’Aquila M, Tralongo P, Curatolo 

M, et al. Molecular Characterization of Thyroid Follicular Lesions in the Era of 

“Next-Generation” Techniques. Front Endocrinol. 2022 May 12;13:834456.  

10. Duan H, Li Y, Hu P, Gao J, Ying J, Xu W, et al. Mutational profiling of 

poorly differentiated and anaplastic thyroid carcinoma by the use of targeted 

next‐generation sequencing. Histopathology. 2019 Dec;75(6):890–9.  

11. Landa I, Ibrahimpasic T, Boucai L, Sinha R, Knauf JA, Shah RH, et al. 

Genomic and transcriptomic hallmarks of poorly differentiated and anaplastic 



28 

 

thyroid cancers. Journal of Clinical Investigation. 2016 Feb 15;126(3):1052–

66.  

12. Nikiforova MN, Wald AI, Roy S, Durso MB, Nikiforov YE. Targeted 

Next-Generation Sequencing Panel (ThyroSeq) for Detection of Mutations in 

Thyroid Cancer. The Journal of Clinical Endocrinology & Metabolism. 2013 

Nov;98(11):E1852–60.  

13. Mazzaferri EL. An Overview of the Management of Papillary and 

Follicular Thyroid Carcinoma. Thyroid. 1999 May;9(5):421–7.  

14. Ito Y, Miyauchi A, Kihara M, Fukushima M, Higashiyama T, Miya A. 

Overall Survival of Papillary Thyroid Carcinoma Patients: A Single-Institution 

Long-Term Follow-Up of 5897 Patients. World J Surg. 2018 Mar;42(3):615–

22.  

15. Agrawal N, Akbani R, Aksoy BA, Ally A, Arachchi H, Asa SL, et al. 

Integrated Genomic Characterization of Papillary Thyroid Carcinoma. Cell. 

2014 Oct;159(3):676–90.  

16. de Biase D, Cesari V, Visani M, Casadei GP, Cremonini N, Gandolfi G, 

et al. High-Sensitivity BRAF Mutation Analysis: BRAF V600E Is Acquired 

Early During Tumor Development but Is Heterogeneously Distributed in a 

Subset of Papillary Thyroid Carcinomas. The Journal of Clinical 

Endocrinology & Metabolism. 2014 Aug 1;99(8):E1530–8.  

17. Romei C, Ciampi R, Faviana P, Agate L, Molinaro E, Bottici V, et al. 

BRAFV600E mutation, but not RET/PTC rearrangements, is correlated with a 

lower expression of both thyroperoxidase and sodium iodide symporter genes 

in papillary thyroid cancer. Endocrine Related Cancer. 2008 Jun 1;15(2):511–

20.  

18. Mian C, Barollo S, Pennelli G, Pavan N, Rugge M, Pelizzo MR, et al. 

Molecular characteristics in papillary thyroid cancers (PTCs) with no 131 I 

uptake. Clinical Endocrinology. 2008 Jan;68(1):108–16.  

19. Durante C, Puxeddu E, Ferretti E, Morisi R, Moretti S, Bruno R, et al. 

BRAF Mutations in Papillary Thyroid Carcinomas Inhibit Genes Involved in 

Iodine Metabolism. The Journal of Clinical Endocrinology & Metabolism. 

2007 Jul 1;92(7):2840–3.  

20. Cappola AR, Mandel SJ. Molecular Testing in Thyroid Cancer: BRAF 

Mutation Status and Mortality. JAMA. 2013 Apr 10;309(14):1529.  

21. Rossi M, Buratto M, Bruni S, Filieri C, Tagliati F, Trasforini G, et al. 

Role of Ultrasonographic/Clinical Profile, Cytology, and BRAF V600E 



29 

 

Mutation Evaluation in Thyroid Nodule Screening for Malignancy: A 

Prospective Study. The Journal of Clinical Endocrinology & Metabolism. 2012 

Jul 1;97(7):2354–61.  

22. Namba H, Rubin SA, Fagin JA. Point Mutations of Ras Oncogenes are 

an Early Event in Thyroid Tumorigenesis. Molecular Endocrinology. 1990 

Oct;4(10):1474–9.  

