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Abstract

Autoimmune thyroid diseases (AITD) are organ-specific autoimmune disorders mediated by Thl
lymphocytes, whose main clinical presentations are Hashimoto’s thyroiditis (HT), or Graves’
disease (GD). HT, GD, thyroid autoantibodies and thyroid dysfunctions have been shown in
systemic rheumatologic diseases (as Sjogren’s syndrome, systemic lupus erythematosus,
rheumatoid arthritis, systemic sclerosis, or cryoglobulinemia). New associations of AITD with other
autoimmune diseases are being discovered, for example with psoriatic arthritis and dermatological
diseases. Several investigations suggest the importance of a shared genetic susceptibility and of
environmental factors in patients with AITD and associated systemic autoimmunity. A major Thl
autoimmune response occurs in the initial, and/or active phases of organ-specific autoimmune
disorders and/or systemic rheumatologic diseases with increased serum, or tissue, expressions of the
Thl chemokine CXCL10. Thyroid dysfunctions might have an important clinical impact, so a
periodic thyroid screening in women with systemic or dermatological autoimmunity, overall in

presence of thyroid autoantibodies is suggested.
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1. Introduction

Hashimoto’s thyroiditis (HT), or Graves’ disease (GD), are autoimmune thyroid disorders (AITD),
classified as organ-specific autoimmune diseases mediated by T lymphocytes, sharing similar
origins of an immune attack against thyroid (1), whose clinical hallmarks are hypothyroidism, or
thyrotoxicosis, respectively.

The well-known Whickham Survey conducted a prospective study on 2779 patients reporting a
prevalence of AITD of approximately 5% (2); nevertheless, the frequency of anti-thyroid antibodies
(ATA) in the general population might be even higher (3). The incidence rates of HT and
hypothyroidism are increasing (4), also due to more accurate diagnostic procedures that allow to
determine also borderline or mild cases (5-7).

The HT prevalence varies geographically differing with race, as well as between areas of sufficient
or deficient iodine (3), furthermore it is more frequent in advanced age, and in women (with a ratio
F/M of about 6/1) (3).

It is frequent to find other organ-specific autoimmune attacks in AITD patients such as type II
autoimmune poly-glandular syndrome; the association between Type I diabetes (T1D) and AITD is
the most common (8,9).

A study reported that the aggregation between AITD with non-thyroidal autoimmune diseases
(NTAD) varies according to the onset of the AITD and another variable seems to be the presence of
Down’s syndrome (DS). Celiac disease and T1D were more frequent in children with respect to
adults. A shift from HT to GD occurs in a sequential manner in children with AITD, with a
frequency that seems to be higher in children with DS than in those without (10).

Moreover, these autoimmune associations increase with age, and adults with HT have a higher
prevalence and a higher risk of concomitant NTAD (11). Therefore, ATA and thyroid function
abnormalities were commonly found in systemic autoimmune disorders [Sjogren’s syndrome (SS),

systemic sclerosis (SSc), systemic lupus erythematosus (SLE), rheumatoid arthritis (RA), psoriatic



arthritis (PsA)] (12-14), as well as in dermatologic autoimmune disorders, [vitiligo (VL) (15) and

psoriasis (PSO)] (16).

Here, we review the aggregation of AITD with systemic and dermatologic autoimmune disorders.

2. Rheumatologic Autoimmune Diseases

2.1 Sjogren’s syndrome

Salivary and lachrymal glands are the targets of SS in which a progressive lymphocytic and plasma
cell infiltration occurs, followed by autoantibodies release that leads to xerostomia and kerato-
conjunctivitis sicca (17).

The association between AITD and SS, mainly in women, is the most frequent one of AITD and

rheumatic disorders (18,19).

The frequency of circulating thyroid hormone autoantibodies (THAb) was studied in primary SS
(pSS), RA, HT and GD patients. Most of the SS or RA cases positive for THAb were negative for
thyroglobulin antibodies (AbTg), while the opposite was true for the two AITD. These findings
could be explained by a molecular similarity between extra-thyroid connective proteins (specifically

linked to primary SS and RA) and iodinated regions of Tg (20).

