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Abstract

Ivica Lazirova

Autoimmune thyroid disease (AITD), known as the most common organ-specific autoimmune disorder, is

frequently accompanied by other organ and non-organ-specific autoimmune diseases, including rheumatoid arthritis (RA).
Although the exact pathogenic mechanisms of the coexistence of autoimmune disorders are still not completely defined,
genetics, immune defects, hormones and environmental factors may play key roles in polyautoimmunity. In this review, the
prevalence of AITD and antithyroid autoantibodies in RA patients and rheumatic manifestations in association with thyroid
autoimmunity are discussed. Finally, we review the role of genetics in the association of both AITD and RA, especially

CTLA-4 and PTPN22 polymorphisms.

Keywords

Introduction

Autoimmune thyroid disease (AITD) is the most prevalent
organ-specific autoimmune disease characterized by the
presence of antibodies against thyroid-specific components
such as thyroglobulin (aTG), thyroid peroxidase (aTPO),
thyrotropin receptor antigen (aTSHr) and sodium iodine
symporter (NIS). Currently, AITDs, namely Graves’ dis-
ease (GD) and Hashimoto’s thyroiditis (HT), are the most
frequent causes of goiters in countries without iodine
deficiency with a prevalence of up to 5 % in the general
population. However, the prevalence of subclinical disease
manifested by the production of antithyroid antibodies
(ATA) without clinical manifestation may be even higher
[1]. AITD is the result of a complex interaction between
genetics and environmental factors [2]. Susceptibility to the
production of autoantibodies and thyroiditis is under

1. Lazdrova (<)) - I. Jochmanova - K. Benhatchi - S. Sotak
Ist Department of Internal Medicine, Medical Faculty, P.J.
Saférik University, Trieda SNP 1, 04011 Kosice, Slovakia

e-mail: ivica.lazurova@upjs.sk

Autoimmune thyroid disease - Rheumatoid arthritis - Genetics - CTLA-4 gene - PTPN22 gene

independent genetic control, and environmental factors can
induce thyroid autoimmunity in genetically susceptible
strains of animals (reviewed in [3, 4]).

There is evidence that AITD is frequently accompanied
by other organ-specific as well as non-organ-specific
autoimmune disorders, because there is sharing of genetic
and, possibly, environmental factors. These associations
are well recognized in the autoimmune polyglandular
syndrome, especially type 2, and also in around 4 % of
type 1 patients. Clinical recommendations to perform
thyroid autoimmunity screening have been made because
of its benefit in patients with Addison’s disease, lympho-
cytic hypophysitis, pernicious anemia, primary biliary cir-
rhosis, celiac disease and myasthenia gravis [5, 6].

Rheumatoid arthritis (RA) is a chronic, progressive
autoimmune systemic disease leading to joint destruction
and organ impairment and subsequently leading to
increased morbidity and mortality. The disease is about
three times more frequent in women than in men, with a
prevalence of 0.5-1.0 % in industrialized countries.
Patients with RA commonly present a clinical picture of
other autoimmune disorders, including AITD. Both disor-
ders are associated because of similar pathogenic mecha-
nisms and genetic susceptibility [7, 8].
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The association of AITD with non-organ-specific auto-
immune disorders, particularly RA, systemic lupus ery-
thematosus (SLE) and primary Sjogren’s syndrome, has
been demonstrated in many studies. Several authors doc-
umented a higher prevalence of non-organ-specific auto-
antibodies, especially antinuclear antibodies (ANA), in
patients with AITD, ranging from 9 to 37 % [9, 10].
Unfortunately, their clinical significance is still uncertain
[11-13]. Oppositely, the high prevalence of ATA as well as
AITD in patients with autoimmune rheumatic disease,
particularly RA, is also well documented in recent studies
despite the fact that the pathogenic mechanisms for the
coexistence of autoimmune disorders are still not com-
pletely recognized (for a review, see [14] ).

For several decades, an increased prevalence of AITD in
patients suffering from RA has been documented. In
addition, several authors have described rheumatologic and
non-rheumatologic manifestations of AITD. Within these
manifestations, it is noteworthy that the most common
symptoms are polyarthralgia and unclassified arthritis,
which are also the main features of RA [15, 16]. Several
studies demonstrated a higher prevalence of ATA in RA
patients and their families and, in contrast, a higher prev-
alence of RA in AITD patients and their families [17, 18].

