
 

 

Introduction 
 
Cancer is a complex disease involving numer-
ous tempo-spatial changes in cell physiology. In 
an important review published in January 2000, 
Hanahan and Weinberg suggested that six es-
sential alterations in cell physiology could un-
derlie malignant cell growth. These six altera-
tions occur in cancer cells independently of the 
originating tissue type and were described as 
the hallmarks of nearly all cancers. They in-
cluded: self-sufficiency in growth signals, insen-
sitivity to growth inhibitory signals, evasion of 
programmed cell death, limitless replicative 
potential, sustained angiogenesis, and ability to 
invade tissues and metastasize [1]. These hall-
marks are usually quoted as the starting ground 
for new anticancer strategies, but recently new 
major features related to the probability of de-
veloping cancer have emerged [2]. Hanahan 
and Weinberg proposed other critical features 
to be functionally important for the develop-
ment of cancer. The first involves the main 
mechanisms of cellular metabolism, which are 
reprogrammed supporting the growth and the 

proliferation of cancer cells, and thus favoring 
the progression of cancer. The second involves 
active evasion by cancer cells from attack and 
elimination by immune system [3]. The exploita-
tion of immune mechanisms and evasion of 
immune surveillance are skills that cancer cells 
should acquire on their way to giving rise to a 
tumor [3, 4]. An efficient immune response can 
eliminate cancer cells; however, the chronic 
activation of inflammatory cells present within 
or, more frequently, surrounding the neoplasia 
can sustain cancer cell proliferation.  
 
Hanahan and Weinberg defined other two hall-
marks of cancer as acquired functional capabili-
ties that allow cancer cells to survive, prolifer-
ate, and disseminate: genome instability and 
tumor-promoting inflammation [3]. The loss of 
genomic “caretakers” or “guardians”, involved 
in sensing and repairing DNA damage, was pro-
posed to explain the increased mutability of 
tumor cells [5, 6]. The loss of these caretaker 
systems would allow genomic instability thus 
enabling pre-malignant cells to reach the six 
essential hallmarks of cancer.  
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In the last 10 years, it has also become increas-
ingly clear that the inflammatory state of prema-
lignant and malignant lesions play decisive 
roles in tumor initiation, promotion and progres-
sion. In particular, several lines of evidence sug-
gest a strong association between chronic in-
flammation and increased susceptibility to neo-
plastic transformation and cancer development. 
In some studies, chronic infection leading to 
unresolved inflammation has been considered 
an important factor contributing to cellular 
transformation, tumorigenesis, and tumor pro-
gression [7].  
 
The inflammation-cancer connection is not re-
stricted to increased risk for a subset of tumors. 
An inflammatory component is present in the 
microenvironment of most neoplastic tissues, 
including those not causally related to an obvi-
ous inflammatory process [8]. The persistent 
release of inflammatory molecules in tumor site 
may affect tumor progression in a variety of 
ways, for instance by increasing tumor cell pro-
liferation and resistance to apoptosis, by pro-
moting angiogenesis and stroma remodeling, 
and by inhibiting the establishment of a protec-
tive antitumor immunity [9]. Recently, it has 
been proposed that two interrelated pathways 
link inflammation and cancer. The first pathway 
(intrinsic) is triggered by oncogenic events that 
initiate cancer. These events cause the tran-
scription of inflammation-related genes in the 
neoplastic cells. The second pathway (extrinsic) 
is triggered by tumor-infiltrating inflammatory 
cells that increase cancer incidence or progres-
sion [8]. Cancer-associated inflammation in-
cludes leukocyte infiltration, prominently tumor-
associated macrophages (TAM); expression of 
some cytokines and chemokines and tissue 
remodeling and angiogenesis. Consistent with 
this hypothesis, the use of anti-inflammatory 
therapies protects against several cancer types. 
Based upon these observations, it has been 
proposed that cancer-related inflammation 
(CRI) might be considered as the “seventh hall-
mark” of cancer [8]. Thyroid cancer obeys to 
these rules. First, an inflammatory component, 
which includes different leukocyte types, is fre-
quently observed in thyroid tumors and the pap-
illary histotype of thyroid cancer (PTC) is often 
associated with organ-specific autoimmune 
diseases, such as Hashimoto’s thyroiditis and 
Grave’s disease [10]. Second, RET/PTC, RAS 
(V12) or BRAF (V600E), the most common onco-
genes found in human PTC, trigger an inflam-

matory transcriptional program in thyrocytes 
[10].  
 