23. Zhu Z, Gandhi M, Nikiforova MN, Fischer AH, Nikiforov YE. 

Molecular Profile and Clinical-Pathologic Features of the Follicular Variant of 

Papillary Thyroid Carcinoma: An Unusually High Prevalence of ras Mutations. 

Am J Clin Pathol. 2003 Jul;120(1):71–7.  

24. Santoro M, Melillo RM. The genomic landscape of papillary thyroid 

carcinoma. Nat Rev Endocrinol. 2015 Mar;11(3):133–4.  

25. Ricarte-Filho JC, Li S, Garcia-Rendueles MER, Montero-Conde C, 

Voza F, Knauf JA, et al. Identification of kinase fusion oncogenes in post-

Chernobyl radiation-induced thyroid cancers. J Clin Invest. 2013 Nov 

1;123(11):4935–44.  

26. Nikiforov YE. Thyroid carcinoma: molecular pathways and therapeutic 

targets. Mod Pathol. 2008 May;21(S2):S37–43.  

27. Nikiforov YE. RET/PTC Rearrangement in Thyroid Tumors. EP. 

2002;13(1):03–16.  

28. Paulson VA, Rudzinski ER, Hawkins DS. Thyroid Cancer in the 

Pediatric Population. Genes. 2019 Sep 18;10(9):723.  

29. Esapa CT, Johnson SJ, Kendall-Taylor P, Lennard TWJ, Harris PE. 

Prevalence of Ras mutations in thyroid neoplasia: Ras mutations in thyroid 

neoplasia. Clinical Endocrinology. 1999 Apr;50(4):529–35.  

30. Tirrò E, Martorana F, Romano C, Vitale SR, Motta G, Di Gregorio S, et 

al. Molecular Alterations in Thyroid Cancer: From Bench to Clinical Practice. 

Genes. 2019 Sep 13;10(9):709.  

31. Garcia-Rostan G, Zhao H, Camp RL, Pollan M, Herrero A, Pardo J, et 

al. ras Mutations Are Associated With Aggressive Tumor Phenotypes and Poor 

Prognosis in Thyroid Cancer. JCO. 2003 Sep 1;21(17):3226–35.  

32. Nicolson NG, Murtha TD, Dong W, Paulsson JO, Choi J, Barbieri AL, 

et al. Comprehensive Genetic Analysis of Follicular Thyroid Carcinoma 

Predicts Prognosis Independent of Histology. The Journal of Clinical 

Endocrinology & Metabolism. 2018 Jul 1;103(7):2640–50.  



30 

 

33. Boos LA, Dettmer M, Schmitt A, Rudolph T, Steinert H, Moch H, et al. 

Diagnostic and prognostic implications of the PAX8-PPARγ translocation in 

thyroid carcinomas-a TMA-based study of 226 cases. Histopathology. 2013 

Aug;63(2):234–41.  

34. Nikiforova MN, Biddinger PW, Caudill CM, Kroll TG, Nikiforov YE. 

PAX8-PPARγ Rearrangement in Thyroid Tumors: RT-PCR and 

Immunohistochemical Analyses. The American Journal of Surgical Pathology. 

2002 Aug;26(8):1016–23.  

35. Nilsson M, Fagman H. Development of the thyroid gland. 

Development. 2017 Jun 15;144(12):2123–40.  

36. Ahmadian M, Suh JM, Hah N, Liddle C, Atkins AR, Downes M, et al. 

PPARγ signaling and metabolism: the good, the bad and the future. Nat Med. 

2013 May;19(5):557–66.  

37. Patel L, Pass I, Coxon P, Downes CP, Smith SA, Macphee CH. Tumor 

suppressor and anti-inflammatory actions of PPARγ agonists are mediated via 

upregulation of PTEN. Current Biology. 2001 May;11(10):764–8.  

38. Raman P, Koenig RJ. Pax-8–PPAR-γ fusion protein in thyroid 

carcinoma. Nat Rev Endocrinol. 2014 Oct;10(10):616–23.  

39. Nikiforov YE, Nikiforova MN. Molecular genetics and diagnosis of 

thyroid cancer. Nat Rev Endocrinol. 2011 Oct;7(10):569–80.  

40. Yang J, Gong Y, Yan S, Chen H, Qin S, Gong R. Association between 

TERT promoter mutations and clinical behaviors in differentiated thyroid 

carcinoma: a systematic review and meta-analysis. Endocrine. 2020 

Jan;67(1):44–57.  

