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ABSTRACT

We previously demonstrated that human papillary thyroid carcinomas (PTCs)
display a Mast Cell (MC) infiltrate correlated with extrathyroidal extension.
MCs (MC) are mainly found at the invasive front of human PTCs, where they
may facilitate tumor cell migration and extracellular matrix degradation. The
increased motility and invasiveness of tumor cells are reminiscent of the
epithelial to mesenchymal transition (EMT). However, the MC-derived factors
that mediate this activity and the mechanisms with which they enhance thyroid
carcinoma (TC) invasive ability remain unidentified. Here, we report that MC-
derived conditioned media (MC CM) induce the epithelial-to-mesenchimal
transition (EMT) and the gain of stemness features of TC cells. MC CM-
treated thyroid cancer (TC) cells down-regulate E-cadherin expression, an
epithelial protein, while up-regulating EMT transcription factors (SNAIL,
SLUG, ZEBI1) and mesenchimal markers (vimentin). Here we identify
interleukin 8 (CXCLS/IL-8) as the main mediator produced by MCs capable of
inducing both EMT and stemness in TC cells. TC cells infact express both the
IL-8 receptors, CXCR1 and CXCR2. Immune depletion of IL-8 from MC CM
completely abolishes EMT and stemness. Treatment of TC cells with
recombinant IL-8 induces these features, and blocking molecules targeting the
IL-8/CXCR1/CXCR2 axis revert them. 850-5C cells, derived from a human
anaplastic thyroid carcinoma (ATC), enforced to express IL-8, undergo EMT,
display increased stemness, and are more efficient in tumor formation when
xenografted in immunodeficient mice with respect to parental cells. The
transcription factor SLUG may be a critical mediator of IL-8-mediated
biological effects in TC cells; in fact, [L-8 treatment causes persistent SLUG
upregulation, and IL-8 expressing 850-5C cells constitutively express high
levels of SLUG. We generated TPC-1 cells, derived from a human PTC, with
enforced expression of SLUG. These cells underwent EMT and exhibited
stemness features, including the capability to form spheres in low-adherence
condition. By analysing a panel (n=30) of human TC surgical samples, we
observed that the expression of the stemness marker OCT4 is significantly
associated with tumor size and with MC density. Furthermore, we observed
that IL-8 expression correlates with the presence of lymph-node metastases and
with SLUG expression.

The failure in the eradication of CSCs is likely one of the factors that limits the
efficacy of current therapeutic approaches against cancer. Thus, novel CSCs-
targeted treatments are needed. In this regard, our study provides the evidence
that targeting MC-derived IL-8 may be employed to directly target CSCs in
advanced thyroid cancer.
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1. BACKGROUND

1.1 Thyroid Cancer

The thyroid gland develops in the embryo as a tubular evagination of the
pharyngeal endoderm at the basis of the tongue. It is located in the neck, beside
the trachea. The thyroid gland is composed by two distinct hormone-producing
cell types: follicular cells and parafollicular C cells. Follicular cells comprise
most of the epithelium and are responsible for iodine uptake and thyroid
hormone synthesis. C cells are scattered intrafollicular or parafollicular cells
and are dedicated to the production of the calcium-regulating hormone
calcitonin. Extimates of 2012 reveal thyroid cancer (TC) as the fifth expected
malignancy in American women and is the most common malignancy of the
endocrine system (Peter M Sadow and William C. Faquin 2012 ). More than
95% of TC are derived from follicular cells while a minority of tumors (3%),
referred to as medullary thyroid carcinoma, are of C-cell origin.

TC affects women more often than men and usually occurs in people between
the ages of 25 and 65 years. The incidence of this malignancy has been
increasing over the last decade (Pellegritti G et al. 2013).

Patients with a history of radiation administered in infancy and childhood for
benign conditions of the head and neck, such as enlarged thymus, acne, or
tonsillar or adenoidal enlargement, have an increased risk of cancer as well as
other abnormalities of the thyroid gland (Ciampi et al. 2005). Other risk factors
for the development of TC include a history of goiter, family history of thyroid
disease, female gender.

Thyroid carcinomas are broadly divided into well-differentiated, poorly
differentiated and undifferentiated types on the basis of histological and
clinical parameters. Differentiated tumors (papillary or follicular) are highly
treatable and usually curable. Poorly differentiated tumors (medullary and
anaplastic) are much less common, are aggressive, metastasize early, and have
a much poorer prognosis (DeLellis et al. 2004). Papillary thyroid carcinoma
(PTC) is the most common thyroid malignancy; it accounts for 75 to 80% of all
thyroid cancers, showing an incidence peak at 40-50 years. A well established
cause of PTC is the exposure to ionizing radiations, especially in the neck
region; in fact, about 2-4% of the patients irradiated to treat deseases such as
acne or enlarged thymus, develop a differentiated thyroid carcinoma after about
20-30 years. Accordingly, the frequency of PTC is dramatically increased in
the children exposed to the massive release of radionuclides that followed the
explosion of the nuclear reactor in Chernobyl in 1986 (DeLellis, 2006). PTC
shows typically multicentricity and a tendency to spread into lymphatic
vessels; regional node metastases at presentation are found in a significant
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proportion of cases. There are several PTC variants including solid-follicular,
follicular, tall-cell, hurthle cell variants (Ostrowski et al. 1996). Follicular
thyroid carcinoma (FTC) is less frequent than PTC and represents about 10-
30% of thyroid cancers; it is particularly linked to dietary iodine deficiency
(Williams et al.1997) and both iodine deficiency and genetic influences could
account for its link with a history of nodular goiter (Ron E et al. 1987). FTC
shows variable morphology ranging from well-formed colloid-containing
follicles, to solid or trabecular growth pattern. Therapy for both PTC and FTC
consists in surgery followed by metabolic treatment with I'*'. Prognosis is very
good with a survival rate at 10 years ranging from 90 to 98%.

Anaplastic thyroid carcinoma (ATC) is the most aggressive type of thyroid
cancer. ATC cells are extremely abnormal and spread rapidly to other parts of
the body. ATC make up only about 1% of all thyroid cancers and typically
spreads beyond the thyroid by direct local extension. Metastasis to regional
nodes are also common but their presence is often masked by the presence of
extensive soft tissue invasion. No effective therapy is known for ATC and
prognosis is very unfavorable with a mean survival time of less than one year
(Giuffrida et al. 2000). Poorly differentiated thyroid carcinoma (PDTC) is a
recent diagnosis for rare aggressive thyroid tumors that represent the bridge
between more well differentiated malignancies of thyrocytes and the
undifferentiated thyroid carcinomas (Siironen P et al. 2010).

PDTCs demonstrate solid, trabecular, and insular components, the absence of
conventional nuclear patterns of papillary carcinoma, and the presence of at
least one of the following features: convoluted nuclei, mitotic activity, or
necrosis (Katsuhiro Tanaka et al. 2011). Many reports have demonstrated a
poorer survival among PDTC patients than among those with well-
differentiated carcinoma (WDTC)(M. Decaussin et al. 2002, M. Volante et al.
2004, T. Nishida et al. 1999).

Despite favorable prognosis of WDTC, ~5% of them progress to radioactive
iodine-refractory (RAIR), which commonly leads to death within 5 years
(Pacini F et al. 2012). I"' RAIR can be defined as an inability of
malignant/metastatic tissue to take up I'*' from the start of treatment or loss of
ability to take up I'*' after previous evidence of uptake. It is detected by a
combination of imaging modalities, including an I'*' whole body scan showing
at least one lesion that does not take up I'*!, or clinical evidence that I'*' is no
longer providing benefit to the patient (David G. Pfister and James A. Fagin
2008). Standard cytotoxic chemoterapy has limited efficacy, making
introduction in clinical trials of novel targeted therapies (Pacini F et al. 2012 ),
Medullary thyroid carcinoma (MTC) develops from neuroendocrine C cells of
the thyroid, producing calcitonin (CT). About 5 to 7% of all TC are MTC that
can be sporadic or familial as part of the Multiple Endocrine Neoplasia type 2
syndromes. MEN2 syndromes are inherited cancer disorders including three
types: MEN2A, characterized by MTC, pheochromocytoma and parathyroid
adenoma; MEN2B characterized by MTC, pheochromocytoma and additional
tumors such as neuromas and ganglioneuromas of the gut; Familial Medullary
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Thyroid Carcinoma or FMTC whose only feature is MTC. MEN2 is inherited
as a highly penetrant mendelian tract and this genetic transmission is due to
gain-of-function mutations of the RET gene. MTC tends to metastasize to
lymph-nodes and distant organs, and its treatment consists in surgical removal
of the lesion. MTC are fairly resistant to most chemotherapeutic agents (Core
et al.2003). Fig.1

a Patholegical classification and clinical features

Follicular adenom. Follicular carcinoma
MNormal gland
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Figure 1: Features of thyroid tumors (Modified from Williams 2002).

1.2 Molecular genetics of thyroid tumors

PTC

Several studies on thyroid tumors have allowed the identification of many
genetic alterations. In particular, four genetic lesions, at the somatic level, are
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associated with PTC. They include chromosomal aberrations targeting the RET
or TRKA tyrosine kinase receptors and point mutations in RAS or BRAF
genes. RET(Rearranged during Transfection) and NTRK1 are involved in the
pathogenesis of papillary thyroid carcinoma (PTC), with RET alterations being
more common than NTRKI rearrangements (Santoro M et al. 1995,
Bongarzone I et al. 1999). Both genes code for neurotrophic growth factor
receptors with tyrosine kinase activity. Approximately 20—40% of PTCs exhibit
rearrangements of one of these genes with other coding sequences, forming
chimeric oncogenes, including RET/PTC. In RET/PTC rearrangements, fusion
with protein partners, possessing protein-protein interaction domains, provides
RET/PTC proteins the ability to constitutively dimerize, thereby resulting in
ligand-independent activation of c-Ret tyrosine kinase activity (Santoro et al.
1995). RET/PTCI1, the CCDC6-RET fusion, and RET/PTC3, the NCOA4-RET
fusion, are the most prevalent variants. RET/PTC3 is frequently found in
radiation-associated-PTC occurred after the Chernobyl accident.

The RAS family of proto-oncogenes includes KRAS, and HRAS and NRAS, all
of which are membrane-bound GTP/GDP-binding (G) molecules. These
proteins transfer signals from activated tyrosine receptors to pathways that lead
to the synthesis of key proteins involved in cell growth, proliferation and
survival. Although Ras mutations have been observed in 10-15% of PTCs,
they are more commonly associated with FTC and the follicular variant of
papillary cancer (Zhu Z et al. 2003). ARaf, BRaf and CRaf are isoforms of the
mammalian Raf serine—threonine kinase that participate in the
RAF/MEK/MAPK pathway. BRAF mutations, observed in nearly 40% of PTCs
, have been associated with a more aggressive course of disease (Elisei R et al.
2008). A Glutamine for Valine substitution at residue 600 (V600E) in the
activation segment of the kinase accounts for more than 90% mutations of
BRAF in PTC (Kimura et al. 2003; Cohen et al. 2003; Soares et al. 2003). This
mutation enhances BRAF activity through disruption of the autoinhibited state
of the kinase. In human PTC, the genetic alterations of RET/PTC, RAS and
BRAF are mutually exclusive, suggesting the existence of a common signaling
cascade; moreover, mutations at more than one of these sites are unlikely to
provide an additional biological advantage (Kimura et al. 2003, Cohen et al.
2003, Soares et al. 2003).

Among the other genetic anomalies identified in patients with PTC are single-
nucleotide polymorphisms in genes that regulate transcription, upregulation of
microRNAs that modify gene expression and increased methylation of tumor
suppressor genes (Hu S et al. 2006). In addition, familial PTC has been
associated with abnormalities in the short arm of chromosome 19 and the long
arms of chromosomes 1, 2 and 8 (Canzian F et al. 1998, McKay JD et al.
2001), as well as with short telomeres in the germline (Capezzone M et al.
2011).

17



FTC

Follicular thyroid carcinoma (FTC) is also a WDTC developing from thyroid
cells. In this carcinoma the presence of K-, H-, and NRAS mutations is quite
common. More recently, it has been shown that a quite high proportion of FTC
carries a translocation involving the PAX8 promotor gene on the long arm of
chromosome 2 and the PPAR-y gene on the short arm of chromosome 3 [t(2;3)
(q13;p25)], resulting in the fusion of their DNA-binding domains. PAXS is a
critical regulator of the development and differentiation of follicular
epithelium, whereas PPAR-y is a nuclear hormone receptor, normally not
expressed at high concentrations in thyroid, which is involved in carbohydrate
and lipid metabolism and inflammation (Kroll et al. 2000).

PDTC and ATC

PDTC is characterized by mutations in BRAF, N, K, and HRAS, as well as
translocation of RET/ PTC1, RET/PTCS3.

Point mutations in the RAS oncogene and in the tumor suppressor p53 have
been described in ATC (Garcia-Rostan et al. 2005, Donghi et al. 1993, Fagin
1993). It is well known that p53 safeguards the cell cycle, the DNA repair and
the apoptotic processes; Garcia-Rostan and colleagues found somatic mutations
within the PI3K catalytic subunit in 23% of analyzed ATC as well as activating
point mutations of B-catenin (Garcia-Rostan et al. 1999). Mutations of BRAF
gene have been detected in anaplastic carcinomas, suggesting that some ATC

may arise from a preexisting WDTC, while others may arise de novo
(Nikiforova MN et al. 2003).

MTC

MTC can be sporadic or it could be one of the lesions that characterize the
autosomal dominant MEN 2 syndromes (MEN2A, MEN2B and FMTC). MEN
2 syndromes are caused by germline point mutations that convert RET into a
dominant oncogene. MEN2 patients are invariably affected by Medullary
Thyroid Carcinoma (MTC), a malignant tumour arising from calcitonin-
secerning C cells of the thyroid. Additional features can be present in MEN2A
(pheochromocytoma  and  parathyroid  adenoma) and  MEN2B
(pheochromocytoma, mucosal neuroma and ganglioneuroma of the intestine)
(Brandi et al. 2001). In more than 80% of cases, MEN2B is caused by the
Met918Thr substitution in the kinase domain of the receptor. In MEN2A and
most FMTC patients, mutations affect one cysteine of the extracellular
cysteine-rich domain of RET (609, 611, 618, 620, 630, 634) that can change to
different residues. A significant genotype-phenotype correlation is observed. In
particular, about 90% of MEN2A patients have Cys634 mutation, and this
mutation is highly predictive of the presence of pheochromocytoma and
parathyroid hyperplasia. (Santoro et al. 1995; Carlomagno et al. 1997). RET
activation by mutations targeting the intracellular domain is less understood
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(Santoro et al. 1995, Iwashita et al. 1999) but it can be envisaged that a
modification of the structure of the kinase may switch on its enzymatic
function. Mutations in HRAS and KRAS genes were recently found in a
significant proportion of non-RET-mutated MTC, suggesting that RAS
mutations could represent alternative genetic events in sporadic MTC
tumorigenesis. This observation could be of value for defining therapeutic
strategies in non-RE7-mutated tumors (A. Boichard et al. 2012).

1.3 Inflammation and thyroid cancer

The relationship between cancer and inflammation has been observed first in
1863 when Rudolf Virchow, following the observation of leukocytes in
neoplastic tissues, hypothesized that chronic inflammation could contribute to
the tumorigenic process. In the following decades, several lines of evidence
suggested a strong association between chronic inflammation and increased
susceptibility to neoplastic transformation and development. It has been
estimated that up to 20% of all tumors arise from conditions of persistent
inflammation, such as chronic infections or autoimmune diseases. Indeed, the
association between cervical cancer and papilloma virus, gastric cancer and
Helicobacter pylori induced gastritis, esophageal adeno-carcinoma and
Barrett’s metaplasia, hepatocellular carcinoma, hepatitis B and C viral
infections, and many others are well recognized (Anand P. et al. 2008). The
mediators and cellular effectors of inflammation are important constituents of
the local environment of tumors. In some types of cancer, inflammatory
conditions are present before a malignant change occurs. Conversely, in other
types of cancer, an oncogenic change induces an inflammatory
microenvironment that promotes the development of tumours. Regardless of its
origin, chronic inflammation in the tumour microenvironment has many
tumour-promoting effects such as proliferation and survival of malignant cells,
promotes angiogenesis and metastasis, subverts adaptive immune responses,
and alters responses to hormones and chemotherapeutic agents. The
inflammatory microenvironment of neoplastic tissues is characterized by the
presence of host leukocytes both in the supporting stroma and among the tumor
cells, with macrophages, dendritic cells, MCs, and T cells being differentially
distributed (Balkwill and Mantovani, 2001). Several cytokines (TNF, IL-1, IL-
6) and chemokines that are produced by the tumor cells and by leukocytes and
platelets associated with the tumor have been found to be able to maintain the
invasive phenotype (Coussens and Werb, 2002). Tumor-associated
macrophages (TAMs) are a major component of the leukocyte infiltrate,
initially recruited by inflammatory chemokines (e.g., CCL2) and then sustained
by cytokines present in the tumor microenvironment (e.g., CSFs, VEGF-A). By
producing cytokines such as TGF-f, IL-10, and M-CSF, TAMs promote tumor
proliferation and progression and stroma deposition and, indeed, the density of
TAMs is increased in advanced thyroid cancers (Ryder et al., 2008). The
connection between inflammation and cancer can be viewed as consisting of
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two pathways: an extrinsic pathway, driven by inflammatory conditions that
increase cancer risk (such as inflammatory bowel disease); and an intrinsic
pathway, driven by genetic alterations that cause inflammation and neoplasia
(such as oncogenes). The intrinsic pathway was uncovered when addressing
why inflammatory cells and mediators are present in the microenvironment of
most, if not all, tumors and therefore are present in cases for which there is no
epidemiological basis for inflammation. This finding raised the question of
whether the genetic events that cause neoplasia in these cases are responsible
for generating an inflammatory environment. This question has been addressed
only recently, by using preclinical and clinical settings in which various
oncogenetic mechanisms can be assessed. The intrinsic pathway is activated by
genetic events that cause neoplasia. These events include the activation of
various types of oncogene by mutation, chromosomal rearrangement or
amplification, and the inactivation of tumor-suppressor genes. Cells that are
transformed in this manner produce inflammatory mediators, thereby
generating an inflammatory microenvironment in tumors for which there is no
underlying inflammatory condition (for example, breast tumors). By contrast,
in the extrinsic pathway, inflammatory or infectious conditions augment the
risk of developing cancer at certain anatomical sites (for example, the colon,
prostate and pancreas) (Colotta et al. 2009). Thyroid cancer obeys to these
rules. First, an inflammatory component, which includes different leukocyte
types, is frequently observed in thyroid tumors and the papillary histotype of
thyroid cancer (PTC) is often associated with organ-specific autoimmune
diseases, such as Hashimoto’s thyroiditis and Grave’s disease. Second,
RET/PTC, RAS (V12) or BRAF (V600E), the most common oncogenes found
in human PTC, trigger an inflammatory transcriptional program in thyreocytes
(Melillo RM et al. 2005).

An inflammatory component, which includes different leukocyte types, is
frequently observed in thyroid tumors as well: macrophages and immature
dendritic cells accumulate in PTCs, both in tumoral stroma and at the invasive
front; the prevalence of lymphocytic infiltrate is generally significantly higher
in patients with PTC than in those with benign thyroid lesions, indicating that
the presence of these cells might favor cancer development; PDCs and ATCs
display an increased density of tumor-associated macrophages (TAM) with
respect to PTC and FTC; moreover, TAM infiltration positively correlates with
malignant progression of thyroid cancer. MCs (MC) also play an important role
in thyroid neoplastic diseases, because PTCs, but not normal thyroid tissue,
display an intense MC infiltrate whose intensity positively correlates with the
invasive phenotype of TC (Liotti et al. 2012).

The intrinsic pathway of cancer-related inflammation is driven by the most
frequent genetic alterations associated with thyroid cancer, such as RET and
TRK rearrangements and BRAF and RAS mutations. It has been found that
RET/PTC3 oncogene induces a proinflammatory transcriptional program, that
includes several cytokines such as osteopontin (OPN), VEGF-A, CCL2,
CXCL1 and CXCL10. Accordingly, Iwahashi showed that activation of RET
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induces the production of high levels of IL-8, a pro-inflammatory, mitogenic
and proangiogenic chemokine that contributes to several human cancer
(Iwahashi et al. 2002). The proinflammatory properties of RET/PTC in thyroid
might have a dual effect: on one side, molecules such as OPN, CXCLI,
CXCL10, CCL2, GM-CSF can influence immune response to the tumor by
recruiting and functionally regulating immune cells. On the other side, secreted
cytokines and chemokines, such as OPN, CXCL1, CXCL10, and IL-1[ can act
as autocrine growth and survival factors for thyroid tumor cells, which express
the cognate receptors on their plasma membrane (Liotti et al. 2012 ).