Thyroid cancer genetic alterations 
 
Thyroid cancer is the most common cancer of 
the endocrine system and can derive from both 
the follicular and the parafollicular cells. The 
most common carcinomas deriving from thyroid 
follicular cells are: the well-differentiated thyroid 
carcinomas (WDTC), including the papillary car-
cinoma (PTC), and the follicular carcinoma 
(FTC); the poorly differentiated carcinomas, 
(PDC), histologically between the undifferenti-
ated and the differentiated tumors; the undiffer-
entiated or anaplastic carcinomas (ATC) [11]. 
Differentiated tumors (papillary or follicular) are 
highly treatable and usually curable. Undifferen-
tiated tumors (poorly differentiated and 
anaplastic) are much less common, aggressive, 
metastasize early, and have a much poorer 
prognosis.  
 
Finally, medullary thyroid carcinomas (MTC) 
derive from parafollicular C-cells. These carcino-
mas can occur as sporadic lesions or in the con-
text of inherited neoplastic diseases, such as 
multiple endocrine neoplasia type 2A (MEN2A), 
type 2B (MEN2B) or familial medullary thyroid 
carcinoma (FMTC). 
 
Papillary thyroid cancer (PTC) represents ap-
proximately 80% of all thyroid malignancies. 
The incidence of PTC is associated with radia-
tion exposure; a considerable increase in this 
tumour type incidence has been observed after 
Chernobyl accident in 1986 [12]. Four genetic 
lesions, that are mutually exclusive, are associ-
ated with PTC. They include chromosomal aber-
rations targeting the RET or TRKA tyrosine 
kinase receptors and point mutations in RAS or 
BRAF genes. These genes encode for activators 
of the mitogen-activated protein kinase (MAPK) 
cascade. RET encodes for the tyrosine kinase 
receptor of growth factors belonging to the 
GDNF (Glial cell-Derived Neurotrophic Factor) 
family. In PTCs, RET tyrosine kinase domain is 
fused with the N-terminal region of constitu-
tively expressed, heterologous genes, such as 
H4/CCD6 (in RET/PTC1) or RFG/NCOA4 (in 
RET/PTC3) [13]. In RET/PTC rearrangements, 
fusion with protein partners, possessing protein
-protein interaction domains, provides RET/PTC 
proteins with coiled-coil domains, thereby re-
sulting in ligand-independent activation of c-Ret 
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tyrosine kinase activity [14]. RET/PTC onco-
genes are detected with a high frequency in 
clinically-silent small PTC, confirming that they 
can be early events in thyroid tumorigenesis 
[15]. Similar rearrangements of the high affinity 
receptor for NGF (Nerve Growth Factor), TRKA, 
can be also found, albeit at a low prevalence in 
human PTC [16]. Activating point mutations in 
RAS small GTPases are found roughly in 10% of 
PTC, mainly in those belonging to the follicular 
variant (PTC-FV) [17]. Point mutations in BRAF 
are the most common genetic lesions found in 
PTC [18-22]. BRAF is a member of the RAF fam-
ily of serine/threonine kinases and it is a com-
ponent of the RAF-MEK-ERK signaling module. 
Activation of the RAF proteins is mediated 
through binding of RAS in its GTP-bound state. 
 
Follicular thyroid cancer (FTC) accounts for 10-
15% of thyroid cancers and its incidence is in-
creased in areas of dietary iodine deficiency 
[23].  FTCs are single nodules that may be well 
circumscribed (minimally invasive), or widely 
infiltrative (with infiltration of adjacent thyroid 
tissue and blood vessels). In this carcinoma the 
presence of RAS mutations is quite common. 
Moreover it has been shown that a quite high 
proportion of FTCs carries the PAX8/PPARγ rear-
rangement [24]. The resulting fusion protein 
has dominant negative activity on wild type 
PPARγ [25].  
 
Poorly differentiated carcinoma (PDTC) and 
Anaplastic thyroid carcinoma (ATC) account for 
2-5% of thyroid malignancies; this carcinoma is 
highly malignant and markedly invasive and is 
composed of undifferentiated cells retaining 
markers of epithelial lineage. It can derive from 
pre-existing WDTC. RAS and BRAF point-
mutations are prevalent in PDC and ATC [20, 
24, 26, 27]. Finally, p53 mutations are often 
found in ATC [28, 29]. 
 
