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Abstract Different immune cell subsets have a relevant

role in the pathogenesis of and tissue damage seen in

autoimmune thyroid diseases (AITD), including T regula-

tory (Treg) lymphocytes and T helper (Th) 17 cells. There

are several types of CD4? Treg cells (Foxp3?, CD69?,

Tr1), which are able to prevent the appearance of

autoimmune diseases, down regulating the immune

response and the inflammatory phenomenon. However,

despite their presence in peripheral blood and thyroid tissue

from patients with AITD, these cells are apparently unable

to put down the autoimmune process. Moreover, many

reports indicate the involvement of Th17 cells in chronic

inflammatory diseases, including AITD. Nevertheless, it is

now evident that these lymphocytes show a remarkable

plasticity, giving rise to anti-inflammatory (including Treg

lymphocytes) and pro-inflammatory cell subtypes. Nowa-

days, both Treg and Th17 cells must be considered as key

elements in the pathogenesis of AITD as well as plausible

potential targets for the next generation of therapeutic

options of this condition.
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Abbreviations

Abs Antibodies

mAb Monoclonal antibodies

Tfh T follicular helper

Treg T regulatory

Th T helper

AITD Autoimmune thyroid diseases

IL- Interleukin

IFN Interferon

TG Thyroglobulin

TPO Thyroperoxidase

TGF-b Transforming growth factor-b
GO Graves’ ophthalmopathy

Introduction

It has been widely described that autoimmune thyroid

diseases (AITD, mainly Hashimoto’s thyroiditis or HT, and

Graves’ disease or GD) appear as consequence of loss of

immune tolerance toward organ-specific self-antigens,

including thyroglobulin (TG), thyroperoxidase (TPO), and

the receptor for TSH [1]. It is also well known that HT is

mainly mediated by a cellular autoimmune response, with a

heavy inflammatory cell infiltrate, subsequent tissue

destruction, and thyroid gland failure [2, 3]. Moreover, GD

is chiefly mediated by a humoral autoimmune response,

with the synthesis of agonistic auto-antibodies specific for

TSH receptor [2]. However, in HT, an evident humoral

autoimmune response is also observed (anti-TG and anti-

TPO Abs), and in GD, a variable degree of T cell activation

is observed, with variable levels of thyroid cell infiltration

[2, 3]. Accordingly, in Graves’ ophthalmopathy (GO), the
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most frequent extrathyroidal manifestation of GD, both, the

humoral and cellular immune responses seem to be

involved in its pathogenesis [4]. Orbital disease is

detectable on clinical grounds in approximately 25 % of

Graves’ patients and is most commonly mild. Moderate-to-

severe forms account for 5 % of cases [5].

T helper CD4? lymphocytes are generated in the thy-

mus, emerging to the peripheral lymphoid tissues as mature

naı̈ve T cells. Although the majority of auto-reactive T

lymphocytes are deleted in the thymus, it is evident that the

presence of T cells recognizes self-antigens in the periph-

eral blood and other tissues from healthy individuals. The

activation and proliferation of these auto-reactive cells are

prevented (immune tolerance) by different immune regu-

latory mechanisms, including the suppressive effect of T

regulatory (Treg) lymphocytes. However, in certain indi-

viduals, the auto-reactive T cells escape from the control of

the immune regulatory mechanisms, with their subsequent

activation, proliferation, and differentiation (autoimmune

response). It has been widely described that the differen-

tiation of CD4? T cells results in the preferential genera-

tion of distinct Th cell subsets, including Th1, Th2, and

Th17 lymphocytes [6]. It has been also reported the

apparent role of both Treg and Th17 lymphocytes in the

pathogenesis of AITD, and significant advances in

knowledge of these cells have occurred in the recent years.

Thus, nowadays, both Treg and Th17 cells are considered

as plausible potential targets for the modern therapy of

autoimmune and chronic inflammatory conditions [7, 8].

T regulatory (Treg) cells

Although the presence of T cells with immunosuppressive

activity was initially reported by Gershon and Kondo more

than four decades ago [9], the first proper characterization

of a Treg cell subset was made by Sakaguchi, et al.

