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Abstract

The recent incorporation of immune checkpoint inhibitors targeting the PD-1 (programmed cell death receptor 1) and
CTLA-4 (cytotoxic T lymphocyte antigen 4) pathways into the therapeutic armamentarium of cancer has increased the need to
understand the correlation between the immune system, autoimmunity, and malignant neoplasms. Both autoimmune thyroid
diseases and thyroid cancer are common clinical conditions. The molecular pathology of autoimmune thyroid diseases is
characterized by the important impact of the PD-1/PD-L1 axis, an important inhibitory pathway involved in the regulation
of T-cell responses. Insufficient inhibitory pathways may prone the thyroid tissue to a self-destructive immune response that
leads to hypothyroidism. On the other hand, the PD-1/PD-L1 axis and other co-inhibitory pathways are the cornerstones of the
immune escape mechanisms in thyroid cancer, which is a mechanism through which the immune response fails to recognize
and eradicate thyroid tumor cells. This common mechanism raises the idea that thyroid autoimmunity and thyroid cancer
may be opposite sides of the same coin, meaning that both conditions share similar molecular signatures. When associated
with thyroid autoimmunity, thyroid cancer may have a less aggressive presentation, even though the molecular explanation
of this clinical consequence is unclear. More studies are warranted to elucidate the molecular link between thyroid autoim-
mune disease and thyroid cancer. The prognostic impact that thyroid autoimmune disease, especially chronic lymphocytic
thyroiditis, may exert on thyroid cancer raises important insights that can help physicians to better individualize the manage-
ment of patients with thyroid cancer.

Keywords Autoimmune thyroid disease - Papillary thyroid cancer - Tumor immune evasion - Immune tolerance -
Immune microenvironment

1 Introduction

More than a century has passed since the first pathologi-
cal description of malignant neoplasms infiltrated by leu-
kocytes [1, 2]. Several studies have demonstrated the role
of the immune system in cancer formation [3-6]. One such
piece of evidence is the frequent coexistence of cancer and
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autoimmune diseases [7]. However, relatively few molecular
mechanisms have been proposed to explain this relationship.
The recent incorporation of immune checkpoint inhibitors
targeting the PD-1 (programmed cell death receptor 1) and
CTLA-4 (cytotoxic T lymphocyte antigen 4) pathways into
the therapeutic armamentarium of cancer has increased the
need to understand the correlation between the immune sys-
tem, autoimmunity, and malignant neoplasms [3, 7, 8].
Autoimmune diseases occur when the immune response
is directed toward self-antigens [7, 9]. Cancer occurs when
the immune response fails to identify and eliminate the
malignant cells [5, 7, 10]. These two phenomena, occurring
as vectors in opposite directions, suggest that autoimmun-
ity and cancer can be different sides of the same coin [7]. In
contrast, data from clinical and epidemiological studies have
indicated that the co-occurrence of autoimmune diseases
and cancer is a frequent clinical event [11]. For example,
patients with advanced-stage melanoma and concomitant
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vitiligo have better clinical outcomes [12]. One might argue
that this concomitance could be a random effect. However,
accumulating evidence suggests that cancer and autoimmune
diseases share common underlying molecular mechanisms
[13]. These data suggest that the concomitance of autoim-
munity does not occur directly during the development of
cancer. On the contrary, concomitant autoimmunity may
help to modulate an antitumor immune response, favoring a
better prognosis [14].

Autoimmune thyroid disease is the most common auto-
immune disease in the field of internal medicine [15]. Thy-
roid cancer is also very common, its incidence is increasing,
and both clinical conditions seem to be closely associated
[15]. Would this relationship be causal? Next, we review the
molecular mechanisms underlying autoimmune thyroid dis-
ease. Subsequently, we revisit the clinical implications of the
co-occurrence of autoimmune thyroid diseases and thyroid
cancer, exploring the molecular mechanisms that may help
explain the relationship between the two.