Medullary thyroid carcinoma (MTC) accounts for 
about 5% of all thyroid cancers; 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 muta-
tions that convert RET into a dominant onco-
gene [14]. 
 
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 
that can change to different residues.  
 
About 40% of sporadic MTC cases harbor point 
mutations in RET [30].  
 
Thyroid cancer related inflammation 
 
The extrinsic pathway 
 
The tumor mass is undoubtedly a multifaceted 
show, where different cell types, including neo-
plastic cells, fibroblasts, endothelial, and im-
mune-competent cells communicate with each 
other by means of direct contact or cytokine 
and chemokine production and act in autocrine 
and paracrine manners to control and shape 
tumor growth. It is the expression of various 
immune mediators and modulators as well as 
the abundance and activation state of different 
cell types in the tumor microenvironment that 
dictate in which direction the balance is tipped 
and whether inflammation-promotes tumor 
growth or anti-tumor immunity will ensue [31, 
32]. 
 
The presence of leukocytes within tumors, ob-
served in the 19th century by Rudolf Virchow, 
provided the first indication of a possible link 
between inflammation and cancer. A role for 
inflammation in tumorigenesis is now generally 
accepted, and it has become evident that an 
inflammatory microenvironment is an essential 
component of all tumors, including those which 
a direct causal relationship with inflammation is 
not yet proven [33]. 
 
Several reports indicate the presence of im-
mune-inflammatory cell infiltrate also in thyroid 
cancer. Macrophages and immature dendritic 
cells accumulate in PTCs, both in tumoral 
stroma and at the invasive front [34, 35]. The 
prevalence of lymphocytic infiltrate is generally 
significantly higher in patients with PTC than in 
those with benign thyroid lesions [36], indicat-
ing that the presence of these cells might fa-
vour cancer development. However, some au-
thors indicate that the presence of chronic lym-
phocytic thyroiditis in patients with PTC corre-
lates with an improved prognosis [37]. More-
over, PDCs and ATCs are characterized by a 
strongly reduced dendritic cell infiltrate with 
respect to PTCs, thus suggesting a protective 
role for these cell types in thyroid cancer [38]. 
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Ryder and colleagues also demonstrated that 
PDTCs and ATCs displayed an increased density 
of TAM with respect to PTC and FTC and that 
TAM infiltration positively correlated with cap-
sule invasion, extratiroidal extension and poor 
prognosis [35]. High levels of TAM are often 
correlated with a bad prognosis and are gener-
ally considered protumorigenic, and recent 
studies have also highlighted a link between 
their abundance and the process of metastasis 
[39, 40]. These data suggest that TAM may fa-
vor the malignant progression of thyroid cancer.  
 
During the last years it has been shown that 
mast cells (MC) also play an important role in 
neoplastic diseases. We showed that human 
PTCs, but not normal thyroid tissue, display an 
intense mast cell infiltrate and that its intensity 
positively correlates with the invasive behavior 
of thyroid carcinomas [41]. We found that thy-
roid carcinoma cell cultures are a potent 
chemoattractant for mast cells. This effect re-
quired thyroid carcinoma-cell-derived VEGF-A, 
because it was inhibited by an anti-VEGF-A anti-
body. Consistently, mast cells injected in the tail 
vein of immunodeficient mice are recruited to 
thyroid carcinoma cell xenografts. Interestingly, 
when mast cells and thyroid cancer cells were 
co-injected subcutaneously into nude mice, 
mast cells survived and proliferated suggesting 
that mediators released in situ can induce 
these effects [41]. Moreover, when thyroid can-
cer cells are treated with conditioned media 

from mast cells, they show higher proliferation 
rate, survival capacity and invasive ability. Ac-
cordingly, local co-injection of mast cells and 
thyroid cancer cells accelerated the growth of 
thyroid carcinoma xenograft in athymic mice. 
This effect was mediated by increased prolifera-
tion of thyroid cancer cells and vascularization 
and was reverted by sodium cromoglycate 
(Cromolyn), a specific MC degranulation inhibi-
tor [41]. These data suggest that mast cells 
exert a protumorigenic effect on thyroid cancer 
cells (Figure 1). 
 