25 years latter [10]. These lymphocytes were characterized

as CD4? cells expressing the transcription factor Foxp3

and high constitutive levels of the a chain of interleukin

(IL)-2 receptor (CD25high or CD25bright). As shown in

Fig. 1, these cells were initially denominated as natural

Treg (nTreg) lymphocytes, since they emerge from the

thymus as fully differentiated cells. The majority of nTreg

cells recognize self-antigens, but in contrast with effector

or conventional T cells, they show a limited capacity of cell

proliferation when their antigen receptor (TCR) is engaged.

In addition, nTreg cells show a prominent capability to

inhibit the activation, proliferation, and cytokine synthesis

by conventional or effector lymphocytes [11]. Since it is

now evident that regulatory cells with an identical pheno-

type of nTreg cells may be generated both in vivo, outside

the thymus, and in vitro, nTreg lymphocytes have been

renamed as tTreg (thymus-derived Treg), whereas the other

two subsets are called as pTreg (peripheral differentiated

Treg) and iTreg (in vitro generated Treg) lymphocytes

[12]. In all these cases, Treg cells exert their immunosup-

pressive effect through different mechanisms, including the

synthesis of anti-inflammatory cytokines (transforming

growth factor-b or TGF-b, IL-10, and IL-35) [13].

Another CD4? regulatory cell subset that apparently

emerges from the thymus fully differentiated corresponds

to the CD69? Treg cells (Fig. 1). These lymphocytes show

a constitutive expression of CD69, do not express Foxp3,

and mainly exert their suppressive activity through the

synthesis of IL-10 and TGF-b [14, 15]. Finally, the type 1

regulatory (Tr1) cells have been mainly characterized by

Roncarolo et al. as CD4? Foxp3- lymphocytes that syn-

thesize IL-10 and that are differentiated under the influence

of this cytokine (Fig. 1) [16]. Many different data indicate

that all these Treg cell types, mainly those expressing

Foxp3, have a relevant role in the prevention and patho-

genesis of autoimmune diseases, including AITD [16, 17]

(Table 1).

Treg cells and autoimmune thyroiditis

Since the earliest reports on the physiological role of Treg

cells, it was evident that the absence of these cells was

tightly associated with thyroid autoimmunity [1–3, 17, 18].

This point was later confirmed by the presence of

autoimmune thyroiditis (in addition to other clinical fea-

tures) in mice or humans that do not express Foxp3 (IPEX

syndrome) and that lack of tTreg and i/pTreg lymphocytes

[19, 20]. Accordingly, in subsequent studies in patients

with AITD and in animal models of thyroiditis, it was

expected to detect a diminished number and/or a defective

function of Treg cells. In fact, several reports confirmed a

defective function of Foxp3? Treg cells in patients with

HT or GD [21–26]. Likewise, we observed that the

immunosuppressive function of CD69? Treg cells is also

defective in the majority of patients with AITD [27]. In

contrast, the levels of CD4? Treg cells are variable in the

peripheral blood from patients with AITD, whereas a

prominent accumulation of these lymphocytes in the

inflamed thyroid tissue has been observed [17, 23, 26, 27].

However, although there is an active recruitment of Treg

cells into the inflammatory cell infiltrate of AITD, these

lymphocytes are dysfunctional and unable to effectively

down regulate the ongoing autoimmune process and

inflammatory phenomenon [21–27]. Likewise, although the

precise cause(s) of Treg dysfunction in AITD (as well as in

other autoimmune diseases) remains to be determined [7,

11, 12], it is of interest the possible transition of these

lymphocytes toward pro-inflammatory cells (mainly Th17
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and Th1 lymphocytes) [12, 28–30], a phenomenon that

may further contribute to the perpetuation of the autoim-

mune process. In this regard, it is of interest the in vitro

transition of CD4? Foxp3? Treg cells into IL-17-pro-

ducing lymphocytes when are exposed to different

cytokines, mainly IL-2/IL-15 and IL-21/IL-23 [31, 32]. In

addition, different data show the increased frequency of

Foxp3?/IL-17? or Foxp3?/IFN-c? lymphocytes, as well

as the enhanced differentiation of Treg cells into Treg/

Th17 or Treg/Th1 lymphocytes in patients with psoriasis

and type 1 diabetes, respectively [33, 34]. This interesting

point has been recently reviewed by Pandiyan, et al. and

Du, et al. [35, 36]. However, the extent of Treg cell con-

version into Th17 and Th1 lymphocytes in AITD remains

as an interesting point to be disclosed. Likewise, the levels

and function of Tr1 cells are another relevant issue to be

addressed in patients with AITD [16]. Finally, the possible

role of other regulatory cells in the pathogenesis of AITD is

an additional point of interest. In this regard, it has been

recently reported the involvement of B regulatory

lymphocytes in a mice model of autoimmune thyroiditis

induced by iodine [37].