1.4 MC and thyroid cancer

MCs (MC) originate in the bone marrow and enter the circulation in immature
form. Once settled into a tissue site, they mature, taking on characteristics
specific for that tissue. There are two general types of MC: those found in
connective tissue and those found in mucosal tissue. They have a relevant role
in the pathogenesis of allergic diseases, being stimulated by the IgE-induced
FceRI receptor activation (Marone et al., 2005). Together with dendritic cells,
MCs are among the first immune cell populations to interact with
environmental antigens, allergens, bacteria, viruses and parasites (Galli et al.,
2005). The c-kit receptor ligand, Stem Cell Factor (SCF), is the most relevant
factor for human MC maturation and differentiation (Galli et al., 2005). MC
immunological activation results in the secretion of several proinflammatory
factors. Among the proteins secreted by activated MCs there are preformed
factors (histamine, tryptase, chimase, carbossipeptidase A and proteoglycanes)
stored in secretory granules and extracellularly released within few minutes,
lipidic mediators (cyclooxygenases-PGD2 and PGE2- and the lipo-oxygenase
-LTC4, LTD4, LTE4- metabolites), several cytokines (TNF- a, IL-13, IL-3,
GM-CSF and IL-5) and chemokines (IL-8, CCL3/MIP-1a, CXCL1/GRO-a and
CXCL10/1P-10). Relevantly, MCs secretory responses can be influenced by
both genetic and environmental factors (Galli et al.,, 2005). MCs, as
macrophages, are long surviving cells; their number increases in case of
immediate hypersensitive reactions (rhinitis, eczema, asthma), of infections
caused by intestinal worms, of chronic inflammation and/or tissue remodeling
(rtheumatoid arthritis, for example). It is well known that various types of
hematologic malignancies and solid cancers are associated with increased
MCs. In many tumors, MC counts have been reported to even correlate with
tumor stage, prognosis and invasiveness. ( Ribatti et al. 2011, Pittoni P et al.
2011, Melillo RM et al. 2010, Amini RM et al. 2007, Theoharides et al. 2004).
A correlation between numbers of MCs and poor prognosis was demonstrated
in human lymphoid neoplasms such as Hodgkin’s lymphoma (Molin D et al.
2002), B-cell non-Hodgkin’s lymphoma (Ribatti D et al. 2000), primary
cutaneous lymphoma (Rabenhorst A et al. 2012) and multiple myeloma (Nico B
et al. 2008). Similar data were obtained in human solid cancers, such as
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pancreatic cancer (Strouch MJ et al. 2010), hepatocarcinoma,
cholangiocarcinoma (Tereda T et al. 2000), prostate cancer (Pittoni P et al.
2011) and melanoma (Toth-Jakatics R et al. 2000 and Ribatti D et al. 2003). In
a recent study on human and murine prostate tumors, MCs were shown to
increase upon disease. Experiments using MC-deficient mice demonstrated that
MCs were necessary for development of transplanted well differentiated
prostate tumors progression (Pittoni P et al. 2011). Similar results were
obtained in pancreatic cancer confirming the essential role of MCs for invasion
of tumors (Strouch MJ et al. 2010). Patients with pancreatic cancer showed
elevated serum tryptase levels suggesting that increased numbers of MCs and
MC-conditioned medium induced migration, proliferation and invasion of
pancreatic cancer cell lines. On the other hand, pancreatic cancer cells
stimulated migration of MCs (Strouch MJ et al. 2010). In murine pancreatic
cancer, MC numbers were increased and correlated again with tumor grade and
reduced survival (Strouch MJ et al. 2010). Supernatants of MCs were shown
to induce cytokine release and proliferation of primary cutaneous lymphoma
cells in vitro. Several recent studies also suggested indirect effects of MCs on
tumors through interaction with other immune cells and blood vessels. For
example in Hodgkin’s lymphoma, aggregation of eosinophils together with
MCs was described to correlate with poor prognosis (Enblad G et al. 1993). In
various tumors including melanoma (Ribatti D et al. 2003), lung cancer (Tomita
M et al. 2000) and squamous cell carcinomas of the esophagus (Elpek GO et al.
2001) and cervix (Benitez-Bribiesca L et al. 2001), MC infiltrates correlated to
microvessel density in addition to tumor progression. In melanoma,
immunohistological staining showed increased microvessel density correlating
with MC numbers in lesions of poor prognosis compared to those of
intermediate and good prognosis. Similar results were obtained for primary
cutaneous lymphoma, where increased MC numbers together with increased
degranulation correlated with microvessel density and progression (Rabenhorst
A et al. 2012). Moreover, several studies using different tumor models
observed reduced tumor neo-angiogenesis associated with decreased tumor
growth in MC-deficient mice (Gounaris E et al. 2007, Rabenhorst A et al. 2012,
Soucek L et al. 2007). Again supporting the concept of a pro-tumorigenic
contribution of MCs to tumors, several studies reported a decreased tumor
growth upon inhibition of MCs. For example, Gournaris et al. showed, in a
murine colon cancer model, that polyps are infiltrated with MCs and depletion
of MCs either pharmacologically or through generation of MC-deficient
chimeric mice lead to profound remission of polyps (Gounaris et al. 2007).
Also, in tumor model of pancreatic islet tumor, activation of Myc triggers
tumor expansion associated with recruitment of MCs and pharmacologic
inhibition of MC degranulation inhibits tumor growth (Soucek L et al. 2007).
MCs were also shown to exert anti-tumorigenic effects in certain malignancies
(Tan SY et al. 2005, Amini RM et al. 2007). Furthermore, patients with low
MC counts showed more pronounced invasion than those with higher numbers
of MCs and, accordingly, the 5-year survival rate was worse in patients with
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low MC counts compared to those with high MC counts. Also, in breast cancer,
stromal MCs were found to correlate with low grade tumors and a favorable
prognosis. Patients with axillary lymph node metastases showed more MCs in
the non-involved axillary lymph nodes, indicating a protective effect of MCs in
breast cancer (Amini RM et al. 2007). The relationship between MC numbers
and tumor invasiveness was recently evaluated in thyroid cancer by our group
(Melillo et al., 2010).

MCs are mainly found at the invasive front (the tumor—host interface) of
human tumors, where they may facilitate extracellular matrix breakdown and
tissue remodeling, and thus promote tumor cell motility. In human PTCs MC
infiltrate was present both within the tumors and at the invasive front, but was
virtually absent from normal tissues; MC density was increased, to various
degrees, in 95% of a group of PTCs (n=91) (Fig. 2). Then, the correlation
between clinicopathological features, angiogenesis and MC infiltrate has been
analyzed. PTCs were divided into two groups: those with intense (+++, ++)
and those with weak (+, -) tryptase staining. The group of PTCs with intense
tryptase staining, tended to be more invasive, as extrathyroidal extension was
more frequent (P=0.0005).

a-Tryptase

Fig. 2 Immunohistochemical analysis of tryptase in human papillary thyroid carcinoma (PTC). The
degree of tryptase-positive cell staining differed among PTC samples (see samples 2,3,5 and 6). Normal
thyroid tissues (1,4) were negative for tryptase (Melillo et al. 2010).

Tryptase score Clinical features

Extrathyroidal Extrathyroidal

extension - extension +
Intense tryptase 45% (17/38) 77% (46/58) 0.0005
staining
Weak tryptase 55% (21/38) 23% (12/58)

staining

Table 1 Correlation between tryptase score and clinical features of PTCs (Melillo et al. 2010).
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In this study, thyroid cancer cells attract MCs through the release of Vascular
Endothelial Growth Factor-A (VEGFA). Moreover, human thyroid carcinoma
cells, through the release of soluble factors, induce MC degranulation and
cytokine synthesis in vitro. Consistently, MCs injected in the tail vein of
immunodeficient mice are recruited to thyroid carcinoma cell xenografts.
Interestingly, when MCs and thyroid cancer «cells are co-injected
subcutaneously into nude mice, MCs survive and proliferate, suggesting that
mediators released in situ can induce these effects. Moreover, when thyroid
cancer cells are treated with MC-released mediators they show higher
proliferation rate, survival capacity and invasive ability. Accordingly, local co-
injection of MCs and thyroid cancer cells accelerate the growth of thyroid
carcinoma xenograft in athymic mice. This effect is mediated by increased
proliferation and vascularization of thyroid cancer cells and reverted by sodium
cromoglycate (Cromolyn), a specific MC-degranulation inhibitor (Melillo et
al., 2010). These data suggest that MCs exert a protumorigenic effect on
thyroid cancer.

TC cell-derived conditioned culture media

MIGRATION (VEGF-A)
CTIVATION:
1. degranulation
2. cytokine/
chemokine
syntesis and
release

MATRIGEL INVASION
PROLIFERATION
SURVIVAL
TUMORIGENESIS

Thyroid cancer cell U Mast cell

Mast cell-derived conditioned culture media

Fig.3 The complex relationship between MC and thyroid cancer cell. MCs exert a protumorigenic effect
in thyroid cancer. They are recruited in tumor site by tumor-derived VEGF-A (and possibly by other
chemoattractants), and are activated by cancer cell-secreted unknown factors. Activated MCs secrete
histamine, and the chemokines CXCL1 and CXCL10, that induce thyroid cancer cell proliferation,
survival and invasion (Liotti et al. 2012).

These results indicate that MCs are present in PTCs and that their presence and
intensity positively correlate with invasive behavior. The increased motility and
invasiveness of tumor cells are reminiscent of epithelial-to mesenchimal
transition (EMT) Thus, it is possible that MCs enhance migratory and invasive
ability of tumor cells through the induction of EMT.
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1.5 Tumor Inflammatory Microenvironment and mediators linking EMT
and stemness

1.5.1 The Epithelial to Mesenchymal Transition (EMT)

The Epithelial to Mesenchymal Transition (EMT) is a conserved
developmental program whereby a cascade of molecular and physiological
changes within a cell results in the transformation of the epithelial cell into a
phenotypically and genetically distinct mesenchymal cell. During EMT,
epithelial cells lose the adherents junctions that keep them in contact with their
neighbors. They gain a mesenchymal cell phenotype that enables them to break
through the basal membrane and migrate over a long distance, a result of
profound changes in their cytoskeleton architecture and gene expression profile
(Kalluri and Neilson 2003) (Fig. 4). However, this "transformation" is
reversible: mesenchymal cells can revert back to epithelial cells through a
reverse process called mesenchymal-epithelial transition (MET). EMT does not
only occur during embryonic development or as a physiological response to
injury. It is also an important element in cancer progression and other
pathologies that involve organ degeneration, such as fibrosis. At the cellular
level, pathological EMTs are very similar to physiological EMTs in that they
are governed by similar signaling pathways, regulators, and effective
molecules. From a clinical perspective, metastasis 1s the most critical aspect of
tumorigenesis (Hanahan and Weinberg 2011). However, additional steps must
be completed before a metastatic tumor is successfully established. The spread
of malignant cells consists of a series of steps, all of which are thought to be
important for metastatic outgrowth in different organs. Basically, these steps
include local invasion toward and entry into blood vasculature (intravasation),
survival within the circulation system, arrest in distant capillary beds or
“homing” to distal organs, exit from blood vasculature (extravasation), and
eventual outgrowth and re-establishment of malignant growths in secondary
locations (Fidler 2003; Hanahan and Weinberg 2011).
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Fig. 4 In epithelial cells, E-cadherin and integrins provide cell-cell and cell-basement adhesion, respectively (i). During
EMT, the transcription of E-cadherin and integrins in epithelial cells is repressed, inducing the loss of polarity in these
cells (ii). To invade the underlying tissue, the basement membrane is disrupted and the cytoskeleton remodeled to
induce a migratory morphology (iii). This allows the cells to detach from the epithelial sheet and move into the
surrounding stroma (iv) ( Modified from Acloque et al., 2009).

1.5.2 Characterization of EMTs

EMTs are categorized into three separate types based on the context in which
they occur. Type 1, 2 and 3 EMTs can have different outcomes within a given
cellular context, however it is currently not clear what biochemical elements
they share and how they differ.

Type 1 EMTs occur during development and are utilized during discrete
morphogenic events. For example, the EMT program is activated during
gastrulation in a distinct population of epiblast cells. Upregulation of
transcription factors such as SNAIL1 leads to MMP expression facilitating
breakdown of the underlying basement membrane and ingression through the
primitive streak. These mesendodermal cells then either undergo reversion of
EMT (termed MET) and form the ectoderm or retain their mesenchymal
properties and give rise to the mesodermal layer. During neurulation,
populations of migratory cells termed neural crest cells are formed at the
neuroectoderm-ectoderm junction. Activation of EMT facilitates their
delamination and subsequent migration throughout the developing embryo
where these cells give rise to various tissues.

Type 2 EMTs are associated with inflammation and involve the conversion of
epithelial cells to mesenchymal cells in response to physiologic stress and are
critical to tissue repair and regeneration. The re-epithelization stage during
wound-healing involves drastic changes in the morphology and function of
surrounding keratinocytes. During wound closure, keratinocytes activate a
partial and reversible EMT to decrease intercellular adhesion and increase their
cell-matrix interaction to migrate over and close a lesion. Type 2 EMT can also
be activated in tissues undergoing pathologic stress. For example, liver or
kidney damage can lead to the formation of fibroblasts from existing epithelial
cells to promote tissue repair. Although type 2 EMTs normally cease once
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inflammation has subsided, persistent inflammation can lead to constitutive
activation of EMT and tissue or organ damage.

Type 3 EMTs are specific to neoplastic epithelial cells that have undergone
genetic changes including upregulation of oncogenes and decreased expression
of tumor suppressor genes. The activation of EMT in cancer cells can render
them far more invasive and malignant than those cells undergoing type 1 and 2
EMTs. This is possibly due to their ability evade the normal checkpoints and
controls of the body. Increasing evidence suggests that the metastatic spread of
cancer cells is facilitated through activation of EMT in a subset of tumor cells
during cancer progression. The absence of E-cadherin in tumor samples has
long been correlated with increased tumor grade and poor prognosis and
upregulation of numerous EMT markers is also correlated with decreased
patient survival (Gomez, I et al 2011, Kosaka, T et al. 2010). Additionally,
cancer cells at invasive fronts can take on an EMT-like phenotype (Spaderna S
et al. 2006)

1.5.3 Molecular regulation of EMT

The hallmark of EMT is the loss of E-cadherin expression, an important
caretaker of the epithelial phenotype. Loss of E-cadherin expression is often
correlated with the tumor grade and stage, because it results in disruption of the
cell-cell adhesion and an increase in nuclear beta-catenin (Cowin, Rowlands et
al. 2005; Junghans, Haas et al. 2005). Several transcription factors have been
implicated in the regulation of EMT, including zinc finger proteins of the
SNAIL/SLUG family, the basic helix-loop-helix factors Twistl/2, E12/E47,
Goosecoid, ZEBland SIP1 (Nieto 2002; Yang, Mani et al. 2004; Hartwell,
Muir et al. 2006).

Beside directly affecting gene expression, the zinc finger proteins of the
SNAIL and ZEB family and the basic helix-loop-helix transcription factor
Twistl/2 reprogram gene expression by complex interaction with other
transcription factors and pathways and furthermore establish interconnected
feedback loops that sustain the morphological transition. The impact of
SNAIL, SLUG, TWIST and ZEB transcription factors on cell morphology is
based on a common mechanism: all of them have been reported to bind to E-
box motifs of various promoters either transcriptionally repressing or activating
the downstream gene (Peinado et al. 2007; Vesuna et al. 2008; Mironchik et al.
2005). EMT transcription factors have been shown to equip the cell with
migratory capacity by activating especially mesenchymal genes, including
those encoding for N-cadherin, the extracellular matrix component Fibronectin
and cytoskeletal proteins such as Vimentin and Smooth Muscle Actin (alpha-
SMA) (LaGamba, Nawshad, and Hay 2005). In contrast, the repressive
functions of the major EMT transcription factors are much better characterized.
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In order to abrogate epithelial cell morphology, which is characterized by
strong cell adhesion allowing the formation of a dense but permeable polarized
layer of cells, EMT transcription factors repress a specific set of cytoskeletal,
junctional and other epithelial genes (Fig 3).

Growth factors Cytokines
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Fig. 5 The EMT regulators transform the cancer cells from epithelial-cell like to mesenchymal-cell like
with suppression of epithelial markers and expression of mesenchymal markers. The final effects on
cancer cells are cancer metastasis, drug resistance and with features of cancer stem cells. Modified from
Jin-Yuan Shih and Pan-Chyr Yang, 2011.

Aberrant activation of the EMT program can be hazardous to cellular and
tissue homeostasis. For this reason, the transition from epithelial to
mesenchymal cell is orchestrated via an intricate and complex set of internal
and external signals. The TGF-B proteins are well-characterized, potent
inducers of EMT. After injury, metalloproteinases (MMPs) secreted by stromal
cells surrounding a wound can activate TGF-f3 stored in the extracellular matrix
and stimulate activation of a temporary and reversible EMT in keratinocytes
allowing their migration into the wound site (Savagner P et al. 2005). TGF-3
signals can synergize with other major EMT signaling pathways to induce
EMT. The Notch signaling pathway has been shown to be a downstream
mediator TGF-fB induced EMT. In mammary epithelial cells, TGF-f activation
induces the expression of the Notch ligand Jaggedl (Jagl) and EMT
progression. siRNA against Jagl inhibits EMT despite TGF- expression
(Zavadil J et al 2004). The Wnt pathway is also involved in EMT activation.
Neural crest induction in the chick requires Wntl-mediated activation of SLUG
(SNAIL2) and expression of a dominant-negative Wntl inhibits SLUG
transcription and neural crest migration. Twistl is also induced by Wntl in
mammary ephitelial cells and its promoter is responsive to B-catenin (Howe
L.R. 2003). Although there are limited studies connecting Hedgehog signaling
and EMT, its pharmacologic inhibition in the E3LZ10.7 pancreatic cancer cell
lines restores expression of E-cadherin and decreases SNAIL expression and
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metastatic potential (Feldmann G et al. 2007). Additionally, the Hedgehog
effector Gli can induce SNAIL1 mRNA in RK3E rat kidney cells and results in
nuclear translocation of B-catenin and cell transformation (Li X et al. 2006).
The Src family of tyrosine kinases are found at the inner layer of the plasma
membrane of cells and localize with adherens junctions as well as cell matrix
integrin; elevated Src activity at cell-cell junctions leads to phosphorylation of
E-cadherin and [-catenin, E-cadherin endocytosis, adherens junction
disassembly and EMT. Src effects on cell-cell junction is observed during
would healing where Src is activated to promote cell migration and wound
closure. Receptor tyrosine kinases (RTKs) are a major group of cell-surface
receptors and many of their ligands are inducers of EMT. Epidermal Growth
Factor (EGF) secreted by stromal macrophages can promote EMTs in adjacent
tumor cells. These cells, in turn, respond to macrophage-derived EGF signaling
by secreting CSF-1, a macrophage attractant and stimulant (Weinberg R.A.
2007) thereby perpetuating EMT activation. Hepatocyte growth factor (HGF)
expression in epithelial cells induces SNAIL1 expression and cell scattering
(Grotegut R et al. 2006). Platelet-derived growth factor (PDGF) overexpression
in prostate cancer cells leads to E-cadherin downregulation via mTOR .
Fibroblast growth factor (FGF) and IGF (Insulin-like growth factor) (Morali
OG et al. 2001, Billottet et al. 2004 )growth factors have also been implicated
in mediating EMT. Ras is a major effector of RTK-mediated EMT (Edme E et
al. 2002) and acts through the MAPK pathway to activate EMT transcription
factors such as SNAIL1, SLUG and Twistl (Wang Z et al. 2007).

1.5.4 EMT and STEMNESS

A large body of research has described stem cells in normal tissues, which are
capable of renewing themselves through asymmetrical cell division while
simultaneously generating committed progenitor cells whose descendants may
eventually differentiate and carry out tissue specific functions (Reya et al.,
2001). Recent evidences support the hypothesis that tumors contain a
subpopulation of tumor cells called cancer stem cells (CSCs), which exhibit
stem-like cell properties such as the ability to self-renew, form tumor spheres
in low adherence conditions, differentiate into various populations of cancer
cells, and form new tumors in a xenotransplant system (Dontu et al., 2003;
Gupta et al., 2009). While some studies suggest that CSC may arise from the
transformation of their normal counterparts, recent observations suggest that
they originate from fully differentiated cells through an adaptive
transdifferentiation program (Fig. 6).
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Fig. 6 The “cancer stem-cell theory” is based on the assumption that during tissue regeneration, the
amplification of progenitor cells opens a window of time suitable for accumulating genetic alterations,
leading to the emergence of cancer cell-stems (CSCs). CSCs would thus initiate and sustain tumour
growth. Alternatively, under stress conditions, fully differentiated cells reacquire stem-like properties,
including self-renewal properties. This gain of function is influenced by microenvironmental conditions.
These cells could potentially be prone to transformation and give rise to CSCs.

CSCs were first identified in the hematopoietic system (Bonnet and Dick,
1997); more recently, however, they have also been discovered in solid tumors,
including those arising in the breast, colon, brain, glioma, melanoma, prostate,
lung, ovarian, renal cell and thyroid carcinomas (Al-Hajj et al., 2003; O’Brien
et al., 2007; Ricci-Vitiani et al., 2007; Singh et al., 2004, Todaro M et al. 2010).
During the process of tumor metastasis, which is often enabled by EMTs
(Thiery et al. 2003), disseminated cancer cells would seem to require self-
renewal capability, similar to that exhibited by stem cells, in order to spawn
macroscopic metastases. This raises the possibility that the EMT process,
which enables cancer cell dissemination, may also impart a self-renewal
capability to disseminating cancer cells. Indeed, the metastatic process is at
least superficially similar to the processes that occur during tissue repair and
regeneration and enable adult stem cells to exit tissue reservoirs (such as the
bone marrow), enter and survive in the circulation, and exit into secondary
tissue sites, where they proliferate, differentiate, and participate in tissue
reconstruction (Kondo et al., 2003).

Together, these diverse lines of evidence suggested a link between cancer stem
cells and the mesenchymal-appearing cells generated by EMTs (Fig.7) (Polyak
and Weinberg 2009)
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Fig. 7 Cancer stem cells may be result of the induction of EMT in more differentiated cancer cells.
(Modified from http://www.bergenbio.com/science _of emt)

The CSC is thought to share several key features with normal stem cells:
unlimited capacity for self renewal, including maintenance of the CSC
population through asymmetric division, the ability to differentiate into several
cell lineages and intrinsic resistance against cytotoxic therapies through drug-
efflux mechanisms and slow cell cycling. The identification and analysis of
CSCs are fundamental for cancer study. The “gold standard” to identify CSCs
is to isolate cells using biomarkers (cell surface marker), to test their sphere-
forming ability in low-adherence condition and tumorigenicity at serial
passaging, that is, CSCs derived from primary xenograft tumors should initiate
tumor growth and give rise to secondary tumors. Regarding biomarkers, recent
studies have reported several CSC markers in solid tumors (e.g. CD44+/CD24-
for breast cancer, CD133+ for brain tumor and colon cancer, CD44+ for gastric
cancer). In some types of cancers, two or more different markers have
independently been identified in the same type of cancer: for example,
CD44+/CD24-, aldehyde dehydrogenase 1 (ALDH) activity, and CD133 for
breast CSCs; CD133 and CD44+/CD24+ for colon CSCs. However, their
association and/or combination have not been fully investigated.

There are several canonical markers that CSCs shared with normal stem cell:
SOX2 (SRY-related HMG-box gene 2), initially reported to be linked strongly
with the inhibition of neuronal differentiation, has been shown to acts as an
important transcriptional factor to maintain the self-renewal capability of
embryonic stem cell (ESCs). OCT4 (OCT3/4), a member of the family of POU
domain transcription factor known to bind SOX2, is also the key regulator
essential for the pluripotency and self-renewal of of ESCs. Nanog, a
homeodomain-containing protein, maintains pluripotency of mouse ESCs by
inhibiting NFxB and cooperating with Stat3. ABCG2 is a member of the ATP
binding cassette (ABC) transporters, which can pump a wide variety of
endogenous and exogenous compounds out of cells. Widely expressed in stem
cells, ABCG2 is also found to confer the side population phenotype and is
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recognized as a universal marker of stem cells; Nestin is an intermediate
filament protein that is known as a neural stem/progenitor cell marker.
Increased aldehyde dehydrogenase (ALDH) is a hallmark of cancer stem cells
measurable by the aldefluor assay. Cytosolic aldehyde dehydrogenases
(ALDHs) are a group of enzymes involved in oxidizing a wide variety of
intracellular aldehydes into their corresponding carboxylic acids. ALDHI1, one
of 19 ALDH isoforms expressed in humans, was a marker of normal and
malignant human mammary stem cells and a predictor of poor clinical outcome
of breast cancer patients. High ALDHI1 activity has been used to define stem
cell populations in many cancer types has been described in primitive cells
from multiple myeloma, acute myeloid leukemia, pancreatic, breast, and lung
carcinomas (Lohberger et al. 2012).