The presence of inflammatory cells has been 
also evaluated in transgenic mice expressing 
RET/PTC3 in the thyroid gland by means of a 
tissue specific promoter. The RET/PTC3 mice 
develop thyroid hyperplasia and solid tumor 
variants of papillary carcinoma. These PTC-like 
lesions were often characterized by a leukocytic 
infiltrate, composed mainly by macrophages 
[42]. Tumor incidence and burden of RET/PTC3 
mice were influenced by the genetic back-
ground of the animals. In fact, when RET/PTC3 
was expressed in C57BL/6 mice, tumors were 
significantly larger than those occurring in the 
C3H/HeJ animals. Cytokine expression was 
much higher in large tumors, suggesting that 
these molecules play a role in tumor growth. 
Since their discovery, the chemokine system 
has been strongly connected with cancer biol-
ogy. In the last decade the knowledge in 
chemokine functions has expanded and now 

Figure 1. The complex relationship 
between mast cell and thyroid 
cancer cell. Mast cells 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 mast 
cells secrete histamine, and the 
chemokines CXCL1 and CXCL10, 
that induce thyroid cancer cell 
proliferation, survival and 
invasion. 
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includes the promotion of the angiogenic switch 
and direct effects on tumor cells survival, prolif-
eration and dissemination [43]. Probably, a dif-
ferent mixture of cytokine secreted by the 
C57BL/6 mice with respect to the C3H/HeJ 
animals could determinate a different polariza-
tion of the T CD4+ cells that is responsible for 
such effect. These data suggest that RET/PTC3 
oncoprotein drives the recruitment of immune 
cells into tumor site, and is able to induce cyto-
kine production that are involved in tumor pro-
gression. 
 
In another set of experiments, Puffnock and 
Rothstein further clarified the role of the RET/
PTC3 oncoprotein in the recruitment of immune 
cells. They studied tumor growth by using RET/
PTC3 and a mutant isoform, RET/PTC3 Y1062F, 
that is defective in the activation of the most 
relevant RET-mediated signaling pathways [44]. 
Tumors were induced by injecting RET/PTC3- 
and RET/PTC3 Y1062F-expressing cells in syn-
geneic mice. RET/PTC3 tumors were signifi-
cantly larger than RET/PTC3 mutant tumors. 
CD4+ and CD8+ T cell infiltrate density was 
comparable in both tumor groups. However, 
RET/PTC3, but not RET/PTC3 Y1062F tumors, 
displayed a remarkable leukocytic infiltrate 
characterized by CD11b+, Gr1+ myeloid cells, 
previously described as innate suppressive in-
flammatory cells [45, 46]. These data show that 
RET/PTC3-positive thyroid cancer, as other can-
cer types, is capable of inducing escape from 
the immune response through the recruitment 
of CD11b+, Gr1+ cells. Whether other mecha-
nisms of immune evasion are also operating in 
thyroid cancer is still unknown. Interestingly, the 
BRAF-MAPK signaling pathway has been shown 
to induce the synthesis and the secretion of 
immunosuppressive cytokines in melanomas 
[47]. These factors include IL-10, VEGF and IL6, 
cytokines that are also produced by thyroid can-
cer cells [42, 44, 48, 50-53]. 
 
The extrinsic component of CRI in thyroid can-
cer is often represented by a coexisting autoim-
mune thyroid disease (AITD). AITD includes vari-
ous clinical forms of autoimmune thyroiditis, 
such as classical Hashimoto’s thyroiditis (HT) 
and Graves’ disease (GD). HT is the most fre-
quent chronic autoimmune disease diagnosed 
in the Western world and develops as a result 
of the interaction between predisposing genetic 
factors and environmental triggers. It is morpho-
logically characterized by an inflammatory infil-

