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Autoimmune thyroid diseases (AITD) are T cell-mediated organ-specific autoimmune
disorders resulting from an immune dysregulation leading to a thyroid immune attack
(Antonelli and Benvenga). Graves' disease and Hashimoto's thyroiditis are the two
main clinical presentations of AITD, and their clinical hallmarks are thyrotoxicosis
and hypothyroidism, respectively.

In many cases, AITD may be associated in the same patient with other organ-
specific autoimmune attacks (such as in the case of type Il autoimmune
polyglandular syndrome, or type | diabetes, etc). Furthermore, AITD and thyroid
function abnormalities have been frequently described in patients with systemic
rheumatologic autoimmune diseases. Conversely, patients affected with the
above mentioned autoimmune disorders are more frequently affected by AITD.

In this Research Topic, constituted by nineteen papers, we review and discuss new
evidence about the association of other autoimmune diseases in patients with AITD.
Among other organ-specific autoimmune disorders, the associations of AITD with
chronic autoimmune gastritis (Cellini et al.), vitiligo (Baldini E et al.), lichen (Guarneri
et al.), psoriasis (Ruffilli et al.), myasthenia gravis (Lopomo and Berrih-Aknin) and
glomerulopathies (Santoro et al.) have been treated. Also the associations of AITD,
in systemic autoimmune diseases have been treated (as Sjogren’s syndrome, Baldini
C et al.; systemic sclerosis, Fallahi et al.; systemic lupus erythematosus, Ferrari et
al.; Antiphospholipid syndrome, Versini; sarcoidosis, Fazzi et al.; the autoimmune/
inflammatory syndrome induced by adjuvants, Watad et al.; rheumatoid arthritis,
Bliddal et al.; Hepatitis C Virus and mixed cryoglobulinemia, Ferri etal.; and, psoriathic
arthritis, Ruffilli et al.). Furthermore peculiar aspects associated with post partum
thyroiditis have been reviewed too (Di Bari et al., Le Donne et al.).

The exact pathogenetic mechanisms underlying the above reported associations
are not completely known. It has been hypothesized that the influence of genetic
(Coppede), and environmental factors (Antonelli and Benvenga), could lead to
the onset of autoimmune phenomena in different organs in the same subject,
characterized by predominance of a Thl immune pattern at the beginning, and in
the active phase of these disorders.

In conclusion, an association of other autoimmune diseases in patients with thyroid
autoimmunity has been shown, and this Research Topic provides an extensive update
of the literature, and suggests interesting points for new investigations.

Citation: Antonelli, A., Benvenga, S., eds (2018). The Association of Other Autoimmune
Diseases in Patients With Thyroid Autoimmunity. Lausanne: Frontiers Media.
doi: 10.3389/978-2-88945-625-3
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Editorial on the Research Topic
The Association of Other Autoimmune Diseases in Patients With Thyroid Autoimmunity

Autoimmune thyroid diseases (AITD) derive from a dysregulation of the immune system causing
an immune attack on the thyroid, and involve two main clinical presentations: Graves’ disease (GD)
and Hashimoto’s thyroiditis (AT) (1).

Recently, a significant increase of the prevalence of other autoimmune disorders in AT patients
has been shown (by a large prospective, case-control, study) for the following diseases: vitiligo (Vit),
chronic autoimmune gastritis (CAG), sjogren disease (SS), rheumatoid arthritis (RA), multiple
sclerosis, polymyalgia rheumatica (Polym), celiac disease, diabetes, systemic lupus erythematosus
(SLE), sarcoidosis (S), alopecia, psoriathic arthritis (PsA), systemic sclerosis (SSc), and hepatitis
C virus (HCV)-related mixed cryoglobulinemia (MC); and a near significant prevalence has also
been shown for Addison’s disease and ulcerative colitis (2). Furthermore, the association of three
autoimmune disorders was observed in AT patients (the most frequent associations were AT +
CAG + Vit and AT + CAG + Polym) (2).

Moreover, in a large number (n = 2,791) of UK patients with GD a significant association with
RA, pernicious anemia, SLE, Addison’s disease, celiac disease, and Vit has been shown. A relative
“clustering” of AITD in the index case with parental AITD was present. Furthermore relative risks
for most other coexisting autoimmune disorders were strongly increased among parents of index
cases (3).

Conversely, patients affected with the above mentioned autoimmune disorders are more
frequently affected by AITD (1).

In this Research Topic, constituted by eighteen papers, we review and discuss new evidence
about the association of other autoimmune diseases in patients with AITD, providing a stimulating
overview of the present knowledge.

The paper by Coppede discusses the increasing evidence about the importance of epigenetic
modifications (such as changes in DNA methylation, non-coding RNA molecules-mediated gene
silencing, and covalent modifications of histone tails) in the pathogenesis of AITD, as a possible
result of environmental injuries that trigger these disorders.

The autoimmune/inflammatory syndrome induced by adjuvants (ASIA), presented by
Shoenfeld and Agmon-Levin (4), is constituted by different autoimmune conditions induced by
the exposure to various adjuvants, that are present in many vaccines, and induce immune reactions
(5). The review by Watad et al. summarizes the current knowledge on ASIA syndrome presented
as endocrinopathies, concentrating on adjuvants-associated AITD.
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Fallahi et al. provide evidence on the association of SSc and
thyroid disorders. The majority of the reviewed papers report an
association among SSc, hypothyroidism, and AT (and few cases
of GD). Moreover, a high prevalence of thyroid cancer, in SSc
patients with AT, has been observed.

Increased incidence of AT and hypothyroidism has been
shown in SLE patients, particularly in females. The review by
Ferrari et al. suggests female patients with SLE, showing a
high risk profile of AITD [a small and hypoechoic thyroid,
a thyroid-stimulating hormone (TSH) in the upper quartile
of the normal range, and antithyroid peroxidase antibodies
(AbTPO) positivity], should be periodically re-evaluated for
thyroid dysfunction, and when necessary due treatments.

Mixed cryoglobulinemia is the most important
systemic HCV-related extrahepatic disease (6). HCV is
a hepato- and lymphotropic virus responsible for many
autoimmune/lymphoproliferative and/or neoplastic disorders
and a high incidence of new cases of AT and thyroid dysfunctions
have been reported in MC patients (6). The paper by Ferri et al.
describes the prevalence and the clinical and serological
features associated with thyroid involvement, in particular AT
and papillary thyroid cancer, in patients affected by chronic
HCV infection in presence/absence of cryoglobulinemic
vasculitis.

Regarding RA, many studies have reported that the therapy
with biological antirheumatic agents (BAAs) are able to modify
the inflammatory response both in RA such as in AITD. The
paper by Bliddal et al. investigates how the use of such agents
affect the thyroid function and autoimmunity in RA patients.

Psoriasis (PsO) is a chronic autoimmune skin disease, and
PsA (a chronic inflammatory arthritis) is present in about 30%
of patients with PsO. An increased rate of new cases of patients
with positive AbTPO, hypothyroidism, thyroid dysfunctions and
appearance of a small thyroid with signs of hypoechogenicity,
overall in females, has been reported in PsA (7). PsO, PsA, and
their association with AITD have been evaluated by Ruffilli et al.
suggesting that a thyroid screening should be done routinely in
PsA female patients with an elevated risk pattern (a TSH level
in the upper quartile of the reference range, AbTPO positivity, a
small and hypoechogenic thyroid).

Also the association of S and thyroid autoimmunity has
been shown by different studies in a wide range of variability,
particularly in the female gender (8). Fazzi et al. provide
evidence about the possible association between S and thyroid
autoimmunity.

Sjogren’s syndrome and AITD frequently coexist in clinical
practice, leading to a complex overlapping disorder that
represents a particular example of the expression of heterogeneity
in patients with autoimmune disorders. Baldini et al. provide a
critical overview of the recent literature on the pathogenesis and
clinical features of SS-AITD overlapping disease.

Non-segmental Vit is an autoimmune disorder arising from
an autoimmune response against melanocytes in the skin, and it
is often associated with other autoimmune disorders (9). Baldini
et al. describe the clinical association between Vit and AITD and
evaluate the possible common molecular pathways involved in
their pathogenesis.