One hundred and thirty-seven pSS patients were investigated, in another study, to evaluate the
prevalence of thyroid dysfunction and autoantibodies with a longitudinal follow-up of 1-16 years,
vs. one hundred and twenty controls (21). The frequency of thyroid abnormalities was higher in pSS
patients with respect to controls (30% vs. 4%), as were anti-thyroid peroxidase antibody (AbTPO)

and AbTg (11% vs. 3%). At follow-up 12/97 pSS patients manifested thyroid dysfunction (21).

In a retrospective study (with a long-term outcomes: 25 years) including 152 pSS patients, 75

(49.3%) developed other autoimmune diseases; the most common were AITD (15.8%) (22).



A similar autoimmune response against thyroid cells and the salivary gland cells is suggested by the
histopathology, that showed focal or diffuse infiltration of T cells in thyroid, or salivary glands (18).
High frequency of haplotypes DR3 and HLA-BS8 in Caucasian patients affected by AITD and pSS

suggest their involvement in these diseases (18).

The frequency of pSS was ten times higher in subjects having AITD, and that of HT nine times

higher in pSS subjects, in comparison to the controls (23).

Another study found that AITD were frequent in SS patients, with hypothyroidism being the most

common dysfunction (14%), while the prevalence of hyperthyroidism was lower (1.8%) (24).

In a further study, conjunctivitis sicca and xerostomia, were observed in about 32% of the patients

affected by HT (25).

Moreover, the risk of pSS increased in a significant manner in female patients with thyroid diseases,

in particular in those in their mid-forties to mid-sixties, in a longitudinal study from Taiwan (26).

A recent retrospective study showed a frank thyroid poly-autoimmunity in 15.7% of patients with
SS and latent one in 5.6%. AITD and SS shared common pathophysiological characteristics, both
were indeed characterized by lymphocytic infiltrates, in particular by CD4+ T lymphocytes and B
cell (17). Epithelial cells and chemokines cover an important role in the inflammation, in fact it was
found that chemokine (C-X-C motif) ligand 10 (CXCL10) was a marker of inflammatory response

in AITD, and that CXCL9 and CXCL10 production by epithelial cells led to salivary gland damage

(17).

The association between SS and autoimmune thyroiditis (AT), or GD has been recently showed in
two different large studies with appropriate internal control groups (that evaluated >3000 patients

with AT, or GD vs. age and gender matched controls) (27,28).

On the basis of the cited studies, the major part of the Authors suggested a regular screening of
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thyroid function and autoantibodies in SS women, and that is also necessary to evaluate the

coexistence of SS in AITD women (23).

2.2 Systemic lupus erythematosus

SLE is a systemic autoimmune disorder whose characteristics are chronic inflammation in
combination with the presence of autoantibodies against several antigens, such as dsDNA, Ro/SS-
A, La/SS-B etc. (29). Different studies found that SLE and thyroid autoimmunity are associated
(30-32). Discrepant results were reported regarding the prevalence of different ATA (33).
However, a high prevalence of hypothyroidism (clinical/subclinical) was described, in a vast range
of variability (from 4% to 21%) (34); while discordant results arose about hyperthyroidism and GD

(34).

In a retrospective Taiwanese nationwide cohort study, patients with a new diagnosis of SLE, were
examined for ten years and data about prognoses of hypothyroidism, hyperthyroidism, and AT were
collected (35). The Authors found that the rates of thyroid diseases and hyperthyroidism were
significantly lower in SLE patients vs. matched controls; the risks of hypothyroidism and AT,

among SLE patients, were different in the presence of overlap syndrome (35).

The discrepant results observed in the literature could be due both to methodological bias (for
example the absence of an appropriate control group), or environmental factors (for example, iodine

deficiency).

However, a study evaluated the frequency of thyroid disorders in 213 patients with SLE vs. 426 sex-
and age-matched controls, belonging to a geographic area, with a similar iodine intake (13). Mean
thyroid-stimulating hormone (TSH) and AbTPO levels were higher in SLE female patients vs.
controls, and a higher prevalence of hypothyroidism (clinical and subclinical), and GD were

demonstrated (13).



Another Chinese retrospective case-controlled study, evaluated patients with SLE plus AITD vs.
SLE patients without AITD (age and gender matched), reporting that serositis, anti-dsDNA+ and
low complement 3, were associated with SLE plus AITD. Serositis resulted to be a risk factor for

AITD, so it was proposed that AITD may be took into account in serositis SLE patients (36).

