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Abstract

Genetic variations or altered Immune system has cogently effect on progression and development of thyroid cancer. A significant 
number of immune-reactive cells generating during thyroid cancer showing its pronounced function and inflammation. 
However differential thyroid cancer has distinct immunological properties due to their cause of origin. Frequently finding of 
tumor-associated lymphocytes as well as differential immunological markers from tumor specimen after surgery of thyroid 
cancer are explicit evident of immunological sensitivity to this. The nature of this lymphocytic reaction is not well understood 
and underlying genetics cause of thyroid cancer varies based on its histology. Various confliction has been associated between 
thyroid cancer and thyroid inflammation are highly debated in the literature. It has been evoked by various study that, both 
molecular and epidemiological data showing types of diseases are closely related and this association reinforces that the 
thyroid cancer progression are paramountly affect by immune system.
The innate immune system provides an early first line of defense response that protects the host in a nonspecific manner. 
The cells involved are neutrophils, monocytes, macrophages and dendritic cells, which all interact with the adaptive immune 
system and play a prominent role in antitumor immune response by producing immune cells during prognosis of thyroid 
cancer. However, clinical and experimental research has shown that thyroid tumor escape from immune recognition and 
tumor-mediated suppression of antitumor immunity can pose a significant obstacle to successful thyroid cancer therapy. Here 
we are endeavoring immense knowledge of immunological aspects in differentiated thyroid cancer. We are including some 
evidential fact that immune response may be involved in thyroid cancer and may help to find more aggressive tumors. In this 
chapter, we discuss how significance of recent discovery of tumor markers to differentiated thyroid cancer, and how genetic 
variation and dysfunction of immune system to contribute thyroid cancer development and progression.
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Abbreviations: DTC: Differentiated Thyroid Cancer; 
DTCs: Differentiated Thyroid Carcinomas; TLRs: Toll-Like 
Receptors; SNPs: Single Nucleotide Polymorphisms; NK: 
Natural Killer; DC: Dendritic Cells; CCR-6: Chemokine 
Receptor 6; TAM: Tumor Associated Macrophages; TIL: Tumor 
Infiltrating Lymphocytes; CTLs: Cytotoxic T Lymphocytes; 
TH cells: T helper cells; APCs: Antigen-Presenting Cells; TCR: 

T cell Receptors; DN: Double Negative; PBMCs: Peripheral 
Blood Mononuclear Cells; MNG: Multinodular Goiter.

Introduction

Differentiated thyroid cancer (DTC) is the most 
rapidly increasing cancer worldwide [1]. The association 
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between chronic inflammation and DTC has long been 
recognized. However, a mixture of immune cells and 
mediators infiltrate in tumor micro environment, associated 
with tumor progression and patient clinical outcome [2]. 
Genetic variations or altered Immune system has cogently 
effect on progression and development of thyroid cancer. 
A significant number of immune-reactive cells generating 
during thyroid cancer showing its pronounced function 
and inflammation. However differential thyroid cancer has 
distinct immunological properties due to their cause of 
origin. It is obvious that local immune response [3,4] and 
concurrent chronic lymphocytic thyroiditis [3,5] would be 
associated with insightful prognostic of patients with DTC 
expedite to clinician for immunotherapy. 

Immunological Factors

The different immunological factors against 
differentiated thyroid carcinomas (DTCs) have long been 
demonstrated. Variation in the two major branches of 
the immune system, innate and adaptive immunity are 
deliberating immunological factors in DTC. The innate 
immunity system includes, recognition, phagocytosis and 
digestion of pathogens, induction of inflammation and 
presentation of antigens, whereas the adaptive immunity 
system produce antibodies, that is associated with a memory 
of immune responses induced by the innate immunity 
system [6].