2 Physiopathology of autoimmune
thyroid disease

Autoimmune thyroid diseases (AITD) such as Graves' dis-
ease (GD) and Hashimoto’s thyroiditis (HT) are the most
prevalent organ-specific autoimmune conditions in humans
[15]. Hashimoto thyroiditis, also known as chronic lympho-
cytic thyroiditis, is the most prevalent cause of hypothyroid-
ism in adults, particularly in women aged between 45 and
65 years [16, 17]. The NHANES III study found a 4.6%
prevalence of hypothyroidism and circulating anti-thyroid
peroxidase antibodies in 10% of over 13,000 healthy indi-
viduals examined, suggesting that humoral immune response
against the thyroid is more prevalent than thyroid dysfunc-
tion [18]. A recent meta-analysis involving 103,341 subjects
from several European studies found a prevalence of hypo-
thyroidism of 4.94% in the population, of which 93% were
cases of subclinical hypothyroidism [19, 20].

The gross pathology of chronic lymphocytic thyroiditis
is characterized by increased volume or even diminished
and hardened volume [21]. The thyroid capsule is usually
intact, and the thyroid parenchyma is pale hue. The thyroid
immune microenvironment in chronic lymphocytic thyroidi-
tis is enriched with lymphocytes, plasma cells, and germi-
nal centers [21]. Germinal centers are prototypical tertiary
lymphoid organs that form in peripheral and non-lymphoid
tissues in response to chronic inflammation. They are col-
lections of immune cells that resemble secondary lymphoid
organs, such as lymph nodes [22]. The germinal centers
present an upregulation of Lymphotoxin-alpha, CXCR4,
CXCR5, CXCL13, and CCL19, all of which are related to
the secretion of cytokines that attract immune cells to the
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milieu [23]. Thyroid follicles undergo an intense process
of atrophy, and epithelial cells are noted in the presence of
abundant eosinophilic cytoplasm rich in mitochondria. His-
topathology is characterized by abundant connective tissue
in the thyroid parenchyma, which marks the chronic replace-
ment of follicular cells with fibrous tissue [21].

The molecular pathology is characterized by the impor-
tant impact of the PD-1/PD-L1 axis [24]. The PD-1/PD-L1
axis is an important inhibitory pathway involved in the regu-
lation of T-cell responses and is frequently involved in auto-
immune processes [25]. In fact, PD-L1, but not PD-L2, is
expressed in more than 80% of Graves’ disease glands and
only in 25% of non-autoimmune glands, suggesting that the
PD-1/PD-L1 axis is activated in Graves’ disease [24]. The
authors showed that PD-L1 was expressed by thyroid cells
in areas that also contain abundant PD-1 positive T cells,
but the co-localization in thyroid follicular cells indicated
only partial overlap between the smaller areas of PD-L1+
and the larger areas of HLA class II+ expression, suggesting
an insufficient containment of the autoimmune process by
partial inhibition of PD-L1 in Graves’ disease and chronic
lymphocytic thyroiditis glands [24]. Recently, in silico anal-
ysis has been used for the molecular characterization of the
immune microenvironment of chronic lymphocytic thyroidi-
tis, comparing non-infiltrated thyroids to small focal infil-
trated thyroids and extensive lymphoid infiltrated thyroids
[26]. PD-1/PD-L1 axis and other inhibitory immune check-
point receptors expressed by both B and T lymphocytes are
broadly represented by the upregulation of genes in the thy-
roid tissue. Glands with large infiltrates are enriched with
follicular helper and memory CD4 T cells and are markedly
infiltrated by naive B cells [24, 26].

The immune response against thyroid cells results in
the gradual destruction of the thyroid gland, leading to
hormonal insufficiency, which is clinically recognized as
hypothyroidism [27]. In addition, some autoantibodies may
have an affinity for the TSH receptor, exerting an inhibi-
tory function, suggesting that the histological destruction
of the thyroid is not a unique mechanism of hormonal
insufficiency [28].