41. Dettmer MS, Schmitt A, Komminoth P, Perren A. Poorly differentiated 

thyroid carcinoma: An underdiagnosed entity. Pathologe. 2020 Jun;41(S1):1–8.  

42. Prete A, Borges de Souza P, Censi S, Muzza M, Nucci N, Sponziello 

M. Update on Fundamental Mechanisms of Thyroid Cancer. Front Endocrinol. 

2020 Mar 13;11:102.  

43. Romei C, Tacito A, Molinaro E, Piaggi P, Cappagli V, Pieruzzi L, et al. 

Clinical, pathological and genetic features of anaplastic and poorly 

differentiated thyroid cancer: A single institute experience. Oncol Lett 

[Internet]. 2018 Apr 12 [cited 2022 Dec 16]; Available from: 

http://www.spandidos-publications.com/10.3892/ol.2018.8470 



31 

 

44. Fagin JA, Matsuo K, Karmakar A, Chen DL, Tang SH, Koeffler HP. 

High prevalence of mutations of the p53 gene in poorly differentiated human 

thyroid carcinomas. J Clin Invest. 1993 Jan 1;91(1):179–84.  

45. Takeuchi Y, Daa T, Kashima K, Yokoyama S, Nakayama I, Noguchi S. 

Mutations of p53 in Thyroid Carcinoma with an Insular Component. Thyroid. 

1999 Apr;9(4):377–81.  

46. Fagin JA, Wells SA. Biologic and Clinical Perspectives on Thyroid 

Cancer. Longo DL, editor. N Engl J Med. 2016 Sep 15;375(11):1054–67.  

47. Smallridge RC, Ain KB, Asa SL, Bible KC, Brierley JD, Burman KD, 

et al. American Thyroid Association Guidelines for Management of Patients 

with Anaplastic Thyroid Cancer. Thyroid. 2012 Nov;22(11):1104–39.  

48. Kunstman JW, Juhlin CC, Goh G, Brown TC, Stenman A, Healy JM, et 

al. Characterization of the mutational landscape of anaplastic thyroid cancer 

via whole-exome sequencing. Human Molecular Genetics. 2015 Apr 

15;24(8):2318–29.  

49. Gavert N, Ben-Ze’ev A. β-Catenin signaling in biological control and 

cancer. J Cell Biochem. 2007 Nov 1;102(4):820–8.  

50. Liotti F, Marotta M, Melillo RM, Prevete N. The Impact of Resolution 

of Inflammation on Tumor Microenvironment: Exploring New Ways to 

Control Cancer Progression. Cancers. 2022 Jul 8;14(14):3333.  

51. Rotondi M, Coperchini F, Chiovato L. CXCL8 in thyroid disease: From 

basic notions to potential applications in clinical practice. Cytokine & Growth 

Factor Reviews. 2013 Dec;24(6):539–46.  

52. Qing W, Fang WY, Ye L, Shen LY, Zhang XF, Fei XC, et al. Density 

of Tumor-Associated Macrophages Correlates with Lymph Node Metastasis in 

Papillary Thyroid Carcinoma. Thyroid. 2012 Sep;22(9):905–10.  

53. Fang W, Ye L, Shen L, Cai J, Huang F, Wei Q, et al. Tumor-associated 

macrophages promote the metastatic potential of thyroid papillary cancer by 

releasing CXCL8. Carcinogenesis. 2014 Aug;35(8):1780–7.  

54. Ryder M, Gild M, Hohl TM, Pamer E, Knauf J, Ghossein R, et al. 

Genetic and Pharmacological Targeting of CSF-1/CSF-1R Inhibits Tumor-

Associated Macrophages and Impairs BRAF-Induced Thyroid Cancer 

Progression. Ludgate M, editor. PLoS ONE. 2013 Jan 23;8(1):e54302.  

55. Ryder M, Ghossein RA, Ricarte-Filho JCM, Knauf JA, Fagin JA. 

Increased density of tumor-associated macrophages is associated with 



32 

 

decreased survival in advanced thyroid cancer. Endocrine Related Cancer. 