Two different large studies, with appropriate internal control groups, have shown the association
between SLE and AT, or GD, by evaluating more than 3000 patients with AT, or GD vs. age and

gender matched controls (27,28).

Furthermore, the prevalence of thyroid cancer (TC) in 153 SLE patients was compared with that in
two control groups (gender- and age-matched): 1) 459 subjects extracted by a iodine-deficient area;
2) 459 subjects extracted by a iodine-sufficient area (14). The levels of circulating TSH, AbTg and
AbTPO antibodies, as well as the prevalence of hypothyroidism, were significantly higher in SLE.
Five patients with papillary TC (PTC) were found in SLE, while no PTC was detected in the iodine-
deficient groups controls, and only one case in the iodine-sufficient controls. Thyroid autoimmunity
was observed in 80% of SLE patients with confirmed TC, whereas only in 31% of SLE patients
without TC (14). These findings suggested a higher prevalence of PTC in SLE, especially in
presence of thyroid autoimmune disorders (14). Consequently, during the follow-up of these

patients, a careful surveillance of the thyroid was suggested (14).

Although the pathogenic mechanism of this association is unknown, genetic influence was
suggested by a study conducted on 35 families with SLE plus AITD, in which the 5q14.3-q15 gene

was identified as major locus of susceptibility both for SLE, such as AITD (37).

Another study found that the frequencies of HLA-B8 and DR3 were higher in SLE and HT patients

(38).

2.3 Scleroderma



Progressive SSc (or diffuse SSc) is a disease of the connective tissue whose etiology is unknown.

Its main features are multi-organ fibrosis, vascular abnormalities, and autoimmunity (39).

The aggregation of SSc with thyroid fibrosis (40), hypothyroidism (40-43), and thyroid
autoimmunity (40-43) was indicated by several papers, but many discordant results have been also
reported. For other thyroid disorders such as GD (44,45), only anecdotal reports are found in the
literature. The discrepancies observed could be due to the fact that most of the studies did not have
a proper control group (40-42,46). Moreover, none considered the iodine intake of the studied

population, which is a major risk factor for thyroid diseases.

However, a study investigated the prevalence of thyroid disorders and AbTPO in 202 subjects with
SSc, vs. 404 controls (gender- and age-matched) with similar iodine intake, using a complete
clinical evaluation. The risk of hypothyroidism (subclinical and clinical) and thyroid autoimmunity
were higher in female SSc than in controls. Furthermore, three cases of GD in female SSc, and two

cases of PTC were found in SSc patients vs. none in controls (12).

In a subsequent longitudinal study (47) the frequency of new cases of thyroid dysfunctions and
autoimmunity were evaluated in 179 females SSc, vs. 179 matched control females, having a
similar iodine intake. A higher incidence of new cases of thyroid dysfunction, as well as
hypothyroidism, and thyroid autoimmunity were found in SSc compared to control subjects. New
cases of hypothyroidism in SSc patients, were associated with a borderline high initial TSH level,
AbTPO positivity, and a small and hypoechoic thyroid, as revealed by a logistic regression analysis.
Since a high incidence of new cases of hypothyroidism or thyroid dysfunctions arose by this study,

a thyroid function follow-up in female SSc was recommended (47).

In agreement, recently a study from New Zealand revealed a major prevalence of ATAs in SSc and

SSc overlap syndrome in comparison to the general population (48).



Other two large studies evaluated >3000 patients with AT, or GD vs. age, and gender matched

controls, showing an association between SSc and AT, or GD (27,28).

A study assessed the frequency of ATA and of the genetic association with HLA in SSc patients.
The frequency of the HLA-DRI15 allele was higher in subjects with AbTPO than in those without,
this suggests that this allele may be a marker of immunogenicity for the production of AbTPO (42).
On the basis of the abovementioned studies, most of the Authors suggested that for the clinical
practice of SSc patients should be included an assessment of thyroid function, AbTPO and
ultrasonography. Females, subjects reporting AbTPO+, and hypoechoic and small thyroid, may

have thyroid function follow-up and proper treatment in due course (49, 50)

2.4 Rheumatoid arthritis

ATA was found in 11% of RA patients (43,51,52), with a wide variability ranging from 2%—32%.
A study (53) reported high frequency of HT and ATA in these types of patients as well as in their
families. Also, a major prevalence of RA in same-sexed siblings with thyroid autoimmune disorders

vs. those without was reported (54).