Recent progress in thyroid cancer biology has revealed that the histological
appearance and biological behaviors of thyroid carcinoma often show
heterogeneity, with cells exhibiting distinct proliferative and differential
capacities (Pilotti S et al. 1995, Aratake Y et al. 2006). Emerging evidence
indicates that a rare subpopulation of cells appeared to be cancer stem cells
(CSCs) drive thyroid cancer heterogeneity and contribute to the resistance to
cancer therapy as observed in various cases (Ke CC et al. 2013, Zheng X et al.
2010, Todaro M et al. 2010). Moreover, clinical observations have revealed
that CSC marker frequency in thyroid cancer is related to adverse outcomes
(Yun JY et. Al 2013). Thus, CSCs have been indicated to play a crucial role in
the malignant progression and therapeutic resistance of thyroid cancer (Zhu W
et al. 2010). Lan et a/ and Yasui et al as well as other research groups observed
that more differentiated thyroid cancer cell populations acquire CSC properties
through EMT (Lan L et al.2013, Yasui K et al. 2013). These studies, therefore,
raise the possibility that thyroid CSCs may arise from restricted progenitors or
more differentiated cells that have acquired self-renewing capacity. Compared
with other organs’ cancer, studies of thyroid CSCs are still limited, and further
researches are definitely required, although ALDH is a major marker to enrich
thyroid CSCs (Todaro M et al. 2010, Mika Shimamura et al. 2014).

The CSC hypothesis has fundamental and important clinical implications, as
the current development of cancer therapeutics is largely based on screening
agents with the ability to cause bulk tumor, but not CSC, regression in animal
models or in clinical trials (Bao et al., 2006; Bao et al., 2008; Gupta et al.,
2009). Strategies aimed at efficiently targeting CSCs are critical for
monitoring the progress of cancer treatment and for evaluating new therapeutic
agents. The elucidation of signaling pathways which regulate CSC self-renewal
and survival provides potential therapeutic targets. In addition, CSC behaviors
are constantly regulated both by inside regulators such as transcription factors
and external signals from their niches, including neighboring stromal, immune,
and non-stem tumor cells. Targeting the neighboring non-stem cancer cells,
stromal cells or the paracrine factors secreted by these cells may target CSCs
indirectly, thereby contribute to long-term remissions and treat carcinoma
resistant to current therapies (Polyak and Hahn, 2006).
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1.5.5 The role of inflammatory cells and cytokines in EMT and stemness

EMT and stemness may be influenced by tumor microenviroment (Joyce and
Pollard 2009), which is composed by multiple cell types, such as MC (MC),
fibroblasts, epithelial cells, macrophages, myeloid-derived suppressor cells
(MDSCs). Stromal cells are recruited to tumors, not only to enhance growth of
the primary tumor, but also to facilitate its metastatic dissemination to distant
organs (Tse and Kalluri 2007; Lunt, Chaudary et al. 2009). EMT commonly
occurs at the invasive front (tumor-stromal boundary) of many invasive
carcinomas (Christofori 2006; Franci, Takkunen et al. 2006) and is triggered by
cellular signals from microenvironment. Tumor stroma conteins various cell
types such as cancer associated fibroblasts (CAFs), mesenchymal stem cells
(MSCs) and immune cells (Joyce and Pollard al. 2009, Lin EY et al. 2004, Tse
JC and Kalluri R 2007, ); CAFs, MSCs and Th2 polarized CD4+/CD8+ T-
lymphocytes have been shown to contribute to EMT at the tumor-stroma
interface (Santisteban M et al. 2009). Tumor associated macrophage (TAM),
the major inflammatory component of the stroma in malignancies, promote
proliferation, tissue remodelling, extracellular matrix, invasion and matrix
breackdown through protease production and release of a variety of growth
factor (Condeelis and Pollard 2006). TAM have likewise been shown to induce
EMT at the invasive front mainly through TNF-a mediated stabilization of
SNAIL, a key mediator and marker of EMT (Bates RC et al. 2003). TAMs
induced EMT in tumor cells located at the invasive front correlates with
metastatic disease in a murine breast cancer model. Several studies indicate
that, once EMT is initiated, the permanence of tumor cells in a mesenchymal
status post-EMT is dependent on the existence of autocrine cytokine and/or
growth factor loops that were initially responsible for the induction of EMT in
the same cells. Induction of tumor EMT was shown to be enhanced by the
secretion of a subset of inflammatory cytokines, various chemokines and
angiogenic factors, which included TGF-B. TGF-f is a multifunctional
cytokine regarded as being a tumor suppressor in normal epithelial cells and
during early tumor growth, while acting as a potent tumor-promoting factor in
late-stage tumors (Zavadil J et al 2005). In late-stage or metastatic tumors,
TGF-B promotes angiogenesis, recruits various cell types to the site of the
tumor, including fibroblasts and immune cells, suppresses a functional anti-
tumor immune response and induces tumor cell migration, invasion and EMT
(Zavadil J et al 2005). In multiple tumor cell models, it has also been
demonstrated that, once tumor cells have undergone EMT, secretion of TGF-f3
is markedly upregulated (Kudo-Saito C et al 2009). Once secreted, TGF-f3 has
the ability to function in an autocrine fashion, contributing to the maintenance
of the mesenchymal and stem cell phenotypes of carcinomas that have passed
through EMT.
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Similar results were observed with the secretion of the cytokine IL-6 (Sullivan
NJ et al 2009) or VEGF (Gonzalez-Moreno O et al. 2009) by tumor cells
undergoing EMT. IL-6 is a pleiotropic cytokine involved in the differentiation
and growth of hematopoietic stem cells, T cells and B cells, as well as the
differentiation of other cell types that express IL-6R (CDI126) and the
coreceptor gpl30 (CDI130). IL-6 is a well-known regulator of immune
responses and it has also been implicated as a potent growth factor for certain
tumor cell types, including breast cancer cells. Recent reports also demonstrate
a role for IL-6 in tumor EMT and in the acquisition of stemness. Breast cancer
cells overexpressing Twist, for example, have been shown to upregulate the
secretion of IL-6 and, at the same time, to activate STAT3, indicating the
existence of a positive feedback loop involving autocrine-mediated IL-6
signaling events (Sullivan NJ et al. 2009).
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2. AIM OF THE STUDY

MCs (MC) play an important role in the innate and adaptive immune responses
but, recently, their involvement in tumor growth, angiogenesis and metastasis
has been described. Previous data indicate that MC are mainly found at the
invasive front (the tumor-host interface) of human PTCs and the intensity of
such infiltrate correlates with capsule invasion, suggesting a role for these cells
in tissue invasion.

With this study, we propose:

* to identify the major actor(s) among MC-derived mediators that could
recapitulate EMT induction, in order to employ a direct-target strategy for the
treatment of thyroid cancer;

* to evaluate whether MC-induced EMT occurs together with increased
stemness of thyroid cancer cells;

* to evaluate whether the density of MC infiltrate correlates with increased
EMT and stemness in thyroid cancer surgical samples.
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3.MATERIALS AND METHODS

3.1 Cell cultures, transfection and Sphere Forming assay

Nthy-ori ( or Nthy-ori 3.1) are human SV-40 immortalized thyroid epithelial
cells. Human thyroid papillary cancer cell lines TPC1 harbor a RET/PTCI
rearrangement; the anaplastic cells 8505-C harbor a BRAF (V600E) mutation
in homozygosis (Salvatore et al. 2006). All these cell lines were maintained in
DMEM (Dulbecco’s Modified Eagle Medium), which contains 4.5g/L of LD-
glucose and 0.11g/L of sodium pyruvate, supplemented with 10% fetal bovine
serum, 1% penicillin-streptomycin and 1% glutamine (Life Technologies Inc.,
Pasley, PA); they were kept in incubator at 37°C in humidified atmosphere
containing 95% air and 5% CO,. HMC-1 (Human MC Line 1) were kindly
donated by JH Butterfield and grown in Iscove’s (Life Technologies)
supplemented with 10% fetal calf serum without a- thioglycerol (Butterfield et
al., 1988). LAD-2 cells (kindly donated by AS Kirshenbaum) were grown in
StemPro-34 (Life Technologies) supplemented with human recombinant Stem
Cell Factor (100 ng/ml) (Peprotech, Rocky Hill, NY).

For isolation of human lung MCs (HLMCs), lung tissue was obtained from
patients undergoing thoracotomy and lung resection. Macroscopically normal
parenchyma was dissected free from pleura, bronchi, and blood vessels and
minced into a single-cell suspension as previously described (de Paulis et al.
2000). Yields with this technique ranged between 3 X 106 and 18 X 106 MCs,
and purities were between 1 and 8%. Lung MCs were purified by
countercurrent elutriation (J2/21; Beckman) and then by discontinuous Percoll
density gradient as previously described (de Paui et al. 2000). MCs were
further purified to near homogeneity by positive selection using an antibody
anti-CD117 conjugated to magnetic beads and retaining labeled cells on a
selection column (MACS system; Miltenyi Biotec, Bergisch Gladbach,
Germany). The final preparations contained > 95% viable cells, assessed by the
Trypan blue exclusion method, and purity was > 98% MCs.

For the spheroid-forming assay, single cells were plated at 15 cells/ well on
ultra-low-attachment 96-well or 1500 cells in 100mm plates (Corning) in
serum-free Dulbecco’s Modified Eagle Medium/Nutrient Mixture F-12 Ham
(DMEM/F12 = 1:1, Life Technologies), supplemented with 2% B27 and
enriched for 10 ng/ml of EGF (epidermal growth factor) (Miltenyi Biotec) and
20 ng/ml of bFGF (basic fibroblast growth factor) (Miltenyi Biotec) growth
factors. Cells were maintained in a humidified atmosphere of 5% CO2 and
95% air at 37°C. Spheres were counted after 15 days. For in vitro serial
passaging, thyrospheres were collected by gentle centrifugation at 800 rpm for
5 min and dissociated mechancally. The dissociated cells were passed through
40 mm mesh filters (BD Falcon Cell Strainer, Franklin Lakes, NJ) to eliminate
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doublets or triplets. Single cells were plated at 1500 cells/well on ultra-low-
attachment six-well plates to generate secondand third generations of
thyrospheres or 1 cell/well for Limiting Dilution Assay.

3.2 Protein studies

Protein extractions and immunoblotting experiments were performed according
to standard procedures. Briefly, cells were harvested in lysis buffer (50 mM
HEPES, pH7.5, 150 mM NaCl, 10% glycerol, 1% Triton X-100, 1 mM EGTA,
1.5 mM MgCl2, 10 mM NaF, 10 mM sodium pyrophosphate, 1 mM Na3VO4,
10 pg of aprotinin/ml, 10 pg of leupeptin/ml) and clarified by centrifugation at
10,000 x g for 30 min. Protein concentration was estimated with a modified
Bradford assay (Bio-Rad, Munich, Germany). Immune complexes were
detected with the enhanced chemiluminescence kit (ECL, Amersham).

3.3 Generation of stable clones

850-5C cells at approximately 70% confluence were stably transfected with
pBabe-puro empty vector or co-transfected with pBabe-puro and pCMV6-XL5
IL-8 vector (OriGene) by electoporation method (Neon® Transfection System
for Electroporation, life technologies). Stably transfected cells were selected
adding puromycin (500 ng/ml) to culture dishes two days after transfection.
Puromycin-resistant colonies were then harvested and analyzed for protein
expression and biological activity.

TPC-1 were tranfected with SLUG Plasmid (#31698-Addgene) or with empty
vector by electoporation method (Neon® Transfection System for
Electroporation, life technologies). Stably transfected cells were selected
adding G418 (Life technologies) (1.2 mg/ml) to culture dishes two days after
transfection. G418 -resistant colonies were then harvested and analyzed for
protein expression and biological activity.

3.4 Antibodies, cytokines and drugs

Anti-ZEB-1, anti-SLUG, anti-SNAIL, anti-phospho-AKT (specific for the
active AKT phosphorylated at Serine 473), anti-phospho-MEK1/2 (specific for
the active MEKI1/2 phosphorylated at Serine 217/221) and anti-phospho-
STAT3 (specific for the active STAT3 phosphorylated at Tyrosine 705) for
Western Blot analysis were from Cell Signaling Technology (Beverly, MA).
Monoclonal anti-tubulin was from Sigma Chemical Co. Secondary anti-mouse
and anti-rabbit (Biorad) antibodies are coupled to horseradish peroxidase. Anti-
Claudin-1 for Immunofluorescence analysis and for Facs analysis was from
Acris Antibodies (Germany), PanCytokeratin Ab from Sigma Aldrich. Human
CXCLS8/IL-8 Mab (Clone 6217), Human CXCR1/IL-8 RA Mab (Clone 42705),
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Human CXCR2/IL8 RB (Clone 48311) were from R&D; HA-probe (Y-11) SC-
805 from Santa Cruz. a-IL6, a-IL8 and a-TNFa for immunodepletion were
from BD Biosciences. Recombinant human TGF-f, IL-6, IL-8 and TNFa were
from Peprotech. S31-201-STA3 inhinitor-(Selleck), LY-294002-AKT inhibitor-
(Cell Signaling Technology), UO0126-MAPK inhibitor-(Cell ~Signaling
Technology) and Cromolyn sodium salt -Mast cel inhibitor-(Sigma-Aldrich).

3.5 RNA, cDNA and Q-PCR

Total RNA was isolated by the RNeasy Kit (Qiagen Hilden, Germany); the
principle of this purification is the affinity chromatography during which RNA
longer than 200 bases binds to the RNeasy silica membrane. Cells were
harvested in lysis buffer RTL supplemented with B-mercaptoethanol (10 pl per
1 ml of lysis buffer). After the addition of ethanol 70%, the lysate was loaded
on the column and centrifuged. Then, the washing buffer RW1 was added into
the column which was centrifuged again and, consequently, it has been possible
to carry out the treatment with DNase, dissolved in buffer RDD, to eliminate
possible contaminations due to the presence of total genomic DNA. Other
washes were performed with RW1 and RPE buffers; RNA, bound to the
affinity column’s resin, was eluted by adding sterile H,O RNase free (DEPC
water), to avoid degradation. It is possible to proceed with the cDNA synthesis.
Random-primed first strand cDNA were synthesized in a 50 pl reaction volume
starting from 2 pg RNA using the GeneAmp RNA PCR Core Kit (Applied
Biosystems, Warrington, UK). RNA was incubated with MgCl,, 10x buffer
solution, Random Hexamers (RH), RNase Inhibitor (RI), dNTP
(Deoxyribonucleotide triphosphate) and Reverse Transcriptase (RT). To start
the cDNA synthesis, the enzyme uses an RNA-complementary oligonucleotide;
the synthesized single-strand DNA is then used as template for the synthesis of
the second strand and then for the amplification with PCR. RNase (usually
derived from the bacterium Escherichia coli) degrades the original RNA strand
that has been used as a template by reverse transcriptase. Thus, the mechanism
consists of repeated cycles of amplification: denaturation of DNA template,
primers-annealing to the target sequence (which occurs at the annealing
temperature dependent on their length and base-composition) and a final
extension.

Q-PCR allows to measure the levels of a gene expression after its cDNA
amplification; a specific fluorescent dye, SYBR Green, which intercalates in
the double-strand DNA, is used to quantize amplified cDNA and the increase
in fluorescence is directly proportional to the amount of amplified sample
present in the reaction. This method was performed by using the SYBR Green
PCR Master mix (Applied Biosystems) in the iCycler apparatus (Bio-Rad,
Munich, Germany). Amplification reactions (25 pl final reaction volume)
contained 200 nM of each primer, 3 mM MgCl, 300 uM dNTPs, 1x SYBR
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Green PCR buffer, 0.1U/ ul AmpliTag Gold DNA Polymerase (Applied
Biosystems), 0.01U/ ul Amp Erase (Applied Biosystems), RNase-free water
and 2 ul ¢cDNA samples. Thermal cycling conditions were optimized for each
primers pair. To verify the absence of non-specific products, 80 cycles of
melting curve (55°C for 10 sec) were performed. As previously described,
amplification is monitored by measuring the increase in fluoresce caused by
the SYBR-Green binding to double-strand DNA and the amplification of
GAPDH (Glyceraldehyde 3-phosphate dehydrogenase: housekeeping gene,
constitutively expressed) was used for normalization. Fluorescent threshold
values were measured in triplicate and fold changes were calculated by the
formula 2-ample 1 ACt - sample 2 ACY * ywhere ACt is the difference between the
amplification fluorescent thresholds of the mRNA of interest and the GAPDH
mRNA. Primers were designed by using software available at
http://frodo.wi.mit.edu/cgi-bin/primer3/primer3_www.cgi and synthesized by
CEINGE (Naples, Italy).

The employed primer sequences are reported below:

hSOX2 F 5'-gcgaaccatctctgtggtct-3'

R 5'-aaaatggaaagttgggatcg-3'

hNANOG F 5'-tacctcagcctccagcagat-3'

R 5'-ttgctattcttcggecagtt-3'

hABCG2 F 5'-tggatttacggctttgcagc-3'

R 5'-tcctgttgcattgagtectgg-3'

hOCT4 F 5'-agcaaaacccggaggagt-3'

R 5'-ccacatcggcectgtgtatatc-3'
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hALDH F 5'-gcaactgaggaggagctctg-3'

R 5'-ttcgattaaatcagccaacttgt-3'

hSLUG F 5’-ccttcctggtcaagaagcat-3°

R 5’-cacagtgatggggctgtatg-3’

hGAPDH F 5’-ctgccactgaaaaggaggag-3’

R 5’-ttggcactccttgggttatc-3°

hZEB-1 F 5’-aactgctgggaggatgacac-3’

R 5’-gtcctcttcaggtgectcag-3’

h SNAIL F 5’-ctctaggccctggcetgetac-3°

R 5’-gcctggcactggtacttctt-3°

hVimentin F 5’-gtttcccctaaaccgctagg-3°

R 5’-gacacggacctggtggac-3’

h E-Cadherin F 5’-tgcccagaaaatgaaaaagg-3’

R 5’-gtgtatgtggcaatgcgttc-3’

hMMP3 F 5’-tgctttgtectttgatgttg-3°

R 5’-ggaagagatggccaaaatga-3’
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hMMP10 F 5’-gaggaggactccaacaagga-3’

R 5’-tccaacccaaggaacttctg-3’

hMMP12 F 5’-cgtggaggtcatggagactt-3°

R 5’-ttcgtectcatcgaaatgtg-3°

3.6 Wound Healing

The Wound Healing assay is a simple and inexpensive method used to estimate
the migration and proliferation rates of different cells and culture conditions in
vitro mimicking cell migration during wound healing in vivo. The basic steps
involve creating a “wound” in a cell monolayer, capturing the images at the
beginning and at regular intervals during cell migration in close the wound and
comparing the pictures with a positive and/or negative control to estimate the
migration rate of the cells. Confluent monolayers of TC cells were treated with
mitomycin (2pg/ml for 2 h) (Sigma-Aldrich, USA). Wounded monolayers were
incubated for 12 or 24 h at 37°C. Migration was assessed by counting the
number of cells that crossed the wound border.

3.7 Immunofluorescence

Samples were fixed with 100% ethanol for 30 minutes at +4°C and with
acetone for 3 minutes at -20°C and then washed twice with PBSI1x.
Subsequently, cells were incubated in 1% BSA-PBS1x solution for 20 minutes
at RT (Room Temperature) to saturate non-specific binding sites and washed
three times with PBS1x. The primary antibodies, dissolved at working
concentration in 0,2% BSA-PBS1x solution, was applied and cells were
incubated for 1 hour at 37°C in humidified atmosphere. After three washes,
samples were incubated for 45 minutes at 37°C in humidified atmosphere with
the secondary antibody, and dissolved 1:50 in 0,2% BSA-PBS1x. After three
washes, cells were incubated for 20 minutes at RT in dark humidified
atmosphere with DRAQS5 (a red nuclear dye with high affinity for double —
stranded DNA, dissolved 1:1000 in PBS1x). Cells were also stained with
Hoechst (a blue fluorescent dye used to stain DNA and dissolved 1:8000 in
PBS1x) and incubated for 5 minutes at RT. After the last two washes,
coverslips were mounted with a drop of Mounting Medium (3ul,
glycerol/PBS1x 1:1) and cells were visualized using Zeiss LSM (Laser
Scanning Microscope) 510 META confocal microscope.
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3.8 ELISA assay

Thyroid cells plated in 6-well dishes were allowed to grow to 70% confluency
and then serum-deprived for 24 h. Culture media were cleared by
centrifugation at 2,000 RPM at 4°C to remove detached cells and debris. IL-8,
TNF-a and IL-6 levels in culture supernatants were measured using a
quantitative immunoassay ELISA kit (QuantiKine colorimetric Sandwich assay
ELISA, R&D Systems, UK), following the manufacturer’s instructions.
Triplicated samples were analyzed at 490 nM with an ELISA reader (Model
550 microplate reader, Bio-Rad).

3.8 FACS Analysis

Briefly, cells were incubated (30 min at 4°C) with specific or isotype control
Abs. Cells were analyzed with a FACS Calibur cytofluorimeter using
CellQuest software (BD Biosciences, Canada). A total of 10* events for each
sample were acquired in all cytofluorimetric analyses. When necessary, we
performed a cell membrane permeabilization using the Cytofix/Cytoperm kit
(BD Biosciences, Canada).

The ALDEFLUOR assay (Stemcell Technologies) was performed according to
the manufacturer’s guidelines to identify cells with high ALDH activity. Cells
were suspended in ALDEFLUOR assay buffer (~500,000 cells/ml) plus
BODIPY aminoacetaldehyde (BAAA), a fluorescent non-toxic substrate for
ALDH which freely diffuses into intact and viable cells, and under the enzyme
activity is converted into a metabolite, BODIPY-aminoacate (BAA), which is
retained inside the cells. Cells were incubated for 45 minutes at 37°C. As a
negative control, to estimate background fluorescence, an aliquot of cells from
each sample was treated with 50 mmol/L of the ALDH inhibitor
diethylaminobenzaldehyde (DEAB). Supernatants were removed by
centrifugation and cell pellets were resuspended in ALDEFLUOR Assay.
Buffer to inhibit active efflux of the reaction product. Intracellular fluorescent
product was measured by flow cytometry and sorting gates were established
using the negative controls

3.9 Xenografts in Mice

Each group of 10 mice (4-week-old male CDla nu/nu) was inoculated
subcutaneously into the right dorsal portion with 850-5C pBabe or 850-5C IL-8
cl19 (1x107 cells/mouse grown in adherence condition or thyrospheres derived
cells 1x10° ). Tumor diameters were measured at regular intervals with a
caliper. Tumor volumes (V) were calculated with the formula: V=AXB,/2
(A=axial diameter; B=rotational diameter). This study was conducted in
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accordance with Italian regulations for experimentation on animals. For
xenograft histological analysis, Ki-67 antibody was from Biocare Medical, and
CD31 antibody was from R&D Systems (USA).