2008 Sep 10;15(4):1069–74.  

56. Jung KY, Cho SW, Kim YA, Kim D, Oh BC, Park DJ, et al. Cancers 

with Higher Density of Tumor-Associated Macrophages Were Associated with 

Poor Survival Rates. J Pathol Transl Med. 2015 Jun 17;49(4):318–24.  

57. Dudek AM, Martin S, Garg AD, Agostinis P. Immature, Semi-Mature, 

and Fully Mature Dendritic Cells: Toward a DC-Cancer Cells Interface That 

Augments Anticancer Immunity. Front Immunol [Internet]. 2013 [cited 2022 

Dec 16];4. Available from: 

http://journal.frontiersin.org/article/10.3389/fimmu.2013.00438/abstract 

58. Tsuge K, Takeda H, Kawada S, Maeda K, Yamakawa M. 

Characterization of dendritic cells in differentiated thyroid cancer. J Pathol. 

2005 Apr;205(5):565–76.  

59. Hilly O, Koren R, Raz R, Rath-Wolfson L, Mizrachi A, Hamzany Y, et 

al. The Role of S100-Positive Dendritic Cells in the Prognosis of Papillary 

Thyroid Carcinoma. American Journal of Clinical Pathology. 2013 Jan 

1;139(1):87–92.  

60. Na KJ, Choi H. Immune landscape of papillary thyroid cancer and 

immunotherapeutic implications. Endocrine-Related Cancer. 2018 

May;25(5):523–31.  

61. Ugolini C, Basolo F, Proietti A, Vitti P, Elisei R, Miccoli P, et al. 

Lymphocyte and Immature Dendritic Cell Infiltrates in Differentiated, Poorly 

Differentiated, and Undifferentiated Thyroid Carcinoma. Thyroid. 2007 

May;17(5):389–93.  

62. Melillo RM, Guarino V, Avilla E, Galdiero MR, Liotti F, Prevete N, et 

al. Mast cells have a protumorigenic role in human thyroid cancer. Oncogene. 

2010 Nov 25;29(47):6203–15.  

63. Visciano C, Liotti F, Prevete N, Cali’ G, Franco R, Collina F, et al. 

Mast cells induce epithelial-to-mesenchymal transition and stem cell features 

in human thyroid cancer cells through an IL-8–Akt–Slug pathway. Oncogene. 

2015 Oct 1;34(40):5175–86.  

64. Proietti A, Ugolini C, Melillo RM, Crisman G, Elisei R, Santoro M, et 

al. Higher Intratumoral Expression of CD1a, Tryptase, and CD68 in a 

Follicular Variant of Papillary Thyroid Carcinoma Compared to Adenomas: 

Correlation with Clinical and Pathological Parameters. Thyroid. 2011 

Nov;21(11):1209–15.  



33 

 

65. Brandau S, Dumitru CA, Lang S. Protumor and antitumor functions of 

neutrophil granulocytes. Semin Immunopathol. 2013 Mar;35(2):163–76.  

66. Tazzyman S, Lewis CE, Murdoch C. Neutrophils: key mediators of 

tumour angiogenesis: Neutrophils in tumour angiogenesis. International 

Journal of Experimental Pathology. 2009 May 11;90(3):222–31.  

67. Zahorec R. Neutrophil-to-lymphocyte ratio, past, present and future 

perspectives. BLL. 2021;122(07):474–88.  

68. Lang BHH, Ng CPC, Au KB, Wong KP, Wong KKC, Wan KY. Does 

Preoperative Neutrophil Lymphocyte Ratio Predict Risk of Recurrence and 

Occult Central Nodal Metastasis in Papillary Thyroid Carcinoma? World J 

Surg. 2014 Oct;38(10):2605–12.  

69. Galdiero MR, Varricchi G, Loffredo S, Bellevicine C, Lansione T, 

Ferrara AL, et al. Potential involvement of neutrophils in human thyroid 

cancer. Mattei F, editor. PLoS ONE. 2018 Jun 28;13(6):e0199740.  

70. Robertson FC, Berzofsky JA, Terabe M. NKT Cell Networks in the 

Regulation of Tumor Immunity. Front Immunol [Internet]. 2014 Oct 28 [cited 

2022 Dec 16];5. Available from: 

http://journal.frontiersin.org/article/10.3389/fimmu.2014.00543/abstract 

71. Modi J, Patel A, Terrell R, Tuttle RM, Francis GL. Papillary Thyroid 

Carcinomas from Young Adults and Children Contain a Mixture of 

Lymphocytes. The Journal of Clinical Endocrinology & Metabolism. 2003 

Sep;88(9):4418–25.  