trate and diffuse fibrosis which typically leads to 
progressive thyrocyte depletion. This loss of 
thyrocyte capacity results in impaired thyroid 
hormone production and clinical hypothyroid-
ism. Sensitization of autoreactive CD4+ T-
helper cells to thyroid antigens appears to be 
the initiating event, but multiple immunological 
mechanisms might contribute to thyrocyte 
death in HT. This disease is also characterized 
by proliferating nodules as well as cytological 
alterations and nuclear modifications similar to 
those of the papillary carcinomas [54]. The thy-
roid follicular cells in HT may have chromoso-
mal defects, such as the RET/PTC1 rearrange-
ment, the hallmark of many papillary thyroid 
carcinomas. Several other evidences suggest a 
role for RET/PTC in the association between 
thyroiditis and cancer. In fact, patients exposed 
to radiation from the Chernobyl nuclear power 
plant disaster often develop not only RET/PTC-
induced papillary tumors but also an associated 
autoimmune thyroiditis [12]. Accordingly, trans-
genic mice engineered to express RET/PTC de-
velop papillary carcinomas and chronic thyroidi-
tis [55]. Finally, Wirtschafter and colleagues 
have detected RET/PTC expression in about  
90% of the HT they have analyzed [56]. These 
data are, however, partially in contrast with 
other reports. Nikiforova and colleagues 
showed that RET/PTC rearrangements were 
detected only PTCs not associated with HT [57]. 
Rhoden and colleagues reported that only few 
follicular cells, expressing very low levels of 
RET/PTC, were detected in Hashimoto’s thyroid-
itis, thus suggesting that RET/PTC expression 
does not necessarily predicts the development 
of a PTC in patients with thyroiditis [58]. 
 
Two different models have been hypothesized 
to explain the correlation between Hashimoto’s 
thyroiditis and RET/PTC. The first one suggests 
that inflammation might facilitate the RET/PTC 
rearrangement. According to this hypothesis, 
free radical production, cytokine secretion, cel-
lular proliferation as well as other phenomena 
correlated with inflammation might predispose 
to the rearrangement in follicular cells. It has 
been also show that the rate of mutations is 
much higher in inflamed than in normal tissues 
[8]. 
 
Chronic inflammation is linked to oxidative 
stress, which can cause DNA damage and thus 
contribute to the accumulation of cancer-
initiating genetic alterations in cells. It is gener-
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ally assumed that normal human epithelial cells 
do not tolerate oncogene expression, because 
excessive growth signals induce DNA replication 
stress, which induces oncogene-mediated se-
nescence or apoptosis [59-61]. Thus, evasion 
from apoptosis or senescence is required for 
neoplastic transformation and can occur 
through additional genetic lesions. In support of 
this concept, different groups have shown that 
the ectopic expression of the RET/PTC onco-
gene in a normal continuous rat thyroid cell line 
(PC Cl3) induces apoptosis [62, 63]. This might 
be due to the strong RET-mediated mitogenic 
stimuli. In thyroid cancer, in vitro and in vivo 
studies demonstrated that oncogene-induced 
senescence represents a barrier to the progress 
of thyroid tumors. In particular, the overexpres-
sion of main oncogenes activated in PTCs, 
BRAF, RET/PTC, TRK, and H-RAS are able to 
induce cellular senescence in human primary 
thyrocytes, promoting growth arrest, changes in 
cell morphology and chromatin modifications 
[64]. It is possible that cytokines and chemoki-
nes released by the inflammatory tumoral 
stroma by stimulating of thyroid cells in which 
oncogenic activation of RET, RAS, BRAF, ran-
domly occurs, can confer resistance to onco-
gene-induced apoptosis. Proinflammatory cyto-
kines and chemokines secreted by inflamma-
tory cells can also regulate the senescent 
growth arrest of cancer cells and trigger an in-
nate immune response that results in clearance 
of senescent lesions [65]. More recently, 
Guerra and colleagues suggested that one of 
the mechanisms by which pancreatitis-induced 
inflammation contributes to the progression of 
Pancreatic ductal adenocarcinoma is by elimi-
nating the senescence barrier [66].  
 
Another hypothesis suggests that RET/PTC rear-
rangements can promote recruitment of inflam-
matory cells. Accordingly, RET/PTC induces the 
synthesis of many inflammatory proteins in 
epithelial thyroid cells and a severe inflamma-
tory response is observed in TG-RET/PTC trans-
genic mice in which RET/PTC expression is con-
fined to the thyroid gland [44, 53, 65, 67]. RET/
PTC transgenic mice develop indeed papillary 
thyroid carcinomas and chronic thyroiditis; how-
ever, RET/PTC itself is not sufficient to induce a 
complete Hashimoto’s thyroiditis in these mice 
since this disease is characterized not only by 
lymphocytic infiltration, but by a humoral auto-
immune reaction with the production of autoan-
tibodies against thyroid antigens, and by the 

formation of lymphoid follicles in the thyroid 
parenchyma. Whether these features are pre-
sent or not in TG-RET/PTC transgenic animals is 
still to be defined. In conclusion, we favour the 
hypothesis that AITD creates a protumorigenic 
microenvironment, in which the RET/PTC rear-
rangement is tolerated. The rearrangement it-
self than contributes to maintain the inflamma-
tory reaction. 
 