3.10 Patients and specimens.

Series of patients was constituted by 30 cases of papillary thyroid carcinomas
were obtained from the files of Pathology Unit, Istituto Nazionale Tumori of
Naples. All cases of thyroid carcinomas and normal thyroid tissues were
reviewed according to WHO classification criteria, using standard tissue
sections and appropriate immunohistochemical slides. Medical records for all
cases of thyroid carcinomas were reviewed for clinical information.. The
following clinical and pathological parameters were evaluated for each tumor
included in the study: patient age at diagnosis; tumor size; histologic subtype;
nuclear grade; nodal status (number of positive lymph nodes); tumor stage;
tumor recurrence or distant metastasis.

3.11 Tissue microarray building

A thyroid Multi-Tumor Array (TMA) was constructed using 30 tumor tissue
samples, using the most representative areas from each single case. All tumors
and controls were reviewed by an experienced pathologist (R.F.).

Two tissue cylinders from each case with a diameter of 0.6 mm were punched
from morphologically representative tissue areas of each ‘donor’ tissue block
and brought into one recipient paraffin block (3%X2.5 cm) using a
semiautomated tissue array (Galileo TMA).

3.12 Immunohistochemistry analysis

Immunohistochemical staining was performed on slides from formalin-fixed,
paraffin embedded tissues, corresponding to cases thyroid carcinomas and
normal thyroid tissues to evaluate the expression of Tryptse and OCT4
markers. Then, paraffin slides were deparaffinized in xylene and rehydrated
through graded alcohols. Antigen retrieval was performed with slides heated in
buffer EDTA (pH 6 for tryptase and ph8 for OCT4) in a bath for 20 minutes at
97°C. After antigen retrieval, the slides allow to cool. The slides were rinsed
with TBS and the endogenous peroxidase was inactivated with 3% hydrogen
peroxide. After protein block (BSA 5% in PBS 1x), the slides were incubated
with primary antibody to anti-human Tryptase (Dako, Glostrup, Denmark
1:100) and Oct4 (Abcam Rabbit Anti-Human Oct4 clone EPR2054 1:500) for 1
hour. The sections were rinsed in TBS and incubated for 20 min with
Novocastra Biotinylated Secondary Antibody (RE7103), a biotin-coniugated
secondary antibody formulation that recognized goat and rabbit
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immunoglobulins. Then the sections were rinsed in TBS and incubated for 20
min with Novocastra Streptavidin-HRP (RE7104) and then peroxidase
reactivity was visualized using a 3,3’-diaminobenzidine (DAB). Finally, the
sections were counterstained with hematoxylin and mounted. For each sample,
at least five fields (inside the tumor and in the area exhibiting tumor invasion,
400 X400) and >500 cells were analyzed.

3.13 Statistical Analysis

The results are expressed as the mean = SEM of at least 3 experiments. Values
from groups were compared by using the paired Student ¢ test or the Duncan
test. P value < 0.05 was considered statistically significant. The association
between Oct4 and Tryptase expression with other clinico-pathological
parameters was conducted using the y*. The level of significance was defined
as P<0.05. All the statistical analyses for IHC were carried out using Statistical
Package for Social Science v. 20 software (SPSS Inc., Chicago, IL, USA).
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4. RESULTS

4.1 MC conditioned medium induces EMT in thyroid cancer cell

Recently, we have shown that human thyroid carcinoma cells are a powerful
chemoattractant for mast cells (MC) and this effect requires thyroid carcinoma
(TC)-cell-derived VEGF-A. Moreover, human TC cells induce MC
degranulation and cytokine synthesis in vitro. MC-released mediators enhanced
proliferation, survival and invasive behavior of TC cells in vitro; the co-
injection of MC and TC cells accelerated the growth of TC cell xenograft in
athymic mice. Consistently, the inhibition of MC function by a specific
inhibitor, sodium cromoglycate (Cromolyn), blocked tumor expansion by
inhibiting proliferation of cancer cells. Finally, we found that human papillary
thyroid carcinomas (PTCs) feature a remarkable MC infiltrate, whose density
correlates with tumor invasinveness (Melillo et al. 2010); it is possible that the
acquisition of invasive phenotype underlies the induction or enhancement of
the EMT process. To investigate whether MC have a role in promoting-
enhancing EMT, we used different cell lines: human SV40-immortalized
thyroid cells Nthy-ori (or called Nty-ori 3.1), human anaplastic thyroid
carcinoma cells (ATC) 850-5C; and TPCI, derived from a human papillary
thyroid carcinomas (PTC); MC lines, LAD2 and HMC-1 derived, respectively,
from a human mastocytosis and from a human MC leukemia expressing a
constitutively active c-Kit mutant (Butterfield et al., 1988) and human primary
MCs derived from human lung (HLMC).

We treated human thyroid normal and cancerous cell lines with HMC1-derived
conditioned media (MC CM), non-conditioned medium (DMEM, Dulbecco’s
Modified Eagle Medium), or exogenous TGF-B, a known inductor of EMT,
used as a positive control, for 24h (Fig 9) and evaluated cell morphology. Both
normal and cancer thyroid cells show a classical epithelial morphology when
cultured in their growth medium. By contrast, cells cultured in MC CM or in
the presence of TGF-f showed a striking morphological change. These cells
displayed loss of epithelial morphology, became spread, and acquired a
mesenchymal phenotype, reminiscent of EMT. Since similar data were
obtained by using LAD2 and HLMC conditioned medium (not shown), we
decided to use HMC-1 CM (MC CM) for all the following experiments, and
named HMC-1 cells MC throughout the thesis.

During EMT, cell—cell adhesion must be lost to produce individual migrating
mesenchymal-like cells. This is mainly achieved through the suppression of E-
cadherin. Various transcription factors such as SNAIL (SNAILI), SLUG
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(SNAIL2), SIP-1, ZEB-1, E12/E47 (Peinado et al., 2004), and Twist1/2 (Yang
et al., 2004), bind the promoter of the FE-cadherin gene to repress its
transcription. The EMT transcription factors have been shown to repress other
tight junction proteins such as claudins, occludin, and ZO-1 (Ikenouchi et al.,
2003; Ohkubo and Ozawa, 2004). The acquisition of mesenchimal features is
also determined by the expression of mesenchimal markers such as N-cadherin,
fibronectin, vimentin and B-catenin. To verify whether MC CM can induce
molecular markers of EMT in Nthy-ori, TPC-1 and 850-5C cell lines, these
cells were treated with MC CM for 24h, after which they were harvested and
the expression of EMT markers was evaluated by Quantitative Real Time
Polymerase Chain Reaction (Q-PCR).

Nthy-ori

TGF-B 24h

TGF-p 24h

TGF-3 24h

Fig. 9 Morphological appearance of Nthy-ori, TPC-1 and 850-5C cell lines after 24h treatment with non-
conditioned culture medium (NT), HMC-1 Conditioned Medium (MC CM) or exogenous TGF- B
(50ng/ml).

Some EMT markers were overexpressed in thyroid cancer with respect to
Nthy-ory cell line in basal conditions and each cell line displayed a peculiar
pattern of gene expression (not shown). However, as shown in Fig.10, the
mRNA expression level of several EMT markers (Twistl, SLUG, SNAIL,
ZEB-1 and Vimentin) increased after MC CM treatment while E-Cadherin, the

46



epithelial cell marker, decreased in treated with respect to untreated thyroid
cells. A significant induction of mRNAs encoding SNAIL in TPC-1 cell line
and Twist] in 8505-C cell line was observed. Moreover, Nthy-ori cells display
a strong increase of Twistl, SLUG and Vimentin. A decrease in E-Cadherin
mRNA levels was observed in the three cell lines.
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Fig. 10 Evaluation of EMT marker mRNA levels by Quantitative Real Time Polymerase Chain Reaction
in Nthy-ori, TPC-1 and 850-5C cell lines after 24h treatment with MC CM, NT: untreated cells.

Western blot analysis (Fig./1) was used to confirm the induction of selected
EMT proteins. To this aim, we performed a time-course experiment (1h-24h),
and verified that the protein levels of the transcriptional regulators SLUG,
SNAIL, and ZEB-1 accumulated with different kinetics in the three cell lines.
In particular, SLUG increase preceded ZEB-1 and SNAIL induction in Nthy-
ori cells. In TPC-1 and 850-5C cells, ZEB-1, SLUG and SNAIL progressively
accumulated. The differences observed in the kinetics of induction of EMT
transcription factors may reflect differences in the genetic background or/and
in the malignancy of in the three cell lines. Whatever the case, the results
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obtained indicate that MC CM is a strong inducer of EMT in thyroid immortal
and malignant cells.
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Fig. 11 Protein expression of the EMT transcription factors (SLUG, SNAIL, ZEB-1) analyzed by
Western Blot analysis in Nthy-ori, 850-5C and TPC-1 cell lines. Anti-tubulin monoclonal antibody was
used as a control for equal loading.

It is well documented that matrix metalloproteases (MMPs) are involved in
EMT through three distinct mechanisms: (a) elevated levels of MMPs in the
tumor microenvironment can directly induce EMT in epithelial cells, (b) cancer
cells that undergo EMT can produce more MMPs, facilitating cell invasion and
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metastasis, and (¢) EMT can generate activated stromal-like cells that drive
cancer progression via further MMP production (Evette S Radisky 2010).
Matrix metalloproteinases (MMPs) degrade and modify the extracellular
matrix (ECM) as well as cell-ECM and cell-cell contacts, facilitating
detachment of epithelial cells from the surrounding tissue. They differ from
each other in their structural domain architecture, substrate specificity,
temporal and tissue specific expression patterns. MMPs were also named for
their preferred substrates within the extracellular matrix (ECM): collagen-
cleaving MMPs (MMP-1, -8, and -13) were designated collagenases, gelatin
(denatured collagen)-cleaving MMPs (MMP-2 and -9) were termed
gelatinases, and MMPs that degraded a broad spectrum of ECM proteins were
called stromelysins (MMP-3, -10, and -12) or matrilysins (MMP-7). MMPs
play key functions in embryonic development, but they are also up-regulated in
cancer, where they stimulate tumorigenesis, cancer cell invasion and
metastasis. In order to verify whether MC CM was able to induce MMP
expression in our system, we performed a Q-PCR for various MMPs, in basal
conditions and upon treatment with MC CM for 24h, 48h and 72h. As shown in
Fig.12, we found that MC CM treatment caused the upregulation of selected
MMPs in thyroid cell lines. In fact, an increased expression of MMP12 in
Nthy-ori cell line after 72h treatment with MC CM was observed. Moreover,
TPC-1 cells displayed a strong increase of the mRNA level of MMP3, that
peacked at 48h treatment with MC CM, while in 850-5C cells MMP10 was the
main up-regulated MMP.
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Fig. 12 Quantitative Real Time Polymerase Chain Reaction of Nthy-ori, TPC-1 and 850-5C cell lines
treated or not with MC CM for 24h, 48h and 72h to evaluate the mRNA levels of MMPs (p<0.05).

EMT is also characterized by the acquisition of reduced intercellular adhesion
and increased motility of epithelial cells. These features can be evaluated
through matrigel migration and wound healing assays. The invasive potential
of cancer cells is usually assessed in vitro using Matrigel as a surrogate
basement membrane and Wound healing assay, that mimics cell migration
during wound healing in vivo. By using Matrigel invasion assays, we showed
that the invasive ability of cancer cell lines treated with MC CM dramatically
increased compared with cells cultured in regular medium (not shown).
Moreover, we used wound healing assays. The basic steps of these assays
involve creating a "wound" in a cell monolayer, capturing the images at the
beginning and at regular intervals during cell migration to close the wound, and
counting the cell migrated over the wound to quantify the migration rate of the
cells. With these experiments, we showed that the ability of thyroid cells to
close wounds in a cell monolayer was significantly increased by MC CM
treatment, as shown in Fig. /3.
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Fig.13 Wound Healing assay on Nthy-ori, 850-5C and TPC1 cell lines treated or not with MC MC for
12h and growth medium additioned with 10% FBS as a positive control. Representative
photomicrographs of the wounded cell monolayers are shown. The number of migrated cells over the
wound in each condition was calculated. (p<0.05)

MC CM was as effective as complete medium (DMEM 10% FCS) in wound
closure, indicating that MC CM contains soluble factors that can induce
functional EMT.

4.2 MC CM treatment causes the loss of tight junctions in TC cell lines.

Loss of epithelial markers and disruption of the cell-cell junction are hallmarks
of EMT. The tight junction (TJ) is an important structure that determines
epithelial cell polarity and disappears during EMT. TJs constitute the epithelial
junctional complex, together with adherens junctions (AJs) and desmosomes,
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located at the most apical part of the complex. TJs create the primary barrier to
the diffusion of solutes through the paracellular pathway and maintain cell
polarity as a boundary between the apical and basolateral plasma membrane
domains (Schneeberger and Lynch, 1992). The molecular architecture of TJs
consist in three closely related proteins, ZO-1, ZO-2 and ZO-3, that form the
undercoat structure of TJs together with other peripheral membrane proteins.
The constituens of strand themselves are the integral membrane proteins
Claudins and Occludin; Claudins are 20- to 27-kD integral membrane proteins
with 4 hydrophobic domains, 2 extracellular loops and N- and C-terminal
cytoplasmic domains. The extracellular loops are critical for homophilic and/or
heterophilic interactions with the other TJs proteins and the formation of ion-
selective channels. The intracellular C-terminal domain is involved in
anchoring Claudin to the cytoskeleton through interactions ZO-1, ZO-2 and
Z0-3. Currently, 24 claudin genes encoding for the respective proteins have
been identified in human subjects; among them, Claudin-1 is one of the major
structural and functional elements of TJs as it plays a role in paracellular
transport, cellular growth, differentiation and is critical for the manteinance of
cellular polarity. Recent studies show that Claudin-1 is aberrantly expressed in
diverse types of human cancer and has a causal role in EMT in human cancers
(Junichi Ikenouchi et al. 2003).

To examine whether MC CM affects the expression of epithelial cell markers
and the integrity of on TJs in thyroid cells, we first performed a FACS analysis
for Claudin-1 and Cytokeratin in Nthy-ori and TPC-1 cell lines. As shown in
Fig.14 A, MC CM treatment reduced Claudin-1 an Cytokeratin expression in
TPC-1 and Nthy-ori cell lines. This phenomenon was less evident in 850-5C
cells due to their constitutive low levels of both proteins (not shown).

To confirm this finding and to evaluate the structure of TJs, we performed an
immunofluorescence staining of TPC-1 cell line treated or not with MC CM
with specific anti-Claudin-1 antibodies. As shown in fig./4 B, untreated TPC-1
cells exhibited a regular linear labeling of Claudin-1 at sites of cell-cell contact
regions, indicating that TJs are maintained in this cell line. However, MC CM
caused a dramatic decrease of the protein and a disruption of TJs.
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Fig. 14 A) FACS Analysis on Nthy-ori and TPC-1 cells treated or not with MC CM for 3h by using
anti.Claudin-1 and anti-pan-Cytokeratin antibody. B) Immunofluorescence microscopy of TPC-1 cells
with antibody specific for Claudin-1. In MC CM treated cells Claudin-1 became undetectable in the cell-
cell contact regions. Bars, 10 pm.

4.3 MC CM treatment of human thyroid cancer cells causes the activation
of AKT and STAT3 pathways

To determine which signaling pathway was involved in MC-mediated EMT
induction, we next treated thyroid cells with MC CM and evaluated the
activation of various signaling pathways, including MAPK/ERK, JNK, NFkB,
PI3K/AKT and STAT3 by western blot analysis with antibodies that
specifically recognize activated isoforms of signalling components of the
indicated pathways (Fig. 15). Among the various pathways tested, we found
that AKT and STAT3 were significantly activated upon MC CM stimulation in
each cell line. In particular, 850-5C cell line displayed a remarkable activation
of AKT that peaked at 1h of MC CM treatment and then decreased. On the
other hand, phospho-STAT3 protein expression levels increased at 1h of MC
CM treatment and accumulated up to 12 hours. In TPC-1 cell line, we found
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that phospho-STAT3 and phospho-AKT protein expression levels increased
after 1h of MC CM treatment and persisted for several hours. Finally, in Nthy-
ori we observed the activation of STAT3 that persisted for many hours, while
MEK activation was transient. In both TPC-1 and 850-5C cell lines we did not
appreciate increase in phospho-MEK levels, probably due to the very high
basal levels displayed by these cells.
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Fig. 15 Western Blot analysis of Nthy-ori (A), TPC-1 (B) and 850-5C (C) cell lines treated or not with
MC CM for 1h, 3h, 6h and 12h with anti-phospho-AKT, anti-phospho-MEK and anti-phospho-STAT3
antibodies. Anti-tubulin monoclonal antibody was used as a control for equal loading.

To assess whether AKT and/or STAT3 activation is necessary for EMT
induction/enhancement, we evaluated, by wound healing assay, MC CM-
induced EMT in TPC-1 in the presence or in the absence of U0126, LY-
294002, or S31-20, inhibitors of MEK, AKT and STAT3 activity, respectively
(Fig.164). Sodium Chromoglycate (Cromolyn), an inhibitor of MC
degranulation, was used as a control. As shown in Fig./6 B, the inhibition of
each pathway negatively affected wound closure induced by MC CM. We
obtained the same results also in Nthy-ori and 850-5C cell lines (not shown).

54



TPC-1

+ U0 126 + MC CM

e

+LY294002 + MC CM

+ S31-201 + MC CM + Cromolyn + MC CM
KL : T

Fig. 16 Wound healing assay performed in TPC-1 cell line treated, for 1h, or not with only MC CM and
with inhibitors S31-201 (100 uM), LY-294002 (50uM), U0126 (20 uM) and Cromolyn (10 pM), as a
control.

4.4 MC-derived factors (IL-6, IL-8 and TNF-a) can induce of EMT in
human thyroid cell lines.

MC can produce many different soluble mediators, both in resting conditions
and upon activation. We have previously shown that TC cells can stimulate MC
to degranulate and produce soluble factors with protumorigenic biological
activity (Melillo et al., 2010). Thus, to mimik cancer microenvironment and to
identify MC mediators of EMT, we exposed MC (HMC-1, LAD2 and HLMC)
to TPC-1 and 850-5C cell CM (TC CM). We defined such cells as “tumor
educated” MCs (TEMC). TEMC were evaluated for cytokine production
through RT-PCR and ELISA cytokine arrays. By merging data from the two
different approaches, we consistently identified many cytokines and
chemokines produced by MCs whose levels could be induced by TC CM,
including OPN, IL-1B, IL-6, IL-8, TNF-a, CXCL1, and CXCL10 (not shown).
However TGF-f, a know inductor of EMT, was not produced by TEMC. We
also verified whether MC CM caused an increase in TGF- levels in TC cells,
by performing an ELISA assay. The data indicated that TGF-f levels did not
change in MC CM-treated with respect to untreated TC cells (data not shown),
indicating that MC CM-induced EMT is not mediated by an induction of TGF-
B in TC cells.
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Fig.17 Western Blot analysis of Nthy-ori (A), TPC-1 (B) and 850-5C (C) cell lines treated or not with
TNF-a, IL-8 and IL-6 (100ng/ml) at different time points to evaluate ZEB-1, SLUG and SNAIL proteins
expression levels. Anti-tubulin monoclonal antibody was used as a control for equal loading.

Based upon on these data, we supposed that some of the identified cytokines
might be the mediators of EMT in our system; for this reason, we tested the
capability of each cytokine to induce EMT in our cells. The expression of
biochemical markers of EMT (SNAIL, SLUG, ZEB-1) was evaluated by Q-
PCR (not shown) and western blot analysis on Nthy-ori, TPC-1 and 850-5C
cell lines (FIG.17). We found that, among all the cytokine tested, only TNF-a,
IL-6 and IL-8 could induce EMT. The other mediators that we tested,
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including OPN, CXCL12, IL1B, MIF-1, CXCL1 and CXCL10 were either less
powerful or uncapable of inducing EMT transcriptional factors. To further
investigate the functional role of IL-6, IL-8 and TNF-a in EMT, we performed
a wound healing assay. Nthy-ori and TPC-1 (Fig. 18) cell lines were treated
with each cytokine or with MC CM, as a positive control. As shown in this
figure, IL-8 induced wound closure similarly to MC CM. IL-6 and TNF-a were
less efficient than IL-8 in inducing wound healing. We obtained the same
results in 850-5C cell line (not shown).
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Fig.18 Wound healing assay on Nthy-ori (A) and TPC-1 (B) cell lines treated with IL-6, IL-8, TNF-a (50
ng/ml) or with MC CM as a positive control. C) The number of migrated cells over the wound in each
condition was calculated (p<0.05).

To confirm the requirement for these factors in MC CM-induced EMT, each
cytokine was inactivated through immunodepletion with specific antibodies.
Each cytokine was recognized by the specific antibody which, in turn, was
bound to Protein G-Sepharose beads. The immune complexes were then
removed from MC CM by centrifugation. Immunodepletion deprived MC CM
form each cytokine, without significantly affecting the levels of the others, as
assessed by ELISA assays (not shown). A representative experiment performed
by using immunodepleted MC CM on Nthy-ori cells is shown in Fig. 19. After
cells reached confluence, we created wounds in the confluent plates; cells were
then treated with non-conditioned culture medium (NT), complete MC CM or
MC CM immunodepleted of IL-8, IL-6 and TNF-a. We found that the blockade
of IL-8 by neutralizing antibodies inhibited the ability of MC CM to induce
wound repair.
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Fig. 19 A) Wound healing assay with immunodepleted MC CM on Nthy-ori cell line. The removal of each
factor from MC CM reduced wound closure of Nthy-ori cells. However, IL-8 depletion was more

effective than IL-6 or TNF-a removal. B) The number of migrated cells over the wound in each condition
was calculated.

IL6- and TNFo-immunodepletion showed less significant effects. To further
underline the importance of IL-8, we observed that IL-8 add-back to IL-8-
immunodepleted MC CM restored cell migration. These findings indicate that
IL-8 is necessary to induce EMT in thyroid cells.
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Fig.20 Fluorescence Activated Cell Sorting (FACS) analysis to estimate cell-surface expression of IL-6R,
CXCR1 and TNFR in Nthy-ori, TPC-1 and 850-5C cell lines.

Despite IL6 and TNF-a were also present in MC CM and capable of inducing
EMT in Nthy-ori, their ability to induce wound healing was lower than that of
IL-8. Interestingly, despite TNF-a receptors (TNFR) are expressed on Nthy-
ori, TPC-1 and 850-5C cell lines, IL-6R is expressed only in Nthy-ori, as
shown in Fig.20. However, all the cell lines expressed high levels of the IL-8
receptors CXCR1 (Fig.20) and CXCR?2 (data not shown).