Lichen planus (LP) and lichen sclerosus (LS) are cutaneous-
mucous disorders, too. Their etiology is unknown, clinical and
histological data suggest an autoimmune pathogenesis; however
only few papers evaluated their association with AITD. Guarneri
et al. review the scientific literature about the correlation between
AITD and lichen, and the genetic risk factors in common between
these conditions.

Myasthenia gravis (MG) is a neuromuscular disease caused by
a deficient transmission of the nerve impulse to muscles, leading
to muscle weakness and exaggerated fatigue, that is mediated
by autoantibodies. AITD and MG are frequently associated;
their etiology is multifactorial and depends on genetic and
environmental factors. The review by Lopomo and Berrih-Aknin
focuses on AITD and MG, their common features and their
diversities.

The association between CAG and AITD has been first shown
at the beginning of 1960s, and recently has been included in
polyglandular autoimmune syndrome type IIIb (10). Cellini
et al. summarize the most recent achievements on this peculiar
association.

Santoro et al. evaluate the association between AT and
glomerulopathies. IgA nephropathy, membranous nephropathy,
membranoproliferative glomerulonephritis, focal segmental
glomerulosclerosis, amyloidosis, minimal change disease, and
antineutrophil cytoplasmic autoantibody (ANCA) vasculitis
are renal disorders frequently observed in AT. Different
hypotheses have been reported about the association between
AITD and glomerulopathies. A probable mechanism at the
basis of the association between ANCA vasculitis and AT is
the cross-reactivity between antigens in presence of a genetic
predisposition.

Moreover, this Research Topic evaluates also thyroid
autoimmunity during the complex period after childbirth,
that is critical for the de novo appearance or exacerbation
of autoimmune diseases, and AITD. Di Bari et al. describe
the postpartum thyroid diseases that consist of postpartum
thyroiditis (PPT), but also GD and non-autoimmune thyroiditis.

Postpartum mood disorders are a common form of maternal
psychiatric morbidity, owing to the rapid endocrine and
psychological alterations in the postpartum period (11).
Le Donne et al. discuss the interaction between thyroid
autoantibodies and mood disorders.

Antiphospholipid syndrome (APS) is an autoimmune
disorder manifesting as recurring venous or arterial thrombosis
that can induce complications during pregnancy and is
associated with the presence of persistent antiphospholipid
(aPL) autoantibodies. Versini conducts a literature review on the
present data on aPL/APS and AITD, and particularly on the role
of this association in obstetrical complications.

The exact pathogenetic mechanisms underlying the above
reported disorders are not completely known. The effect of
genetic on the association of different autoimmune disorders has
been shown, as: (a) there is significant clustering of AITD within
families (40-50% of AT patients have another family member
with AT) (12); (b) a clear evidence comes from twin studies
for GD (13) and AT (14) with concordance rates of 30-40% in
monozygotic twins and 0-7% in dizygotic twins.
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Moreover, new recent insights in genome-wide association
studies (GWAS) about autoimmune and immune-mediated
diseases have increased the knowledge of the pathogenesis
underlying these disorders (15), suggesting a common genetic
susceptibility (15).

Environmental factors [selenium, and vitamin D deficiency,
high iodine intake, exposure to radiation (owing to nuclear
fallout or medical irradiation)] are of particular importance
for the appearance of AITD in susceptible subjects (16).
Cigarette smoking is associated with GD and Graves
ophthalmopathy (GO), although it reduces the risk of
hypothyroidism and thyroid autoimmunity. Also viral
infections can drive AITD, in particular human parvovirus
B19 (EVB19) and HCV. Regarding the various existing chemical
contaminants, pesticides and halogenated organochlorines
differently  disrupt  thyroid function.  Polychlorinated
biphenyls and their metabolites and polybrominated
diethyl ethers bind to thyroid transport proteins (ie.,
transthyretin), displace thyroxine, in this way disrupting
thyroid function. Considering drugs, interferon- and medicines
containing iodine have been associated with AITD. These
environmental issues have been presented in a recent paper by
Ferrari et al. (16).
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that the influence of genetic and environmental factors could lead
to the onset of autoimmune phenomena in different organs in
the same subject (1), characterized by predominance of a Thl
immune pattern at the beginning, and in the active phase of these
disorders.

In conclusion, an association of other autoimmune diseases
in patients with thyroid autoimmunity has been shown, and this
Research Topic provides an extensive update of the literature, and
suggests interesting points for new investigations.
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Increasing evidence suggests that epigenetic modifications, including changes in DNA
methylation, covalent modifications of histone tails, and gene silencing mediated by
non-coding RNA molecules, play a substantial role in the pathogenesis of autoimmune
disorders and might be seen as the result of environmental insults that trigger these
conditions. Studies in cells and tissues of patients with autoimmune thyroid diseases
(AITD), and particularly in Graves’ disease (GD) and Hashimoto’s thyroiditis (HT), are
increasingly revealing altered epigenetic marks and resultant deregulation of gene
expression levels, but the available data are still limited to be translated into the clinical
settings. Particularly, genome-wide methylation and histone tail modification screenings
are limited to a few studies in GD patients, and the diagnostic values of the observed
epigenetic changes or their potential prognostic utility are still unclear. Similarly, data
concerning microRNA expression in AITD patients are largely descriptive and not yet
translated into the clinics. In addition, studies relating certain environmental exposures
to specific epigenetic changes in AITD and studies evaluating the crosstalk between
different epigenetic mechanisms are largely missing. In summary, despite that there is a
clear evidence of epigenetic impairment in AITD, further research is required for a better
understanding of the epigenetic networks involved in disease pathogenesis, thereby
opening the way for potential diagnostic and prognostic tools, as well as for epigenetic
interventions in the patients.

Keywords: autoimmune thyroid diseases, Graves’ disease, Hashimoto’s thyroiditis, epigenetics, DNA methylation,
non-coding RNAs, microRNA, histone tail modifications

INTRODUCTION

Epigenetics is an umbrella term referred to heritable and reversible marks, such as DNA methylation
or covalent modifications of histone tails, that regulate the chromatin structure and switch genes
“on” and “off” without changing the primary DNA sequence (1). In addition, several classes of
non-coding RNAs, ranging from small to long molecules, play a substantial role in the epigenetic
regulation of gene expression (2). Some studies performed at the end of the last century revealed that
CD4+ T cells treated with 5-azacytidine, a substance that inhibits DNA methylation, respond to the
presentation of self antigens and cause a lupus-like syndrome when injected in mice (3, 4), suggesting
that epigenetic mechanisms, and particularly impaired DNA methylation, could be involved in auto-

Coppede F (2017) Epigenetics and
Autoimmune Thyroid Diseases.
Front. Endocrinol. 8:149.

doi: 10.3389/fendo.2017.00149

immune reactions (3, 4). A few years ago, we reviewed the literature for studies addressing epigenetic
modifications in autoimmune diseases, most of them were focused on systemic lupus erythema-
tosus or rheumatoid arthritis (RA), but increasing evidence was available for other autoimmune
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pathologies, including autoimmune thyroid diseases (AITD),
a group of disorders characterized by loss of immunological
self-tolerance (5). The major AITD are Graves’ disease (GD) and
Hashimoto’s thyroiditis (HT), both organ-specific autoimmune
diseases characterized by lymphocytic infiltration of the thyroid
gland with accompanying evidence of humoral and cellular
immune system activation and female preponderance (6). In GD,
the autoimmune process results in the production of thyroid-
stimulating antibodies leading to hyperthyroidism, whereas in
HT the immune response is destructive, leading in most cases to
hypothyroidism (7). Genetic predisposition and environmental
factors, such as infection, chemicals, and nutrition, play a role in
the pathogenic process of autoimmunity (8). Recent studies have
clearly demonstrated a significant increased risk of other autoim-
mune diseases in patients with AITD and there is evidence of
genetic factors that influence the association of different autoim-
mune disorders (9). In this regard, the investigation of the genetic
risk factors for AITD has revealed that some genes are unique
for GD or HT, while others are common to both diseases or to
AITD and other autoimmune diseases (10). Increasing evidence
suggests that epigenetic modifications may be seen to bridge the
gap between genetics and the environment (10, 11), so that epige-
netic modifications of autoimmune-related genes, resulting from
environmental exposure, are increasingly recognized to play a
pivotal role in autoimmunity (5). This article critically discusses
the most recent evidence of epigenetic modifications in AITD.