Th17 cells

Since the original description of CD4? T helper cell

subsets, based on their profile of cytokine synthesis and

called as Th1 and Th2, almost three decades ago [38],

additional subtypes have been characterized [39]. Thus,

Th17 cells were originally described in 2003 [40], whereas

IL-17 was identified in 1993 [41, 42]. Nowadays, a very

significant advance in the knowledge of Th cell subsets,

their differentiation pathways, and their role in the defense

against pathogens and involvement in the pathogenesis of

different conditions have occurred [39]. Thus, it is well

known that upon antigen recognition by CD4? T naı̈ve

cells, the presence of IL-12, IFN-c, and IL-2 (and the

expression of the transcription factor T-bet) induces their

differentiation into Th1 cells (which mainly synthesize
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Fig. 1 Differentiation of the main CD4? Treg cell subsets. In the

thymus and under the combined effect of IL-2 and TGF-b, a subset of
CD4? immature T cells is differentiated into Foxp3? Treg cells. In

the peripheral lymphoid tissues, these cells are converted into

memory (CD45RO?) cells by the combined effect of cytokines and

antigen recognition (TCR engagement). These lymphocytes are called

as thymus or natural Treg (tTreg and nTreg, respectively) lympho-

cytes, since they emerge from thymus as fully differentiated cells. In

contrast, CD4? Foxp3- conventional naı̈ve cells can be induced to

differentiate, in the periphery or in vitro, into Foxp3? Treg

lymphocytes (pTreg and iTreg, respectively), by the combined action

of IL-2, TGF-b, and TCR engagement. As indicated, tTreg, pTreg,

and iTreg cells exhibit the same phenotype and function. Moreover,

through a process that remains to be characterized, another regulatory

CD4? cell subset emerges fully differentiated from the thymus,

which is characterized by the constitutive expression of CD69 and the

absence of Foxp3 (Treg CD69?). These cells are converted into

memory lymphocytes upon antigen recognition and, very likely, IL-2

effect. Finally, when CD4? conventional naı̈ve cells are exposed in

the periphery to IL-10 during TCR engagement, they are differen-

tiated into a regulatory cell subset characterized by the absence of

Foxp3, the synthesis of IL-10, and the expression of the LAG-3 and

CD49b markers (Type 1 regulatory or Tr1 cells)
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IFN-c and IL-2), whereas the presence of IL-4 inhibits

Th1 differentiation and favors the generation of Th2

lymphocytes, which mainly synthesize IL-4, IL-5, IL-6,

and IL-13 (Fig. 2). The latter process requires the

expression of the transcription factor GATA-3. Moreover,

although early contradictory data on the factors that induce

the differentiation of Th17 cells in humans were reported,

it is now evident that this process is mainly induced by the

combined action of IL-1b, IL-6, and IL-23, and the

expression of the transcription factor RORC2 with the

activation of the STAT3 intracellular pathway (Fig. 2)

[43]. The conventional or classical Th17 cells are mainly

characterized by the synthesis of IL-17A, and IL-17F,

which may act on epithelial cells, fibroblasts, or macro-

phages, inducing the release of pro-inflammatory media-

tors (e.g., chemokines, TNF-a, and IL-1b) [43]. In this

regard, the pathogenic role of Th17 lymphocytes was

initially demonstrated in 2005, through the passive transfer

of IL-17-producing cells induced by the proteolipid pro-

tein (PLP) peptide and IL-23 in mice; in these experi-

ments, Th17 but not Th1 cells were able to mediate

experimental allergic encephalomyelitis [44]. However, it

is now evident that classical or conventional Th17 cells

require a further differentiation to exert a pathogenic role

under different scenarios (e.g., multiple sclerosis,

rheumatoid arthritis, or inflammatory bowel disease) [43–

48]. Thus, the sustained exposure of classical Th17 lym-

phocytes to IL-23 results in their conversion into pro-in-

flammatory or pathogenic cells, acquiring the capability to

synthesize IFN-c and GM-CSF (Fig. 2) [43–48]. On the

other hand, the continuous effect of TGF-b on classical

Th17 cells induces their conversion into non-pathogenic

lymphocytes, involved in the defense against different

extracellular bacteria and fungi and tissue repair [43–48].