Intrinsic pathway 
 
The intrinsic pathway of CRI is driven by the 
most frequent genetic alterations associated 
with thyroid cancer, such as RET and TRK rear-
rangements and BRAF and RAS mutations. In 
human PTCs, somatic chromosomal rearrange-
ments lead to fusion of the 3’-terminal se-
quence of RET, which encodes the tyrosine 
kinase domain, with the 5’-terminal sequences 
of heterologous genes. The consequence of 
these rearrangements is the constitutive activa-
tion of RET, due to constitutive dimerization-
oligomerization of the oncoprotein induced by 
the different RET-fused genes. Gain-of-function 
mutations of RET are involved in sporadic and 
familial cell-derived medullary thyroid carci-
noma, including multiple endocrine neoplasia 
2A (MEN2A), MEN2B and familial medullary 
thyroid carcinoma (FMTC) [69]. 
 
RET activation is achieved by constitutive 
dimerization of RET through the replacement of 
an extracellular cysteine that creates an un-
paired residue, which can dimerize with another 
mutant RET molecule via an illegitimate disul-
fide bond resulting in constitutive activation of 
the signaling pathway [70]. Mutations that af-
fect the intracellular domain, instead, induce an 
activation of the kinase in the absence of 
dimerization, presumably through a modifica-
tion of the kinase structure. For instance, the 
MEN2B M918T point mutation induces a 
change in substrate specificity with respect to 
MEN2A mutants, which is reflected in the differ-
ent capability of MEN2B mutants to phosphory-
late endogenous tyrosines and signaling adap-
tors. These differences can account, at least in 
part, for the phenotypic differences between the 
two syndromes. Indeed, although both MEN2A 
and MEN2B are characterized by the presence 
of pheochromocytomas and MTCs, MEN2B 
MTCs occur earlier and are more aggressive. 
Furthermore, MEN2B patients also present 
skeletal abnormalities and ganglioneuromas 
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[71].  
 
Both point mutations and genetic rearrange-
ments cause constitutive activation of the tyro-
sine kinase activity of RET in the absence of 
ligands. RET activation results in phosphoryla-
tion of key docking tyrosines that bind to sev-
eral intracellular adaptor proteins such as SRC 
(at Y981), PLCγ (at Y1015), SHC, FRS2, IRS1. 
Among the tyrosines phosphorylated after RET 
activation, one of them, Y1062 has been shown 
to be important for RET-mediated biological 
activity in thyroid cells. The RET Y1062 phos-
photyrosine serves as a docking site for multi-
ple adaptors. It primarily supports SHC binding 
to recruit either the GRB2-SOS complex leading 
to MAPK activation or GRB2-GAB1 to stimulate 
PI3K/AKT signaling. GRB2 also binds directly to 
phospho-Y1096, where it preferentially acti-
vates PI3K/AKT signaling. By substituting 
Y1062 of RET with a phenylalanine, both in the 
context of a wild-type and of an oncogenically 
activated receptor, it is possible to abrogate 
RET-mediated signal transduction and biological 
activities [72]. We and others have shown that 
Ret is capable of activating the MAPK pathway 
in a Y1062-RAS- and BRAF-dependent manner 
[18, 68]. Several groups also showed that RET-
induced transcriptional activity depends almost 
entirely on the integrity of Y1062 residue and 
on the activation of the RAS/BRAF/MAPK path-
way.  
 