Innate Immunological Factors

The importance of the innate immune factors, in limiting 
the cancer progression has been highlighted recently. These 
factors have direct molecular interactions with cancers 
cells and probably tumors are able to sense the innate 
immune factors. Innate immunity is thought to produce 
factors that drive antigen presentation toward induction of 
adaptive immune response. The Toll-like receptors (TLRs) 
is one of them, it belong to a family of receptors that take 
part in innate and adaptive immunity by activating both 
T-and B-cell-mediated immune responses [7]. A minimum 
of 11 human TLRs are activated by various bacterial and 
viral components and also by endogenous factors [8,9]. 
The activation of TLR-2 and TLR-4, the principal receptors 
for bacterial antigens (bacterial lipopolysaccharides), 
leads to secretion of cytokines, chemokines, and other 
proinflammatory mediators [7]. TLR-2 expression revealed 
no correlation with any clinical or histological parameters in 
follicular thyroid carcinoma and follicular thyroid adenoma 
[7]. TLR-2 and TLR-4 mRNA and protein expression have 
been reported in thyroid cells in vitro [10,11]. TLRs promote 
tumor progression in cancer by activating cell proliferation 
and taking part in tumor invasion [8,12]. Lack of expression, 
however, may imply immune cell recruitment failure and 

may lead to invasion of unattended tumor cells [7]. Thus, 
TLR4 play a prominent role in tumor progression in thyroid 
follicular cells by triggering signal pathway to dendritic cells 
for its effective response against antigenic tumors.

Earlier study was demonstrated that Hashimoto’s 
thyroiditis was associated with an increased risk of 
developing PTC [13]. Also, genetic factors seem to be 
involved as a risk factor for PTC [14-18]. Indeed, several 
single nucleotide polymorphisms (SNPs) are thought to 
contribute to susceptibility to PTC [19-21]. TLR3 protein is 
overexpressed in human thyrocytes surrounded by immune 
cells in all patients diagnosed with Hashimoto’s thyroiditis, 
suggesting that TLR3 overexpression can induce an innate 
immune response in thyrocytes, which may be important in 
the pathogenesis of HT and in immune cell infiltrates [22]. 
Other factors of innate immunity include Natural killer cells, 
Mast cells, Dendratic Cells, & Macrophages. The Natural 
Killer (NK) cells are more frequently present in the PTC as 
compare to the follicular thyroid cancer. The exhaustion of 
NK infiltration in advance stage of thyroid cancer imparts 
the weakness of the innate immunity [23]. The NK cell have 
cytotoxic property for the tumors therefore, the NK cell 
infiltration negatively correlates with the disease stage in 
PTC. In advance stage of PTC the frequency of cytotoxic NK 
cell tissue infiltration is directly proportion to progression 
of tumor. The Dendritic Cells (DC) positive for Chemokine 
Receptor 6 (CCR-6) are densely accumulated in PTC [24]. The 
detection of this immature DCs in inflammatory infiltrate of 
PTCs suggesting the protective role of DCs and infiltrating 
lymphocytes against thyroid tumors [25]. The expression of 
immature marker of DC was significantly higher in follicular 
variant of PTC than in adenomas, however PTC displayed a 
higher CD1aC DC infiltration compared to FTC and adenomas 
[26].

The mast cells are highly concentrated around the 
thyroid cancer cells, it has been found in one study as high 
as 96% of PTCs than in control, it induce invasive ability, 
survival, and DNA synthesis of thyroid cancer cell [27]. The 
activated mast cells in thyroid cancers release cytokines (IL-6, 
TNF-a, GM-CSF) and chemokines (CXCL10/ IP10 and CXCL1/
Gro-a) which promote the TC cell proliferation. The mast cell 
expression is high in PTC and follicular variant of PTC than 
the follicular tumors and also correlate with the infiltrative 
pattern of the tumors & microangiogenasis [28,29]. The 
Tumor Associated Macrophages (TAM) represent the M2 
type and promote tumor progression. The tumor cells 
express antigens that are specific for macrophages like CD14, 
CD68, MAC387, CD163 and DAP12. The TAMs are increased 
in the TC and positively correlate with de-differentiation, 
lymph node metastasis, and large tumor size and reduce 
survival in PTC [30,31]. The extensive infiltration of TAMs 
is also correlates with capsular invasion and extrathyroidal 
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extention and decrease cancer related servivial in the PDTC 
[32].