4.5 IL-8 stimulation of TC cells causes an expansion of stem cell
population.

The relationship between EMT and CSCs has been well documented in
different types of cancer; EMT inducers or regulators could also induce cancer
cells to acquire stem cell-like characteristics, indicating that there is a crosstalk
between the EMT program and the pathways involved in regulating stemness
(Mani et al. 2008). Since IL-8 is the most relevant inducer of EMT in our
system, we asked if IL-8 has any role in the acquisition of stemness features or
in the expansion of stem cell population in TC cells. One of the recognized
features of CSC is their higher aldehyde-dehydrogenase activity with respect to
the other cells. It has been demonstrated that cells derived from TC tissues
contain a small population of high aldehyde-dehydrogenase (ALDH) activity.
TC cells with high ALDH expression (ALDH"*) possessed the ability to self-
renew and re-initiate serial transplantable tumors that recapitulated the
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phenotype and metastatic behavior of the parental tumors (Todaro et al. 2010).
In another study, (Klonisch et al. 2009) ALDH"¢" cell subpopulation with
potential stem-like characteristics in the ATC cell line 850-5C was identified.
Thus, we first assessed the percentage of TC cells with high aldehyde-
dehydrogenase (ALDH) activity by using the Aldefluor assay, that uses a
fluorescent non-toxic substrate for ALDH, which freely diffuses into intact and
viable cells, and under the enzyme activity is converted into a metabolite,
which is retained inside the cells. The amount of fluorescent reaction product is
proportional to the ALDH activity in the cells and thus to the number of stem
cells. Screening of Nthy-ori, TPC1 and 850-5C cells revealed, in each cell line,
a distinct population with high aldefluor activity (ALDH high cells) that was
more abundant in the 850-5C, derived from a human ATC; TPC-1 and Nthy-ori
cell lines displayed a low level of ALDH high cells (Fig.21).
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Fig. 21 Percentage of ALDH"" cells in freshly isolated serum deprived thyroid cells (Nthy-ori, TPC-1
and 850-5C); cells were permeabilized with the Cytofix/Cytoperm Kit (BD). Identification of ALDH"e"
cells was performed using the ALDEFLUOR kit (StemCell Technologies). As a negative control, an
aliquot of cells from each sample was treated with 50 mmol/L of diethylaminobenzaldehyde, a specific
ALDH inhibitor. Intracellular fluorescent product was measured by flow cytometry and sorting gates.
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Another way to isolate cells with stem-like features is to exploit their ability to
growth in low adherence conditions, which favours the formation of cell
spheroids. Sphere-forming assays have been widely used to identify CSCs.
This assay is based on the evaluation of floating non-adherent multicellular
aggregates obtained in suspension culture or cultures under non-adhesive
conditions. Cells with stem-like properties are capable to form spheroids under
anchorage-independent conditions in a special serum-free medium enriched for
EGF (epidermal growth factor) and bFGF (basic fibroblast growth factor)
growth factors. In fact, a small number of cells grew out as floating spherical
colonies, which were termed “thyrospheres”, after 7-10 d of culture. During the
next few days, thyrospheres progressively augmented their volume because of
increased cell number. We found that 850-5C, but not TPC-1 or Nthy-ori cells

60



formed spheres with high efficiency (Fig. 22), accordingly with previous
observations (Shimamura et al. 2014).

Fig.22 A) Sphere-forming assay. Quantification of sphere number by the formula (number of formed
spheres/number of wells containing cells) x100 in Nthy-ori, TPC-1 and 850-5C. B) Morphological
appearance of a thyrosphere from 850-5C cells.
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To confirm that thyrospheres were indeed enriched in stem cells, we compared
the levels of stemness markers in 850-5C cells grown in adherence or in low-
adherence conditions. 850-5C thyrospheres displayed higher mRNA levels of
nestin, ABCG2 and ALDH, assessed by QPCR, in comparison to adherent cells
(Fig. 23).
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Fig. 23 Real Time PCR for stem cell markers (Nestin, ABCG2 and ALDH) in 850-5C thyrospheres in
comparison with 850-5C grown in adherence condition (p<0.05).
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To evaluate whether IL-8 receptors were expressed in 850-5C spheroids, we
performed FACS analysis with anti-CXCR1 and -CXCR2 antibodies in
adherent and sphere-forming cells. This analysis showed that 850-5C
thyrospheres were enriched in CXCR1 and CXCR2 with respect to adherent
cells (Fig. 24).
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Fig. 24) FACS analysis of adherent 850-5C and 850-5C-derived thyrospheres to evaluate CXCR1 and
CXCR2 expression.

To assess whether IL-8 could induce/potentiate TC cel stemness, cells were
stimulated with IL-8 and stem cell phenotype was evaluated. IL-8 treatment
significantly increased the percentage of ALDH"®" cells with respect to
untreated Nthy-ori, TPC-1 and 850-5C cells. Moreover, IL-8 stimulation
caused an increase of stem cell markers (OCT4, SOX2, ABCG2 and NANOG)
with respect to untreated thyroid cells; TGF-3 was used as a positive control
(Fig.25 A-B).
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Fig. 25 A) Percentage of ALDH"®" cells. Thyroid cells (Nthy-ori, TPC-1 and 850-5C untreated, treated
with IL-8 50ng/ml or TGF-f 50ng/ml for 24h were permeabilized with the Cytofix/Cytoperm Kit (BD).
Identification of ALDH" cells was performed using the ALDH kit (StemCell Technologies). As a
negative control, an aliquot of cells from each sample was treated with 50 mmol/L of
diethylaminobenzaldehyde, a specific ALDH inhibitor. Intracellular fluorescent product was measured by
flow cytometry and sorting gates. B) Q PCR to evaluate the expression levels of stem cell markers in
thyroid cell lines treated or not with TGF-f (50ng/ml), or IL-8 (50ng/ml) for 24h.

As shown in Fig.26, IL-8 stimulation induced sphere formation with higher
efficiency (number and dimension, Fig 26 B-C) in 850-5C compared to
unstimulated cells. These spheres were bright, smooth-edged, and compact and
were clearly different from irregular clumps of cells. Figure 26-4 shows
representative photograms reporting the average size of spheres after 15 days
of culture in low-adherent conditions.
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Fig.26 Sphere-forming assay. A) Morphological appearance and average diameters of thyrospheres from
850- 5C cells treated or not with IL-8 (50 ng/ml). B) Quantification of sphere size (mean diameter in pm)
from 850-5C cells treated or not with IL-8 (50 ng/ml). C) Quantification of sphere number by the formula
(number of formed spheres/number of wells containing cells) x100 (p<0.05).

By analysing a panel of TC cell lines, we found that they all express, to a
different extent, detectable levels of IL-8 and of its receptors CXCR1/2,
suggesting that endogenous IL-8 may be important for intrinsic stemness
features of these cells. Accordingly, the ability of each cell line to form spheres,
a typical stemness feature, correlated with endogenous IL-8 levels (data not
shown). In Fig. 27, a representative ELISA assay to evaluate IL-8 levels in the
cell lines used in this study is shown.
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Fig. 27 Elisa assay to evaluate endogenous IL-8 content in Nthy-ori, TPC-1 and 850-5C cell line

Interestingly, we were also able to shown that IL-8 levels were higher in 850-
5C thyrospheres with respect to adherent cells (Fig. 28).
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Fig. 28 ELISA assay to quantify the IL-8 content in 850-5C thyrosphere with respect to adherent cells.

Since we have shown that TC cells express endogenous IL-8 and its receptors
CXCRI and CXCR2, and that these proteins are enriched in thyrospheres, we
aimed at demonstrating that stemness could be inhibited by targeting the IL-
8/CXCR1/CXCR2 axis. At this end, we blocked this ligand-receptor circuit
with neutralizing antibodies anti-IL-8 (2.5 pg/ml), anti-CXCRI1(2.5 pg/ml) or
anti-CXCR2 (1 pg/ml), and observed a dramatical reduction in sphere-forming
ability of 850-5C cells, as evaluated in terms of sphere number and size. As a
negative control, we used isotype-matched antibody (anti-HA) (Fig.29). These
results suggest that an autocrine IL-8/CXCR1/CXCR2 axis is necessary for
thyroid CSCs manteinance.
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Fig.29 The inhibition of IL-8/CXCR1-CXCR?2 axis impairs sphere forming ability of thyroid cancer cells.
Anti-IL-8, anti-CXCR1, anti-CXCR2, anti-HA: isotype-matched antibody as negative control. Number
(A) and diameter (B) of formed spheres are decreased when 850-5C cells are treated with anti-IL-8 or
anti-CXCR1 and anti CXCR2. Sphere number (%) was calculated by the formula (number of formed
spheres/number of wells containing cells) x100. (*=p<0.05; **=p<0.01, ***=p<0.001)

5.6 850-5C engineered to ectopically express IL-8 undergo EMT and
display stemness features.

In order to obtain a stable EMT phenotype in thyroid cancer cells, we
stimulated TPC-1 cell line, that displayed low basal levels of EMT markers,
with TNFa, IL-6 or IL-8 up to 60 days; we found that IL-8, but not the other
two cytokines (not shown), induced a sustained expression of the EMT markers
SLUG and ZEB-1, but not SNAIL. Moreover, we evaluated, by QPCR, the
expression levels of stemness markers, and showed that again, IL-8, but not
TNFa or IL-6, could induce sustained expression of various stemness genes.
However, IL-8 withdrawal dramatically decreased the levels of EMT and
stemness markers (Fig. 30A4-B). These data indicate that the continuous
stimulation with IL-8 is required to induce a stable EMT phenotype and
stemness features in TC cells.

65



TPC-1

A +|L-8

NT 10 20 30 40 50 60 withdrawal

o Zeb-1

o Slug

a Tubulin

Fig.30 A) Western blot analysis for ZEB-1, SLUG, SNAIL in TPC-1 untreated (NT), treated with IL-8 (50
ng/ml) and upon IL-8 withdrawal (withdrawal IL-8). B) Real Time PCR for stem cell markers performed
in the same conditions as in A).

In order to obtain cells chronically exposed to IL-8, we generated 850-5C
engineered to ectopically express the cytokine (850-5C IL-8); as a control, we
used empty vector transfected cells (850-5C pBabe). IL-8 transfected cells
were subjected to antibiotic selection and isolated clones were then screened
for IL-8 expression by ELISA assay (Fig.314). Based upon these results, we
selected 850-5C IL-8 clone 19 and clone 23 for further investigations.
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Fig.31 A) Elisa assay to evaluate the IL-8 content in conditioned media of 850-5C overexpressing 1L-8
compared with empty vector-transfected cells (pBabe). B) Morphological appearence of 850-5C
overexpressing IL-8 and relative pBabe clones. C) Real Time PCR for EMT transcription factors in 850-
5C IL-8 clones with respect to control clones (pBabe). D) Western blot analysis for EMT markers (ZEB-
1, SLUG, SNAIL and Vimentin) in the same clones; anti-tubulin is used for equal loading. E) Wound
Healing assay in 850-1L-8 clones with respect to pBabe clones: the number of migrated cells over the
wound was calculated.

850-5C IL-8 cells showed a fibroblast-like morphology, typical of EMT (Fig.
31 B) and displayed overexpression of EMT markers at protein and mRNA
levels with respect to control clones (Fig. 31 C-D); finally, we investigated the
ability of IL-8-transduced cells to migrate in wound healing assays. As shown,
in Fig. 31 E, 850-5C IL-8 clones were able to close the wound more efficiently
than 850-5C pBabe cells. We then studied stemness features of 850-5C IL-8
clones by Aldefluor assay; the percentage of ALDHhigh cells was more
abundant in the two 850-5C IL-8 clones than in control cells, and 850-5C IL-8
clones displayed enriched expression of stem cell markers, compared to control
cells, as tested by Q-PCR analysis (Fig. 32 4, B).
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Fig. 32 A) Cytofluorimetric analysis of ALDH cells. 850-5C IL-8 clone 19 and clone 23 displayed
higher ALDH activity than control cells. B) Q-PCR showed elevated levels of stem cell markers in 850-
5C IL-8 cl19 and cl23 with respect to control cells. C) Sphere-forming assay: morphological appearance
and average diameter of thyrospheres from 850-5C IL-8 clone 19 and clone 23. Quantification of sphere
number was obtained by the formula (number of formed spheres/number of wells containing cells) x100.
Quantification of sphere size (mean diameter in um). D) Sphere-forming assay under limiting dilution
conditions. 850-5C IL-8 clones showed a higher sphere forming frequency than control cells.
Quantification of sphere number by the formula (number of formed spheres/number of wells containing
cells) x100. Self-renewal assay. 850-5C IL-8 clones show an increase in sphere number (%) in subsequent
generations; by contrast 850-5C sphere-forming ability decreases at F3. Sphere number (%) was
calculated by the formula (number of formed spheres/number of wells containing cells) x100. (p<0.05)

In Fig.32 C, we showed that sphere-forming ability of 850-5C IL-8 clones was
higher than that of 850-5C pBabe cells, in terms of average number and
diameter, providing further evidences of increased stemness features induced
by IL-8 overexpression. To determine the number of sphere-initiating cell
contained in a single thyrosphere, we performed a sphere-forming assay under
limiting dilution condition. When single F1 spheres reached the diameter of 70-

68



80 um, they were disaggregated in single cells and plated at the density of a
single cell/well on ultralow-adhesion 96-well plates, using limiting dilution,
verified microscopically. Frequency of formed thyrospheres were estimated
after ~15 days. We found that 850-5C IL-8 clone 19 and clone 23 displayed a
frequency of 0.9-1.1% and 1.8-2.0% sphere-initiating cells, respectively,
whereas 850-5C pBabe showed a frequency less than 0.4%. In normal tissues,
stem cell number is constant, because they divide asymmetrically. By contrast
CSCs possess the ability to expand in number, as occurs during development
or, in the adult, after tissue injuries, a property that cannot be accounted by
asymmetric divisions. Recent findings in invertebrates demonstrated that
increased numbers of SCs can be achieved through rounds of “symmetric self-
renewing divisions,” whereby each SC produces two new cells with identical
SC fate and proliferation potential (Morrison and Kimble, 2006). Loss-of-
function mutations of cell polarity and cell fate determinants induce CSCs to
divide symmetrically, leading to SC number increase, tissue overgrowth, and,
ultimately, tumors (Cicalese et al. 2009). To determine the self-renewal
capacity of sphere-forming cells we performed a self renewal assay (Fig.32 D-
Self renewal assay). 850-5C IL-8 and 850-5C pBabe cells were plated in stem
cell culture medium in 96-well plates at the density of 15 cells per well. This
primary generation of spheres was indicated as First generation (F1). The
spheres were serially passed through 3 generations, to assess their self-renewal
capacity in vitro. When F1 thyrospheres from 850-5C IL-8 and 850-5C pBabe
grew to 70-80 pum in diameter, spheres were collected and disaggregated, and
then re-plated in the same conditions (15 cells/well) in order to form new
spheres and to obtain F2 and, subsequently, F3 thyrospheres. We counted the
formed spheres for three generations and we found that 850-5C IL-8 clones
displayed an increased sphere number formation in F2 and F3 generations,
whereas 850-5C pBabe decreased thyrosphere-forming ability at F3. As shown
in Fig.33 850-5C IL-8 and pBabe cell-derived thyrospheres displayed a similar
enrichment in CXCR1-CXCR2 levels (Fig.33 A) with respect to adherent cells,
as assessed by FACS analisys. However, IL-8 is involved in maintaining
stemness, as 850-5C IL-8 thyrospheres exhibit higher expression of stemness
markers with respect to those derived from pBabe cells (Fig. 33B).
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Fig. 33 A) Mean Fluorescence Intensity (MFI) of CXCR1 and CXCR2 performed by FACS analysis in
850-5C pBabe and 850-5C IL-8 cl 19 grown in adherence condition with respect thyrospheres (*=p<0.05
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Q-PCR for stemness markers in 850-5C pBabe thyrospheres and 850-5C IL-8 cl 19 thyrospheres

(p<0.05).
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4.7 IL-8 increases the tumorigenic potential of 850-5C cells.

CSCs are believed to be responsible for tumor onset and metastasis. They can
indeed inititiate tumors very efficiently, while the bulk cancer mass, containing
remnant cells, is not able to do so. As we demonstrated that 850-5C IL-8 cells
contain a higher percentage of CSCs with respect to 850-5C cells, and that 850-
5C IL-8 stem-like cells are endowed with a more efficient ability to proliferate
and self-renew, we decided to verify whether 850-5C IL-8 exhibited a higher
tumorigenic ability in comparison with control cells. To assess tumor growth of
850-5C pBabe and 850-5C IL-8 cl19, we used xenograft injection into athimic
mice. 1x107 cells from each adherent cell population were injected sub-
cutaneously into the right dorsal portion of 4-week-old female BALB/c nu/nu
mice (The Jackson Laboratory). Mice were inspected for tumor growth on a
weekly basis. Six weeks later, mice were killed and tumors were excised. 850-
5C IL-8 injected mice showed a significant increase in tumor growth rate
compared to control tumors (Fig. 34 A); no statistically significant differences
were observed in tumor incidence (9/10 850-5C pBabe vs 10/10 850-5C IL-8
cl19).

To assess the reasons of the increased growth rate of 850-5C IL-8 with respect
to control xenografts, excised tumors were subjected to haematoxilin-eosin
(H&E) staining and immunohistochemistry (IHC) with Ki-67, CD31 and
cleaved caspase3 antibodies. As shown in Fig. 34, the number of Ki-67+ cells
was higher in 850-5C IL-8 than 850-5C pBabe xenografts, indicating that 850-
5C IL-8 proliferated faster than control cells in xenografts, although this
difference was not statistically significant (p value>0.05). Moreover, vessel
density, evaluated with anti-CD31 antibodies, was significantly higher in 850-
5C IL-8 tumors with respect to 850-5C pBabe xenografts (p value<0.001). No
statistically significant differences were observed in the percentage of cleaved-
caspase 3 stained cells between the two xenograft types (Fig. 34 C).
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Fig. 34 A) Tumor volume of 850-5C pBabe and 850-5C IL-8 xenografts weekly measured (*p<0.05;
**p<0.01). B) A representative picture of tumors excised at the end of the experiment is shown.

C) Representative 850-5C IL-8 and 850-5C pBabe xenograft sections (magnification 20x), Hematoxylin
& Eosin analysis, staining by using different antibodies: Ki-67, CD31, Cleaved Caspase 3.
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We next compared the tumorigenic potential of 850-5C pBabe and 850-5C IL-8
derived thyrospheres: 850-5C pBabe or 850-5C IL-8 cl19 thyrospheres were
mechanically disaggregated into sigle cell suspensions and injected (1x10°)
into athimic mice. Tumor incidence (percentage of mice developing

measurable masses), latency (time to develop measurable masses), and growth
rate were assessed for 7 weeks (Fig. 35).
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Fig. 35 A) Tumor volume of 850-5C pBabe and 850-5C IL-8 thyrosphere-derived xenografts weekly

measured ( **p<0.01). B) This graph showed the xenografts latency-mean time of thyrospheres derived-
pBabe and IL-8 cl19.
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850-5C IL-8 cl19 thyrospheres were more efficient in tumor initiation as 10/10
IL-8 cl 19 thyrosphere-injected mice formed tumors while only 6/10 850-5C
pBabe thyrosphere-injected mice did (p=0,04 according to one-sided Fisher’s
exact test). Moreover, 850-5C IL-8 cll19 thyrosphere-derived xenografts
revealed a significantly higher growth rate with respect to 850-5C pBabe
thyrosphere-derived tumors (p<0.01) as final volume was 0,062 cm3 for 850-
5C pBabe and 0,623 c¢cm3 for IL-8 thyrosphere. 850-5C IL-8 cl19 thyrosphere-
derived xenografts also exhibited a markedly decreased latency-mean time. In
fact, 850-5C IL-8 cl19 thyrosphere-induced tumors appeared between 1 week
(0,002 cm’) and 14 days (0,006 cm®) while 850-5C pBabe tumors only
appeared at 14-21 days from injection (p<0.05) (Fig.35 B).

4.9 MC density positively correlates with the stemness marker OCT4 in
human papillary thyroid carcinoma specimens.

As we have shown that MC are a source of IL-8, and IL-8 is an inductor of
EMT and stemness, we asked whether human thyroid carcinomas featuring a
high density of MC also exhibited higher features of EMT and/or stemness. To
this aim, a panel of 30 PTC specimens and 9 normal thyroids were collected,
and a tissue microarray (TMA) was set up and used for IHC. Anti-Tryptase
antibodies, which specifically identify MC, and anti-OCT4 antibodies, that
detect a recognized marker of stem cells, were used (Fig. 36). The age of
patients ranged from 13-61 years, with an average age of 37 years. Tumors
smaller than 2 cm (pT1) were 26,7% (8/30), tumors between 2 and 4 cm (pT2)
were 6,7% (2/10), tumors larger than 4 cm (pT3) or with thyroid capsule
invasion were 66,7% (20/30); lymph-node positivity was found in 56,7%
(17/30) of patients at surgery. High OCT4 positivity was significantly
associated with T (p-value= 0.010) (7able 2).
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Parameters
T Low High P value
T1 7(100%) 0
T2 0 2(100%) 0,010
T3 15(78,9%) 4(21,1%)
LNM
Negative 10(90,9%) 1(9,1%) 0,256
Positive 14(73,7%) 5(26,3%)
Capsule
Invasion
Negative 8(80%) 2(20%) 1
Positive 16(80%) 4(20%)
Stage
T1-T2 NO 3(100%) 0 0,361
Tx N1 21(77,77%) 6(22,22%)

Table 2. This Table summarizes the correlation between OCT4 expression and clinicopathological

parameters in TMA of human PTC specimens analysed by immunohistochemistry.

Tryptase expression, was low in 12/30 cases and high in 18/30. Statistical
analysis showed that Tryptase expression was significantly associated with T
(p value=0,057) (1able 3).

PARAMETERS TRYPTASE
T Low High P value
T1 5(71,4%) 2(28,6%)
T2 0 2(100%) 0,057
T3 5(26,3%) 14(73,6%)
LNM
Negative 4(36,4%) 7(63,4%) 0,76
Positive 8(42,1%) 11(57,9%)
Capsule Invasion
Negative 6(60%) 4(40%) 0,11
Positive 6(30%) 14(70%)
Stage
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T1-T2No
TxN1

2(66,66%)
10(37,1%)

1(33,33%)
17(62,9%)

0,320

Table 3. This Table summarizes the correlation between Tryptase expression and clinicopathological

parameters in TMA of human PTC specimens analysed by immunohistochemistry.

Moreover, we found a positive correlation between OCT4 and Tryptase
expression (p value= 0.025) (Table 4).

OCT4
TRYPTASE Low High P value
Low 12(100%) 0
High 12(66,66%) 6(33,33) 0.025

Table 4. In this table we show the correlation between OCT4 and tryptase expression in human PTCs.

Fig. 36 Immunohistochemistry of human papillary thyroid cancer specimens with anti-OCT4 antibody

and Tryptase staining (brown).
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4.8 SLUG can induce EMT and stemness in PTC (TPC-1) thyroid cancer
cells.