Chronic lymphocytic thyroiditis is a multifactorial dis-
ease and includes both environmental and endogenous
factors. Patients who live in sufficient areas in iodine, as
well as increased intake of dietary iodine, are at increased
risk of developing chronic lymphocytic thyroiditis [29].
Patients who present some haplotypes of HLA, muta-
tions in TCR receptors or even mutations in genes such
as CTLA-4 and PTPN22 appear to add individual risk of
developing thyroiditis chronic lymphocytic disease [30].
Clinical risk factors include female sex and comorbidities
such as Down Syndrome and Turner Syndrome [31]. It has
long been recognized that patients with chronic lympho-
cytic thyroiditis are more susceptible to the development
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of other autoimmunities, both endocrine and non-endo-
crine. It is possible that HT and thyroid cancer share some
common molecular pathophysiological mechanisms, as
explained below.

RNA can be classified into two main types: protein-
coding RNA (messenger RNA, mRNA) and non-coding
RNA (ncRNA). Even though these do not encode proteins,
they play a variety of important roles in gene regulation,
RNA processing, and other cellular functions. ncRNAs can
be further classified according to their length. Long ncRNAs
(IncRNAs), short ncRNAs (sncRNAs), and miRNAs,
that are the most widely studied short ncRNAs. miRNA
can be assessed in different compartments of the body of
patients with AITD [32]. Bernecker et al. [33] investigated
miRNAs amplified from peripheral blood mononuclear
cells (PBMCs) and purified CD44 and CD8+ T cells of
patients with Grave’s disease or Hashimoto’s thyroiditis,
and compared healthy controls. Both GD and HT showed
significantly decreased expression of miRNA 200a_1 and
miRNA 200a2* in CD4+ T cells and CD8+ T cells. The
exact role of this miRNA in CD4+ and CD8+ cells remain
unclear. Some studies have suggested that miRNA200a
promotes cell proliferation, metastasis, epithelial-
mesenchymal transition, and anticancer drug resistance in
many histological types of cancer [34]. However, it is not
clear whether the decrease in the expression of miRNA 200a
influences the autoimmunity process. GD and HT showed
significantly decreased expression of miRNAs 155_2 and
155*_1 in HT in CD8+ T cells. Thai et al. [35] showed that
miRNA-155 plays an important role in the immune system,
by specifically regulating T-helper cell differentiation and
the germinal center construction, to produce an optimal
T-cell-dependent antibody response. MiRNA 155 (miR-
155) is the most expressed miRNA in the thymus and
spleen, and its role has already been demonstrated in mature
peripheral T cells [36]. In addition, miRNA 155 is the most
expressed miRNA in the thymus and spleen, and its role
has already been demonstrated in mature peripheral T cells.
In the thymus, miRNA 155 may promote migration and
chemotaxis, which are crucial for immune development
[36]. miRNA 155 may be involved in central tolerance to
autoantigens, justifying the potential role of this molecule
in autoimmune thyroid diseases. Martinez-Hernandez et al.
[37] performed an analysis of the miRNA integrated with
gene expression, and discovered that atypical ciliogenesis
can be a novel mechanism that is involved in the molecular
pathology of autoimmune thyroid diseases.

Exosomes are small cell membrane vesicles that enclose
genetic material, mainly microRNAs. These vesicles are pro-
duced by cells of different origins and can target cells at long
distances, which, once they receive these exosomes, accept
the miRNA content, and have different modulated genes.
Thus, exosomes are powerful communication mechanisms

between cells and are fundamental to many biological pro-
cesses [38]. Exosomes generated from immune and non-
immune cells play essential roles in the immunopathogen-
esis of autoimmune [39], infectious, and neoplastic diseases
[40, 41]. Plasma from patients with autoimmune thyroid
diseases is enriched with exosomes derived from platelets
and depleted in exosomes derived from leukocytes and
endothelium [42]. The exosomes of these patients are full
of miR-146a and miR-155 [43]. These microRNAs target
the IL-8 and SMAD4 genes, which are reduced in PBMCs
[43]. When subjected to functional assays, exosomes from
patients with autoimmune thyroid diseases were able to
inhibit the differentiation of regulatory T lymphocytes,
which is consistent with the decrease in peripheral toler-
ance of these patients [43]. On the other hand, exosomes
from patients with autoimmune thyroid diseases promoted
the expression of interferon-y by CD44 lymphocytes and
induced the differentiation of Th17 lymphocytes, a subset
of lymphocytes strongly involved in immunopathogenesis
of autoimmune thyroid diseases [43].