Adaptive Immunity and Thyroid Cancer

The Adaptive immunity use to counteract the pathogens 
that evade or overcome the innate immune defense. 
Normally the components of the adaptive immune system 
are silent; however, when activated, the defence factors 
proliferating, and creating potent mechanisms to neutralize 
or eliminate the microbes. However the adaptive immune 
system work by specialized mechanism of T cell, B cell 
and cytokines regulation in a context of DTC development 
and progression. The T cells in tumors the so-called tumor 
infiltrating lymphocytes (TIL) have been studied intensively 
over the past years divided in following types- CD8C 
cytotoxic T cells CD8C cytotoxic T lymphocytes (CTLs). The 
TC cells, (CTLs, T-killer cells, killer T cells) are also known 
as CD8+ T cells, recognize and attack on tumor by binding 
to antigen associated with MHC1 molecules [33]. A high 
infiltration of CD8C T lymphocyte affiliated with outstanding 
survival of DTC patients indicates the cytotoxicity of these 
cells on tumor [34,35]. A low intratumoral CD8C/Foxp3C 
ratio was found in human BRAF V600E PTC, associated with 
increased expression of the immunosuppressive, suggests 
a BRAF-driven tumor-promoting microenvironment in DTC 
[36]. The T helper cells (TH cells) also known as CD4+ T cells 
assist, maturation of B cells, activation of cytotoxic T cells 
and macrophages. It recognizes and attacks on the tumor by 
binding with MHCII, which are expressed on the surface of 
antigen-presenting cells (APCs). Activated helper cells divide 
rapidly into Th1 and Th2 and secrete cytokines to assist in 
the active immune response.

Th1-mediated immunity is generally considered 
as antitumoral as it able to produce pro-inflammatory 
cytokines during inflammation [37]. In TC, the extent of 
tumor-infiltrating CD4C cells does not appear to predict 
patient outcome. And there is no differences in CD4C cell 
frequencies of tissue or peripheral blood between PTC and 
other TC patients [38]. Recently, reduced expression or 
a double negative CD4¡ CD8¡ lymphocyte population has 
been identified in TC. Frequency of these double negative 
lymphocyte was more abundant in PTC than in other TC [39]. 
The Regulatory T cell (Treg) Act as immunosuppressive to 
effector T cell (CTLs and Th), their major role is to shut down 
T cell-mediated immunity toward the end of an immune 
reaction and to suppress autoreactive T cells. 

Tregs shut down antitumor immune response via the 
production of IL-10 or by expressing immunosuppressive 
molecules, including CTLA4, GITR, PD-1 and stimulate 
angiogenesis through the production of VEGF-A [40]. 
Moreover, increased PD-1C T cells in metastatic lymph nodes 

correlated with a more aggressive TC [41]. A higher Treg 
density was also observed in PTC samples compared with 
nodular goiter, and positively correlated to the stage of the 
disease [42]. Accordingly, in a study performed on 124 tissue 
samples from PTC micro carcinomas, high infiltration of 
Foxp3C Treg cells was associated with aggressive features of 
PTC micro carcinoma. 

T cell Receptors

T cells are endowed with specialized receptors (the 
T cell receptor; TCR), to recognize and to eliminate cancer 
cells. The T cells are subdivided into two major populations 
distinguished by their surface expression of αβ and γδ T cell 
receptors (TCR). Both αβ and γδ T cells arise from common 
multipotent double negative (DN) precursors in the thymus, 
which can be further separated into four DN subsets based 
on CD44 and CD25 expression [43,44]. The T cells undergo 
extensive DNA rearrangements at the β, γ and δ TCR loci 
aiming to express functional TCR chains .The αβ TCR generally 
express CD4 or CD8 lineage markers and mostly fall into 
helper or cytotoxic/effector subsets, whereas, cells with the 
γδ TCR in humans usually do not express the lineage markers. 
They do not require conventional antigen presentation in 
the context of MHC [45]. IFN-γ, a major cytokine secreted by 
activated γδ T cells, has multiple anti-tumor effects including 
direct inhibition of tumor growth, blocking angiogenesis, 
or stimulation of macrophages. Therefore IFN-γ is a crucial 
cytokine in the γδ T cell–mediated anti-tumor responses. 
The role of tumor-infiltrating γδ T cell receptors in TC is still 
unknown. 