A disagreement between the presence of ATA and thyroid function is still present. Subclinical
hypothyroidism was observed with a wide variability; in a study only 2.8% of the RA patients were
affected (55). However, another study found a three-fold increase of hypothyroidism and HT in RA

women, in comparison with controls from the same region (51).

A major prevalence of AITD at diagnosis of RA and an increase of AITD incidence in the 5-year
period previous RA diagnosis in comparison to the general population was observed in a Swedish
study. Instead the risk to develop AITD is proposed to diminish below the expected rate after
diagnosis of RA. The Authors, raised the question if AITD could have an influence on the

pathogenesis of RA (or vice versa) and, conversely, the question if anti-rheumatic therapies may



prevent AITD (56).

More than 3.000 patients with AT, or GD were evaluated in two large studies (vs. age and gender

matched controls) showing an aggregation between RA and AT, or GD (27,28).

A common genetic susceptibility was suggested by a study that, in patients with RA and HT, found

a high prevalence of the HLA-A24, DR3 and DR4 antigens (57).

3. Cryoglobulinemia

Hepatitis C virus (HCV) infection plus AITD association was shown by different studies (58-62).
Patients affected by chronic hepatitis C (CHC) exhibited high levels of AbTPO and an elevated risk
of AT and hypothyroidism in females. The high frequency of AT in subjects affected by hepatitis C
associated Mixed Cryoglobulinemia (MC+HCV), or CHC was confirmed by different studies (63-

67).

A case-control study revealed a significantly more common frequency of serum AbTPO, and/or
AbTg, and subclinical hypothyroidism in MC+HCV compared to HCV-negative controls (63).
Furthermore, CHC and MC+HCV showed a higher prevalence of PTC, overall in presence of AT

(64-66).

The hypothesis that HCV infection of thyrocytes could be implicated in CHC plus thyroid diseases
association (68) was sustained by the detection of the virus in the thyroid of chronically infected

subjects (69) and also by in vitro studies on human thyroid cell line (ML1) (68).

MC+HCYV and AT association, has been recently showed in a large study (that used appropriate
internal control groups), which prospectively evaluated 3069 patients with AT vs. age and gender

matched controls (28).

Furthermore, in a large study that evaluated 3209 GD patients (vs. 1069 controls, 1069 AT and

1069 multinodular goiter patients; age and gender matched), has been shown a statistically
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significant association between GD and HCV related MC, showing that GD is more frequent in

these patients (27).

Thyroid disorders were observed in about 40% of CHC patients under an interferon (IFN)-a
therapy, and thyroiditis can manifest as hypothyroidism or GD, or destructive thyroiditis. IFN-a can
lead to thyroid AITD both via immune stimulatory, and as a direct toxic effect on the thyroid cells

(70,71).

Recently, the prevalence of thyroid disorders was investigated in HCV patients under a
sofosbuvir+ribavirin therapy, who were not treated previously with IFN. The Authors observed a
major prevalence of thyroid dysfunctions in patients treated with IFN-a with respect to those treated

with sofosbuvir (72).

4. Dermatologic autoimmune diseases

4.1 Vitiligo

VL is a hypo-pigmentary disorder of the skin with a complex pathophysiology, involving
autoimmunity, and it is frequently aggregated with other autoimmune diseases. HT is the most
common associated disease with a comorbidity up to 34% in VL (15). Also, in both adults and
children with AITD, skin diseases were detected with similar prevalence, being VL the most

common (73).

In line with the results of a recent study on 3209 GD patients [of whom 984 with Graves'
ophthalmopathy (GO)], 16.7% of them reported another associated autoimmune disease and the
most commonly detected was VL (2.6%), followed by chronic autoimmune gastritis (2.4%) and
other autoimmune disorders (27). Similarly, a high prevalence was observed in another large study

in patients with AT (28).
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Several susceptibility genes were determined in both VL and AITD, suggesting that the association
observed between these two diseases may be partially explained by the sharing of subset of
susceptibility genes. For example, single nucleotide polymorphism of the PTPN22 gene, encoding a

lymphoid-specific intracellular phosphatase is shared among these patients (74).

So, for these reasons, it can be useful to screen TSH values in patients affected by VL for thyroid

dysfunctions (75).

4.2 Psoriasis and Psoriatic arthritis

PSO is a multifactorial inflammatory skin disorder involving immune system. About 2% of the

European and North American population are affected by this disease (76).