72. Yin M, Di G, Bian M. Dysfunction of natural killer cells mediated by 

PD-1 and Tim-3 pathway in anaplastic thyroid cancer. International 

Immunopharmacology. 2018 Nov;64:333–9.  

73. Elkoshi Z. On the Prognostic Power of Tumor-Infiltrating Lymphocytes 

– A Critical Commentary. Front Immunol. 2022 May 12;13:892543.  

74. Solis-Castillo LA, Garcia-Romo GS, Diaz-Rodriguez A, Reyes-

Hernandez D, Tellez-Rivera E, Rosales-Garcia VH, et al. Tumor-infiltrating 

regulatory T cells, CD8/Treg ratio, and cancer stem cells are correlated with 

lymph node metastasis in patients with early breast cancer. Breast Cancer. 

2020 Sep;27(5):837–49.  

75. Orentas RJ, Kohler ME, Johnson BD. Suppression of anti-cancer 

immunity by regulatory T cells: Back to the future. Seminars in Cancer 

Biology. 2006 Apr;16(2):137–49.  



34 

 

76. Cunha LL, Morari EC, Guihen ACT, Razolli D, Gerhard R, Nonogaki 

S, et al. Infiltration of a mixture of immune cells may be related to good 

prognosis in patients with differentiated thyroid carcinoma. Clin Endocrinol. 

2012 Dec;77(6):918–25.  

77. Cunha LL, Marcello MA, Nonogaki S, Morari EC, Soares FA, Vassallo 

J, et al. CD8+ tumour-infiltrating lymphocytes and COX2 expression may 

predict relapse in differentiated thyroid cancer. Clin Endocrinol. 2015 

Aug;83(2):246–53.  

78. French JD, Weber ZJ, Fretwell DL, Said S, Klopper JP, Haugen BR. 

Tumor-Associated Lymphocytes and Increased FoxP3+ Regulatory T Cell 

Frequency Correlate with More Aggressive Papillary Thyroid Cancer. The 

Journal of Clinical Endocrinology & Metabolism. 2010 May 1;95(5):2325–33.  

79. French JD, Kotnis GR, Said S, Raeburn CD, McIntyre RC, Klopper JP, 

et al. Programmed Death-1+ T Cells and Regulatory T Cells Are Enriched in 

Tumor-Involved Lymph Nodes and Associated with Aggressive Features in 

Papillary Thyroid Cancer. The Journal of Clinical Endocrinology & 

Metabolism. 2012 Jun 1;97(6):E934–43.  

80. Angell TE, Lechner MG, Jang JK, Correa AJ, LoPresti JS, Epstein AL. 

BRAF V600E in Papillary Thyroid Carcinoma Is Associated with Increased 

Programmed Death Ligand 1 Expression and Suppressive Immune Cell 

Infiltration. Thyroid. 2014 Sep;24(9):1385–93.  

81. Bastman JJ, Serracino HS, Zhu Y, Koenig MR, Mateescu V, Sams SB, 

et al. Tumor-Infiltrating T Cells and the PD-1 Checkpoint Pathway in 

Advanced Differentiated and Anaplastic Thyroid Cancer. The Journal of 

Clinical Endocrinology & Metabolism. 2016 Jul;101(7):2863–73.  

82. Robinson SC, Coussens LM. Soluble Mediators of Inflammation 

During Tumor Development. In: Advances in Cancer Research [Internet]. 

Elsevier; 2005 [cited 2022 Dec 16]. p. 159–87. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S0065230X05930054 

83. Waugh DJJ, Wilson C. The Interleukin-8 Pathway in Cancer. Clinical 

Cancer Research. 2008 Nov 1;14(21):6735–41.  

84. Kobawala TP, Patel GH, Gajjar DR, Patel KN, Thakor PB, Parekh UB, 

et al. Clinical Utility of Serum Interleukin-8 and Interferon-Alpha in Thyroid 

Diseases. Journal of Thyroid Research. 2011;2011:1–10.  