Interestingly, these subtypes of Th17 cells can be easily

identified by multi-parametric flow cytometry, through the

detection of different markers, mainly CXCR3, CD161,

MDR1/CD243, and obviously, IFN-c and IL-17 [48, 49].

The plasticity of Th17 cells is further evidenced by the

ability of pathogenic Th17 lymphocytes (which synthesize

IL-17 and IFN-c) to differentiate into a Th1-like (non-

classic Th1) cell, which synthesize IFN-c and GM-CSF

(but not IL-17) and that have a very relevant role in the

pathogenesis of the tissue damage seen in autoimmune

inflammatory conditions [43–50]. Finally, it has been also

described that non-pathogenic Th17 cells may evolve into

Foxp3? Treg cells, which may further antagonize the

activity of pathogenic Th17 lymphocytes [12, 30]. Inter-

estingly, as stated above, the opposite differentiation

pathway (Treg to Th17) as well as an apparently

stable mixed phenotype (Th17/Treg) has been also docu-

mented [12, 30, 33–36, 51]. All these data indicate the

great plasticity of Th17 cells and their complex role in the

immune system, in health and disease (Table 2).

As shown in Fig. 2, Th naı̈ve cells may differentiate into

other lymphocyte subsets, including Th3 (regulatory cells,

through the release of TGF-b), Th9 (involved in allergy

and synthesizing IL-9 and IL-10), Tfh (which provide help

to B lymphocytes via IL-4 and IL-21, among others), and

Th22. The latter cells mainly synthesize IL-22 (and TNF-a,
but not IL-17) and have a relevant role in the pathogenesis

of psoriasis and, likely, other autoimmune conditions [52].

IL-22 is also synthesized, at variable degrees, by the dif-

ferent subtypes of Th17 cells.

Table 1 Main autoimmune inflammatory diseases in humans in which CD4? Foxp3? Treg cells have an important role in their pathogenesis

Disease Comment Selected references

Rheumatoid arthritis Diminished number of Treg cells in blood with defective function Cao et al. [78]

Increased frequency in synovial tissue Ehrenstein et al. [79]

Multiple sclerosis Diminished number of Treg cells in blood with defective function Haas et al. [80]

Increased number in cerebrospinal fluid Feger et al. [81]

Inflammatory bowel disease Diminished number of Treg cells in blood during active disease with

normal suppressive function. Increased frequency in inflammatory

lesions

Maul et al. [82]

Psoriasis Diminished number of Treg cells in blood Sugiyama et al. [83]

Defective function in cells from blood and skin Bovenschen et al. [84]

Increased differentiation into Th17 cells

Type 1 diabetes mellitus Defective function of Treg cells from blood. Brusko et al. [85]

Increased resistance of target cells. Lawson et al. [86]

Systemic lupus erythematosus Diminished or normal number of Treg cells in Blood with defective

function

Alvarado-Sánchez et al. [87]

Crispin et al. [88]

Autoimmune thyroiditis Increased numbers of Treg cells in blood and thyroid tissue with

defective function

Marazuela et al. [17]
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Th17 cells and autoimmune thyroiditis

Since the original description of Th17 cells (in 2003) and

their pro-inflammatory activity [40, 43] it was evident their

involvement in the pathogenesis of different autoimmune

diseases. In regard of AITD, early reports on the possible

role of Th17 cells (in 2009) indicated that they are neces-

sary for the induction of an animal model of autoimmune

thyroiditis [53] and that patients with GD unresponsive to

conventional therapy show increased levels of IL-17? T

cells [54, 55]. We subsequently detected that AITD

patients have increased levels of Th17 cells in both

peripheral blood and thyroid tissue as well as an enhanced

in vitro differentiation of their T cells into Th17 lympho-

cytes, induced by IL-6/IL-23 [56]. In an additional study,

Qin et al. observed increased expression of IL-17 gene in

patients with HT [57]. Further studies confirmed the

increased levels of IL-17 and/or Th17 cells in the periph-

eral blood and/or thyroid tissue from patients with HT or

GD [57–59]. In addition, Kristensen et al. showed that the

in vitro stimulation of T cells from patients with HT with

TPO induces a higher differentiation of Th17 lymphocytes

compared to healthy controls [60]. Additional studies

corroborated the increased levels of IL-17? T cells with a

diminished Treg/Th17 cell ratio in HT patients [61, 62].