3 Epidemiological and clinical
aspects of thyroid autoimmunity
and differentiated thyroid cancer

Both autoimmune thyroid diseases and thyroid cancer are
common clinical conditions. Epidemiological series indicate
an increasing incidence of both in the last decade, suggesting
that they are associated [11, 44, 45]. However, it is still con-
troversial whether these increases are just a chance phenom-
enon or whether they share common molecular mechanisms.

The first question is whether patients with autoim-
mune thyroid diseases present a higher risk of thyroid
cancer. The most frequent association is observed with
papillary thyroid cancer (PTC). The risk of medullary
thyroid cancer appears to be anecdotal, which is further
discussed below. It is generally accepted that patients with
chronic low-grade inflammation are at risk of malignant
neoplasms, including in the endocrine glands [46]. In a
cross-sectional study, Keefe et al. [47] investigated 458
nodules of 385 pediatric patients. Autoimmune thyroid
diseases were independently associated with an increased
risk of thyroid cancer, mainly papillary thyroid cancer
with unaggressive histology. The authors did not find any
association between the extent of local, regional, or distant
disease and thyroid cancer diagnosis. In a retrospective
investigation, Janus et al. [48] confirmed the coexistence
of PTC and autoimmune thyroid diseases in almost 50% of
patients. The percentage of autoimmune thyroid diseases
increased with age according to the pubertal stage. The
same group prospectively evaluated this cohort of pedi-
atric patients [49]. They observed that the use of thyroid
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US focused on the search for developing nodules in the
routine follow-up of patients with autoimmune thyroid
diseases may not only help to detect thyroid malignancies
earlier but may also influence the aggressiveness of cancer
management and reduce the side effects of 1311 therapy.
However, this observation was based on a small cohort of
pediatric patients and more investigations are warranted to
extrapolate this conclusion to clinical practice.

Regarding the care of adults, as early as 1955, Dailey
et al. [50] reported a high frequency of chronic thyroiditis
in pathological samples of differentiated thyroid tumors,
specifically papillary thyroid carcinomas. Although large
prospective series have failed to demonstrate an increase in
the incidence of thyroid cancer among patients with AITD
[51], the coexistence of both phenomena has been widely
reported, suggesting that the association is not a fortuitous
coincidence [52]. A large systematic review with meta-
analysis that included 38 studies and more than 10,000
patients demonstrated that histologically proven chronic
lymphocytic thyroiditis was observed more frequently in
PTCs than in benign thyroid diseases and other carcino-
mas, reinforcing that this co-occurrence may reflect com-
mon pathophysiological origins [53]. Interestingly, another
recent systematic review with meta-analysis that examined
11 case-control studies and 12 cohort studies revealed that
chronic lymphocytic thyroiditis is a risk not only for thy-
roid cancer but also for breast cancer, lung cancer, cancer
of the digestive system, urogenital cancer, blood cancer,
and prolactinoma [11].

The second most important question is whether con-
current chronic lymphocytic thyroiditis is associated
with aggressiveness and prognosis in patients with papil-
lary thyroid carcinoma. We previously investigated 173
patients with differentiated thyroid cancer who underwent
surgery complemented by radioiodine ablation [45]. Anal-
ysis of the prognostic factors revealed that the presence of
antibodies and the previous history of autoimmune disease
correlated negatively with the occurrence of death, metas-
tasis, and/or recurrence [45]. Our data suggests that auto-
immune activity against the thyroid gland, even against
the non-malignant thyroid gland, may exert a protective
effect on the outcome of differentiated thyroid carcinoma
patients [54].