PSO can also be associated with PsA, that is characterized by seronegative spondyloarthropathies,

enthesitis and elevated C-reactive protein levels (77).

Consistently with the autoimmune nature of PSO, several other autoimmune diseases, including
VL, alopecia and thyroiditis are associated with PSO (16,78). Autoimmunity in PSO is depicted by
tumor necrosis factor (TNF)-o/IL-23/IL-17-shifted immune deviation. In AITD and PSO, there is a

main role of T cells effectors, especially T helper 17 (Th17) (78).

In a first study a complete thyroid investigation was performed in 80 patients with PsA, in gender-
and age-matched subjects (1:5) enrolled from general population (controls), and in 112 patients with
RA with similar iodine intake. Women with PsA as well as those with RA, reported similar
frequencies of AbTPO titer, hypoechoic thyroid, and subclinical hypothyroidism, that are more

higher compared to controls (79).

The association between PsA and PSO and AT, has been recently showed in a large study with
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appropriate internal control groups, that evaluated more than 3000 patients with AT, vs. age and

gender matched controls (28).

In a cross-sectional study of 856 615 patients, 9615 received a diagnosis of PSO, and 1745 had HT.
A significant aggregation existed for PSO and HT even after adjusting variables, such as gender,

age, psoriatic arthropathy and the use of systemic anti-psoriatic agents that can be confounding

factors (16).

However, a discrepant result was reported by Vassilatou et al. that investigated the prevalence of
AT in psoriatic patients having or not PsA. They compared 114 psoriatic patients (30 with PsA)
with 286 age and BMI matched subjects, not reporting PSO or known thyroid or autoimmune
diseases, observing any difference in the prevalence of AT between psoriatic patients and controls

(80).

New cases of thyroid disorders were investigated in 97 PsA and 97 matched controls, having a
similar iodine intake (median follow-up of 74 months in PsA vs. 92 in controls). It was shown an
increased rate of new cases of thyroid dysfunction, hypothyroidism, AbTPO+, and appearance of a
small hypoechoic thyroid pattern in PsA, (especially in female), with respect to controls. A TSH in
the normal range but at the higher limit, AbTPO+, and small thyroid volume are the risk factors for

the development of thyroid dysfunction in female (81).

Another large study showed the association between PsA, and GD by examining 3209 patients with

GD vs. age and gender matched controls (27).

These studies suggested that thyroid function follow-up and proper treatments should be performed
regularly in female patients with a high risk, that report TSH in the normal range but at the higher

limit, AbTPO+, hypoechoic and small thyroid (81).
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5. Cytokines, chemokines, AITD and systemic autoimmune disorders

The important role covered by cytokines and chemokines in the AT and GD pathogenesis was
demonstrated. Th1 lymphocytes, recruited into the thyroid tissue, may be the cause of a major IFN-
vy and TNF-a production, that then stimulates the secretion of IFN-y dependent chemokines
CXCL10, CXCL9, CXCLI11 from the thyroid cells (82,83); this allows the initiation and
perpetuation of the autoimmune process.

The secretion of CXCL10, CXCL9, CXCL11 by cluster differentiation (CD)4+, CD8+, and natural
killer is IFN-y dependent; IFN-y plus TNF-o, induce the secretion of these chemokines by
thyrocytes and other target cells (84).

IFN-y dependent chemokines by binding the CXC receptor 3 (CXCR3) (85), contribute to the
pathogenesis of several autoimmune disorders, organ specific (e.g. GD, GO, T1D), or systemic (e.g.
MC, SS, SLE, sarcoidosis, PSO or SSc) (12,86-92).

The IFN-y dependent chemokines secreted by the inflamed tissue of the target organs of the
autoimmune process enter into the circulation. In fact, circulating levels of CXCL10, CXCL9 and
CXCLI11 are high in subjects with AT, GD and GO.

High levels of circulating CXCL10, CXCL9 and CXCL11, were observed in hypothyroid with AT,
especially if a thyroid hypoechoic ultrasonographic pattern is present, that indicates a more severe
lympho-monocytic infiltration (84,93).