As SLUG expression was maintained by long-term IL-8 treatment, and 850-5C
IL8 clones constitutively expressed high SLUG levels, we supposed that it
might be an important mediator of IL-8 biological activity and sufficient to
induce EMT and stem-like features in TC cells. We selected the TPC-1 cell
line, as they featured very low SLUG expression and ALDH activity, to
generate cells with ectopical expression of this transcription factor. We
obtained a mass population (mp) and isolated various clones with high SLUG
expression (Fig. 37).
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Fig. 37 A) SLUG protein levels in TPC-1 clones as assessed by western blot. B) SLUG mRNA expression
in TPC-1 SLUG clones by Q-PCR

SLUG expression in TPC-1 cells enhanced their EMT features. In fact, TPC-1
SLUG cells (cl5) displayed a mesenchimal-like morphology (Fig. 38 4), and
were more efficient in wound closure (Fig.38 B)
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Fig.38 A) Morphological appearance of TPC-1 SLUG cl5 with respect to empty vector cells; B) Wound
Healing assay shows that SLUG- expressing TPC-1 cells are more efficient in wound closure than
controls.

Moreover, TPC-1 SLUG cells featured an higher percentage of aldefluor
positive cells, upregulation of stemness markers, as shown by Q-PCR assay,
and higher sphere-forming ability with respect to control clones (Fig. 39).
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Fig. 39 A) Aldefluor assay to quantify the percentage of aldefluor positive cells in TPC SLUG cl5 with
respect to control cells B) mRNA fold induction of stemness markers in TPC-1 SLUG with respect to
control cells. C) Quantification of sphere number by the formula (number of formed spheres/number of
wells) x100 and of sphere size (mean diameter in pm) (p<0.05).
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Similar data were obtained by enforced expression of SLUG in 850-5C cells
(not shown). Interestingly, SNAIL overexpression was not capable of inducing
EMT and stemness in TPC-1 cells (data not shown). Our data indicate that IL-8
stimulates SLUG expression, and ectopic expression of SLUG in TC cells
mimics the effects of chronic IL-8 stimulation, suggesting that SLUG might be
a critical mediator of IL-8-induced biological effects.

To confirm the link between IL-8 and SLUG in thyroid cancer, we performed a
IHC on a panel of 28 human TCs including PTC, FTC and ATC, in order to
evaluate the presence of IL-8 and SLUG. In accord with previously published
data (Hardy RG et al. 2007, N Wang et al 2014), we found SLUG expression
in thyroid carcinomas; as shown in Table 5, I1L-8 expression correlated with the
presence of lymph-node metastases (LMN) (p = 0.026), but not with other
parameters.

IL-8

Histotype Negative Low High P value
Papillary 23(56,09%) 9(21,95) 9(21.95)
Follicular 7(87,59%) 1(12,5%) 0 0,436
lAnaplastic 1(100%) 0 0
LNM
Negative 22(66.11%) 10(27,77%) 4(11.11%)
Positive 9(64.28%) 0 5(35.71%)

0,026
Size Negative Low High P value
T1 5(55,55%) 2(22,22%) 2(22,22%)
T2 1(25%) 1(25%) 2(50%) 0,466
T3 19(67,85%) 5(17,85%) 4(14,28%)

Table 5. This Table summarizes the correlation between IL-8 expression and clinicopathological
parameters in a TMA of human TC specimens analysed by immunohistochemistry.

Moreover, as shown in 7able 6 , IL-8 expression correlated significantly with
SLUG expression (p value=0,012).
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IL-8

SLUG Negative Low High P value
Negative 17(73,91%) 6(26,08%) 0

Low 6(60%) 0 4(40%) 0,012
High 5(38,46) 4(30,77) 4(30,77%)

Table 6. IHC to shows a positive correlation between IL-8 and SLUG expression in a small series of

human TCs.
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S. DISCUSSION

Thyroid cancer (TC) is the most common endocrine malignancy and its
incidence is increasing. TC includes well-differentiated (WDTC) follicular and
papillary (FTC and PTC respectively), poorly differentiated (PDTC) and
anaplastic thyroid carcinoma (ATC). Despite WDTC has an excellent
prognosis, with more than 90% cured upon therapy, a small percentage
(approx. 5%) of them become resistant to radioiodine therapy (radioactive
iodine resistant-RAIR), the main treatment for these patients. RAIR neoplasias
can hardly be cured. RAIR include, beyond WDTC, PDTC, and ATC.

The recognition that cancer progression is highly influenced by its interaction
with stroma has lead to the concept that cancer management may be improved
by therapeutic targeting of the tumor microenviroment (Hofmeister V et al.
2008). A full understanding of tumor-strome interaction may allow to identify
novel therapeutical approaches for advanced TC, such as ATC or RAIR, and to
overcome the issue of drug resistance during treatment.

We have previously demonstrated that MCs (MC) are recruited in thyroid
cancer through tumor cell-derived VEGF-A. MC exhibit a pro-tumorigenic role
in thyroid cancer. MC inhibition, by using sodium cromoglycate (Cromolyn),
strongly reduces the growth of thyroid carcinoma xenografts in
immunodeficient mice (Melillo et al., 2010). Thyroid cancer presents an
intense MC infiltrate, whose density correlates with invasiveness. The
increased motility and invasiveness of tumor cells are reminiscent of
Epithelial-to-Mesenchymal Transition (EMT), an important step in tumor
progression, responsible for the acquisition of invasive properties by tumor
cells (Thiery JP 2003). EMT is a well characterized mechanism, through which
epithelial cells trans-differentiate and acquire an mesenchymal and invasive
phenotype. Here, we demonstrate that MC and their mediators enhance
migratory and invasive ability of thyroid cancer cells through the EMT
induction. In fact, MC Conditioned Medium (MC CM) treatment of thyroid
cancer cells (Nthy-ori, TPC-1 and 850-5C) causes the acquisition of a
fibroblast-like morphology, typical of the EMT program, induces the up-
regulation of typical EMT markers (SLUG, SNAIL, ZEB-1, Vimentin) and
down-regulation of E-Cadherin (a hallmark of epithelial cells), enhances cell
migration, as demonstrated by scratch wound healing assays. Moreover, in
accord with the evidence that EMT causes the loss of the epithelial cell polarity
and the decrease of intercellular adhesion, we found that MC CM treatment of
human thyroid cells causes Tight junction (TJ) destabilization and Claudin-1
down-regulation. These data, taken togheter, indicate that MC CM contains
soluble factors that can induce or potentiate EMT of thyroid-transformed
(Nthy-ori) or -cancer-derived (TPC-1 and 850-5C) cells.

We previously showed that MC, when co-cultured with thyroid cancer cell
lines or treated with their conditioned media (tumor-educated MC, TEMC),
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undergo activation and produce many inflammatory mediators. To identify the
mediator(s) of MC CM-induced EMT in thyroid cancer cells, we evaluated the
expression of MC mediators in TEMC by qRT-PCR Cytokine Array and by
multicytokine ELISA Array analysis. We found that several MC cytokines and
chemokines are highly up-regulated upon TC treatment. Among the different
mediators, we found that IL-6, IL-8 and TNF-a are the strongest inducers of
EMT, being IL-8 the most efficient, since it could recapitulate EMT with the
same efficiency of MC CM. In fact, the blockade of IL-8, but not of IL-6 or
TNF-a, by neutralizing antibodies inhibits the ability of MC CM to induce
EMT, as assessed by wound healing, and this effect reverts by an excess of IL-
8. The predominant role of IL-8 is probably due to higher levels of the IL-8
receptors CXCR1 and CXCR2 in comparison with TNFR and IL-6R.

The initiation and recurrence of tumors is believed to be strongly linked with
the biology of cancer stem cell (CSCs). Recent studies have demonstrated that
EMT plays a critical role not only in tumor metastasis but also in tumor
recurrence and increasing evidences suggest that EMT is also associated with
the generation of CSCs (Dejuan Kong et al. 2011). These cells are well known
to possess self-renewal properties and are retained responsible for tumor
initiation, chemo/radiation therapy resistance, recurrence and metastasis. Thus,
it is important to identify factors that can induce/potentiate CSCs during cancer
progression for the development of novel and targeted therapies for complete
eradication of cancer (Weiyuan Fang et al. 2014).

According with previous observations (Todaro et al., 2010, Shimamura et al.
2014), screening of Nthy-ori, TPC-1 and 850-5C cells revealed, in each cell
line, a distinct population with high aldefluor activity (a measure of ALDH
activity, that increases in stem cells), that was more abundant in the 850-5C
cells, derived from a human ATC. Consistently, 850-5C, but not Nthy-ori and
TPC-1 cells, were capable to form spheres when coultured in low-adherence
condition, a well characterized assay to evaluate stemness features.To confirm
that thyrosphere are indeed enriched in stem cells, we compared the levels of
stemness markers in 850-5C cells grown in adherence or in low-adherence
conditions. 850-5C thyrospheres display higher mRNA levels of nestin,
ABCG?2 and ALDH, assessed by quantitative PCR in comparison to adherent
cells. Moreover, FACS analysis showed that the levels of membrane-exposed
CXCR1 and CXCR2 was higher in 850-5C thyrospheres than in adherent cells;
CXCRI1high thyrospheres were also positive for SOX2, a recognized stemness
marker (data not shown). Interestingly, 850-5C thyrospheres were also
enriched in IL-8 content with respect to adherent cells. These data indicate that
the subpopulation of TC cells with stemess features is characterized by higher
CXCR1/CXCR2-IL-8 expression with respect to the bulk population. Thus, not
only thyroid cancer cells express the IL8 receptors CXCR1 and CXCR2, but
also endogenous IL8; despite this, thyroid carcinoma cells are still responsive
to IL8 stimulation. We showed, in fact, that exogenous treatment of TC cells
with IL-8 causes, besides the induction of the EMT program, the expansion of
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CSC population, as demonstrated by the increased number of ALDHbigh cells
and the expression of CSC markers. IL-8 stimulation enhanced also
thyrosphere-forming ability when TC cells were plated in ultra-low adherent
conditions. Moreover, we show that endogenous IL-8 is involved in the
manteinance of stemness in TC cells. First, endogenous IL-8 levels correlated
with sphere-forming ability in a panel of TC cell lines (data not shown);
accordingly, when we blocked IL8 signaling by using neutralizing antibodies
directed to IL-8, CXCR1 or CXCR2, sphere forming capability is significantly
decreased. Thus, the circuit IL8-CXCR1/CXCR2 mediates EMT and stemness
of thyroid cancer cells.

We tryed to induce a stable EMT phenotype in TC cell lines by long-term
stimulation (up to 60 days) with IL-8, that caused an increased expression of
SLUG and Zebl and the acquisition of stemness features. However, this
treatment was not able to stably induce these properties, as IL-8 withdrawal
reverted this phenotype. In order to obtain TC cells chronically exposed to IL-
8, we generated 850-5C overexpressing IL-8. These cells underwent EMT, as
shown by mesenchymal-like morphology, increased expression levels of EMT
markers and a higher capacity to repair wounds with respect to parental cells.
IL-8 overexpressing clones also displayed a higher stemness potential with
respect to control cells.

Athymic mice injected with 1x10" 850-5C IL-8 adherent cells showed an
increase in tumor growth in comparison to mice injected with parental or
empty-vector transfected cells. 850-5C IL-8 exhibited a higher number of ki67
positive cells than 850-5C xenografts. However, this increase did not reach
statistycal significance. 850-5C IL-8 xenografts displayed instead a significant
increase in vascularization with respect to control tumors (p value<0,001).
Accordingly, IL-8 overexpressing cells did not display a faster growth in
culture. On the other hand, IL-8 is a well recognized proangiogenic chemokine.
Thus, the reason for the faster growth rate of 850-5C IL-8 with respect to
control xenografts may be due, at least in part, to the augmented vessel density
of the tumors.

We also demonstrated that 850-5C pBabe and 850-5C IL-8 thyrosphere-derived
xenografts feature a higher tumorigenic potential with respect to adherent cells.
In fact, both 850-5C pBabe and 850-5C IL-8 spheroid-derived, were able to
form tumors when injected at 1x10¢ cells; however, 850-5C IL-8 spheroid-
derived tumors revealed a significantly shorter latency and a faster growth rate
with respect to 850-5C pBabe spheroid-derived tumors (p value<0.01).
Moreover, 10/10 850-5C IL-8 spheroid-derived tumors xenografts efficiently
grew in nude mice, while only 6/10 850-5C pBabe did so, indicating that
tumor initiation was more efficient in 850-5C IL-8 than in control cells. In
accord with our observations, OCT4 protein expression evaluated in a panel of
30 human PTCs was significantly associated with increased tumor size (T3, p
value= 0.010), and correlated with Tryptase staining, a measure of MC density
(p value=0.025).
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As we demonstrate that SLUG expression is maintained by long-term IL-8
treatment and 850-5C IL8 clones constitutively express high SLUG levels, we
hypothesized it might be an important mediator of IL-8 biological activity and
sufficient to induce EMT and stem-like features in TC cells. Thus, we
ectopically expressed SLUG in TPC-1 cell line, that features low basal levels
of this transcription factor. SLUG-overexpressing clones underwent EMT and
acquired increased stemness features with respect to control cells. These results
suggest that SLUG may be a critical mediator of IL-8-mediated biological
effects. However, to finally demonstrate that SLUG is necessary for IL-8-
mediated EMT and stemness induction in TC cells, we need to down-regulate
SLUG expression by RNA interference. We generated SLUG-silenced clones
and we are currently characterizing them for EMT and stemness.

The role of IL-8 in TC was also confirmed by analysing a limited number
(n=28) of TC surgical samples by IHC for IL-8 and SLUG; we found that IL-8
expression correlates with the presence of lymph-node metastases (LMN) (p
value=0.026), but not with other clinicophatological parameters, and with
SLUG expression (p value =0,012).

It has been demonstrated that many types of human carcinomas, including,
breast, colon, cervical, gastric, lung, ovarian and medullary thyroid carcinoma
express high levels of IL-8 relative to normal tissues Palena C et al. 2012 and
Waugh DJ et al 2008). In addition, multiple clinical studies in MTC,
melanoma, as well as breast, ovarian, prostate cancer have shown a direct
correlation between serum IL-8 levels and disease progression (Broutin S et al
2011, Xie K. 2001). In recent years, it has also been demonstrated that a link
exists between IL-8 and tumor stemness. The IL-8/CXCRI1 axis has been well
documented in breast CSCs. Populations of CSCs, characterized by elevated
activity of aldehyde dehydrogenase, have been shown to express elevated
levels of CXCR1 and, in turn, the addition of purified IL-8 to epithelial breast
cancer cells increased the percentage of aldehyde dehydrogenase-positive cells,
enhance the migration and invasiveness of CSCs in vitro (Charafe-Jauftret E et
al 2009). Blockade of IL-8R activity via neutralizing antibodies or by utilizing
the small-molecule inhibitor of IL-8R, repertaxin, decreased the breast CSC
population both in vitro and in vivo (Ginestier C, et al. 2010), reinforcing the
importance of the IL-8-IL-8R axis in breast CSCs. Additional studies
conducted with primary colorectal cancer cells transfected with the stem cell-
associated transcription factor OCT4 also showed that CSCs secrete higher
levels of IL-8 and that neutralizing antibodies against IL-8 are able to inhibit
tumorsphere formation along with the expression of the CSC markers CD133,
CD44, SOX2, SNAIL and ABCG2, and decrease resistance to treatment with
5-fluorouracil (Chang Cl.et al 2011).

Searching for a mediator of IL-8 promoted biological effects, we noted that the
chronic treatment of thyroid cancer cells with IL-8 causes a long term increase
of SLUG, an EMT regulator and a stem cell marker, that plays also an
important role in promoting tumor progression, invasion, chemoresistance and
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radioresistance to cancer therapies (Shiori et al. 2006, Haslehurst AM et al
2012).

In conclusion, this study emphasize the importance of IL-8/CXCR1/CXCR2
axis in TC as an essential factor for the induction and maintenance of the
mesenchymal and stem-like phenotype of aggressive, metastatic TC cells; our
data indicate that IL-8 is both produced by stromal cells, such as MC, and
produced in an autocrinous manner; therapeutic strategies for aggressive
thyroid cancer are urgently needed and should target not only the bulk of
cancer cells, but also CSCs, that are probably responsible for tumor
progression and recurrence. Moreover these strategies can also target stromal
cells such as MC. Thus, both endogenous and exogenous IL-8 contribute to
EMT/stemness of TC cells. We cannot exclude that other stromal cells,
including CAFs and immune cells, may be a source of IL-8. Accordingly, it has
been recently shown that TAM are a major source of IL-8 in PTC. Moreover,
TAMs represent a remarkable portion of stromal cells in ATC (Rayder et al.
2008, Caillou et al. 2011).

Targeting the IL-8/CXCRI1/CXCR2 could be a promising startegy to target
CSCs and to improve the outcome of difficult-to cure forms of TC, such as
RAIR or ATC.
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6. CONCLUSIONS

Despite recent evidences suggest the occurrence of EMT and stemness in
human thyroid carcinomas, tumor microenvironment-derived mediators
capable of provoking these features are unknown. Here, we identify MC as a
critical component of tumoral stroma in TC and we show that IL-8 is the most
important MC-mediator that induces EMT and stemness in thyroid cancer. This
is possibly due to the induction of the EMT master transcription factor SLUG;
accordingly the block of IL-8/CXCRI1/CXCR2 axis in TC cells reverts EMT
and stemness.

Current anticancer treatments are often able to destroy the bulk of a tumor but
spare CSCs. Thus, relapse or tumor recurrence is not rare after a primary
therapeutic response or initial induction of tumor remission. An ideal
therapeutic strategy should not only kill differentiated cancer cells (as
conventional therapy does) but should also specifically destroy thyroid CSCs
simultaneously. Thus, the focus on thyroid CSCs has significant clinical
implications for the development of novel therapeutical strategies for refractory
thyroid cancer ( such as RAIR and ATC).

Taken together, our results provide an interesting tool to uncover new avenues
of therapeutic intervention with the potential to go beyond traditional anti-
cancer approaches: because their involvement in tumorigenesis, migration and
invasive ability through EMT induction and expansion of CSC population,
MCs and their mediators are possible therapeutic targets for a novel strategy to
treat thyroid cancer. In particular, we showed that IL-8/CXCR1/CXCR2 axis
has a crucial role, placing neutralizing anti-IL-8 antibodies or small-molecule
inhibitors of CXCR1/CXCR?2 at the center of new and interesting therapeutic
investigations.

86



8.REFERENCES

Anand P.,Ajaikumar B. Kunnumakara,Chitra Sundaram,Kuzhuvelil B.
Harikumar,Sheeja T. Tharakan,Oiki S. Lai,Bokyung Sung,and Bharat B.
Aggarwal Cancer is a Preventable Disease that Requires Major Lifestyle
Changes Pharm Res.Sep 2008;25(9): 2097-2116.

Al-Haj; M.S. Wicha, A. Benito-Hernandez, S.J. Morrison, M.F. Clarkem
Prospective identification of tumorigenic breast cancer cells Proc. Natl. Acad.
Sci. USA, 100 (2003), pp. 3983-398

Amini RM, Aaltonen K, Nevanlinna H, Carvalho R, Salonen L, Heikkilad P,
Blomgqvist C. Mast cells and eosinophils in invasive breast carcinoma (2007)
BMC Cancer 7, 165.

Aratake Y Nomura H, Kotani T, Marutsuka K, Kobayashi K, Kuma K,
Miyauchi A, Okayama A, Tamura K. et al. Coexistent anaplastic and

differentiated thyroid carcinoma: an immunohistochemical study.Am J
ClinPathol.2006;125:399-406.

Balkwill, F., Mantovani, A., 2001. Inflammation and cancer: back to Virchow?
Lancet 357, 539-545.

Bao, S , Wu, Q., McLendon, R.E., Hao, Y., Shi, Q., Hjelmeland, A.B.,
Dewhirst, M.W., Bigner, D.D., and Rich, J.N. (2006a)Glioma stem cells
promote radioresistance by preferential activation of the DNA damage
response. Nature 444,756-760

Bao, S. Wu, Q., Li, Z., Sathornsumetee, S., Wang, H., McLendon,
R.E.Hjelmeland, A.B., and Rich, J.N. (2008). Targeting cancer stem cells
through L1CAM suppresses glioma growth. Cancer Res. 68, 6043—6048.

Bates, G. J., S Fox SB, Han C, Leek RD, Garcia JF, Harris AL, Banham AH.
(2006). "Quantification of regulatory T cells enables the identification of high-

risk breast cancer patients and those at risk of late relapse." J Clin Oncol
24(34): 5373-5380.

Benitez-Bribiesca L , Wong A, Utrera D, Castellanos E (2001) The role of mast

cell tryptase in neoangiogenesis of premalignant and malignant lesions of the
uterine cervix. J Histochem Cytochem 49, 1061-1062

87



Billottet, C. Targets of fibroblast growth factor 1 (FGF-1) and FGF-2 signaling
involved in the invasive and tumorigenic behavior of carcinoma cells.
Molecular biology of the cell, 2004. 15(10): p. 4725-34.

Boichard A. , L. Croux, A. Al Ghuzlan, S. Broutin, C. Dupuy, S. Leboulleux,M.
Schlumberger, JM. Bidart, and L. Lacroix Somatic RAS Mutations Occur in a
Large Proportion of Sporadic RET-Negative Medullary Thyroid Carcinomas
and Extend to a Previously Unidentified Exon. JCEM 2012

Bonnet, J.E. Dick Human acute myeloid leukemia is organized as a hierarchy
that originates from a primitive hematopoietic cell Nat. Med., 3 (1997), pp.
730-737

Bunone G, Vigneri P, Mariani L, Buté S, Collini P, Pilotti S, Pierotti MA,
Bongarzone I.. Expression of angiogenesis stimulators and inhibitors in human

thyroid tumors and correlation with clinical pathological features. Am J Pathol.
1999 Dec;155(6):1967-76.

Brandi ML, Gagel RF, Angeli A, Bilezikian JP, Beck-Peccoz P, Bordi C, Conte-
Devolx B, Falchetti A, Gheri RG, Libroia A, Lips CJ, Lombardi G, Mannelli
M, Pacini F, Ponder BA, Raue F, Skogseid B, Tamburrano G, Thakker RV,
Thompson NW, Tomassetti P, Tonelli F, Wells SA Jr, Marx SJ. Guidelines for
diagnosis and therapy of MEN type 1 and type 2. J Clin Endocrinol Metab.
2001 Dec;86(12):5658-71. Review

Broutin S,Ameur N,Lacroix L,Robe T,Petit B,Oumata N,Talbot M,Caillou
B,Schlumberger M,Dupuy C,Bidart JM. Identification of soluble candidate
biomarkers of therapeutic response to sunitinib in medullary thyroid carcinoma
in preclinical models. Clin Cancer Res.2011 Apr 1;17(7):2044-54

Butterfield JH, Weiler D, Dewald G, Gleich GJ Establishment of an immature
mast cell line from a patient with mast cell leukaemia Leuk Res 1988; 12: 345.
Cancer 2009(4): 239-252.

Canzian F, Amati P, Harach HR, Kraimps JL, Lesueur F, Barbier J, Levillain P,
Romeo G, Bonneau D. A gene predisposing to familial thyroid tumors with cell
oxyphilia maps to chromosome 19p13.2. Am. J. Hum. Genet. 63(6), 1743—
1748 (1998).