In a systematic review with meta-analysis, Lee et al.
[53] confirmed that PTCs with coexisting chronic lym-
phocytic thyroiditis were significantly related to female
patients, multifocal involvement, no extrathyroidal exten-
sion, no lymph node metastasis, and long recurrence-
free survival. In a retrospective analysis of PTC with no
extrathyroidal extension, Marotta et al. [55] also observed
that chronic lymphocytic thyroiditis was associated with
female gender, smaller tumor size, lower rate of aggressive
PTC variants, and less frequent post-surgery radio-iodine
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administration. Consequently, patients with thyroid auto-
immunity presented a higher rate of clinical remission
[56]. However, some authors have reported an association
between concomitant chronic lymphocytic thyroiditis and
aggressive characteristics. These reports are restricted to
specific groups, such as young patients, and do not report
an implication in poor prognosis [57, 58]. Almost ten years
after Lee's article, Osborne et al. [59] published an updated
systematic review looking at the clinical impact of chronic
lymphocytic thyroiditis on papillary thyroid carcinoma.
At this time, 41,646 patients were included. Patients with
concomitant thyroiditis more often had multifocal tumors
and were considered for total thyroidectomy [60]. The
presence of concomitant thyroiditis was associated with
smaller tumor size, reduced angioinvasion, and decreased
occurrence of lymph node metastases [59]. It is noteworthy
that patients with chronic lymphocytic thyroiditis may have
enlarged lymph nodes due to the inflammatory process,
and caution should be exercised when indicating neck dis-
section [61]. In addition, the presence of antithyroid anti-
bodies should alert the physician to possible interference
in the interpretation of serum thyroglobulin values, since
antithyroid autoantibodies affect thyroglobulin immuno-
metric assays, causing falsely low results [62].

Among thyroid antibodies, the role of antithyroglobu-
lin antibody (TgAb) stands out, which is useful in moni-
toring patients with papillary thyroid carcinoma to assess
the initial treatment response [63, 64], as TgAb produc-
tion depends on the amount of thyroid tissue secreting
thyroglobulin [65]. Thus, with the destruction of thyroid
tissue or thyroidectomy, a decrease in the levels of this
antibody is expected. Therefore, it is possible to clas-
sify the initial treatment response with thyroidectomy
using TgAb levels as one of the criteria: in patients with
an excellent response, TgAb becomes undetectable,
whereas, in patients with an indeterminate response,
these levels remain stable or decrease but are still detect-
able [63]. In patients with an incomplete response, if
imaging remains unchanged but TgAb levels continue
to rise, it is considered an incomplete response, indicat-
ing ongoing biochemical disease [63]. Thus, in patients
where TgAb concentration decreases by more than 50%
after surgery, the risk of persistence/recurrence is very
low; the risk increases if levels do not drop below 50%
and maybe even higher if TgAb concentration increases
[64, 66-70]. It is important to consider that TgAb may
transiently increase postoperatively as an apparent
immune response to surgery and may also increase after
radioiodine ablation [71]. It is worth to note that the
serum concentration of TgAb immediately after total thy-
roidectomy should not determine the need for radioactive
iodine ablation, and the trend during follow-up can influ-
ence the risk of recurrence [72].
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4 Molecular phenomena behind thyroid
autoimmunity and differentiated
thyroid cancer

The synchronous appearance of chronic lymphocytic thy-
roiditis and papillary thyroid cancer suggests a molecular
and immunological link between the two entities. Indeed,
many malignancies and chronic inflammation share eti-
opathogenic components. It is well established that infec-
tious agents such as Helicobacter pylori and hepatitis C
virus may promote both chronic inflammation and malig-
nant transformation (i.e., gastric cancer and hepatocellular
carcinoma, respectively [73]). Hepatitis C virus may infect
thyroid cells [74] and trigger the production and secretion of
interleukine-8 [75], a pro-inflammatory cytokine related to
both thyroid autoimmunity and thyroid cancer [76]. We pre-
viously demonstrated that an inherited cancer-prone genetic
profile may favor HHV-7 infection and maintenance, which,
in turn, may initiate and perpetuate autoimmune in the thy-
roid gland [77]. We further investigated the cosmopolitan
viral milieu in the thyroid cancer microenvironment and
observed no evidence of HSV-2 or CMV DNA, but found
EBV DNA sequences in 16% of thyroid cancer samples [78].
EBV infection may correlate to both chronic lymphocytic
thyroiditis and thyroid tumors [79]. The presence of high
EBV copy numbers in thyroid neoplasms and the fact that