DNA METHYLATION IN AITD

DNA methylation consists of the addition of a methyl group to
the DNA, mediated by enzymes called DNA methyltransferases
(DNMTs). The best-characterized DNA methylation process is
the addition of a methyl group to cytosine in a CpG dinucleotide
context, forming 5-methylcytosine (5-mC). When the promoter
region of a gene is methylated, the expression of that gene is
repressed because methyl-CpG-binding domain (MBD) proteins
recognize and bind to the methylated DNA and, in turn, recruit
other epigenetic factors to enhance chromatin remodeling
and transcriptional repression (12-14). DNA methylation is a
physiological mechanism required for several cellular processes,
including genomic imprinting, embryonic development, cell dif-
ferentiation, X chromosome inactivation, repression of repetitive
elements, and maintenance of the cellular identity (1).

Skewed X Chromosome Inactivation (XCI)
in AITD

Many, but not all, autoimmune diseases are more common in
females than in males, with reported ratios ranging from 10:1 to
3:1 (15). A possible role of skewed XCI, mediated by epigenetic
mechanisms, has been suggested in the etiology of AITD (16),
RA (17), and scleroderma (18) to partially explain the female
preponderance. The X chromosome contains several immune-
related genes, including CD40 ligand (CD40L), forkhead box
P3 (FOXP3), and toll-like receptor 7 (TLR7), and one of the two
X chromosomes in each female cell is randomly inactivated by
methylation to balance gene expression levels between males,

that possess only one X chromosome, and females who have two
copies of the X chromosome (19). In some females, however, this
inactivation can predominantly occur to either the maternal or
paternal X chromosome, and this phenomenon is referred to as
skewed XCI (19). Concerning AITD, studies performed over the
last two decades have addressed the link between skewed XCI
and AITD risk (16, 17, 20-23). A meta-analysis of those studies
confirmed significant skewing of XCI with GD and HT (23),
and studies on twins revealed that skewed XCI may be causally
associated with clinically overt AITD, but not with the presence
of thyroid autoantibodies in euthyroid subjects (7). A more recent
study in AITD patients revealed that the proportion of skewed
XCI was not significantly different with respect to control sub-
jects, but was higher in patients with intractable GD than in those
with GD in remission, and in patients with severe HT than in
those with mild HT, suggesting that skewed XCI is likely related
to the prognosis of AITD, rather than to their development (19).

Polymorphisms of Genes Involved in DNA

Methylation and AITD Risk

DNA methylation depends on the cellular availability of dietary
folates and related B-group vitamins, all required for the produc-
tion of S-adenosylmethionine, the intracellular donor compound
of methyl groups (24). Several investigators provided indirect
evidence of impaired DNA methylation in AITD by addressing
the role of genes involved in folate metabolism and DNA meth-
ylation reactions as genetic risk factors for AITD. Particularly,
those studies investigated polymorphisms in DNMT genes or in
methylenetetrahydrofolate reductase (MTHFR) and methionine
synthase reductase (MTRR) genes, the two latter coding for
folate-metabolizing enzymes (25, 26). rs1801133 in MTHFR was
associated with reduced GD risk in women (25), while rs2228612
in DNMT1 was linked to DNA hypomethylation and with the
intractability of GD and rs1801394 in MTRR with the severity
of HT (26). A more recent study addressed the contribution of
DNMT gene polymorphisms in a large cohort of AITD patients
composed by a total of 685 GD patients, 353 HT patients, and 909
healthy controls, revealing that both rs2424913 in DNMT3B and
rs2228611 in DNMT]I were associated with AITD susceptibility
(27). Interestingly, DNMT gene polymorphisms have been asso-
ciated with other autoimmune disorders, for example DNMT3B
polymorphisms were linked to increased risk of oral lichen planus
(28), with the progression of joint destruction in RA (29), and
with increased risk of thymoma in patients with myasthenia
gravis (30). Collectively those studies suggest that variants in
DNMT genes might account for a shared susceptibility to various
autoimmune disorders.

Evidence of Impaired DNA Methylation in

AITD

More direct evidence of impaired DNA methylation in AITD
came from recent epigenetic screenings in blood samples,
lymphocytes, and thyrocytes from the patients (Table 1). A
genome-wide screening in peripheral blood cells of three GD
patients and three age- and gender-matched controls revealed 82
hypermethylated and 103 hypomethylated genes in GD patients
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TABLE 1 | Epigenetic studies in patients with AITD.

Endpoint Tissue Disease Findings Reference

DNA methylation PBMC GD Genome-wide screening revealed 82 hypermethylated (81)
and 103 hypomethylated genes

DNA methylation CD4+ and CD8+ T cells GD Genome-wide screening revealed 365 and 3,322 differentially (82)
methylated sites in CD4+ and CD8+ T cells, respectively

DNA methylation Thyroid gland AITD Impaired methylation and increased expression (83)
of the ICAM1 gene

Histone tail modifications ~ PBMC GD Global reduction of histone 4 acetylation (36)

Histone tail modifications ~ CD4+ and CD8+ T cells GD Reduction of histone 3 lysine 4 trimethylation (H3K4me3) (32)
and histone 3 lysine 27 acetylation (H3K27ac)

MicroRNA (miRNA) PBMC GD No expression of miR-154*, miR-376b, and miR-431* (39

expression in early disease stages

MIRNA expression Serum HT Increased levels of miR-22, miR-375, and miR-451 (40)

MiRNA expression Serum GD Increased levels of miR-16, miR-22, miR-375, and miR-451 (36)

MiRNA expression CD4+ and CD8+ T cells HT and GD Differential expression of miR-200a and miR-155 (40)

MiRNA expression Serum GD Correlation between circulating levels of miR-155 and miR-146a (42, 43)
and Grave’s ophtalmopathy

MIRNA expression Plasma and CD4+ T cells GD Upregulation of Bcl-6 and downregulation of miR-346 (44)

MIRNA expression PBMC and thyroid gland HT Downregulated miR-125a-3p expression resulting (45)
in upregulation of interleukin-23 receptor levels

MIRNA expression PBMC HT Increased let-7e expression regulates interleukin 10 expression (46)

MIRNA expression Thyroid gland HT Increased miR-142-5p expression regulates claudin-1 expression (47)

MiRNA expression Thyroid gland GD Altered expression of 23 miRNAs with resulting deregulated expression (48)

of more than 2,000 messenger RNAs

AITD, autoimmune thyroid diseases; GD, Graves’ disease; HT, Hashimoto’s thyroiditis;, PBMC, peripheral blood mononuclear cells.

(31). Among them, the authors identified some candidate genes
already associated to GD or other autoimmune diseases, such as
the immunoregulatory factor ADRB2 (hypermethylated), [CAM1
(hypomethylated) coding for a glycoprotein of cell surface named
intercellular adhesion molecule 1, BBGNT2 (hypermethylated)
involved in the regulation of lymphocyte activity, and others
(31). Besides, the transcription of DNMT1 and MECP2 (a MBD
protein) at the messenger RNA (mRNA) level was significantly
decreased in GD patients compared with normal controls (31).
Another genome-wide analysis of DNA methylation was per-
formed in CD4+ and CD8+ T cells of 38 GD patients and 31
matched controls. The study revealed 365 and 3,322 differentially
methylated CpG sites in CD4+ and CD8+ T cells, respectively
(32). Among the hypermethylated CpG sites, the authors found
enrichment of genes involved in T cell signaling (CD247, LCK,
ZAP70, CD3D, CD3E, CD3G, CTLA4, and CD8A) and decreased
expression of CD3 gene family members (32). Furthermore,
the authors observed hypermethylation of the first intron of the
thyroid-stimulating hormone receptor (TSHR) gene, a gene that
contains several GD-associated polymorphisms (32). A more
recent study revealed aberrant DNA methylation of the ICAM1
gene promoter, associated with increased gene expression, in the
thyrocytes of 35 AITD patients with respect to 35 sex- and age-
matched controls (33).