Although different series have reported an increased
prevalence of AITD in RA, there is still controversy between
the presence of ATA and thyroid function. Atzeni et al. [10]
have reported a 37.1 % prevalence of aTPO positivity and
22.9 % aTG positivity; hypothyroidism occurred in only
2.8 % of RA patients. A former study of Shiroky et al. [19]
found a threefold higher prevalence of thyroid disease in
adult women with RA, as compared with controls of the
same demographic region. In general, positivity for the ATA
has been detected in 11 % of patients with RA, ranging from
2 to 32 % in different series [12, 20, 21]. In a Colombian
cohort of 800 patients with RA, the presence of antibodies
was 37.8 % for aTPO and 20.8 % for aTG; polyautoim-
munity was present in 14.1 % of patients [8].

Several studies reported the prevalence of autoantibodies
against thyroid antigens. The prevalence of aTG ranged
from 5 % in men from the UK and 6 %, regardless of
gender, in Egypt and 31 % in RA patients from Japan. The
prevalence of aTPO was within the range of 5 % in Egypt to
37 % in Italy. There is a worldwide prevalence of AITD in
RA that varies considerably, ranging from 0.5 % in Mor-
occo to 27 % in Slovakia. ATA prevalence ranges from 6 to
31 % for aTG, 5-37 % for aTPO and from 10.4-32 % for
the presence of either of the two (reviewed in [8, 22] ).

This high prevalence variability may be explained by
several factors. Firstly, there were no universal criteria for
diagnosing AITD; secondly, different methods for assess-
ment of ATA with different normal ranges were used in
these studies. In addition, there is still no consensus on the
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normal upper limit of TSH levels and therefore for defi-
nition of hypothyroidism. A third explanation for a wide
range of AITD prevalence involves iodine intake. It is well
known that iodine has a particular property of inducing
thyroid autoimmunity and, if increased, it could participate
on the higher prevalence of AITD in some countries.

Oppositely, some authors have also studied the preva-
lence of systemic autoimmune disorders in AITD patients.
The frequency of another autoimmune disease in a study
from Germany was 9.67 % for GD and 14.3 % for HT. RA
was the most common coexisting autoimmune disorder in
this study [18].

The relationship between ATA and RA activity has also
been extensively studied. Some of the studies did not find a
relationship between the presence of ATA and anti-citrul-
linated peptide antibodies (ACPA) [23]. However, others
found that women with RA and clinical hypothyroidism
had a higher Disease Activity Score (DAS) 28 compared to
those without clinical hypothyroidism [24]; additionally,
thyroid dysfunction was associated with increased inci-
dence and mean duration of morning stiffness [25].

In a recent study by Koszarny et al. [26], 75 consecutive
hospitalized patients with RA were studied for the presence
of ATA. ATA were positive in 13.3 % of patients (aTPO in
9.3 %, aTG in 8 %, and both aTPO and aTG in 4 %).
Significant positive correlations were observed between
aTPO and DAS28 score, aTG and erythrocyte sedimenta-
tion rate, and between aTG and C-reactive protein level.
There were significant differences in the mean DAS28
between aTPO-positive and aTPO-negative groups and
also between aTG-positive and aTG-negative groups.
These results suggest that RA activity may be associated
with the presence of ATA. This finding could also be useful
in the clinical evaluation of RA patients.

Rheumatic manifestations in AITD

A variety of rheumatic manifestations have been described in
association with autoimmune thyroiditis. In the past, most of
these manifestations were attributed to an underlying thyroid
dysfunction, particularly hypothyroidism. However, mecha-
nisms involved in autoimmunity seem to be amenable rather
than a direct action of thyroid hormones for rheumatic man-
ifestations. This is supported by evidence that some rheumatic
manifestations may occur even in euthyroid patients or that
they are more frequent in hypothyroid patients with autoim-
mune thyroiditis than in those without the disease [27].

Patients with AITD may be affected by polyarthralgias,
even in the absence of hypothyroidism. In case of simul-
taneous hypothyroidism, replacement therapy with levo-
thyroxine may induce a progressive but gradual
improvement in symptoms.
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Rheumatic manifestations in AITD patients may involve
a variety organs and tissues, even if the most representative
are symptoms are those affecting the joints, muscles and
skin. In a study of Punzi et al. [28], the most common
rheumatic manifestations in AITD were polyarthralgias,
unclassified arthritis, sicca syndrome without Sjogren’s
syndrome, and muscle pain or weakness.

There is also evidence that AITD manifestations inde-
pendent of thyroid function may resemble those presented
by RA. Some symptoms are exacerbated when both dis-
eases Co-occur.