Moreover, the possible role of different immune regulatory
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Fig. 2 T helper cell subsets and Th17 lymphocyte plasticity. Resting

T naı̈ve CD4? lymphocytes localized in the periphery (e.g., lymph

nodes) are activated when antigenic peptides are recognized on the

surface of antigen presenting cells (APC); these recently activated

lymphocytes may differentiate into several subsets, characterized by

their profiles of cytokine synthesis. In the presence of IL-12 (mainly

derived from APC) and IFN-c (derived from innate lymphoid cells),

Th0 differentiates into classic Th1 cells, which mostly produce IL-2

and IFN-c. When Th0 lymphocytes are exposed to IL-4 during their

interaction with APC, they are differentiated into Th2 cells, which

mainly synthesize cytokines involved in the generation of the humoral

immune response (IL-4, IL-5, IL-6, IL-13). In the presence IL-1b, IL-
6, and IL-23, Th0 lymphocytes give rise to Th17 lymphocytes,

characterized by the expression of the RORC2 transcription factor

and the production of IL-17A, IL-17F, and IL-21. The sustained effect

of IL-23 (synthesized by APC and macrophages) on Th17 cells

induces their conversion into pro-inflammatory pathogenic

lymphocytes, which are able to release IL-17A, IFN-c, and GM-

CSF; When these pathogenic cells remain in an inflammatory milieu,

under high concentrations of pro-inflammatory cytokines (IL-12,

TNF-a, IL-1b), they evolve into non-classic Th1 lymphocytes, which

synthesize IFN-c and GM-CSF, but not IL-17. Moreover, the

sustained effect of TGF-b on Th17 lymphocytes induces their

transition toward non-pathogenic cells, characterized by the synthesis

of IL-17A and IL-10, which may evolve into induced (i) or peripheral

(p) Treg cells. Finally, other cytokines or cytokine combinations may

induce the differentiation of Th0 lymphocytes into additional Th cell

subsets (Th5, Th6, Th9, T follicular helper cells, or Tfh). The specific

transcription factors necessary for the differentiation of Th1, Th2,

Th17, and Th22 cells are indicated (T-bet, GATA-3, RORC2, and

AhR, respectively) as well as the main cytokines involved in these

processes are indicated in red. The main cytokines synthesized by

each cell subset appear in blue squares
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molecules involved in the induction (e.g., leptin, with a

direct effect on T naı̈ve cells, and GITRL, inhibiting Treg

cell function) [63, 64] or inhibition (e.g., galectin-9) [65] of

Th17 differentiation has been also reported. Finally, the

possible functional expression of the IL-17A receptor by

thyrocytes has been also documented [66].

Other cytokines and cell subsets related to Th17 lym-

phocytes have been studied inAITD. Thus, increased plasma

levels of IL-21, IL-22, and IL-23 have been reported in

AITD, mainly in HT [56, 61, 67–71]. In addition, increased

levels and differentiation of Th22 cells have been observed

in patients with HT or GD or both [61, 67, 68].

In the case of GO, there are also evidences on the par-

ticipation of Th17 cells and their cytokines in the patho-

genesis of the inflammatory process of the orbital

connective tissue and extraocular muscles seen in this

condition [4, 72–74]. Accordingly, increased serum levels

of IL-17 have been detected in these patients [73, 74]. In

addition, it has been described a very significant associa-

tion between different single nucleotide polymorphisms of

the IL-23R gene and GO [75]. However, the presence of

Th17 cells and their characteristics into the orbital tissue

have not studied yet.