HISTONE TAIL MODIFICATIONS IN AITD

Several posttranslational modifications occur on the histone tails
of nucleosomes and are associated with either open or condensed
chromatin structure. Collectively those modifications are involved
in the regulation of gene expression, as well as in DNA repair, rep-
lication, and recombination processes, and include acetylation,
methylation, phosphorylation, ubiquitylation, sumoylation, and
other covalent modifications that directly influence the overall
chromatin structure or regulate the binding of effector molecules
(34). Among them, acetylation and methylation on histone tail
residues represent the two best-characterized epigenetic marks
regulating the chromatin structure (35). Histone tail acetylation
is mediated by histone acetyltransferases and results in an open
chromatin structure that allows transcription (35, 36). Histone
tail methylation of core histones H3 and H4 can be associated
with either chromatin condensation or relaxation, due to the fact
that several sites for methylation are present on each tail (35, 36).

Little is known about histone tail modifications in AITD
(Table 1). A pilot study in peripheral blood mononuclear cells
(PBMC) of GD patients revealed reduced global histone H4 acet-
ylation levels coupled with increased levels of histone deacetylase
proteins with respect to healthy controls (36). Furthermore, the
previously described genome-wide DNA methylation analysis
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in CD4+ and CD8+ T cells of GD patients (32) revealed that
the hypermethylation of genes involved in T cell signaling was
accompanied by decreased levels of H3K4me3 (histone 3 lysine
4 trimethylation) and H3K27ac (histone 3 lysine 27 acetylation),
both marks usually found in nucleosomes that flank active
promoters (32). Collectively, those studies confirm that gene
promoter methylation observed in cells of GD patients is coupled
to changes in the chromatin structure to allow the silencing of
gene expression.

NON-CODING RNAs IN AITD

A growing body of evidence suggests impaired expression of
non-coding RNAs, and particularly of microRNAs (miRNAs) in
autoimmune diseases (33). MiRNAs are small RNA molecules
ranging from 18 to 25 nucleotides in length that bind to the 3’
untranslated region of target mRNAs and mediate their post-
transcriptional regulation, leading to either degradation or
translational inhibition, depending on the degree of sequence
complementarity (37). MiRNAs target about 60% of all genes,
and interact with other epigenetic mechanisms, such as DNA
methylation and histone tail modifications, to organize the
whole gene expression profile (38). Early studies in the field
revealed several miRNAs that were differently expressed in cells
from patients with AITD than in cells from healthy subjects
(Table 1). For example, it was observed that the expression of
miR-154%, miR-376b, and miR-431* was suppressed in PBMC
from initial GD patients with respect to healthy controls, but
recovered in GD patients in remission (39). Others observed
that serum levels of miR-22, miR-375, and miR-451 were
increased in patients with HT compared with healthy subjects
and that serum levels of miR-16, miR-22, miR-375, and miR-451
were increased in patients with GD (40), while another study
revealed significant variations of miR-200a and miR-155 in
purified CD4+ T-cells and CD8+ T-cells of patients suffering
from GD and HT (41). More recent studies attempted to explain
the biological significance of miRNA deregulation or their pos-
sible clinical implications in AITD (42-46). For example, it has
been proposed that increased miR-155 and decreased miR-146a
may promote ocular inflammation and proliferation in Graves’
ophthalmopathy (42) and that circulating levels of miR-146a
and interleukin 17 are significantly correlated with the clinical
activity of Graves ophthalmopathy (43). It was also observed
that miR-346 regulates CD4(+)CXCR5(+) T cells by targeting
Bcl-6, a positive regulator of follicular helper T cells, and might
play an important role in the pathogenesis of GD (44). Similarly,
a decreased expression of miR-125a-3p was shown to upregulate
interleukin-23 receptor levels in patients with HT (45). Increased
expression levels of the miRNA let-7e were observed in PBMC
of HT patients compared with those in GD patients and healthy
volunteers, and it was shown that let-7e may be associated with
the pathogenesis of HT through the regulation of intracellular
interleukin 10 expression (46).

Limited data are available concerning miRNA expression in
the thyroid gland of AITD patients. In this regard, miR-142-5p,
miR-142-3p, and miR-146a showed high expression in HT thy-
roid gland (47). Furthermore, miR-142-5p was also detected in

HT patient serum and positively correlated with thyroglobulin
antibody (47). In addition, the overexpression of miR-142-5p in
HT thyrocytes resulted in reduced claudin-1 mRNA and protein
levels (47). Claudin proteins are major constituents of the tight
junction complexes that regulate the permeability of epithelia,
and miR-142-5p-mediated reduced expression of claudin-1led to
an increased permeability of thyrocytes monolayer (47). Another
study showed a differential expression of 23 miRNAs in thyroid
tissue of GD patients, resulting in the upregulation of 1,271
mRNAs and in downregulated expression of 777 mRNAs (48).
Particularly, an integrated analysis of differentially expressed
miRNAs and their target mRNAs demonstrated that miR-22 and
miR-183 were increased in thyroid tissue of GD patients while
their potential target mRNAs were decreased. On the contrary,
miR-101, miR-197, and miR-6 were decreased while their poten-
tial target mRNAs were increased (48).

Indirect evidence of a possible involvement of miRNAs in
AITD pathogenesis came also from studies linking polymor-
phisms in miRNA genes to increased AITD risk (49-51), so that
there is increasing interest to clarify the variability in miRNA
expression in order to better discriminate between miRNAs that
are deregulated in a given disease, from others that could account
for several autoimmune disorders (52, 53). In this regard, a deeper
understanding of miRNA mediated networks in autoimmune
diseases and their crosstalk with other epigenetic mechanisms
that regulate gene expression levels is fundamental to elucidate
the potential translational implications of these biomarkers (52,
53). In addition, there is increasing evidence that other non-
coding RNAs than miRNAs, such as for example long non-coding
RNAs, might play a role in autoimmune diseases, even if evidence
in AITD is still limited (54).

CONCLUDING REMARKS

Autoimmune thyroid disease patients can be clinically cat-
egorized into those with hyperthyroidism (GD), those with
hypothyroidism (HT), and euthyroid subjects harboring thyroid
autoantibodies (7). However, despite their phenotypic differences,
it is believed that AITD patients share some common etiological
factors (7), and genetic studies have revealed that if certain genes
are unique for GD or HT, others are common to both disorders or
to AITD and other autoimmune diseases (10). Indeed, different
AITD phenotypes are often seen in members of the same family
(7), and a significant increase in the prevalence of certain other
autoimmune disorders has been reported in AITD patients (9).
Epigenetic changes have been observed in multiple autoimmune
diseases, they can be induced by environmental factors, and
are increasingly recognized as one of the mechanisms by which
environmental factors can trigger autoimmunity (10, 11). In this
regard, there is increasing interest in searching for epigenetically
deregulated pathways that might be common to different autoim-
mune disorders, and others that characterize a given disease and
might be relevant in the clinical setting for diagnostic, prognostic,
and therapeutic purposes (5). For what is concerning AITD
there is increasing evidence of epigenetic changes in these condi-
tions, but the available studies are still limited (Table 1) to be
translated into the clinical settings. Particularly, the two available
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genome-wide DNA methylation studies in blood AITD cells are
limited to GD patients (31, 32), and one of them included only
three patients and three matched controls (27) making it difficult
to clearly discriminate disease-specific epigenetic changes from
others that could result from interindividual variability. Also
data concerning histone tail modifications are mainly available
from GD patients (32, 36), and lack of similar epigenome-wide
data in cells from HT individuals does not allow comparing the
two conditions in terms of epigenetic differences or similarities,
so that the diagnostic values of the observed epigenetic changes
and their potential prognostic utility are not yet clearly defined.
Furthermore, methylation data in thyroid cells of AITD patients
are limited to the study of a single gene (33). Data concerning
miRNA expression in cells and tissues from AITD patients have
been largely descriptive, and even if some investigators attempted
to evaluate their potential clinical utility (42-46), data are still
limited to be translated into the clinics. Epigenetic data are also
lacking for another AITD, the postpartum thyroiditis, in con-
trast with postpartum psychosis, concerning which a study on
miRNA expression was carried out (55). In this study, changes
in miR-146a and miR-212 expression were observed in the 20
recruited patients with postpartum psychosis, but only 3 patients
developed autoimmune thyroiditis, the small number impeding
statistical analysis (55).