These findings, may lead to hypothesize that CXCL10 may be a marker of a more aggressive and
strong inflammatory response in the thyroid, followed by thyroid destruction and hypothyroidism.
In patients with GO a significant reduction of circulating CXCL10, CXCL9 occurs during
corticosteroids and/or radiotherapy treatments, this finding suggests that these chemokines could aid

by serving as guidelines in therapeutic decision-making in patients with GO (94,95).
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Therefore, the detection of high level of CXCL10, CXCL9 in peripheral fluids is a marker of a Thl
orientated-immune response (85). However, more investigations are needed to evaluate whether
IFN-y dependent chemokines are new therapeutic targets in HT, GD and GO (96,97).

IFN-y dependent chemokines serum and tissue expressions are increased in systemic rheumatologic
or dermatologic disorders; this underlined the importance of a shared immune-pathogenesis of these
pathologies, in which is mainly present a predominant autoimmune response Thl-related in the

initial, and/or in their active phases (86,98,99).

Conclusion

HT, GD, ATA and thyroid function abnormalities were commonly observed in patients with
systemic rheumatologic autoimmune diseases, such as SS, RA, SLE, SSc, and cryoglobulinemia,
and in patients with dermatologic autoimmune diseases, such as VL, PSO and also PsA. Although
the pathogenic mechanism of this association is unknown, several studies focused on the
importance of a shared genetic susceptibility in patients with AITD and systemic autoimmunity.

Environmental factors could be also involved in the aggregation of autoimmune diseases.

Moreover, since a Thl prevalent autoimmune response is a characteristic of the organ specific
autoimmune diseases, (e.g. AT, GD), and/or of the systemic rheumatologic disorders, or
dermatologic autoimmune disorders in their initial, and active phases, with an increased CXCL10
serum and/or tissue expressions, this underlined the importance of a common immune-pathogenesis
of these diseases. The complex interaction among genetics and environmental modifications that
affect gene expression, immune system response and, finally, the pathogenesis of autoimmune

diseases could be on the basis of the coexistence of autoimmune diseases.

Thyroid dysfunctions may have an important clinical impact, thus it is suggested to perform a
periodical evaluation of the thyroid function in women with systemic or dermatologic

autoimmunity, overall if thyroid autoantibodies are present.
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Summary

The aggregation between AITD with rheumatologic, or dermatologic autoimmune diseases has been
described by different studies. The pathogenic mechanism of this association is unknown, however
a shared genetic susceptibility and environmental factors have been suggested. The complex
interaction among genetics and environment modifications that affect gene expression, and immune
system response are also at the basis of pathogenesis of autoimmune diseases and their association.
Moreover, a common immune-pathogenesis of these diseases is underlined by a Thl prevalent
autoimmune response that is a characteristic of the organ specific autoimmune diseases, (e.g. AT,
GD), and/or of the systemic rheumatologic or dermatologic autoimmune disorders in their initial,
and active phases, with an increased CXCL10 serum and/or tissue expressions. Thyroid
dysfunctions may have an important clinical impact, thus it is suggested to perform a periodical
evaluation of the thyroid function in women with systemic or dermatologic autoimmunity, overall if

thyroid autoantibodies are present.
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Practice Points

* Association between AITD with rheumatologic, or dermatologic autoimmune diseases are

present in about 20% of patients.

* Patients with rheumatologic or dermatologic autoimmune diseases, overall if females and
with circulating thyroid autoantibodies, need to be periodically evaluated for thyroid

dysfunctions.

* Coexistence of autoimmune diseases is due to the complex interaction among genetics and
environment modifications that affect gene expression, immune system response and
subsequently the pathogenesis of autoimmune diseases; risk factors should be identified to

evaluate patients at high risk of AITD.

Research Agenda

* Large prospective longitudinal studies in patients with AITD need to be done to evaluate a

precise incidence of rheumatologic or dermatologic autoimmune diseases.

* Genetic susceptibility studies should be performed in patients with the association of AITD

with rheumatologic or dermatologic autoimmune disorders.

* Environmental risk factors need to be studied in patients with the association of AITD with

rheumatologic or dermatologic autoimmune disorders.

* The Thl prevalent autoimmune response is a characteristic of the organ specific
autoimmune diseases, and/or of the systemic rheumatologic or dermatologic autoimmune

disorders in their initial, and active phases, with an increased CXCL10 serum and/or tissue

18



expressions. Drugs targeting the Th1 immune response might be evaluated in patients with

AITD to prevent the appearance of other autoimmune disorders.
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