Caillou Bernard, Monique Talbot,Urbain Weyemi,Catherine Pioche-
Durieu,Abir Al Ghuzlan,Jean Michel Bidart,Salem Chouaib,Martin
Schlumberger,Corinne DupuyTumor-Associated Macrophages (TAMs) Form
an Interconnected Cellular Supportive Network in Anaplastic Thyroid
Carcinoma Plos One July 21, 2011

88



Capezzone M, Cantara S, Marchisotta S, Busonero G, Formichi C, Benigni M,
Capuano S, Toti P, Pazaitou-Panayiotou K, Caruso G, Carli AF, Palummo N,
Pacini F Telomere length in neoplastic and nonneoplastic tissues of patients
with familial and sporadic papillary thyroid cancer. J. Clin. Endocrinol. Metab.
96(11), e1852—1856 (2011).

Carlomagno F, Salvatore G, Cirafici AM, De Vita G, Melillo RM, de Franciscis
V, Billaud M, Fusco A, Santoro M. The different RET-activating capability of
mutations of cysteine 620 or cysteine 634 correlates with the multiple

endocrine neoplasia type 2 disease phenotype. Cancer Res. 1997
Feb1;57(3):391-5

Chang CJ, Chien Y, Lu KH, Chang SC, Chou YC, Huang CS, Chang CH, Chen
KH, Chang YL, Tseng LM, Song WS, Wang JJ, Lin JK, Huang PI, Lan YT.
Oct4-related cytokine effects regulate tumorigenic properties of colorectal
cancer cells. Biochem Biophys Res Commun. 2011; 415(2):245-251.

Chang THI1,Tsai MF,Su KY,Wu SG,Huang CP,Yu SL,Yu YL,Lan CC,Yang
CH,Lin SB,Wu CP,Shih JY,Yang PC. SLUG confers resistance to the epidermal
growth factor receptor tyrosine kinase inhibitor. Am J Respir Crit Care
Med.2011 Apr 15;183(8):1071-9. doi: 10.1164/rccm.201009-14400C

Charafe-Jauffret E, Ginestier C, Iovino F, Wicinski J, Cervera N, Finetti P, Hur
MH, Diebel ME, Monville F, Dutcher J, Brown M, Viens P, Xerri L, Bertucci
F, Stassi G, Dontu G, Birnbaum D, Wicha MS. Breast cancer cell lines contain
functional cancer stem cells with metastatic capacity and a distinct molecular
signature. Cancer Res. 2009; 69(4): 1302—1313. First paper describing the
ability of IL-8 signaling to induce a cancer stem cell phenotype in human
breast carcinoma cell lines.

Christofori, G. "New signals from the invasive front." Nature 441(7092): 444-
450. 2006

Ciampi R, Knauf JA, Kerler R, Gandhi M, Zhu Z, Nikiforova MN, Rabes HM,
Fagin JA, Nikiforov YE Oncogenic AKAP9-BRAF fusion is a novel
mechanism of MAPK pathway activation in thyroid cancer J Clin Invest 2005
115: 94-101.

Cicalese A,Pasi CE,Faretta M,Ronzoni S,Giulini B,Brisken C,Minucci S,Di
Fiore PPPelicci PG.The tumor suppressor p53 regulates polarity of self-
renewing divisions in mammary stem cells. Cell 2009 Sep 18;138(6):1083-95.
doi: 10.1016/j.cell.2009.06.048.

89


http://www.ncbi.nlm.nih.gov/pubmed?term=Pelicci%20PG%5BAuthor%5D&cauthor=true&cauthor_uid=19766563
http://www.ncbi.nlm.nih.gov/pubmed?term=Di%20Fiore%20PP%5BAuthor%5D&cauthor=true&cauthor_uid=19766563
http://www.ncbi.nlm.nih.gov/pubmed?term=Di%20Fiore%20PP%5BAuthor%5D&cauthor=true&cauthor_uid=19766563
http://www.ncbi.nlm.nih.gov/pubmed?term=Minucci%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19766563
http://www.ncbi.nlm.nih.gov/pubmed?term=Brisken%20C%5BAuthor%5D&cauthor=true&cauthor_uid=19766563
http://www.ncbi.nlm.nih.gov/pubmed?term=Giulini%20B%5BAuthor%5D&cauthor=true&cauthor_uid=19766563
http://www.ncbi.nlm.nih.gov/pubmed?term=Ronzoni%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19766563
http://www.ncbi.nlm.nih.gov/pubmed?term=Faretta%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19766563
http://www.ncbi.nlm.nih.gov/pubmed?term=Pasi%20CE%5BAuthor%5D&cauthor=true&cauthor_uid=19766563
http://www.ncbi.nlm.nih.gov/pubmed?term=Cicalese%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19766563
http://www.ncbi.nlm.nih.gov/pubmed/21037017
http://www.ncbi.nlm.nih.gov/pubmed/21037017
http://www.ncbi.nlm.nih.gov/pubmed?term=Yang%20PC%5BAuthor%5D&cauthor=true&cauthor_uid=21037017
http://www.ncbi.nlm.nih.gov/pubmed?term=Shih%20JY%5BAuthor%5D&cauthor=true&cauthor_uid=21037017
http://www.ncbi.nlm.nih.gov/pubmed?term=Wu%20CP%5BAuthor%5D&cauthor=true&cauthor_uid=21037017
http://www.ncbi.nlm.nih.gov/pubmed?term=Lin%20SB%5BAuthor%5D&cauthor=true&cauthor_uid=21037017
http://www.ncbi.nlm.nih.gov/pubmed?term=Yang%20CH%5BAuthor%5D&cauthor=true&cauthor_uid=21037017
http://www.ncbi.nlm.nih.gov/pubmed?term=Yang%20CH%5BAuthor%5D&cauthor=true&cauthor_uid=21037017
http://www.ncbi.nlm.nih.gov/pubmed?term=Lan%20CC%5BAuthor%5D&cauthor=true&cauthor_uid=21037017
http://www.ncbi.nlm.nih.gov/pubmed?term=Yu%20YL%5BAuthor%5D&cauthor=true&cauthor_uid=21037017
http://www.ncbi.nlm.nih.gov/pubmed?term=Yu%20SL%5BAuthor%5D&cauthor=true&cauthor_uid=21037017
http://www.ncbi.nlm.nih.gov/pubmed?term=Huang%20CP%5BAuthor%5D&cauthor=true&cauthor_uid=21037017
http://www.ncbi.nlm.nih.gov/pubmed?term=Wu%20SG%5BAuthor%5D&cauthor=true&cauthor_uid=21037017
http://www.ncbi.nlm.nih.gov/pubmed?term=Su%20KY%5BAuthor%5D&cauthor=true&cauthor_uid=21037017
http://www.ncbi.nlm.nih.gov/pubmed?term=Tsai%20MF%5BAuthor%5D&cauthor=true&cauthor_uid=21037017
http://www.ncbi.nlm.nih.gov/pubmed?term=Chang%20TH%5BAuthor%5D&cauthor=true&cauthor_uid=21037017

Claudia Palena, Duane H Hamilton, and Romaine I Fernando Influence of IL-8

on the epithelial-mesenchymal transition and the tumor microenvironment
Future Oncol. 2012 June ; 8(6): 713-722. doi:10.2217/fon.12.59.

Cohen Y, Xing M, Mambo E, Guo Z, Wu G, Trink B, Beller U, Westra WH,
Ladenson PW, Sidransky D BRAF mutation in papillary thyroid carcinoma J
Natl Cancer Inst 2003; 95: 625-7.

Colotta F, Allavena P, Sica A, Garlanda C, Mantovani A Cancer-related
inflammation, the seventh hallmark of cancer: link to genetic instability
Carcinogenesis 2009 Jul; 30(7): 1073-81.

Condeelis, J. and J. W. Pollard "Macrophages: obligate partners for tumor cell
migration, invasion, and metastasis." Cell 124(2): 263-266.2006

Coussens, L.M., Werb, Z., 2002. Inflammation and cancer. Nature 420, 860—
867.

Cowin, P T. M. Rowlands, Hatsell SJ. (2005). "Cadherins and catenins in breast
cancer." Curr Opin Cell Biol 17(5): 499-508.

de Paulis, A., De Palma, R., Di Gioia, L., Carfora, M., Prevete, N., Tosi, G.,
Accolla, R.S., Marone G. 2000. Tat protein is an HIV-l-encoded beta-
chemokine homolog that promotes migration and up-regulates CCR3
expression on human FceRI+ cells. J Immunol. 165: 7171-9.

Dejuan Kong, Yiwei Li, Zhiwei Wang and Fazlul H. Sarkar Cancer Stem Cells
and Epithelial-to-Mesenchymal Transition Cancers 2011,3(1), 716-729

DelLellis RA Pathology and genetics of thyroid carcinoma (2006) Journal of
Surgical Oncology

DeLellis RA, Williams ED (2004) Tumours of the thyroid and parathyroid. In
World Health Organization Classification of Tumours, Pathology and Genetics,
Tumours of Endocrine Organs,DeLellis RA, Lloyd RV, Heitz PU, Eng C (eds),
pp 49-133.

Derynck R, Akhurst RJ, Balmain A. TGF-beta signaling in tumor suppression
and cancer progression. Nat Genet. 2001; 29(2):117-129. [PubMed: 11586292]

Donghi, R., Longoni, A., Pilotti, S., Michieli, P., Della Porta, G., Pierotti, M.A.,
1993. Gene p53 mutations are restricted to poorly differentiated and
undifferentiated carcinomas of the thyroid gland. J. Clin. Invest. 91, 1753—

1760.
90


javascript:AL_get(this,%20'jour',%20'J%20Immunol.');

Dontu W.M. Abdallah, J.M. Foley, K.W. Jackson, M.F. Clarke, M.J.
Kawamura, M.S. Wicha In vitro propagation and transcriptional profiling of
human mammary stem/progenitor cells Genes Dev., 17 (2003), pp. 1253-1270

E. E.Schneeberger,R. D.Lynch “Structure, function, and regulation of cellular
tight junctions “American Journal of Physiology - Lung Cellular and Molecular
Physiology 1992Vo01.262

Edme, N Ras induces NBT-II epithelial cell scattering through the coordinate
activities of Rac and MAPK pathways. Journal of cell science, 2002. 115(Pt
12): p. 2591-601.

Elpek GO, Gelen T, Aksoy NH, Erdogan A, Dertsiz L, Demircan A, Keles N.
The prognostic relevance of angiogenesis and mast cells in squamous cell
carcinoma of the oesophagus. (2001) J Clin Pathol 54, 940-944.

Enblad G, Sundstrom C, Glimelius B. Infiltration of eosinophils in Hodgkin's
disease involved lymph node Hematol Oncol.1993 Jul-Aug;11(4):187-93

Evette S. Radisky,Derek C. Radisky Matrix Metalloproteinase-Induced
Epithelial-Mesenchymal Transition in Breast Cancer Journal of Mammary
Gland Biology and Neoplasia June 2010,Volume 15,Issue 2,pp 201-212.

Fagin, J.A., Matsuo, K., Karmakar, A., Chen, D.L., Tang, S.H., Koeffler, H.P,,
1993. High prevalence of mutations of the p53 gene in poorly differentiated
human thyroid carcinomas. J. Clin. Invest. 91, 179-184.

Feldmann G, S. Dhara, Fendrich V, Bedja D, Beaty R, Mullendore M, Karikari
C, Alvarez H, Iacobuzio-Donahue C, Jimeno A, Gabrielson KL, Matsui W,
Maitra A. (2007). "Blockade of hedgehog signaling inhibits pancreatic cancer
invasion and metastases: a new paradigm for combination therapy in solid
cancers." Cancer Res 67(5): 2187-2196

Fidler 1J The pathogenesis of cancer metastasis: the 'seed and soil' hypothesis
revisited. Nat Rev Cancer 2003 Jun;3(6):453-8

Franci, C M. Takkunen, Dave N, Alameda F, Gémez S, Rodriguez R, Escriva
M, Montserrat-Sentis B, Bardé T, Garrido M, Bonilla F, Virtanen I, Garcia de
Herreros A. (2006). "Expression of SNAIL protein in tumor-stroma interface."
Oncogene 25(37): 5134-5144.

91


http://link.springer.com/journal/10911/15/2/page/1
http://link.springer.com/journal/10911
http://link.springer.com/journal/10911
http://link.springer.com/search?facet-author=
http://link.springer.com/search?facet-author=

Furio Pacini Yasuhiro Ito Markus Luster Fabian Pitoia Bruce Robinson5 and
Lori Wirth Radioactive iodine-refractory differentiated thyroid cancer: unmet
needs and future directions Expert Rev. Endocrinol. Metab. 7(5), 541-554
(2012)

Fusco A, Chiappetta G, Hui P, Garcia-Rostan G, Golden L, Kinder BK, Dillon
DA, Giuliano A, Cirafici AM, Santoro M, Rosai J, Tallini G (2002). Assess-
ment of RET/PTC oncogene activation and clonality in thyroid nodules with
incomplete morphological evidence of papillary carcinoma: a search for the
early precursors of papillary cancer. Am J Pathol;160(6):2157-67.

Garcia-Rostan G, Tallini G, Herrero A, D’Aquila TG, Carcangiu ML, Rimm
DL. Frequent mutation and nuclear localization of h-catenin in anaplastic
thyroid carcinoma. Cancer Res 1999;59:1811-5.

Garcia-Rostan, G., Zhao, H., Camp, R.L., Pollan, M., Herrero, A., Pardo, J.,
Wu, R., Carcangiu, M.L., Costa, J., Tallini, G., 2003. ras Mutations Are
Associated With Aggressive Tumor Phenotypes and Poor Prognosis in Thyroid
Cancer. J. Clin. Oncol 21, 3226-3235.

Ginestier C, Liu S, Diebel ME, et al. CXCRI1 blockade selectively targets
human breast cancer. J Clin Invest. 2010 Feb;120(2):485-97. doi:
10.1172/JC139397. Epub 2010 Jan 4.

GiuffridaD, Attard M, Marasa L, Ferrau F, Marletta F, Restuccia N, Gambino
L, Janni F, Failla G. Thyroid carcinosarcoma, a rare and aggressive histotype: a
case report. Ann Oncol.2000Nov;11(11):1497-9.

Gomez I, Pefia C, Herrera M, Mufioz C, Larriba MJ, Garcia V, Dominguez G,
Silva J, Rodriguez R, Garcia de Herreros A, Bonilla F, Garcia JM. TWISTI Is
Expressed in Colorectal Carcinomas and Predicts Patient Survival. PloS one,
2011. 6(3): p. €18023

Gonzalez-Moreno O, Lecanda J, Green JE, et al. VEGF elicits epithelial—

mesenchymal transition(EMT) in prostate intraepithelial neoplasia (PIN)-like
cells via an autocrine loop. Exp Cell Res.2009; 316(4):554-567.

Grotegut, S  Hepatocyte growth factor induces cell scattering through
MAPK/Egr-1-mediated upregulation of SNAIL.EMBO journal, 2006. 25(15):
p. 3534-45

Guarino V, Castellone MD, Avilla E, Melillo RM Thyroid cancer and
inflammation Molecular and Cellular Endocrinology 2010 May 28; 321(1): 94-
102.

92



Gupta, P.B C.L. Chaffer, and R.A. Weinberg, Cancer stem cells: mirage or
reality? Nature medicine, 2009. 15(9): p. 1010-2.

Hanahan D, Coussens LM Accessories to the crime: functions of cells recruited
to the tumor microenvironment. (2012) Cancer Cell 21, 309-3220

Hardy RG, Vicente-Duefias C,Gonzalez-Herrero I,Anderson C,Flores T,Hughes
S, Tselepis C,Ross JA,Sanchez-Garcia I. SNAIL family transcription factors are
implicated in thyroid carcinogenesis. Am J Pathol. 2007Sep;171(3):1037-46.

Hartwell, K. A., B. Muir, Reinhardt F, Carpenter AE, Sgroi DC, Weinberg RA.
(2006). "The Spemann organizer gene, Goosecoid, promotes tumor
metastasis." Proc Natl Acad Sci U S A 103(50): 18969-18974

Haslehurst AM,Koti M,Dharsee M,Nuin P,Evans K,Geraci J,Childs T,Chen J,Li
J,Weberpals J, Davey S,Squire J,Park PC,Feilotter H. EMT transcription
factors SNAIL and SLUG directly contribute to cisplatin resistance in ovarian
cancer.BMC Cancer.2012 Mar 19;12:91. doi: 10.1186/1471-2407-12-91.

Hervé Acloque Meghan S. Adams, Katherine Fishwick,Marianne Bronner-
Fraserand M. Angela Nieto- Epithelial-mesenchymal transitions: the

importance of changing cell state in development and disease J Clin
Invest.2009;119(6):1438-1449

Howe LR,Watanabe O,Leonard J,.Brown AM.TWISTis up-regulated in
response to Wntl and inhibits mouse mammary cell differentiation. 2003 Apr
15;63(8):1906-13.Cancer Res.

Hu S, Liu D, Tufano RP et al. Association of aberrant methylation of tumor

suppressor genes with tumor aggressiveness and BRAF mutation in papillary
thyroid cancer. Int. J. Cancer 119(10), 2322-2329 (2006).

Ikenouchi J, Matsuda M, Furuse M, Tsukita S Regulation of tight junctions
during the epithelium-mesenchyme transition: direct repression of the gene
expression of claudins/occludin by SNAIL.

Iwahashi N, Murakami H, Nimura Y, Takahashi M. Activation of RET tyrosine
kinase regulates interleukin-8 production by multiple signaling pathways.
Biochem Biophys Res Commun. 2002 Jun 14;294(3):642-9.

Iwashita T, Kato M, Murakami H, Asai N, Ishiguro Y, Ito S, Iwata Y, Kawai K,
Asai M, Kurokawa K, Kajita H, Takahashi M. Biological and biochemical
properties of Ret with kinase domain mutations identified in multiple endocrine

93


http://www.ncbi.nlm.nih.gov/pubmed/12668723
http://www.ncbi.nlm.nih.gov/pubmed/12668723
http://www.ncbi.nlm.nih.gov/pubmed/12668723
http://www.ncbi.nlm.nih.gov/pubmed/12702582
http://www.ncbi.nlm.nih.gov/pubmed?term=Leonard%20J%5BAuthor%5D&cauthor=true&cauthor_uid=12702582
http://www.ncbi.nlm.nih.gov/pubmed?term=Watanabe%20O%5BAuthor%5D&cauthor=true&cauthor_uid=12702582
http://www.ncbi.nlm.nih.gov/pubmed?term=Feilotter%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22429801
http://www.ncbi.nlm.nih.gov/pubmed?term=Park%20PC%5BAuthor%5D&cauthor=true&cauthor_uid=22429801
http://www.ncbi.nlm.nih.gov/pubmed?term=Squire%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22429801
http://www.ncbi.nlm.nih.gov/pubmed?term=Li%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22429801
http://www.ncbi.nlm.nih.gov/pubmed?term=Li%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22429801
http://www.ncbi.nlm.nih.gov/pubmed?term=Chen%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22429801
http://www.ncbi.nlm.nih.gov/pubmed?term=Childs%20T%5BAuthor%5D&cauthor=true&cauthor_uid=22429801
http://www.ncbi.nlm.nih.gov/pubmed?term=Geraci%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22429801
http://www.ncbi.nlm.nih.gov/pubmed?term=Evans%20K%5BAuthor%5D&cauthor=true&cauthor_uid=22429801
http://www.ncbi.nlm.nih.gov/pubmed?term=Nuin%20P%5BAuthor%5D&cauthor=true&cauthor_uid=22429801
http://www.ncbi.nlm.nih.gov/pubmed?term=Dharsee%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22429801
http://www.ncbi.nlm.nih.gov/pubmed?term=Koti%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22429801
http://www.ncbi.nlm.nih.gov/pubmed?term=Haslehurst%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=22429801
http://www.ncbi.nlm.nih.gov/pubmed/17724139
http://www.ncbi.nlm.nih.gov/pubmed?term=S%C2%B7nchez-Garc%C3%8Ca%20I%5BAuthor%5D&cauthor=true&cauthor_uid=17724139
http://www.ncbi.nlm.nih.gov/pubmed?term=Ross%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=17724139
http://www.ncbi.nlm.nih.gov/pubmed?term=Tselepis%20C%5BAuthor%5D&cauthor=true&cauthor_uid=17724139
http://www.ncbi.nlm.nih.gov/pubmed?term=Hughes%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17724139
http://www.ncbi.nlm.nih.gov/pubmed?term=Hughes%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17724139
http://www.ncbi.nlm.nih.gov/pubmed?term=Flores%20T%5BAuthor%5D&cauthor=true&cauthor_uid=17724139
http://www.ncbi.nlm.nih.gov/pubmed?term=Anderson%20C%5BAuthor%5D&cauthor=true&cauthor_uid=17724139
http://www.ncbi.nlm.nih.gov/pubmed?term=Gonz%C2%B7lez-Herrero%20I%5BAuthor%5D&cauthor=true&cauthor_uid=17724139
http://www.ncbi.nlm.nih.gov/pubmed?term=Vicente-Due%C3%92as%20C%5BAuthor%5D&cauthor=true&cauthor_uid=17724139

neoplasia type 2B and familial medullary thyroid carcinoma. Oncogene. 1999
Jul 1;18(26):3919-22.

J.P. Thiery Epithelial-mesenchymal transitions in development and pathologies
Curr. Opin. Cell Biol., 15 (2003), pp. 740-746

Joyce, J. A and J. W. Pollard "Microenvironmental regulation of metastasis."
Nat Rev2003May 15;116(Pt 10):1959-67. .

Junghans, D., . G. Haas, et al. (2005). "Madeath, synapses and processing."
Curr Opin Cell Biol 17(5): 446-452. mmalian cadherins and protocadherins:
about cell

Junichi Ikenouchi, Miho Matsuda, Mikio Furuse and Shoichiro Tsukita
Regulation of tight junctions during the epithelium-mesenchyme transition:
direct repression of the gene expression of claudins/occludin by SNAIL. Cell
science 2003

Kalluri R and Eric G. Nelson “Epithelial-mesenchymal transition and its
implications for fibrosis J Clin Invest.Dec 15, 2003;112(12): 1776-1784.

Katsuhiro Tanaka, Hiroshi Sonoo, Wataru Saito, Yusuke Ohta, Toshiro Shimo,
Mai Sohda,

Ke CC Liu RS, Yang AH, et al. CD133-expressing thyroid cancer cells are
undifferentiated, radioresistant and survive radioiodide therapy.Eur J Nucl Med
Mol Imaging.2013;40:61-71

Kimura ET, Nikiforova MN, Zhu Z, Knauf JA, Nikiforov YE, Fagin JA High
prevalence of BRAF mutations in thyroid cancer: genetic evidence for
constitutive activation of the RET/PTC-RAS-BRAF signalling pathway in
papillary thyroid carcinoma Cancer Res. 2003; 63; 1454-1457.

Klonisch T, Hoang-Vu C and Hombach-Klonisch S: Thyroid stem cells and
cancer. Thyroid 19: 1303-1315, 2009.