In addition, at best of my knowledge, data linking environ-
mental exposures to specific epigenetic changes in AITD as well

REFERENCES

1. Martin-Subero JI. How epigenomics brings phenotype into being. Pediatr
Endocrinol Rev (2011) 9(S1):506-10.

2. Wei JW, Huang K, Yang C, Kang CS. Non-coding RNAs as regulators in
epigenetics (review). Oncol Rep (2017) 37:3-9. doi:10.3892/0r.2016.5236

3. Richardson B. Effect of an inhibitor of DNA methylation on T cells. IL
5-Azacytidine induces self-reactivity in antigen-specific T4+ cells. Hum
Immunol (1986) 17:456-70. doi:10.1016/0198-8859(86)90304-6

4. Quddus J, Johnson K], Gavalchin J, Amento EP, Chrisp CE, Yung RL, et al.
Treating activated CD4+ T cells with either of two distinct DNA methyltrans-
ferase inhibitors, 5-azacytidine or procainamide, is sufficient to cause a lupus-
like disease in syngeneic mice. J Clin Invest (1993) 92:38-53. doi:10.1172/
JCI116576

5. Coppede E Migliore L. Epigenetics of autoimmune diseases. In: Maulik N,
Karagiannis T, editors. Molecular Mechanisms and Physiology of Disease:
Implications for Epigenetics and Health. New York: Springer (2014). p. 151-73.

6. Weetman AP. Determinants of autoimmune thyroid disease. Nat Immunol
(2001) 2:769-70. doi:10.1038/ni0901-769

7. Brix TH, Hegediis L. Twin studies as a model for exploring the aetiology
of autoimmune thyroid disease. Clin Endocrinol (Oxf) (2012) 76:457-64.
doi:10.1111/j.1365-2265.2011.04318 x

8. Long H, Yin H, Wang L, Gershwin ME, Lu Q. The critical role of epigenetics
in systemic lupus erythematosus and autoimmunity. J Autoimmun (2016)
74:118-38. doi:10.1016/j.jaut.2016.06.020

9. Fallahi P, Ferrari SM, Ruffilli I, Elia G, Biricotti M, Vita R, et al. The association

of other autoimmune diseases in patients with autoimmune thyroiditis: review

of the literature and report of a large series of patients. Autoimmun Rev (2016)

15:1125-8. doi:10.1016/j.autrev.2016.09.009

Tomer Y. Mechanismsofautoimmunethyroid diseases: fromgeneticstoepigenetics.

Annu Rev Pathol (2014) 9:147-56. doi:10.1146/annurev-pathol-012513-104713

Xiang Z, Yang Y, Chang C, Lu Q. The epigenetic mechanism for discordance

of autoimmunity in monozygotic twins. ] Autoimmun (2017). doi:10.1016/j.

jaut.2017.04.003

10.

11.

as studies evaluating the crosstalk between different epigenetic
mechanisms are largely missing.

In conclusion, many investigators observed epigenetic
changes in cells from AITD patients, but additional studies are
required to confirm the observed changes and relate them to
altered pathways that could be peculiar of a certain disease or
of a certain environmental exposure, as well as to clarify com-
mon pathways in autoimmunity that could justify the onset of
different autoimmune phenotypes in related family members,
or in the same individual, in relation to different environmental
exposures. Therefore, further research in this field could lead
to a better understanding of the networks involved in disease
pathogenesis, thereby opening the way for potential diagnostic
and prognostic tools, as well as for epigenetic interventions
in the patients based on miRNA silencing and/or chromatin
remodeling agents.

AUTHOR CONTRIBUTIONS

The author confirms being the sole contributor of this work and
approved it for publication.

FUNDING

This work was supported by researcher’s intramural funds
(University of Pisa: 559999_2016_COPPEDE-F-ATENEO).

12. Jones PA. Functions of DNA methylation: islands, start sites, gene bodies and
beyond. Nat Rev Genet (2012) 13:484-92. d0i:10.1038/nrg3230

. Goll MG, Bestor TH. Eukaryotic cytosine methyltransferases. Annu Rev
Biochem (2005) 74:481-514. doi:10.1146/annurev.biochem.74.010904.153721
Fournier A, Sasai N, Nakao M, Defossez PA. The role of methyl-binding
proteins in chromatin organization and epigenome maintenance. Brief Funct
Genomics (2012) 11:251-64. doi:10.1093/bfgp/elr040

Lockshin MD. Sex differences in autoimmune disease. Lupus (2006) 15:753-6.
doi:10.1177/0961203306069353

Brix TH, Knudsen GP, Kristiansen M, Kyvik KO, Orstavik KH, Hegediis
L. High frequency of skewed X-chromosome inactivation in females with
autoimmune thyroid disease: a possible explanation for the female predispo-
sition to thyroid autoimmunity. J Clin Endocrinol Metab (2005) 90:5949-53.
doi:10.1210/jc.2005-1366

Chabchoub G, Uz E, Maalej A, Mustafa CA, Rebai A, Mnif M, et al. Analysis of
skewed X-chromosome inactivation in females with rheumatoid arthritis and
autoimmune thyroid diseases. Arthritis Res Ther (2009) 11:R106. doi:10.1186/
ar2759

Ozbalkan Z, Bagislar S, Kiraz S, Akyerli CB, Ozer HT, Yavuz S, et al. Skewed
X-chromosome inactivation in blood cells of women with scleroderma.
Arthritis Rheum (2005) 52:1564-70. doi:10.1002/art.21026

Ishido N, Inoue N, Watanabe M, Hidaka Y, Iwatani Y. The relationship
between skewed X-chromosome inactivation and the prognosis of
Graves’ and Hashimoto’s diseases. Thyroid (2015) 25:256-61. doi:10.1089/
thy.2014.0318

Ozcelik T, Uz E, Akyerli CB, Bagislar S, Mustafa CA, Gursoy A, et al. Evidence
from autoimmune thyroiditis of skewed X-chromosome inactivation in
female predisposition to autoimmunity. Eur ] Hum Genet (2006) 14:791-7.
doi:10.1038/sj.ejhg.5201614

Yin X, Latif R, Tomer Y, Davies TE. Thyroid epigenetics: X-chromosome
inactivation in patients with autoimmune thyroid disease. Ann N'Y Acad Sci
(2007) 1110:193-200. doi:10.1196/annals.1423.021

Brix TH, Hansen PS, Kyvik KO, Hegediis L. Preliminary evidence of a
noncausal association between the X-chromosome inactivation pattern and

14.

15.

16.

17.

18.

19.

20.

21.

22.