85. Liotti F, Collina F, Pone E, La Sala L, Franco R, Prevete N, et al. 

Interleukin-8, but Not the Related Chemokine CXCL1, Sustains an Autocrine 



35 

 

Circuit Necessary for the Properties and Functions of Thyroid Cancer Stem 

Cells. Stem Cells. 2017 Jan 1;35(1):135–46.  

86. Liotti F, De Pizzol M, Allegretti M, Prevete N, Melillo RM. Multiple 

anti-tumor effects of Reparixin on thyroid cancer. Oncotarget. 2017 May 

30;8(22):35946–61.  

87. Rabinovich GA, Gabrilovich D, Sotomayor EM. Immunosuppressive 

Strategies that are Mediated by Tumor Cells. Annu Rev Immunol. 2007 Apr 

1;25(1):267–96.  

88. Schreiber RD, Old LJ, Smyth MJ. Cancer Immunoediting: Integrating 

Immunity’s Roles in Cancer Suppression and Promotion. Science. 2011 Mar 

25;331(6024):1565–70.  

89. Swann JB, Smyth MJ. Immune surveillance of tumors. J Clin Invest. 

2007 May 1;117(5):1137–46.  

90. Ulisse S, Tuccilli C, Sorrenti S, Antonelli A, Fallahi P, D’Armiento E, 

et al. PD-1 Ligand Expression in Epithelial Thyroid Cancers: Potential Clinical 

Implications. IJMS. 2019 Mar 20;20(6):1405.  

91. Liotti F, Prevete N, Vecchio G, Melillo RM. Recent advances in 

understanding immune phenotypes of thyroid carcinomas: prognostication and 

emerging therapies. F1000Res. 2019 Feb 28;8:227.  

92. Bai Y, Guo T, Huang X, Wu Q, Niu D, Ji X, et al. In papillary thyroid 

carcinoma, expression by immunohistochemistry of BRAF V600E, PD-L1, and 

PD-1 is closely related. Virchows Arch. 2018 May;472(5):779–87.  

93. Aghajani M, Graham S, McCafferty C, Shaheed CA, Roberts T, 

DeSouza P, et al. Clinicopathologic and Prognostic Significance of 

Programmed Cell Death Ligand 1 Expression in Patients with Non-Medullary 

Thyroid Cancer: A Systematic Review and Meta-Analysis. Thyroid. 2018 

Mar;28(3):349–61.  

94. Cunha LL, Marcello MA, Morari EC, Nonogaki S, Conte FF, Gerhard 

R, et al. Differentiated thyroid carcinomas may elude the immune system by 

B7H1 upregulation. Endocrine-Related Cancer. 2013 Feb;20(1):103–10.  

95. Haugen BR, Alexander EK, Bible KC, Doherty GM, Mandel SJ, 

Nikiforov YE, et al. 2015 American Thyroid Association Management 

Guidelines for Adult Patients with Thyroid Nodules and Differentiated Thyroid 

Cancer: The American Thyroid Association Guidelines Task Force on Thyroid 

Nodules and Differentiated Thyroid Cancer. Thyroid. 2016 Jan;26(1):1–133.  



36 

 

96. Laha D, Nilubol N, Boufraqech M. New Therapies for Advanced 

Thyroid Cancer. Front Endocrinol. 2020 May 22;11:82.  

97. Subbiah V, Kreitman RJ, Wainberg ZA, Cho JY, Schellens JHM, Soria 

JC, et al. Dabrafenib and Trametinib Treatment in Patients With Locally 

Advanced or Metastatic BRAF V600–Mutant Anaplastic Thyroid Cancer. JCO. 

2018 Jan 1;36(1):7–13.  

98. Tahara M. Management of recurrent or metastatic thyroid cancer. 

ESMO Open. 2018;3:e000359.  

99. Hyman DM, Puzanov I, Subbiah V, Faris JE, Chau I, Blay JY, et al. 

Vemurafenib in Multiple Nonmelanoma Cancers with BRAF V600 Mutations. 

N Engl J Med. 2015 Aug 20;373(8):726–36.  

100. Capdevila J, Wirth LJ, Ernst T, Ponce Aix S, Lin CC, Ramlau R, et al. 

PD-1 Blockade in Anaplastic Thyroid Carcinoma. JCO. 2020 Aug 

10;38(23):2620–7.  