EBER expression is restricted to malignant cells suggest
a strong association between this virus and the malignant
transformation of follicular cells [78]. Thyroid cancer cells
are permissive to EBV infection and the virus can distort
oncogene expression, reinforcing that these effects may be
related to different patterns of tumor progression [80].
Considering the immunologic link between chronic lym-
phocytic thyroiditis and thyroid cancer, it is important to dis-
tinguish leukocyte infiltration in the tumor from concomitant
thyroiditis. Patients with concomitant chronic lymphocytic
thyroiditis show a different pattern of leukocyte tumor infil-
tration, characterized by an enrichment of macrophages,
CD3+, CD8+, CD20+, and FoxP3+ cells [81], suggesting
that concomitant autoimmunity may influence the immune
microenvironment of thyroid cancer [82]. Papillary thyroid
carcinomas with concomitant chronic lymphocytic thyroiditis
may be enriched with cytotoxic lymphocytes, reflecting a
local antitumor immune activity that may help explain the
protective effect of concomitant chronic lymphocytic thyroid-
itis on the progression of papillary thyroid carcinoma [83].
Thyroid parenchyma affected by autoimmunity is rich in
pro-inflammatory cytokines such as IL-17, IL-21, and IL.-22
[84, 85]. Follicular thyroid cells can produce IL-17 in both
autoimmunity and neoplastic contexts [86, 87]. All these
pro-inflammatory cytokines are related to the differentia-
tion of Th17 and Th22 lymphocytes, which are essential to

Table 1 Table 1 summarizes the relationship between variables that affect prognosis in thyroid cancer and their relationship with autoimmune
disease, in the form of anti-thyroid antibodies, previous history of autoimmune disease, and/or concomitant chronic lymphocytic thyroiditis

Variable Prognosis  Description

References

Mortality (+)

Presence of ATA and the previous history of AID

[45, 56, 120-122]

correlated negatively with the occurrence of death

Recurrence / Persistence  (+)

Presence of ATA or the previous history of AID or

[45, 54-57, 120-125]

concurrent CLT correlated negatively with the

recurrence or persistent disease

Extrathyroidal extension  (+)

Presence of concurrent CLT was associated with the

[54, 56, 126-129]

absence of extrathyroidal extension

Lymph-node metastasis (+)
lymph-node metastasis

Presence of CLT was associated with the absence of

[54, 126, 129-135]

[54-56, 121, 123, 126-129, 132, 136-139]

[57, 126]

[54, 55, 123, 125, 126, 128, 129, 132, 134, 137,

139-144]
[60, 130, 132, 133, 136138, 141, 142, 145, 146]

Presence of CLT was associated with less aggressive [57, 121, 125, 128, 132, 138, 139, 144, 147]

Tumor size +) Presence of chronic lymphocytic thyroiditis was
associated with smaller tumor size

Capsular invasion (+) Presence of CLT was associated with the absence of
capsular invasion

Gender +) Presence of CLT was more frequent among women

Multifocality (-) Presence of CLT was more frequent among
multifocal tumors

TNM stage +)
stage

Age (+) Patients with chronic lymphocytic thyroiditis were

younger

[127, 134, 139, 142, 143]

ATA anti-thyroid antibodies, AID autoimmune diseases, CLT chronic lymphocytic thyroiditis

(+) means that the characteristic attributed to thyroiditis was associated with a more favorable prognosis in patients with Thyroid Cancer