In contrast to Tregs, regulatory B cells (Bregs) 
mainly suppress immune response via the production of 
interleukin 10 (IL-10) [46,47]. However, there are no specific 
transcriptions or surface molecular makers identified as 
Bregs. The most well-established concept of Bregs is the 
subtype of B cells producing IL-10, which are regulatory 
B10 cells. Furthermore, lots of studies demonstrated that 
the surface membrane marker CD5 was expressed on B 
cells. Meantime, CD19 is the well-established marker to 
identify B cells from peripheral blood mononuclear cells 
(PBMCs). Thus, it seems that the expression of CD5+CD19+ 
is a common feature or hallmark of regulatory B cells [46,48]. 
Cytokines are the major factors of immune defense regulating 
crosstalk between the diverse players of the immune system. 
Cytokines are also secreted by thyroid follicular cells and 
play a key role in the pathogenesis of autoimmune thyroid 
disease and contribute to TC initiation and growth.

IFNγ is a cytokine that mediates pleiotropic effects on the 
innate and adaptive responses to infection, and its deficiency 
or deficiency of its receptor has been reported to be related 
to the development of more tumors in mice exposed to 
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chemical carcinogens [49,50].

All three classes of IFNs, type I (IFN-a/b), type II 
(IFNg), and type three (IFN-λ/s), can induce apoptosis 
of tumor cells and control the circuits underlying cancer 
immunosurveillance [51]. In TC, type I and type II IFNs in vitro 
induced the expression of MHC-I molecules on human TC cell 
lines, thus impeding TC immunoevasion and potentiating TC 
susceptibility to immune destruction [52]. IL-1 promotes 
tumor growth through the induction of prometastatic genes 
(e.g., matrix metalloproteinases), angiogenic molecules 
(VEGF, CXCL8/IL-8, etc.) and cytokines (IL-6, TNF-a, and 
TGF-b).8 IL-1 stimulated thyroid cell proliferation and 
the in vitro production of IL-8 [53]. Alterations in serum 
concentrations of IL1β have been suggested to differentiate 
PTCs from atrophic thyroiditis [54]. The inheritance of the 
polymorphism rs2192752 in IL1 receptor (IL1R1) increases 
the risk of PTC, indicating an association of this IL with DTC 
[55]. IL10 is an anti-inflammatory factor and an important 
regulator of several aspects of immune responses [56]. 
Circulating concentrations of IL10 were investigated in 
different cancer types and were found to be associated 
with adverse disease stage or with negative prognosis 
in bone sarcoma, diffuse large B-cell lymphoma, gastric 
cancer, colon cancer, Hodgkin’s lymphoma, hepatocellular 
cancer, melanoma, renal cell cancer, NSCLC, and pancreatic 
cancer [57-59]. In addition, [60] demonstrated that the 
concentration of IL10 was significantly higher in patients 
with PTCs associated with multinodular goiter (MNG) than 
in patients with MNG alone, suggesting that cancer patients 
would have a specific type of Treg that affects antitumor 
responses and may facilitate disease progression and worse 
prognosis.

IL4 is produced by Th2 cells, basophils, mast cells, and 
eosinophils and, similar to most of the cytokines, is able to 
regulate other immune molecules [61]. IL4 is one of the most 
important cytokines for the differentiation of CD4+ cells into 
Th1 and Th2 cells, essential effectors of immune responses 
[62]. Besides Th1 and Th2 cell production, IL4 also affects 
the phenotypes of B and T cells, leading to prolonged cell 
lifespans, which will affect tissue adhesion and inflammation 
[63]. On the contrary, IL4 and IL10 have been reported to 
exert a stimulatory effect on the growth of thyroid cancer 
cells. The production of IL4 and IL10 has been shown to be 
related to the promotion of thyroid tumor cell progression 
through the downregulation of BCL2 and BCL-XL (BCL2L1), 
leading to the death of a considerable number of cells. 
Although through different mechanisms, [64] suggested 
that concomitant Graves’ disease and PTC that exhibited IL4 
and IL10 expression were more likely to display apoptosis 
resistance, probably potentiating antiapoptotic factors, such 
as insulin-like growth factors.