101. Hatashima A, Archambeau B, Armbruster H, Xu M, Shah M, Konda B, 

et al. An Evaluation of Clinical Efficacy of Immune Checkpoint Inhibitors for 

Patients with Anaplastic Thyroid Carcinoma. Thyroid. 2022 Aug 1;32(8):926–

36.  

102. Galluzzi L, Buqué A, Kepp O, Zitvogel L, Kroemer G. Immunogenic 

cell death in cancer and infectious disease. Nat Rev Immunol. 2017 

Feb;17(2):97–111.  

103. Palucka AK, Coussens LM. The Basis of Oncoimmunology. Cell. 2016 

Mar;164(6):1233–47.  

104. Campbell BB, Light N, Fabrizio D, Zatzman M, Fuligni F, de Borja R, 

et al. Comprehensive Analysis of Hypermutation in Human Cancer. Cell. 2017 

Nov;171(5):1042-1056.e10.  

105. Kroemer G, Galluzzi L, Kepp O, Zitvogel L. Immunogenic Cell Death 

in Cancer Therapy. Annu Rev Immunol. 2013 Mar 21;31(1):51–72.  

106. Bezu L, Sauvat A, Humeau J, Gomes-da-Silva LC, Iribarren K, 

Forveille S, et al. eIF2α phosphorylation is pathognomonic for immunogenic 

cell death. Cell Death Differ. 2018 Aug;25(8):1375–93.  

107. Panaretakis T, Kepp O, Brockmeier U, Tesniere A, Bjorklund AC, 

Chapman DC, et al. Mechanisms of pre-apoptotic calreticulin exposure in 

immunogenic cell death. EMBO J. 2009 Mar 4;28(5):578–90.  



37 

 

108. Galluzzi L, Vitale I, Warren S, Adjemian S, Agostinis P, Martinez AB, 

et al. Consensus guidelines for the definition, detection and interpretation of 

immunogenic cell death. J Immunother Cancer. 2020 Mar;8(1):e000337.  

109. Pozzi C, Cuomo A, Spadoni I, Magni E, Silvola A, Conte A, et al. The 

EGFR-specific antibody cetuximab combined with chemotherapy triggers 

immunogenic cell death. Nat Med. 2016 Jun;22(6):624–31.  

110. Dima M, Miller KA, Antico-Arciuch VG, Di Cristofano A. 

Establishment and Characterization of Cell Lines from a Novel Mouse Model 

of Poorly Differentiated Thyroid Carcinoma: Powerful Tools for Basic and 

Preclinical Research. Thyroid. 2011 Sep;21(9):1001–7.  

111. Liotti F, Kumar N, Prevete N, Marotta M, Sorriento D, Ieranò C, et al. 

PD-1 blockade delays tumor growth by inhibiting an intrinsic 

SHP2/Ras/MAPK signalling in thyroid cancer cells. J Exp Clin Cancer Res. 

2021 Dec;40(1):22.  

112. Michalak M, Groenendyk J, Szabo E, Gold LI, Opas M. Calreticulin, a 

multi-process calcium-buffering chaperone of the endoplasmic reticulum. 

Biochemical Journal. 2009 Feb 1;417(3):651–66.  

113. Liotti F, Marotta M, Sorriento D, Pagliuca C, Caturano V, Mantova G, 

et al. Probiotic Lactobacillus rhamnosus GG ( LGG ) restrains the angiogenic 

potential of colorectal carcinoma cells by activating a proresolving program via 

formyl peptide receptor 1. Molecular Oncology. 2022 Aug;16(16):2959–80.  

114. Stockert JC, Horobin RW, Colombo LL, Blázquez-Castro A. 

Tetrazolium salts and formazan products in Cell Biology: Viability assessment, 

fluorescence imaging, and labeling perspectives. Acta Histochemica. 2018 

Apr;120(3):159–67.  

115. Schneider CA, Rasband WS, Eliceiri KW. NIH Image to ImageJ: 25 

years of image analysis. Nat Methods. 2012 Jul;9(7):671–5.  

116. Franken NAP, Rodermond HM, Stap J, Haveman J, van Bree C. 

Clonogenic assay of cells in vitro. Nat Protoc. 2006 Dec;1(5):2315–9.  