(- ) means that the characteristic attributed to thyroiditis was associated with a worse prognosis in patients with Thyroid Cancer
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Fig.1 Figure 1 shows the molecular mechanism of the antigen pres-
entation and activation/inhibition of T cells. The PD-1/PD-L1 axis
is one of the co-inhibitory molecules that can be coexpressed in the
context of antigen presentation. When the antigen molecule is pre-
sented by tumor cells together with co-inhibitory molecules, an
inhibitory sign is triggered at the T cell. Then, the T cell activity is

the chronification of inflammatory processes in the thyroid
gland [84]. RORyt is a central molecule to Th17 differen-
tiation. Zeng et al. [88] demonstrated that papillary thyroid
cancer cells could induce initial T lymphocytes to differ-
entiate into Th17 cells by the production of RORyt. It may
independently modulate both the presence of concurrent
autoimmunity and the antitumor immune response, since its
expression in the tumor microenvironment of PTC patients
with or without concurrent autoimmunity may inhibit lymph
node metastasis [87]. Therefore, RORyt production by tumor
cells may favor the migration of immune cells to the thyroid
gland, exerting an antitumor activity that improves the prog-
nosis of these patients [87].

Another pathway that may link autoimmune thyroid
disease and thyroid cancer is the inflammasome pathway
[89]. IL-1p is an important pro-inflammatory mediator
produced by endangered tissues, such as infected tissues,
whose activity is controlled at different stages, such as
expression, maturation, and secretion [90]. Inflammas-
omes control the maturation and secretion of IL-1p [91].
Inflammasomes can induce a programmed cell death called
pyroptosis [92]. Some NOD-like receptors (NLR) family
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suppressed and the immune response fails to eradicate cancer. A simi-
lar mechanism occurs in autoimmunity. The insufficient expression
of co-inhibitory molecules turns the immune response out of con-
trol. Then, tolerance to self-antigen is abrogated and the destructive
immune response takes place in the healthy tissues

members have been reported to exhibit inflammasome activ-
ity in vitro [93]. Expression of NLR family pyrin domain
containing 1 (NLRP1), NLRP3, CARD-domain containing
4 (NLRC4), absent in melanoma 2 (AIM2), the apoptosis-
associated speck-like protein that contains a caspase recruit-
ment domain (ASC), caspase-1, IL-1p, and IL-18 mRNA,
and protein were significantly increased in thyroid tissues
from patients with thyroiditis [94]. Enhanced posttransla-
tional maturation of caspase-1, IL-18, and IL-1p was also
observed. In addition, the clustering of pyroptosis-related
genes were differentially expressed in thyroid cancer [94].
The pyroptosis-related risk signature may be an effective
predictor of prognosis in thyroid cancer, suggesting a com-
mon mechanism shared by both chronic lymphocytic thy-
roiditis and thyroid cancer [95].

In addition to immunological mechanisms, thyroid
autoimmunity and thyroid cancer have common molecu-
lar triggers. More than 20 years have passed since the
first description of RET/PTC rearrangement activation in
chronic lymphocytic thyroiditis [96], although this find-
ing has not been uniformly replicated by other authors
[97]. Likewise, papillary thyroid carcinoma and chronic
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Fig.2 Figure 2 shows the common mechanisms related to both
chronic lymphocytic thyroiditis and papillary thyroid carcinoma.
Recent literature suggests that several mechanisms can cause both
chronic lymphocytic thyroiditis and papillary thyroid carcinoma.
Mechanisms can be classified into immune mechanisms and non-
immune mechanisms. Among the immune mechanisms, we highlight
some chemokines and interleukins that perform pro-inflammatory
functions, in addition to playing a role in thyroid tumorigenesis.
Among the non-immune mechanisms, we can highlight some viral
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infections, some non-coding RNAs and some genes commonly
expressed by both conditions. It is noteworthy that other mechanisms
may also be connecting these two diseases. It is possible, for exam-
ple, that patients with chronic lymphocytic thyroiditis are subjected
for long periods to a state of thyroid hormone insufficiency and TSH
excess. Excess TSH, which is a naturally trophic hormone for thyroid
cells, can facilitate cell proliferation and eventually lead to malignant
cell transformation
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lymphocytic thyroiditis co-express some other genes (i.e.,
TSHR, BACH2, FOXE1, RNASET2, CTLA4, PTPN22,
IL2RA) and share several somatic mutations [98]. Bioin-
formatics and mRNA expression analysis identified that
LTF and CCL21 expression is significantly increased in
HT, but decreased in PTC, suggesting an underlying associa-
tion between both [99]. LTF is an iron-binding protein that
induces B cell migration and maturation and was previously
described in chronic lymphocytic thyroiditis and papillary
thyroid carcinoma [100-102]. CCL21 is a chemokine that
binds to receptor CCR7 and was previously described to be
involved in the promotion of tissue invasion, cell prolifera-
tion thyroid carcinoma growth, and dissemination [103].