Current data indicate that the presence of arthritis in
patients with AITD with normal thyroid function is now
being increasingly recognized. There is considerable evi-
dence to suggest that AITD is highly associated with
fibromyalgia syndrome. A recently published study evalu-
ated the presence of rheumatic manifestations of euthyroid
patients with AITD but without a well-defined connective
tissue disease. Forty-six consecutive patients with aTPO
and/or aTG antibodies positivity, along with normal thyroid
function in the absence of a well-defined connective tissue
disease, were included in a case-cohort study. Arthralgias
were a presenting complaint in 98 % of patients. Fibro-
myalgia syndrome was found in 59 % of patients. Ray-
naud’s phenomenon occurred in 28 % and sicca symptoms
in 26 % of patients. Two patients had seronegative arthritis
resembling RA. Arthritis was radiographically present in
88 % of patients, with the spine affected in 45 % of this
subset. Rheumatic manifestations frequently occur in
patients with chronic lymphocytic thyroiditis in the absence
of overt thyroid dysfunction and mimic the presentation of
the well-defined connective tissue diseases [29, 30].

Endothelial dysfunction independent on lipid profile has
also been demonstrated by some authors. In a study from
Colombia, cardiovascular disease (CVD) was the sole extra-
articular manifestation. Results of this study are in agreement
with others confirming that the presence of hypothyroidism,
including HT, is arisk factor for CVD in patients with RA with
hazard ratio of 2.7 (95 % CI 1.1-6.3) [31, 32].

Pathogenic mechanisms of autoimmunity in AITD
and RA

Although the exact pathogenic mechanisms of autoimmune
disorders are still not sufficiently defined, most of factors
involved in the development of autoimmunity can be
characterized as follows:

e genetic

e environmental—infectious agents, vaccines, smoking,
drugs, stress factors, endocrine disruptors and others
[33, 34].

Recent advances in our understanding of genetic—epi-
genetic interactions have uncovered new mechanisms
involved in the etiopathogenesis of complex autoimmune
diseases.

Epidemiological data point to an interaction between
genetic susceptibility and environmental triggers as the key
factor leading to the breakdown of tolerance and to the
development of autoimmune disease. Among the shared
susceptibility genes involved in the pathogenesis of AITD,
HLA-DRp1-Arg74 (human leukocyte antigen DR contain-
ing an arginine at position beta 74) confers the strongest
risk. Most genes are common for both GD and HT,
although several are unique to one or the other. The TSH
receptor gene, CD40 and CD25 have been demonstrated to
be strongly associated with GD, whereas 12q (B cell
translocation gene 1, BTGI) is related to HT. Besides HLA-
DR[1-Arg74, data demonstrating thyroglobulin (7g) as a
major susceptibility gene supports a key role for Tg in
triggering AITD [35, 36]. In addition to HLA-DR, other
genes involved in T cell activation and regulation are
associated with AITD: cytotoxic T-lymphocyte-associated
antigen 4 (CTLA-4) and protein tyrosine phosphatase non-
receptor type 22 (PTPN22). The CD25 gene has been
reported in association with GD and some polymorphisms
of CD25 reducing the function of T regulatory cells may
promote autoimmunity development [37, 38].

The genetic variants mentioned above provide a primary
risk for AITD and its manifestations. However, this pri-
mary risk can interact with environmental factors (diet,
lifestyle, infection, iodine exposure, etc.), representing an
epigenetic modulation. Epigenetic modulation is emerging
as a major mechanism by which environmental factors
interact with AITD susceptibility genes [36, 39].

It is also well established that genetic and environmental
factors participate in the mechanisms of RA pathogenesis.
In the past, many studies demonstrated that patients with
RA tend to share the same HLA genes and serotyping
experiments subsequently identified an increased number
of RA patients who were positive for the HLA allele HLA-
DRw4 as compared to healthy controls. Later on, further
characterization of the HLA locus identified multiple risk
alleles within HLA-DRB+, leading to the “shared epitope”
hypothesis (for a review, see [40]).