Russel and colleagues showed that the expres-
sion of RET/PTC3 isoform in PC Cl3 cells in-
duced an increase in NFkB DNA-binding activity 
and a consequent increase in proinflammatory 
cytokine secretion. CXCL1/Groα, CCL2/mcp-1 
and GM-CSF were up-regulated upon RET/PTC3 
expression, and this increase depended on the 
integrity of residue 1062 of RET [73]. GDNF 
stimulation of neuroectodermal tumor cell line 
SK-N-MC, ectopically expressing the human wild
-type RET, induced the production of high levels 
of IL8. This cytokine has also been found in TT 
human medullary thyroid carcinoma cell line 
carrying the RET/MEN2A oncogene and in the 
TPC1 human papillary thyroid carcinoma cell 
line carrying the RET/PTC1 oncogene [74]. IL8 
is a pro-inflammatory, mitogenic and proangio-
genic chemokine that contributes to several 
human cancer [73]. We used an oligonucleotide
-based DNA microarray (Affymetrix) to search for 
RET/PTC-induced genes. To this aim, we used 
PC Cl3 cells. These cells are characterized by 

the typical differentiation parameters including 
thyroid epithelial morphology and dependence 
on TSH for growth. They were stably transfected 
with the three main oncogenes activated in hu-
man PTC: RET/PTC3, RASV12 and BRAFV600E. 
We compared oncogene-expressing cells with 
the parental ones, and found that RET/PTC3 
induced a complex pattern of gene expression, 
which was completely dependent upon the in-
tegrity of the Y1062. HRAS (V12) or BRAF
(V600E) oncoprotein modified the expression of 
several genes, and 50% of them were common 
between the three oncoprotein. Moreover, as-
says in vitro with siRNA and pharmacological 
inhibitors confirmed that most of these gene 
changes depended on the ERK pathway [68]. 
Global genome expression analysis of PC Cl3 
transformed cells suggested also that the RET/
PTC3 oncogene could induce a proinflammatory 
transcriptional program. This included several 
cytokines and chemokines such as osteopontin 
(OPN), VEGFA, CCL2, CXCL1 and CXCL10. Inter-
estingly, CD44, CXCR2 and CXCR3, the recep-
tors for respectively OPN, CXCL1 and CXCL10 
were also expressed by transformed cells. Rus-
sell and colleagues found that RET/PTC3 
caused the expression of proinflammatory pro-
teins such as IL-1α, IL1β, IL6, and IL24 [42, 
50]. Similar results were obtained by Puxeddu 
and colleagues, who identified prostaglandin E2 
(PGE2), microsomal prostaglandin E synthase1 
(mPGES1), cycloxigenase2 (COX2), and several 
other genes involved in immune response and 
inflammation as RET/PTC3 induced genes [53, 
76]. We also found expression of CXCR4, a 
chemokine receptor whose ligand is ubiqui-
tously expressed [77]. These results were con-
firmed by Borrello and coworkers by using hu-
man primary thyroid cells transduced with the 
RET/PTC oncogene [78]. The proinflammatory 
properties of RET/PTC in thyroid might have a 
dual effect: on one side, molecules such as 
OPN, CXCL1, CXCL10, CCL2, GM-CSF can influ-
ence immune response to the tumor by recruit-
ing and functionally regulating immune cells. 
For instance, the transplantation of RET/PTC3 
expressing thyrocytes into syngenic mice in vivo 
induced an intense macrophage infiltrate and 
neovascularization followed by cell death [73]. 
On the other side, secreted cytokines and 
chemokines, such as OPN, CXCL1, CXCL10, and 
IL24 can act as autocrine growth and survival 
factors for thyroid tumor cells, which express 
the cognate receptors on their plasma mem-
brane [50, 68, 79]. These data are also cor-
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roborated by studies conducted on human thy-
roid tumors. Indeed, it has been shown that 
human thyroid samples express most of the 
inflammatory genes (CXCR4, CD44, OPN, 
CXCL1, CXCL10 and SDF-1) that were found in 
cell culture [68, 77, 78, 80, 81]. By searching 
for cytokines involved in the resistance of thy-
roid cancer cells to chemotherapeutic agents, 
Stassi and colleagues identified IL4 and IL10. 
These cytokines are typically secreted by T 
CD4+ cells polarized toward a TH2 phenotype. 
TH2 cytokines induce humoral immunity and 
promote thyrocyte survival in AITD by up-
regulating the levels of antiapoptotic proteins, 
such as Bcl2 and Bcl-XL [48]. Moreover, the 
authors demonstrated that IL4 and IL10 also 
induce resistance of thyroid cancer cells to 
FAS/FASL-mediated apoptosis. This effect is 
mediated by the IL4 and IL10-induction of two 
anti-apoptotic proteins, namely cFLIP and PED/
PEA15 [49].  
 