117. Nagaraj R, Sharpley MS, Chi F, Braas D, Zhou Y, Kim R, et al. 

Nuclear Localization of Mitochondrial TCA Cycle Enzymes as a Critical Step 

in Mammalian Zygotic Genome Activation. Cell. 2017 Jan;168(1–2):210-

223.e11.  

118. Rota G, Niogret C, Dang AT, Barros CR, Fonta NP, Alfei F, et al. Shp-

2 Is Dispensable for Establishing T Cell Exhaustion and for PD-1 Signaling In 

Vivo. Cell Reports. 2018 Apr;23(1):39–49.  



38 

 

119. Chen YNP, LaMarche MJ, Chan HM, Fekkes P, Garcia-Fortanet J, 

Acker MG, et al. Allosteric inhibition of SHP2 phosphatase inhibits cancers 

driven by receptor tyrosine kinases. Nature. 2016 Jul 7;535(7610):148–52.  

120. Zhang J, Zhang F, Niu R. Functions of Shp2 in cancer. J Cell Mol Med. 

2015 Sep;19(9):2075–83.  

121. Ito T, Seyama T, Hayashi Y, Hayashi T, Dohi K, Mizuno T, et al. 

ESTABLISHMENT OF 2 HUMAN THYROID-CARCINOMA CELL-LINES 

(8305C, 8505C) BEARING P53 GENE-MUTATIONS. Int J Oncol [Internet]. 

1994 Mar 1 [cited 2022 Dec 16]; Available from: http://www.spandidos-

publications.com/10.3892/ijo.4.3.583 

122. Fu W, Zhang Y, Zhang J, Chen WF. Cloning and characterization of 

mouse homolog of the CXC chemokine receptor CXCR1. Cytokine. 2005 

Jul;31(1):9–17.  

123. Kleffel S, Posch C, Barthel SR, Mueller H, Schlapbach C, Guenova E, 

et al. Melanoma Cell-Intrinsic PD-1 Receptor Functions Promote Tumor 

Growth. Cell. 2015 Sep;162(6):1242–56.  

124. Li H, Li X, Liu S, Guo L, Zhang B, Zhang J, et al. Programmed cell 

death-1 (PD-1) checkpoint blockade in combination with a mammalian target 

of rapamycin inhibitor restrains hepatocellular carcinoma growth induced by 

hepatoma cell-intrinsic PD-1. Hepatology. 2017 Dec;66(6):1920–33.  

125. Du S, McCall N, Park K, Guan Q, Fontina P, Ertel A, et al. Blockade of 

Tumor-Expressed PD-1 promotes lung cancer growth. OncoImmunology. 2018 

Apr 3;7(4):e1408747.  

126. Zhao Y, Harrison DL, Song Y, Ji J, Huang J, Hui E. Antigen-Presenting 

Cell-Intrinsic PD-1 Neutralizes PD-L1 in cis to Attenuate PD-1 Signaling in T 

Cells. Cell Reports. 2018 Jul;24(2):379-390.e6.  

127. Yao H, Wang H, Li C, Fang JY, Xu J. Cancer Cell-Intrinsic PD-1 and 

Implications in Combinatorial Immunotherapy. Front Immunol. 2018 Jul 

30;9:1774.  

128. Matozaki T, Murata Y, Saito Y, Okazawa H, Ohnishi H. Protein 

tyrosine phosphatase SHP-2: A proto-oncogene product that promotes Ras 

activation. Cancer Science. 2009 Oct;100(10):1786–93.  

129. Bunda S, Burrell K, Heir P, Zeng L, Alamsahebpour A, Kano Y, et al. 

Inhibition of SHP2-mediated dephosphorylation of Ras suppresses 

oncogenesis. Nat Commun. 2015 Dec;6(1):8859.  



39 

 

130. Zhao M, Guo W, Wu Y, Yang C, Zhong L, Deng G, et al. SHP2 

inhibition triggers anti-tumor immunity and synergizes with PD-1 blockade. 

Acta Pharmaceutica Sinica B. 2019 Mar;9(2):304–15.  

131. Tang KH, Li S, Khodadadi-Jamayran A, Jen J, Han H, Guidry K, et al. 

Combined Inhibition of SHP2 and CXCR1/2 Promotes Antitumor T-cell 

Response in NSCLC. Cancer Discovery. 2022 Jan 1;12(1):47–61.  

 