Overall, these data strongly support that Th17 cells have

a very relevant role in the pathogenesis of the chronic

inflammatory phenomenon and tissue damage seen in

AITD [56, 76]. However, there are several key issues to be

solved, including the precise phenotype of the IL-17? cells

detected in the peripheral blood and thyroid gland from

patients with AITD. Although it is very likely that these

cells correspond to pathogenic or pro-inflammatory Th17

lymphocytes (CD4?CXCR3?CD161?MDR1/CD243? in

addition to IFN-c?IL-17? and IL-10-), with few non-

pathogenic cells (CD4?CXCR3?CD161-MDR1/CD243-

as well as IL-17? and IL-10?) [47, 48], this remains as an

interesting point to be studied. Moreover, the possible

effect of thyroid hormones on Th17 and Treg cells is

another issue of potential interest.

Treg and Th17 cells as potential therapeutic
targets in AITD

Although the current therapy of hyper of hypothyroidism

associated with AITD (including anti-thyroid drugs,

radioiodine ablation, and levothyroxine substitutive ther-

apy) is reasonably effective in most cases, it is evident that

an additional approach could significantly improve the

treatment of patients with HT, GD, and GO. In this regard,

although it is current practice the use of corticosteroid or

radiotherapy in GO, our current knowledge on its patho-

genesis [4, 72] along with the novel biological agents

including mAbs against cell surface antigens as CD3 or

CD20 or anti-cytokine or cytokine receptors such as anti-

TNF or anti-IL6R, and blockers of intracellular signaling

pathways (mainly kinase inhibitors), currently available

and in development, increases the possibility of using

selective immunosuppressive agents for this condition [77].

In addition, for the therapy of AITD, the antagonists of

Th17 cells (e.g., anti-IL-17, anti-IL-23 or anti-IL-6R mAb,

STAT3 inhibitors, chemokine blockers) along with the

administration of in vitro generated autologous Treg cells

(or their in vivo induction) remain as an interesting pos-

sibility to be tested in the near future.

Table 2 Main autoimmune inflammatory diseases in humans in which Th17 lymphocytes have an important role in their pathogenesis

Disease Comment Selected references

Rheumatoid arthritis Increased plasma levels of IL-17A. Increased number of Th17 cells in synovial tissue. IL-

17 induces osteoclastogenesis

Alunno et al. [89]

Multiple sclerosis Increased synthesis of IL-17A and high number of Th17 cells in brain lesions Alvermann et al. [90]

Tzartos et al. [91]

Inflammatory bowel

disease

Increased synthesis of IL-17A and high number of Th17 cells in inflammatory lesions Catana et al. [92]

Psoriasis Increased number of Th17 cells in dermal inflammatory infiltrate. Therapeutic effect of

IL-17 targeting

Harden et al. [93]

Type 1 diabetes

mellitus

Induction of b cell apoptosis by IL-17. Pro-inflammatory effect of IL-17 in pancreatic

islets

Reinert-Hartwall et al. [94]

Systemic lupus

erythematosus

Expansion of Th17 cells. Increased synthesis of IL-17A, IL-21 and IL-23. IL-17 promotes

auto-antibody synthesis

Maddur et al. [95]

Autoimmune

thyroiditis

Increased levels of IL-17A and Th17 cells. Increased in vitro differentiation of Th17 cells Figueroa-Vega et al. [56]
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R.G.-A.); PI13-01414 and PIE-0041 BIOIMID from the Fondo de

Investigación Sanitaria—Instituto de Salud Carlos III (to M.M.), and

S2011/BMD-2328 TIRONET from the Comunidad de Madrid (to

M.M.).

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict

of interest.

References

1. A. Antonelli, S.M. Ferrari, A. Corrado, A. Di Domenicantonio, P.

Fallahi, Autoimmune thyroid disorders. Autoimmun. Rev. 14,
174–180 (2015)

2. S.A. Morshed, R. Latif, T.F. Davies, Delineating the autoimmune

mechanisms in Graves’ disease. Immunol. Res. 54, 191–203 (2012)

3. H. Li, T. Wang, The autoimmunity in Graves’ disease. Front.

Biosci. 18, 782–787 (2013)

4. Y. Wang, T.J. Smith, Current concepts in the molecular patho-

genesis of thyroid-associated ophthalmopathy. Invest. Ophthal-

mol. Vis. Sci. 55, 1735–1748 (2014)

5. L. Bartalena, V. Fatourechi, Extrathyroidal manifestations of

Graves’ disease: a 2014 update. J. Endocrinol. Invest. 37,
691–700 (2014)
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