Subhi et al. [104] performed an expression microarray
analysis of papillary thyroid carcinoma samples with and
without chronic lymphocytic thyroiditis looking for differen-
tially expressed genes in both conditions. Genes associated
with oxidative stress, reactive oxygen species, DNA damage,
DNA repair, cell cycle, and apoptosis were also deregulated
in both chronic lymphocytic thyroiditis and papillary thyroid
carcinoma, reinforcing the conception that inflammatory
response may promote alterations in a myriad of biofunc-
tions related to cell proliferation and transformation.

Non-coding RNAs do not participate in protein synthe-
sis, but they are important regulators of the expression of
coding RNAs [105]. IncRNAs regulate gene expression
by epigenetic, transcriptional, and post-transcriptional
mechanisms [106]. miRNAs regulate gene expression by
repressing translation or degrading target mRNA molecules
[107]. We call endogenous competitive RNA (ceRNA)
the molecular regulatory mechanism by which a IncRNA
can competitively interact with a miRNA and inhibit its
function [108]. Zhang et al. [109] constructed a ceRNA
network based on miRNA-mRNA interactions by fusing
with IncRNA-microRNA interactions collected from 112
patients with PTC, including 35 cases with coexisting HT.
A total of 76 pairs of IncRNA-miRNA-mRNA ceRNA were
obtained and their validation showed that mRNA levels of
CXCL10, CXCL9, CCLS5, and CCR2 were notably higher
in tumor tissues from patients with PTC and HT than those
of PTC without TH [109].

5 Particularities of medullary thyroid carcinoma

There is an extensive body of information and knowledge
about the coexistence of papillary thyroid carcinoma, and
chronic lymphocytic thyroiditis. We know that autoimmune
thyroid disease is associated with lymphoma, papillary
carcinoma and oncocytic thyroid cell neoplasms. How-
ever, there are few reports on the coexistence of medul-
lary thyroid carcinoma and chronic lymphocytic thyroiditis
[110-113]. Most of the articles are case reports of patients
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who have a collision between medullary thyroid carci-
noma and papillary thyroid carcinoma with thyroiditis in
the adjacent normal parenchyma [114, 115]. In a medical
records review of 863 patients undergoing total thyroid-
ectomy, Zayed et al. [116] suggested that there might be
an association between medullary carcinomas and chronic
lymphocytic thyroiditis, particularly in women, as 3 out
of 9 patients with medullary carcinomas had coexisting
Hashimoto's thyroiditis. An etiopathogenic hypothesis
resides in the role of stem cells. Animal model studies sug-
gest that the thyroid gland exposed to acute injury may be
prone to regenerative activity with mobilization of resident
stem cells [117]. These stem cells may be a common pro-
genitor of papillary [118] and medullary thyroid carcinoma
[119]. However, more investigations need to be done to
clarify this potential mechanism.

6 Closing remarks

Autoimmune thyroid disease and thyroid cancer coexist in
a significant number of patients. Most studies suggest that
patients with papillary carcinoma who have concomitant
chronic lymphocytic thyroiditis tend to have a less aggres-
sive clinical picture at diagnosis, and a better prognosis
at follow-up. The clinical impact of concomitant thy-
roiditis suggests that immunomodulation occurs in these
patients favoring an immune microenvironment profile
more prone to an effector antitumor response. However,
further studies are needed to understand the molecular
mechanisms that determine how immune effector cells are
affected by autoimmunity. These studies may help tailor
patient management and even reveal new therapeutic tar-
gets. Understanding the molecular relationship between
thyroid cancer and thyroiditis may reveal new clinically
useful biomarkers for diagnosing thyroid cancer, assess-
ing disease severity and stratifying its risk, predicting,
and guiding clinical decision
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