Outside the MHC region, candidate gene studies per-
formed prior to 2007 had identified only a handful of RA
susceptibility loci, including PTPN22, STAT4 (signal
transducer and activator of transcription 4), PADI4 (pepti-
dyl arginine deiminase, type 1V), TRAF1/C5 (TNF recep-
tor-associated Factor 1/complement component 5) and
CTLA-4. Other polymorphisms seem to be responsible for
more aggressive disease phenotypes, such as those located
at tumor necrosis factor (TNF), interleukin (IL)-1, IL-6, IL-
4, IL-5, osteopontin and perforin 1 (PRFI) [41-43].
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However, the genetic background of RA still remains to be
clearly depicted, and the efforts in the post-genomic era can
bring to an estimation of the real likelihood of the genetic
effect on RA. Finally, the discovery of new genes associ-
ated with the disease can be relevant in searching for
potential biomarkers that can be useful in diagnosis and
treatment. By 2007, genome wide association studies
(GWAS) discovered around 60 risk loci for RA in Asian
and European populations [44—47]. Figure 1 shows sus-
ceptibility genes for AITD and RA. Some genes are com-
mon for both AITD and RA, although several are unique to
AITD or to RA. Recent GWA studies demonstrate that
additional genes are likely involved.

The role of CTLA-4

CTLA-4 is a member of the immunoglobulin superfamily,
and it is a costimulatory molecule expressed by activated T
cells. Simultaneously, CTLA-4 is a structural homolog of
CD28 but plays a negative regulatory role in T cell
response, i.e., suppression of immune response [48].

The human CTLA-4 gene is located on chromosome
2933 and encodes the CTLA-4 molecule, which is involved
in the control of T cell proliferation and accumulation of
IL-2. It mediates T cell apoptosis by binding B7 molecules
on antigen-presenting cells constituting the B7/CD28-
CTLA-4 costimulatory pathway of T cell activation. Thus,
the CTLA-4 gene is a strong candidate for susceptibility to

RA

AITD

PADI4

HLA DR B1 TRAF1

CTLA4 CCRG

g PTPN22

TNFAIP3

ARID 5B FCRL3

BT61 IL2RA

Fig. 1 Possible susceptibility genes for AITD and RA. Polymor-
phisms of HLA-DR B1, CTLA4, PTPN22, FCRL3 and IL2RA are
common for both AITD and RA, whereas some are specific for one or
for the other disease. TSHR thyroid-stimulating hormone receptor, 7g
thyroglobulin, ARID5B AT-rich interactive domain-containing pro-
tein 5B, BTGI B cell translocation gene 1, HLA-DR-BI human
leukocyte antigen DR B1, CTLA-4 cytotoxic T-lymphocyte-associ-
ated antigen 4, PTPN22 protein tyrosine phosphatase non-receptor
type 22, FCRL3 Fc receptor-like 3, IL2RA interleukin 2 receptor
subunit alpha, PADI4 post-translational conversion of arginine
residues to citrulline. TRAFI TNF receptor-associated factor 1,
CCRG chemokine receptor expressed by CD4+4, TNFAIP3 TNF-
induced protein 3
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T cell-mediated autoimmune diseases. CTLA-4 gene
polymorphisms have been shown to be associated with
many autoimmune diseases. Three single nucleotide poly-
morphisms (SNPs) in the CTLA-4 gene, such as C318T,
A49G and C60T, have been demonstrated to be associated
with diabetes mellitus type 1, RA, SLE, celiac disease,
multiple sclerosis, as well as AITD. However, the results
are inconsistent in different ethnic populations [49-51].

To assess the relations of the GG genotype or G allele of
the A49G polymorphism in various ethnic cohorts with
RA, Han et al. [52] performed a metaanalysis. The results
of this study suggest that CTLA-4 exon 1 49G allele is not a
risk factor for RA in Europeans but might play role in RA
susceptibility for Asians. Regarding the susceptibility to
AITD development, many studies confirmed the associa-
tion between the promoter, exon 1 and 3’untranslated
region of CTLA-4 gene polymorphisms and AITD,
including GD and HT. In the study of Zaletel et al. [53], the
authors provide evidence that CTLA-4 A49G exon 1
polymorphism is associated with ATA status in patients
with HT. There are few reports comparing the frequency of
the GG genotype of the A49G polymorphism of the CTLA-
4 gene in patients with both RA and HT to the frequency of
this genotype in controls. In the study of Vaidya et al. [54],
an association was found between the G allele and RA, but
the authors noted that this fact was largely explained by
individuals with coexisting autoimmune endocrinopathies.
In this study, the frequency of G allele in CTLA-4 A49G
polymorphism was significantly increased in probands with
early RA compared to controls. In Slovak study, the
prevalence of 49GG genotype and G allele in RA patients
was not significantly higher in comparison with controls
(10.53 vs. 9.8 %, OR 1.39 and 39.47 vs. 34.31 % OR 1.25)
and the frequency of the GG genotype was slightly but not
significantly higher in patients with HT when compared to
the control group (19.3 vs. 9.8 %, OR 2.27, p = 0.17).
However, the frequency of the GG genotype and G allele in
patients with both RA and HT was significantly higher than
that observed in the control group (29.41 9.8 %, OR 4.49,
p = 0.02 and 51.47 vs. 34.31 %, OR 2.02, p = 0.03). We
concluded that the prevalence of the GG genotype of
CTLA-4 A49G gene polymorphism in patients with RA is
not significantly higher in comparison with the control
group. However, RA patients carrying the GG genotype
may be susceptible to developing HT [55].