Frontiers in Endocrinology | www.frontiersin.org

13

June 2017 | Volume 8 | Article 149


http://www.frontiersin.org/Endocrinology/
http://www.frontiersin.org
http://www.frontiersin.org/Endocrinology/archive
https://doi.org/10.3892/or.2016.5236
https://doi.org/10.1016/0198-8859(86)90304-6
https://doi.org/10.1172/JCI116576
https://doi.org/10.1172/JCI116576
https://doi.org/10.1038/ni0901-769
https://doi.org/10.1111/j.1365-2265.2011.04318.x
https://doi.org/10.1016/j.jaut.2016.06.020
https://doi.org/10.1016/j.autrev.2016.09.009
https://doi.org/10.1146/annurev-pathol-012513-104713
https://doi.org/10.1016/j.jaut.2017.04.003
https://doi.org/10.1016/j.jaut.2017.04.003
https://doi.org/10.1038/nrg3230
https://doi.org/10.1146/annurev.biochem.74.010904.153721
https://doi.org/10.1093/bfgp/elr040
https://doi.org/10.1177/0961203306069353
https://doi.org/10.1210/jc.2005-1366
https://doi.org/10.1186/ar2759
https://doi.org/10.1186/ar2759
https://doi.org/10.1002/art.21026
https://doi.org/10.1089/thy.2014.0318
https://doi.org/10.1089/thy.2014.0318
https://doi.org/10.1038/sj.ejhg.5201614
https://doi.org/10.1196/annals.1423.021

Coppede

AITD Epigenetics

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

thyroid autoimmunity: a twin study. Eur J Hum Genet (2010) 18:254-7.
doi:10.1038/ejhg.2009.156

Simmonds MJ, Kavvoura FK, Brand OJ, Newby PR, Jackson LE, Hargreaves
CE, et al. Skewed X-chromosome inactivation and female preponderance in
autoimmune thyroid disease: an association study and meta-analysis. J Clin
Endocrinol Metab (2014) 99:E127-31. doi:10.1210/jc.2013-2667

Coppede E. One-carbon metabolism and Alzheimer’s disease: focus on epi-
genetics. Curr Genomics (2010) 11:246-60. doi:10.2174/138920210791233090
Mao R, Fan Y, Zuo L, Geng D, Meng E, Zhu J, et al. Association study between
methylenetetrahydrofolate reductase gene polymorphisms and Graves dis-
ease. Cell Biochem Funct (2010) 28:585-90. doi:10.1002/cbf.1694

Arakawa Y, Watanabe M, Inoue N, Sarumaru M, Hidaka Y, Iwatani Y. Association
of polymorphisms in DNMT1, DNMT3A, DNMT3B, MTHFR and MTRR genes
with global DNA methylation levels and prognosis of autoimmune thyroid disease.
Clin Exp Immunol (2012) 170:194-201. doi:10.1111/§.1365-2249.2012.04646.x
Cai T'T, Zhang ], Wang X, Song RH, Qin Q, Muhali FS, et al. Gene-gene and gene-
sex epistatic interactions of DNMT1, DNMT3A and DNMT3B in autoimmune
thyroid disease. Endocr ] (2016) 63:643-53. doi:10.1507/endocrj.EJ15-0596
Fonseca-Silva T, Oliveira MV, Fraga CA, Farias LC, Gomes EP, Barros LO,
et al. DNMT3B (C46359T) polymorphisms and immunoexpression of
DNMT3b and DNMT1 proteins in oral lichen planus. Pathobiology (2012)
79:18-23. d0i:10.1159/000330171

Nam EJ, Kim KH, Han SW, Cho CM, Lee J, Park JY, et al. The —283C/T
polymorphism of the DNMT3B gene influences the progression of joint
destruction in rheumatoid arthritis. Rheumatol Int (2010) 30:1299-303.
doi:10.1007/500296-009-1141-y

Coppede E Ricciardi R, Denaro M, De Rosa A, Provenzano C, Bartoccioni
E, et al. Association of the DNMT3B 579G>T polymorphism with risk of
thymomas in patients with myasthenia gravis. PLoS One (2013) 8:e80846.
doi:10.1371/journal.pone.0080846

Cai TT, Muhali FS, Song RH, Qin Q, Wang X, Shi LE, et al. Genome-wide
DNA methylation analysis in Graves disease. Genomics (2015) 105:204-10.
doi:10.1016/j.ygeno.2015.01.001

Limbach M, Saare M, Tserel L, Kisand K, Eglit T, Sauer S, et al. Epigenetic
profiling in CD4+ and CD8+ T cells from Graves™ disease patients reveals
changes in genes associated with T cell receptor signaling. ] Autoimmun
(2016) 67:46-56. doi:10.1016/j.jaut.2015.09.006

Liu T, Sun J, Wang Z, Yang W, Zhang H, Fan C, et al. Changes in the DNA
methylation and hydroxymethylation status of the intercellular adhesion mol-
ecule 1 gene promoter in thyrocytes from autoimmune thyroiditis patients.
Thyroid (2017) 27(6):838-45. doi:10.1089/thy.2016.0576

Bannister AJ, Kouzarides T. Regulation of chromatin by histone modifications.
Cell Res (2011) 21:381-95. d0i:10.1038/cr.2011.22

Berger SL. The complex language of chromatin regulation during transcrip-
tion. Nature (2007) 447:407-12. doi:10.1038/nature05915

Yan N, Zhou JZ, Zhang JA, Cai T, Zhang W, Wang Y, et al. Histone hypoace-
tylation and increased histone deacetylases in peripheral blood mononuclear
cells from patients with Graves disease. Mol Cell Endocrinol (2015) 414:143-7.
doi:10.1016/j.mce.2015.05.037

Chen JQ, Papp G, Szodoray P, Zeher M. The role of microRNAs in the
pathogenesis of autoimmune diseases. Autoimmun Rev (2016) 15:1171-80.
doi:10.1016/j.autrev.2016.09.003

Sato E, Tsuchiya S, Meltzer SJ, Shimizu K. MicroRNAs and epigenetics. FEBS |
(2011) 278:1598-609. doi:10.1111/j.1742-4658.2011.08089.x

Liu R, Ma X, Xu L, Wang D, Jiang X, Zhu W, et al. Differential microRNA
expressionin peripheral blood mononuclear cells from Graves’ disease patients.
J Clin Endocrinol Metab (2012) 97:E968-72. doi:10.1210/jc.2011-2982
Yamada H, Itoh M, Hiratsuka I, Hashimoto S. Circulating microRNAs in
autoimmune thyroid diseases. Clin Endocrinol (Oxf) (2014) 81:276-81.
doi:10.1111/cen.12432

Bernecker C, Halim E, Lenz L, Haase M, Nguyen T, Ehlers M, et al. microRNA
expressions in CD44and CD8+ T-cell subsets in autoimmune thyroid diseases.
Exp Clin Endocrinol Diabetes (2014) 122:107-12. d0i:10.1055/s-0033-1361088

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

LiK, DuY, Jiang BL, He JE Increased microRNA-155 and decreased microR-
NA-146a may promote ocular inflammation and proliferation in Graves’ oph-
thalmopathy. Med Sci Monit (2014) 20:639-43. doi:10.12659/MSM.890686
Wei H, Guan M, Qin Y, Xie C, Fu X, Gao E et al. Circulating levels of
miR-146a and IL-17 are significantly correlated with the clinical activity of
Graves’ ophthalmopathy. Endocr J (2014) 61:1087-92. doi:10.1507/endocrj.
EJ14-0246

Chen J, Tian ], Tang X, Rui K, Ma J, Mao C, et al. miR-346 regulates
CD4*CXCR5* T cells in the pathogenesis of Graves disease. Endocrine (2015)
49:752-60. doi:10.1007/512020-015-0546-5

Peng H, Liu Y, Tian J, Ma J, Tang X, Yang J, et al. Decreased expression of
microRNA-125a-3p upregulates interleukin-23 receptor in patients with
Hashimoto’s thyroiditis. Immunol Res (2015) 62:129-36. doi:10.1007/
512026-015-8643-3

Kagawa T, Watanabe M, Inoue N, Otsu H, Saeki M, Katsumata Y, et al. Increases
of microRNA let-7e in peripheral blood mononuclear cells in Hashimoto’s
disease. Endocr J (2016) 63:375-80. doi:10.1507/endocrj.EJ15-0577

Zhu ], Zhang Y, Zhang W, Zhang W, Fan L, Wang L, et al. MicroRNA-142-5p
contributes to Hashimoto's thyroiditis by targeting CLDN1. ] Transl Med
(2016) 14:166. doi:10.1186/s12967-016-0917-6

Qin Q, Wang X, Yan N, Song RH, Cai TT, Zhang W, et al. Aberrant expression
of miRNA and mRNAs in lesioned tissues of Graves' disease. Cell Physiol
Biochem (2015) 35:1934-42. doi:10.1159/000374002