Kondo M. A.J. Wagers, M.G. Manz, S.S. Prohaska, D.C. Scherer, G.F.
Beilhack, J.A. Shizuru, I.LL. Weissman Biology of hematopoietic stem cells and
progenitors: implications for clinical application Annu. Rev. Immunol., 21
(2003), pp. 759-806

94


http://jcs.biologists.org/search?author1=Miho+Matsuda&sortspec=date&submit=Submit
http://jcs.biologists.org/search?author1=Junichi+Ikenouchi&sortspec=date&submit=Submit

Kosaka T Expression of SNAIL in upper urinary tract urothelial carcinoma:
prognostic significance and implications for tumor Invasion. Clinical cancer
research : an official journal of the American Association for Cancer Research,
2010. 16(23): p. 5814-23

Kroll TG, Sarraf P, Pecciarini L, Chen CJ, Mueller E, Spiegelman BM,
Fletcher JA. PAXS8-PPARgammal fusion oncogene in human thyroid
carcinoma. Science 2000;289(5483):1357-60.

Kudo-Saito, C., H. Shirako, et al. (2009). "Cancer metastasis is accelerated
through immunosuppression during SNAIL-induced EMT of cancer cells."
Cancer Cell 15(3): 195-206.

LaGambaD Hay EDNawshad A Microarray analysis of gene expression during
epithelial-mesenchymal transformation. Dev Dyn.2005 Sep;234(1):132-42.

Lan L Luo Y, Cui D, et al. Epithelial-mesenchymal transition induces cancer
stem cell generation in human thyroid cancer cells in vitro.Zhonghua Yi Xue
Za 7Zhi.2013;93:1261-1265.(In Chinese)

Li, X. W. Deng, et al. (2006). "SNAIL induction is an early response to Glil
that determines the efficiency of epithelial transformation." Oncogene 25(4):
609-621

Lin, E. Y A. V. Nguyen, et al. (2001). "Colony-stimulating factor 1 promotes
progression of mammary tumors to malignancy." J Exp Med 193(6): 727-740

Liotti F, Visciano C, Melillo RM. Inflammation in thyroid oncogenesis. Am J
Cancer 2012

Lohberger Bridgith Nicole Stuendl,Markus Absenger,Bernadette Liegl-
Atzwanger,Sonja M Walzer,Reinhard Windhager,Andreas Leithner Aldehyde
Dehydrogenase 1, a Potential Marker for Cancer Stem Cells in Human
Sarcoma Plos One 2012

Lunt, S. J N. Chaudary, et al. (2009). "The tumor microenvironment and
metastatic disease." Clin Exp Metastasis 26(1): 19-34.

Malaguarnera, R., Vella, V., Vigneri, R., and Frasca, F. (2007). p53 family
proteins in thyroid cancer. Endocr. Relat. Cancer 14, 43—60.

95


http://www.researchgate.net/researcher/38558310_Andreas_Leithner/
http://www.researchgate.net/researcher/38250756_Reinhard_Windhager/
http://www.researchgate.net/researcher/84693860_Sonja_M_Walzer/
http://www.researchgate.net/researcher/58776708_Bernadette_Liegl-Atzwanger/
http://www.researchgate.net/researcher/58776708_Bernadette_Liegl-Atzwanger/
http://www.researchgate.net/researcher/84693622_Nicole_Stuendl/

Mano SA Guo W,Liao MJ,Eaton EN,Ayyanan A,Zhou AY,Brooks M,Reinhard
F,Zhang CC,Shipitsin M,Campbell LL,Polyak K,Brisken C,Yang J,Weinberg
RA. The epithelial-mesenchymal transition generates cells with properties of
stem cells. Cell 2008 May 16;133(4):704-15. doi: 10.1016/j.cell.2008.03.027

Marone M, Triggiani M, Genovese A, de Paulis A Role of human mast cells
and basophils in bronchial asthma Adv Immunol 2005; 88: 97-106.

McKay JD, Lesueur F, Jonard L Localization of a susceptibility gene for
familial nonmedullary thyroid carcinoma to chromosome 2q21. Am. J. Hum.
Genet. 69(2), 440-446 (2001).

Melillo RM, Castellone MD, Guarino V, De Falco V, Cirafici AM, Salvatore G,
Chiazzo F, Basolo F, Giannini R, Kruhoffer M, Orntoft T, Fusco A, Santoro M
The RET/PTC-RAS-BRAF linear signalling cascade mediates the motile and
mitogenic phenotype of thyroid cancer cells J Clin Invest 2005; 115: 1068-
1081.

Melillo RM, Guarino V, Avilla E, Galdiero MR, Liotti F, Prevete N, Rossi FW,
Basolo F, Ugolini C, de Paulis A, Santoro M, Marone G Mast cells have a
protumorigenic role in human thyroid cancer Oncogene (2010) 29, 6203-6215.

Mika Shimamura, Yuji Nagayama, Michiko Matsuse, Shunichi Yamashita and
Norisato Mitsutake Analysis of multiple markers for cancer stem-like cells in
human thyroid carcinoma cell lines Advance pubblication

Mironchik Y Winnard PT Jr, Vesuna F, Kato Y, Wildes F, Pathak AP, Kominsky
S, Artemov D, Bhujwalla Z, Van Diest P, Burger H, Glackin C, Raman
V.TWISToverexpression induces in vivo angiogenesis and correlates with

chromosomal instability in breast cancer.Cancer Res. 2005 Dec
1;65(23):10801-9.

Molin D, Edstrom A, Glimelius I,Glimelius B, Nilsson G, Sundstrom C,
Enblad G.Mast cell infiltration correlates with poor prognosis in Hodgkin's
lymphoma. Br J Haematol. 2002 Oct;119(1):122-4.

Morali, O.G. Targets of fibroblast growth factor 1 (FGF-1) and FGF-2
signaling involved in the invasive and tumorigenic behavior of carcinoma cells.
Molecular biology of the cell, 2004. 15(10): p. 4725-34.

Nambiar, A., Pv, S., Susheelan, V., and Kuriakose, M. A. (2011). The concepts
in poorly differentiated carci-noma of the thyroid: a review article. J. Surg.
Oncol. 103, 818-821.

96



Ni  Wang,Chao-Ran Dong,Rong Jiang,Cui Tang,Lei Yang,Qi-Feng
Jiang,George G Chen,Zhi-Min Liu Overexpression of HIF-1a, metallothionein
and SLUG is associated with high TNM stage and lymph node metastasis in
papillary thyroid carcinoma Int J Clin Exp Pathol.2014;7(1): 322-330.
Published online Dec 15, 2013.

Nico B, Mangieri D, Crivellato E, Vacca A, Ribatti D Mast cells contribute to
vasculogenic mimicry in multiple myeloma. Stem Cells Dev 2008

Nieto, M. A. (2002). "The SNAIL superfamily of zinc-finger transcription
factors." Nat Rev Mol Cell Biol 3(3): 155-166

Nikiforov, Y. E., and Nikiforova, M. N. (2011). Molecular genetics and
diagnosis of thyroid cancer. Nat. Rev. Endocrinol. 7, 569-580.

Nikiforova MN, Kimura ET, Gandhi M, Biddinger PW, Knauf JA, Basolo F,
Zhu Z, Giannini R, Salvatore G, Fusco A, Santoro M, Fagin JA, Nikiforov YE.
BRAF mutations in thyroid tumors are restricted to papillary carcinomas and
anaplastic or poorly differentiated carcinomas arising from papillary
carcinomas. J Clin Endocrinol Metab 2003;88(11):5399-404.

O'Brien A. Pollett, S. Gallinger, J.E. Dick A human colon cancer cell capable of
initiating tumour growth in immunodeficient mice Nature, 445 (2007), pp.
106-110

OhkuboT,OzawaM The transcription factor SNAIL downregulates the tight
junction components independently of E-cadherin downregulation. J Cell
Sci.2004Apr 1;117(Pt 9):1675-85. Epub 2004 Mar 9.

Ostrowski ML, Merino MJ Am J Surg Pathol.1996 Aug;20(8):964-74.Tall cell
variant of papillary thyroid carcinoma: a  reassessment and
immunohistochemical study with comparison to the usual type of papillary
carcinoma of the thyroid.

Claudia Palena, Duane H Hamilton, Romaine I Fernando. Influence of IL-8 on
the Epithelial-Mesenchymal Transition and the Tumor Microenvironment
Future Oncol.2012;8(6):713-722.

Peinado H Olmeda D, Cano A.SNAIL, Zeb and bHLH factors in tumour
progression: an alliance against the epithelial phenotype?Nat Rev Cancer. 2007
Jun;7(6):415-28. Epub 2007 May 17.

97


http://www.ncbi.nlm.nih.gov/pubmed/15075229
http://www.ncbi.nlm.nih.gov/pubmed/15075229
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20ZM%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20GG%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jiang%20QF%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jiang%20QF%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20L%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tang%20C%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jiang%20R%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dong%20CR%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20N%5Bauth%5D

PeinadoH, Marin F, Cubillo E, Stark HJ, Fusenig N, Nieto MA, Cano A.
SNAIL and E47 repressors of E-cadherin induce distinct invasive and
angiogenic properties in vivo. J Cell Sci.2004Jun 1;117(Pt 13):2827-39.

Pellegriti  Gabriella,Francesco  Frasca, Concetto Regalbuto,Sebastiano
Squatrito,Riccardo Vigneri Worldwide Increasing Incidence of Thyroid Cancer:
Update on Epidemiology and Risk Factors Journal of Cancer Epidemiology
Volume 2013 (2013)

Peter M. Sadow andWilliam C. Faquin Poorly Differentiated Thyroid
Carcinoma: An Incubating Entity Front Endocrinol (Lausanne).2012;3: 77.

Pfister DG, Fagin JA. Refractory thyroid cancer: a paradigm shift in treatment
is not far off. J. Clin. Oncol. 26(29), 4701-4704 (2008).

Pilotti S Collini P, Manzari A, Marubini E, Rilke F. Poorly differentiated forms
of papillary thyroid carcinoma: distinctive entities or morphological patterns?
Semin Diagn Pathol.1995;12:249-255

Pittoni P, Tripodo C, Piconese S, Mauri G,Parenza M,Rigoni A,Sangaletti
S,Colombo MP. Mast cell targeting hampers prostate adenocarcinoma
development but promotes the occurrence of highly malignant neuroendocrine
cancers.(2011) Cancer Res 71, 5987-5997.

Polyak K Weinberg RA. Transitions between epithelial and mesenchymal
states: acquisition of malignant and stem cell traits.Nat Rev
Cancer.2009;9:265-273.

Reya T. S.J. Morrison, M.F. Clarke, I.LL. Weissman Stem cells, cancer, and
cancer stem cells Nature, 414 (2001), pp. 105-111

Ribatti D Ennas MG, Vacca A, Ferreli F, Nico B, Orru S, Sirigu P. Tumor
vascularity and tryptase-positive mast cells correlate with a poor prognosis in
melanoma. (2003) Eur J Clin Invest 33, 420-425

Ribatti D Vacca A, Ria, A. Marzullo, B. Nico, R. Filotico, L. Roncali, F.
Dammacco. Neovascularization, expression of fibroblast growth factor-2 and
mast cells with tryptase activity increase simultaneously with pathological
progression in human malignant melanoma.Eur. J. Cancer, 39: 666-674 (2003).

Ribatti D., Crivellato E. Mast cells, angiogenesis and cancer. In “Mast Cell
Biology: Contemporary and Emerging Topics” (Gilfillan A.M., Metcalfe D.D.

98


http://www.ncbi.nlm.nih.gov/pubmed/?term=Faquin%20WC%5Bauth%5D
http://www.hindawi.com/23895617/
http://www.hindawi.com/59561381/
http://www.hindawi.com/59561381/
http://www.hindawi.com/94129785/
http://www.ncbi.nlm.nih.gov/pubmed/15169839
http://www.ncbi.nlm.nih.gov/pubmed/15169839

eds.), Landes Biosciences and Springer Science+Business Media, 2011, pp.
270-288

Ricci-Vitiani D.G. Lombardi, E. Pilozzi, M. Biffoni, M. Todaro, C. Peschle, R.
De Maria Identification and expansion of human colon-cancer-initiating cells
Nature, 445 (2007), pp. 111-115

Ron E, Kleinerman RA, Boice JD Jr, LiVolsi VA, Flannery JT, Fraumeni JF Jr.
A population-based case-control study of thyroid cancer. J Natl Cancer Inst.
1987 Jul;79(1):1-12

Ryder, M., Ghossein, R.A., Ricarte-Filho, J.C., Knauf, J.A., Fagin, J.A., 2008.
Increased density of tumor-associated macrophages is associated with
decreased survival in advanced thyroid cancer. Endocr. Relat. Cancer 15,
1069-1074.

Salvatore G, De Falco V, Salerno P et al. BRAF is a therapeutic target in
aggressive thyroid carcinoma Clin Cancer Res 2006; 12: 1623-9.

Santoro M, Grieco M, Melillo RM, Fusco A, Vecchio G Molecular defects in
thyroid carcinoma: role of the RET oncogene in thyroid neoplastic
transformation Eur J Endocrinol. 1995 Nov; 133(5): 513-22.

Santoro M, Fusco A, Billaud M The RET receptor: function in development
and dysfunction in congenital malformation Trends Genet. 2001;17: 580-589

Savagner, P D. F. Kusewitt, et al. (2005). "Developmental transcription factor
SLUG is required for effective re-epithelialization by adult keratinocytes." J
Cell Physiol

Shioiri, M., et al., SLUG expression is an independent prognostic parameter
for poor survival in colorectal carcinoma patients. British journal of cancer,
2006. 94(12): p. 1816-22.

Siironen, P., Hagstrom, J., Médenpdd, H. O., Louhimo, J., Heikkild, A.,
Heiskanen, 1., Arola, J., and Haglund, C. (2010). Anaplastic and poorly
differentiated thyroid carcinoma: therapeutic strategies and treat-ment outcome
of 52 consecutive patients. Oncology 79, 400—408.

Singh C. Hawkins, [.D. Clarke, J.A. Squire, J. Bayani, T. Hide, R.M.
Henkelman, M.D. Cusimano, P.B. Dirks Identification of human brain tumour
initiating cells Nature, 432 (2004), pp. 396401

Soares P, Trovisco V, Rocha AS, Lima J, Castro P, Preto A, Maximo V, Botelho
T, Seruca R, Sobrinho-Simoes M BRAF mutations and RET/PTC
99



rearrangements are alternative events in the etiopathogenesis of papillary
thyroid carcinoma Oncogene 2003; 22; 4578-4580.

Spaderna S A transient, EMT-linked loss of basement membranes indicates
metastasis and poor survival in colorectal cancer. Gastroenterology, 2006.
131(3): p. 830-40

stem cells in vitro and in xenografts. J Clin Invest. 2010; 120(2):485-497.
Demonstrates the
Strouch MJ Cheon EC, Salabat MR, et al (2010), Clin Cancer Res 16, 2257-

2265.

Sullivan NJ, Sasser AK, Axel AE, et al. Interleukin-6 induces an epithelial—
mesenchymaltransition phenotype in human breast cancer cells. Oncogene.
2009; 28(33):2940-2947.

Sullivan, N. J., A. K. Sasser, et al. (2009). "Interleukin-6 induces an epithelial-
mesenchymal transition phenotype in human breast cancer cells." Oncogene.

Terada T, Matsunaga Y (2000) Mast cell subpopulations in chronic
inflammatory hepatobiliary diseases. J Hepatol 33, 961-966

Theoharides TC Conti P (2004) Theoharides TC Conti P (2004) Trends
Immunol 25, 235-241

Thiery JP Epithelial-mesenchymal transitions in development and pathologies
Curr. Opin. Cell Biol., 15 (2003), pp. 740-746

Todaro M Iovino F, Eterno V, et al. Tumorigenic and metastatic activity of
human thyroid cancer stem cells.Cancer Res.2010;70:8874—8885.

Tse, J. C. and R. Kalluri "Mechanisms of metastasis: epithelial-to-
mesenchymal transition and contribution of tumor microenvironment." 2007 J
Cell Biochem 101(4): 816-829.

Vesuna F van Diest P, Chen JH, Raman V.TWISTis a transcriptional repressor
of E-cadherin gene expression in breast cancer.Biochem Biophys Res
Commun. 2008 Mar 7;367(2):235-41. Epub 2007Dec 4.

Volante, M., Rapa, ., Gandhi, M., Bussolati, G., Giachino, D., Papotti, M., and
Nikiforov, Y. E. (2009). RAS muta-tions are the predominant molecular

100



alteration in poorly differentiated thyroid carcinomas and bear prognostic
impact. J. Clin. Endocrinol. Metab. 94, 4735-4741.

Wang, Z. Raf 1 represses expression of the tight junction protein occludin via
activation of the zinc-finger transcription factor SLUG. Oncogene, 2007. 26(8):
p. 1222-30.

Waugh DJ, Wilson C. The interleukin-8 pathway in cancer. Clin Cancer Res.
2008; 14(21):6735—

Weinberg, R.A The Biology of Cancer2007, New York: Garland Science,
Taylor & Francis Group, LLC.

Weiyuan Fang,Lei Ye,Liyun Shen,je Cai,Fengjiao Huang,Qing Wei,Xiaochun
Fei,Xi Chen,Haixia Guan,Weiqing Wang,Xiaoying Li,andGuang Ning Tumor-
associated Macrophages Promote the Metastatic Potential of Thyroid Papillary
Cancer by Releasing CXCLS8 Carcinogenesis

first published onlineMarch 6, 2014doi:10.1093/carcin/bgu060

Williams CS, Mann M, DuBois RN. The role of cyclooxygenases in
inflammation, cancer, and development. Oncogene 1999; 18: 7908-7916

Williams ED, Doniach I, Bjarnason O, Michie W. Thyroid cancer in an iodide
rich area: a histopathological study. Cancer. 1977 Jan;39(1):215-22.

Xie K. Interleukin-8 and human cancer biology. Cytokine Growth Factor Rev.
2001; 12(4):375—-391.

YangJ, Mani SA, Donaher JL, Ramaswamy S, Itzykson RA, Come C, Savagner
P, Gitelman I, Richardson A, Weinberg RA. Twist, a master regulator of
morphogenesis, plays an essential role in tumor metastasis. Cell.2004Jun
25;117(7):927-39.

Yang, J., S. A. Mani (2004). "Twist, a master regulator of morphogenesis, plays
an essential role in tumor metastasis." Cell 117(7): 927-939.

Yasui K Shimamura M, Mitsutake N, Nagayama Y. SNAIL induces epithelial-
to-mesenchymal transition and cancer stem cell-like properties in aldehyde
dehydroghenase-negative thyroid cancer cells. Thyroid.013;23:989-996

YONG-JU GAO BO LI, XIN-YU WU, JING CULand JIAN-KUI
HANThyroid tumor-initiating cells: Increasing evidence and opportunities for
anticancer therapy (Review)Oncol Rep.Mar 2014;31(3): 1035-1042.

101


http://www.ncbi.nlm.nih.gov/pubmed/?term=HAN%20JK%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=HAN%20JK%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=CUI%20J%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=WU%20XY%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/15210113
http://www.ncbi.nlm.nih.gov/pubmed/15210113
http://www.ncbi.nlm.nih.gov/pubmed/15210113

Yun JY Kim YA, Choe JY, et al. Expression of cancer stem cell markers is
more frequent in anaplastic thyroid carcinoma compared to papillary thyroid
carcinoma and is related to adverse clinical outcome.J Clin Pathol.2013 Aug
28; doi: 10.1136/jclinpath-2013-201711

Yutaka Yamamoto, and Junichi Kurebayashi Analysis of Clinical Outcome of
Patients with Poorly Differentiated Thyroid Carcinoma ISRN Endocrinology
Volume 2011, Article ID 308029, 5 pages doi:10.5402/2011/308029

Zavadil, J. and E. P. Bottinger (2005). "TGF-beta and epithelial-to-
mesenchymal transitions." Oncogene 24(37): 5764-5774.

Zavadil, J. L. Cermak, Noemi Soto-Nieves,and Erwin P Bdéttinger (2004).
"Integration of TGF-beta/Smad and Jagged1/Notch signalling in epithelial-to-
mesenchymal transition." EMBO J 23(5): 1155-1165

Zheng X Cui D, Xu S, Brabant G, Derwahl M. Doxorubicin fails to eradicate
cancer stem cells derived from anaplastic thyroid carcinoma cells:
characterization of resistant cells. Int J Oncol.2010;37:307-315.

Zhu W Hai T, Ye L, Cote GJ. Medullary thyroid carcinoma cell lines contain a
self-renewing CD133+population that is dependent on Ret proto-oncogene
activity.J Clin Endocrinol Metab.2010;95:439-444.

Zhu Z, Gandhi M, Nikiforova MN, Fisher AH, Nikiforov YE Molecular profile
and clinical-pathologic features of the follicular variant of papillary thyroid

carcinoma. An unusually high prevalence of the ras mutations Am J Clin Pathol
2003; 120(1): 71-7.

102



	ABSTRACT
	1. BACKGROUND
	1.1 Thyroid Cancer
	1.2 Molecular genetics of thyroid tumors
	1.3 Inflammation and thyroid cancer
	1.4 MC and thyroid cancer
	1.5 Tumor Inflammatory Microenvironment and mediators linking EMT and stemness
	1.5.1 The Epithelial to Mesenchymal Transition (EMT)
	1.5.2 Characterization of EMTs
	1.5.3 Molecular regulation of EMT
	1.5.4 EMT and STEMNESS
	1.5.5 The role of inflammatory cells and cytokines in EMT and stemness


	2. AIM OF THE STUDY
	3.MATERIALS AND METHODS
	3.1 Cell cultures, transfection and Sphere Forming assay
	3.2 Protein studies
	3.3 Generation of stable clones
	3.4 Antibodies, cytokines and drugs
	3.5 RNA, cDNA and Q-PCR
	3.6 Wound Healing
	3.7 Immunofluorescence
	3.8 ELISA assay
	3.8 FACS Analysis
	3.9 Xenografts in Mice
	3.10 Patients and specimens.
	3.11 Tissue microarray building
	3.12 Immunohistochemistry analysis
	3.13 Statistical Analysis

	4. RESULTS
	4.1 MC conditioned medium induces EMT in thyroid cancer cell
	4.2 MC CM treatment causes the loss of tight junctions in TC cell lines.
	4.3 MC CM treatment of human thyroid cancer cells causes the activation of AKT and STAT3 pathways
	4.4 MC-derived factors (IL-6, IL-8 and TNF-α) can induce of EMT in human thyroid cell lines.
	4.5 IL-8 stimulation of TC cells causes an expansion of stem cell population.
	5.6 850-5C engineered to ectopically express IL-8 undergo EMT and display stemness features.
	4.7 IL-8 increases the tumorigenic potential of 850-5C cells.
	4.9 MC density positively correlates with the stemness marker OCT4 in human papillary thyroid carcinoma specimens.
	4.8 SLUG can induce EMT and stemness in PTC (TPC-1) thyroid cancer cells.

	5. DISCUSSION
	6. CONCLUSIONS
	8.REFERENCES