The role of PTPN22

The most studied polymorphism in RA to date is PTPN22
non-synonymous  Arg620Trp SNP, 1s2476601. The
PTPN22 gene encodes the lymphoid tyrosine phosphatase
protein that is a negative regulator of T cell receptor sig-
naling, and some of its polymorphisms have been found to
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be associated with AITD as well as other autoimmune
diseases [56, 57]. Polymorphisms in PTPN22 are associ-
ated with several autoimmune diseases, such as SLE, RA,
AITD and type 1 diabetes mellitus [58].

PTPN22 is a tyrosine phosphatase and functions as a
damper of TCR signals. A C-to-T SNP located at position
1858 of human PTPN22 cDNA, which converts an arginine
(R620) to tryptophan (W620), confers the highest risk of RA
among non-HLA genetic variations that are known to be
associated with this disease. The effect of the R-to-W con-
version on the phosphatase activity of PTPN22 protein and
the impact of the minor T allele of the C1858T SNP on the
activation of T cells has remained controversial. In addition,
how the overall activity of PTPN22 is regulated and how the
R-to-W conversion contributes to RA is still poorly under-
stood. More importantly, the level of PTPN22.6, the alter-
native splice form of human PTPN22, in peripheral blood
correlates with disease activity of RA suggesting that
PTPN22.6 could be a novel biomarker of RA [59].

Many studies evaluated the possible association of
PTPN22 polymorphisms with RA and/or AITD. One of
them showed that the R620W PTPN22 polymorphism
appears to be a risk factor for concurrent AITD and SLE,
but it has not been demonstrated for both AITD and RA.
Another polymorphism of PTPN22, i.e., C1858T, was
demonstrated to be associated with RA susceptibility in
different ethnic groups, especially in Europeans, and the
PTPN22 C1858T polymorphism T allele was significantly
more prevalent in RF-positive patients than in RF-negative
patients [60, 61].

Some meta-analytic studies confirmed that both smok-
ing and the PTPN22 risk allele are associated with the risk
of ACPA positivity. There was insufficient evidence to
establish a relationship in either direction between PTPN22
and smoking with erosive damage, despite evidence that
ACPA positivity is associated with erosive damage [62].
Nevertheless, the role of PTPN22 polymorphisms in con-
current presence of both disorders is still controversial and
requires further studies.

Biological treatment of RA and its influence on thyroid
autoimmunity

Currently, little data exist that indicate the influence of
anti-TNF-alpha therapy on thyroid autoimmunity. Caram-
aschi et al. [63] did not observe any cases of new auto-
immune disorder onset in patients with RA on infliximab
therapy; additionally, ATA were found in only a few
patients without clinical symptoms of AITD. In another
study, aTPO levels in patients receiving anti-TNF treat-
ment were high in a significantly lower number of patients
as compared to a group of patients without anti-TNF-alpha
treatment [64]. On the other end of the spectrum, in a study

of Elkayam et al. [65], treatment with infliximab was found
to be associated with the appearance of ANA. Results of an
experimental study of Chen et al. [66] suggest that anti-
TNF-alpha may regulate expression of proinflammatory
cytokines and apoptosis in the thyroid, resulting in less
inflammation, earlier resolution and reduced fibrosis.
Whether anti-TNF-alpha therapy in RA patients may
markedly improve levels of ATA as well as thyroid auto-
immunity development is not yet clear and additional
studies are suggested.

Conclusion

Although the association of AITD with RA has been
confirmed by many studies and evaluation of thyroid
autoimmunity in patients with RA is generally recom-
mended, there are still unresolved questions concerning the
genetic basis and potential epigenetic modulations of this
association. Further studies, especially GWAS, are needed
to answer these questions.
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