Inoue Y, Watanabe M, Inoue N, Kagawa T, Shibutani S, Otsu H, et al.
Associations of single nucleotide polymorphisms in precursor-microRNA
(miR)-125a and the expression of mature miR-125a with the development
and prognosis of autoimmune thyroid diseases. Clin Exp Immunol (2014)
178:229-35. doi:10.1111/cei.12410

Cui Y. In silico mapping of polymorphic miRNA-mRNA interactions
in autoimmune thyroid diseases. Autoimmunity (2014) 47:327-33.
doi:10.3109/08916934.2014.893575

CaiT,LiJ, An X, Yan N, Li D, Jiang Y, et al. Polymorphisms in miR499A and
miR125A gene are associated with autoimmune thyroid diseases. Mol Cell
Endocrinol (2017) 440:106-15. doi:10.1016/j.mce.2016.11.017

Otsu H, Watanabe M, Inoue N, Masutani R, Iwatani Y. Intraindividual
variation of microRNA expression levels in plasma and peripheral blood
mononuclear cells and the associations of these levels with the pathogenesis
of autoimmune thyroid diseases. Clin Chem Lab Med (2017) 55:626-35.
doi:10.1515/cclm-2016-0449

Prabahar A, Natarajan J. MicroRNA mediated network motifs in autoimmune
diseases and its crosstalk between genes, functions and pathways. J Immunol
Methods (2017) 440:19-26. doi:10.1016/.jim.2016.10.002

Wu GC, Pan HE Leng RX, Wang DG, Li XP, Li XM, et al. Emerging role
of long noncoding RNAs in autoimmune diseases. Autoimmun Rev (2015)
14:798-805. doi:10.1016/j.autrev.2015.05.004

Weigelt K, Bergink V, Burgerhout KM, Pescatori M, Wijkhuijs A, Drexhage
HA. Down-regulation of inflammation-protective microRNAs 146a and 212
in monocytes of patients with postpartum psychosis. Brain Behav Immun
(2013) 29:147-55. d0i:10.1016/j.bbi.2012.12.018

Conflict of Interest Statement: The author declares that the research was con-
ducted in the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

The handling editor declared a shared affiliation, though no other collaboration,
with the author and states that the process nevertheless met the standards of a fair
and objective review.

Copyright © 2017 Coppedé. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) or licensor
are credited and that the original publication in this journal is cited, in accordance
with accepted academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Endocrinology | www.frontiersin.org

14

June 2017 | Volume 8 | Article 149


http://www.frontiersin.org/Endocrinology/
http://www.frontiersin.org
http://www.frontiersin.org/Endocrinology/archive
https://doi.org/10.1038/ejhg.2009.156
https://doi.org/10.1210/jc.2013-2667
https://doi.org/10.2174/138920210791233090
https://doi.org/10.1002/cbf.1694
https://doi.org/10.1111/j.1365-2249.2012.04646.x
https://doi.org/10.1507/endocrj.EJ15-0596
https://doi.org/10.1159/000330171
https://doi.org/10.1007/s00296-009-1141-y
https://doi.org/10.1371/journal.pone.0080846
https://doi.org/10.1016/j.ygeno.2015.01.001
https://doi.org/10.1016/j.jaut.2015.09.006
https://doi.org/10.1089/thy.2016.0576
https://doi.org/10.1038/cr.2011.22
https://doi.org/10.1038/nature05915
https://doi.org/10.1016/j.mce.2015.05.037
https://doi.org/10.1016/j.autrev.2016.09.003
https://doi.org/10.1111/j.1742-4658.2011.08089.x
https://doi.org/10.1210/jc.2011-2982
https://doi.org/10.1111/cen.12432
https://doi.org/10.1055/s-0033-1361088
https://doi.org/10.12659/MSM.890686
https://doi.org/10.1507/endocrj.EJ14-0246
https://doi.org/10.1507/endocrj.EJ14-0246
https://doi.org/10.1007/s12020-015-0546-5
https://doi.org/10.1007/s12026-015-8643-3
https://doi.org/10.1007/s12026-015-8643-3
https://doi.org/10.1507/endocrj.EJ15-0577
https://doi.org/10.1186/s12967-016-0917-6
https://doi.org/10.1159/000374002
https://doi.org/10.1111/cei.12410
https://doi.org/10.3109/08916934.2014.893575
https://doi.org/10.1016/j.mce.2016.11.017
https://doi.org/10.1515/cclm-2016-0449
https://doi.org/10.1016/j.jim.2016.10.002
https://doi.org/10.1016/j.autrev.2015.05.004
https://doi.org/10.1016/j.bbi.2012.12.018
http://creativecommons.org/licenses/by/4.0/

',\' frontiers

in Endocrinology

MINI REVIEW
published: 26 April 2017
doi: 10.3389/fendo.2017.00092

OPEN ACCESS

Edited by:
Alessandro Antonelli,
University of Pisa, Italy

Reviewed by:

Giampaolo Papi,

AUSL Modena, ltaly
Giuseppe Barbesino,
Partners HealthCare, USA

*Correspondence:
Marco Centanni
marco.centanni@uniromal.it

Specialty section:

This article was submitted
to Thyroid Endocrinology,
a section of the journal
Frontiers in Endocrinology

Received: 13 March 2017
Accepted: 07 April 2017
Published: 26 April 2017

Citation:

Cellini M, Santaguida MG, Virili C,
Capiriello S, Brusca N, Gargano L
and Centanni M (2017) Hashimoto’s
Thyroiditis and Autoimmune Gastritis.
Front. Endocrinol. 8:92.

doi: 10.3389/fendo.2017.00092

®

Check for
updates

Hashimoto’s Thyroiditis and
Autoimmune Gastritis

Miriam Cellini, Maria Giulia Santaguida, Camilla Virili, Silvia Capriello, Nunzia Brusca,
Lucilla Gargano and Marco Centanni*
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The term “thyrogastric syndrome” defines the association between autoimmune
thyroid disease and chronic autoimmune gastritis (CAG), and it was first described
in the early 1960s. More recently, this association has been included in polyglan-
dular autoimmune syndrome type llib, in which autoimmune thyroiditis represents
the pivotal disorder. Hashimoto’s thyroiditis (HT) is the most frequent autoimmune
disease, and it has been reported to be associated with gastric disorders in 10-40%
of patients while about 40% of patients with autoimmune gastritis also present HT.
Some intriguing similarities have been described about the pathogenic mechanism of
these two disorders, involving a complex interaction among genetic, embryological,
immunologic, and environmental factors. CAG is characterized by a partial or total
disappearance of parietal cells implying the impairment of both hydrochloric acid and
intrinsic factor production. The clinical outcome of this gastric damage is the occur-
rence of a hypochlorhydric-dependent iron-deficient anemia, followed by pernicious
anemia concomitant with the progression to a severe gastric atrophy. Malabsorption
of levothyroxine may occur as well. We have briefly summarized in this minireview the
most recent achievements on this peculiar association of diseases that, in the last
years, have been increasingly diagnosed.

Keywords: thyroiditis, polyglandular autoimmune syndrome, thyroxine malabsorption, gastric atrophy, pernicious
anemia, Helicobacter pylori infection, cellular immunity

INTRODUCTION

The thyrogastric syndrome was initially described in the early 1960s and initially characterized
by the presence of thyroid autoantibodies in patients with pernicious anemia, the latter being
used as synonymous for atrophic gastritis (1). More recently, the autoimmune gastritis has been
better characterized classifying chronic atrophic gastritis, with or without the PA, based on the
histological evaluation and the presence of serum parietal cell (PCA) and/or intrinsic factor
(IFA) autoantibodies (2, 3). Based on these criteria, the association between autoimmune thyroid
disorders and chronic autoimmune gastritis (CAG) has also been reassessed (4, 5) and nowadays
is included in the adult form of polyglandular autoimmune syndrome (PAS), characterized by
two or more endocrine and non-endocrine autoimmune disorders (6). In particular, Betterle
and colleagues have proposed the inclusion of thyrogastric syndrome in the PAS Type 3b, in
which Hashimoto’s thyroiditis (HT) occurs also associated with non-endocrine autoimmune
gastrointestinal disorders and where it plays a pivotal role (7, 8). This is in keeping with the
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Thyrogastric Syndrome

evidence that chronic autoimmune thyroiditis represents the
more prevalent autoimmune disorder worldwide making the
frequency of thyrogastric syndrome quite high (4). This notion
is supported by the high percentage (12-40%) of positivity of
PCA in adult patients with HT (9) which, in turn, is present
in approximately 40% of patients with atrophic gastritis (10).
Besides the fact that the thyroid and the stomach share some
embryological and biochemical features (11), some intriguing
similarities have been observed even in the putative pathogenic
mechanisms, which characterize the thyrogastric syndrome
(12). Furthermore, some specific clinical features characterize
or lead to the suspicion of the coexistence of both thyroid and
gastric autoimmune (13, 14) disorders. These similar peculiar
features will be briefly described in this minireview.