IL6 is involved in both innate and acquired immunity and 
its production is affected by stimuli from other cytokines (IL1, 
IL17, and TNFα; (119). In innate immunity, IL6 is considered 
a regulator of acute-phase responses, through the activation 
of leukocytes and also the stimuli for the expression of 
acute-phase proteins [65]. IL6 also participates in acquired 
immunity, promoting B-cell differentiation and survival and 
plasma-cell production of antibodies [66]. There are strong 
positive associations between serum IL6 concentrations and 
tumor size, tumor stage, and disease progression in patients 
with gastric cancer, colorectal cancer, bone sarcoma, breast 
cancer, hepatocellular cancer, nasopharyngeal cancer, renal 
cell cancer, lung cancer, and melanoma [67-71]. 

Adipokines or adipocytokines are cytokines produced 
by the adipose tissue. They have different functions, such 
as regulation of appetite and energy balance, immunity, 
insulin sensitivity, angiogenesis, inflammation and acute-
phase response, blood pressure, and lipid metabolism [72]. 
Recently Mitsiades, et al. [73] have demonstrated that serum 
adiponectin concentrations have protective effect against the 
development of this cancer. The induction of inflammatory 
responses by leptin involves its receptor b (LepRb), JAK2, 
and STAT3 signaling pathway [73], and all these molecules 
ultimately have an effect on the PI3K/AKT and MAPK 
signaling pathways. Thus, leptin interacts with several factors 
that participate in the main signaling pathways of DTCs and 
could represent one of the links between obesity and DTC. 
The expression of leptin and its receptor, OBR (LEPR), has 
already been reported to be associated with a high risk of 
lymph node metastases, worsening the prognosis of patients, 
suggesting that the participation of this adipokine in DTCs 
might be important for their progression [74].

Chemokines are chemotactic cytokines that cause 
the directed migration of leukocytes, and are induced by 
inflammatory cytokines, growth factors and pathogenic 
stimuli. Chemokines can be produced by TC cells, following 
the activation of the MAPK pathways by the RET/PTC, RAS 
and BRAF oncogenic drivers [75,76]. Thyroid cells produce 
several CXC chemokines, including CXCL1, CXCL8/IL-8, 
CXCL9, CXCL10 and CXCL11, in basal conditions and/or 
under the influence of specific stimuli [77,78].

Conclusion

 The critical role of tumor microenvironment is part 
of debate in tumor initiation and progression. However a 
normal tissue microenvironment can suppress malignancy, 
but different mechanism of certain pathogenic tissues 
features are critical for tumor development [79,80]. The 
immunological factors in patients with DTC suggest the 
same immunological mechanisms are causal follicular and 
papillary thyroid cancer, although this hypothesis remains 
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to be confirmed. Different mechanism may account for 
a specific cancer in patients with DTC. Moreover, it can be 
difficult to compare the immunological abnormalities in 
these patients. Studies of tumor in patients DTC for whom 
there is a clear causal relationship between the immune 
genotype and infectious phenotypes provide plausible 
hypothesis concerning the underlying mechanism that can 
be tested in DTC patients.

Last, but not least, the variation in genetic susceptibility 
allels including some proteins involved in pathway identify 
as affected in DTC patients [46] may contribute to the 
reduced expression of CD4+ and CD8+ T cells. Beyond 
this genetic variation of T cell receptors the study of 
different protumorigenic and proangiogenic cytokines/
chemokines [81]. Is of more general value for improving 
our understanding of progression of tumor. Moreover, 
targeting these mediators could be exploited to block TC 
growth, since this strategy has been already developed for 
other tumors [82]. In conclusion molecular and cellular 
analysis of the tumor progression through the genetic and 
immunological study of different immune cells networks as 
well as angiogenesis/ lymphangiogenesis in different types 
of TC will result considerable implication in the discovery of 
diagnostic and prognostic markers and novel targets in this 
common endocrine malignancy.
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