Conclusions 
 
The inflammation-cancer link can be view as 
consisting of two pathways: an intrinsic pathway 
driven by genetic alterations that cause both 
inflammation and neoplasia and an extrinsic 
pathway, where inflammatory conditions pro-
mote cancer development. Key orchestrators of 
the inflammation-mediated tumor progression 
are transcription factors, cytokines, chemokines 
and infiltrating leukocytes [33].  
 
It has become increasingly clear that a leuko-
cyte infiltrate, varying in size, composition and 
distribution, is present in the majority of tumors 
and is involved in carcinogenesis, tumor growth, 
invasion and metastasis [9, 82]. Nevertheless 
the role of these cells is complex; numerous 
studies highlighted the pro-tumoral activity of 
inflammation, while other evidences demon-
strated that inflammation can support anti-
tumor functions favoring protection against can-
cer progression. This paradox may be explained 
by the specific circuits expressed within the 
tumor microenvironment and by the abundance 
and activation state of different cell types in the 
tumor site. 
 
Inflammatory infiltrates have also been found in 
human thyroid tumors. Macrophages and im-
mature dendritic cells accumulate in PTCs, both 
in tumoral stroma and at the invasive front. 
Moreover we found that human thyroid carcino-

mas feature a remarkable mast cell infiltrate 
whose intensity correlates with the invasive 
phenotype [41]. Consistently, tumor-infiltrating 
mast cells are often associated with a bad prog-
nosis in many cancers, suggesting a pro-
tumorigenic role of these cells [83].  
 
The oncogenes activated in thyroid carcinomas, 
RET/PTC, RAS and BRAF, triggering the MAPK 
cascade, can induce a cell-autonomous pro-
inflammatory transcriptional program in thyro-
cytes, which mainly includes cytokines, 
chemokines and their receptors. 
 
Chemokine receptors and their ligands are key 
orchestrators of leukocytes trafficking in ho-
meostatic conditions as well as during inflam-
mation and cancer. They are downstream of 
genetic events that cause neoplastic transfor-
mation and are abundantly expressed in 
chronic inflammatory conditions. Further, sev-
eral tumors may use these molecules of the 
immune system also for growth, survival and 
metastasis [9, 84]. In thyroid cancer, these 
molecules are able to act either by autocrine 
and paracrine mechanisms to sustain tumor 
cell proliferation, survival and invasiveness. 
Besides, by acting in a paracrine and, possibly, 
in an endocrine manner, they induce a remodel-
ing of tumoral stroma by recruiting inflamma-
tory, immune, endothelial and bone marrow-
derived cells. Consistently, we found that mast 
cells are able to migrate toward thyroid cancer 
cell conditioned media, and this effect is due to 
thyroid cancer cell-derived VEGF-A. Based upon 
these observations, we favour the concept that, 
at least in the conclamed phase, thyroid cancer 
growth and progression are positively influ-
enced by two major inflammatory components, 
one dependent on the cells that are present 
into cancer stroma, the other dependent on the 
activation, in epithelial cancer cells, of specific 
oncoprotein-mediated signaling. 
 
For these reasons, not only oncoprotein, but the 
“cancer-related inflammation” represents an 
important target for innovative diagnostic and 
therapeutic strategies in thyroid cancers. The 
CRI can be targeted in several different ways: 1) 
inhibition of signal transducers and transcrip-
tion factors that mediate survival and growth of 
malignant cells in response to inflammatory 
cytokines; 2) sequestration of chemokines and 
cytokines that recruit and sustain inflammatory 
cells in the tumor microenvironment; 3) deple-
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tion of immune and inflammatory cells that pro-
mote tumor development and progression, 
while sparing cell types and effector functions 
that support protective immune responses; 4) 
selective inhibition of tumor promoting cyto-
kines without an effect on expression of anti-
tumorigenic cytokines. In support of this, we 
have shown that a mast cell inhibitor, sodium 
cromoglycate (Cromolyn), strongly reduces the 
growth of thyroid cancer xenografts in immuno-
deficient mice. In conclusion, appraisal of the 
immune hallmarks of cancer, and of the possi-
ble countermeasures, opens the doors not only 
to widespread cancer immunoprevention but 
also to innovative and more efficacious cancer 
immunotherapies. 
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