THYROID AND STOMACH:
EMBRYOLOGIC DERIVATION AND ROLE
of Na*/I- SYMPORTER

The thyroid gland and stomach, despite the different localization
and function, share some similar morphologic and functional
characteristics, likely due to their common embryologic origin
(11). In fact, the thyroid gland develops from the primitive gut
and therefore thyroid follicular share with parietal cells the same
endodermal origin. Also, both these cells are polarized and are
characterized by the presence of apical microvilli housing enzy-
matic activities.

Furthermore, gastric mucosal and thyroid follicular cells
both show the ability to concentrate and transport iodine across
the cell membrane (15). This process is mediated by the Na*/I~
symporter (15) and involves similar enzymes with an efficient
peroxidase activity (12) (Table 1). Furthermore, besides its
essential role for the synthesis of thyroid hormones, iodine
regulates the proliferation of gastric mucosal cells (16). In fact,
in the presence of gastric peroxidase, iodine acts as an electron
donor and participates in the removal of free oxygen radicals,
thus playing an antioxidant action (17). These effects may explain
the regulatory role of iodine in the proliferation of mucosal cells

TABLE 1 | Shared characteristics between thyroid and stomach.

Embryological origin e Primitive gut for both thyroid and stomach
Cell features e Presence of cells polarity

e Cells characterized by apical microvilli

Biochemical features e Presence of Na*/I- symporter (sodium-iodide
symporter)

® Presence of peroxidase isoenzymes (TPO and GPO)
Function e Ability to concentrate iodine

¢ Presence of antioxidative activities

e Secretion of mucinous glycoproteins: thyroglobulin
and mucine
Cellular immune involvement
Similarity of autoaggressive processes
Mechanisms of cellular damage
Expression of autoantigens and related cross-reacting
autoantibodies

Pathogenesis

Pathology e Clinically related autoimmune disorders
e Peculiar associative clinical features

and its protective role against gastric carcinogenesis (11, 16).
This hypothesis has been confirmed by the reported link among
iodine deficiency, goiter, and increased risk of developing gastric
cancer (18).

CHRONIC AUTOIMMUNE/HASHIMOTO’S
THYROIDITIS AND CAG

Chronic lymphocytic thyroiditis is the most frequent autoim-
mune disorder and represents the prototype of organ-specific
autoimmunity (19). Its prevalence, despite some difference of
sex, age, race, and iodine intake, reaches about 5% in the general
population (20). Much less frequent is the chronic autoimmune
atrophic gastritis (type A gastritis or body/fundus gastritis), which
represents only some 5% of the whole spectrum of chronic gastritis
and must be differentiated from the one associated with chronic
Helicobacter pylori (Hp) infection (type B gastritis or antral gastri-
tis) (21, 22). HT is characterized by diffuse inflammatory changes
with lymphocytic infiltration of the thyroid gland, leading to the
destruction of the thyroid epithelial cells with subsequent fibrosis
(23). Similarly, autoimmune gastritis is a chronic inflammatory
disease involving gastric body and fundus, with the progressive
reduction and/or disappearance of the native gastric glands that
are sometimes replaced by intestinal or pyloric epithelium (meta-
plasia) (3). The natural history of HT is the progressive reduction
of thyroid function till overt hypothyroidism (24) with a rate of
progression of 2-4% per year (23), while that of gastric atrophy
features the progressive reduction, till disappearance, of parietal
cells, leading to reduced or absent acid production (3, 22). These
alterations interfere with absorption of essential nutrients leading,
atfirst, to iron-deficient anemia, followed by PA if the self-injurious
process involves the IFA (13). Increased risk of developing neu-
roendocrine tumors and gastric adenocarcinoma is also associated
with the severity of damage of gastric mucosa (22).

Pathogenesis

Both these autoimmune disorders are characterized by a complex
interaction between genetic susceptibility and environmental fac-
tors that results in the loss of immune tolerance to self-antigens
and in the development of autoimmune diseases. The loss of
immune tolerance may involve alteration both in the central toler-
ance with reactive T cells escaped from intrathymic deletion and
in the peripheral tolerance as in the case of defective T regulatory
lymphocytes (25, 26). Genetic susceptibility has been confirmed
for both diseases since their incidence is higher among identical
twins and first-degree relatives as well as their presence may be
observed in association with further autoimmune disorders (6, 7,
20, 26). Both of these disorders show a definite association with
different HLA aplotypes; in HT, it has also been proven that the
involvement of many other immunoregulatory genes (27), while
this issue has not been elucidated in the pathogenesis of human
autoimmune gastritis (26).

Several environmental factors seem to be involved in the
pathogenesis of HT (excessive iodine intake, selenium deficiency,
and specific drugs use), while very weak evidence supports a role
for infectious agents as trigger for this disease (hepatitis C virus,
HHYV-6, and Yersinia) (27). The role of environmental factors
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in triggering autoimmune gastritis has been more studied and
a stronger link between H. pylori infection and CAG has been
detected, despite not sufficient to establish a causative relation-
ship between these two diseases (21). H. pylori infection affects
approximately 50% of the world population and is in turn the most
common cause of chronic gastritis. At first, the H. pylori infection
involves the gastric antrum, but in some patients it may extend
into the gastric body (pangastritis) and, in genetically predisposed
individuals, it may be a trigger for autoimmune atrophic gastritis,
being this hypothesis still debated (3, 28, 29). The pathogenic
link may be found in a cross-reactivity mechanism (molecular
mimicry) (30): in fact, the Hp infection may induce the prolifera-
tion of CD4" T lymphocytes that recognize epitopes of H. pylori
structurally similar to those of H*/K*ATPase, an enzyme found
on the apical membrane of parietal cells (31). Indeed, dendritic
cells may present these shared epitopes to naive T cells and, in
the absence of peripheral tolerance, a Thl-driven autoreactive
clone is activated (28). Again, the cellular immune mechanisms
of autoimmune thyroiditis show some similarities with those of
CAG. In HT, inflammation leads to secretion of IFN-v, a cytokine
turning thyrocytes into antigen-presenting cells (32). The varia-
tion of costimulatory factors that drive the binding between an
autoantigen and the T-cell receptor allows the proliferation and
polarization of autoreactive effector lymphocytes (27). Due to a
Th17 cell polarization, the inflammatory process and the sub-
sequent fibrosis seem to prevail in the early phase of thyroiditis
(33); in a later phase, when the lymphocytic infiltration and the
parenchymal destruction are prevalent, a polarized Thl profile
has been reported (34, 35). The Thl lymphocytes are able to
aid cytotoxic T-lymphocytes and to produce specific cytokines
(TNF-a and IFN-y) able to induce the cellular apoptosis (35) in
thyroid cells. The association of a gastric autoimmune disorder
has been shown to add a Th2 cytokine profile to the described
ones (36). The precise mechanism leading to thyrocytes and/or
parietal cell death is still unknown. However, the involvement
of Fas upregulation in thyrocytes, due to IL-1beta produced by
activated macrophages, has been proven (37). Normal thyro-
cytes, in fact, express FasL but not Fas, while their concomitant
expression induces an autocrine interaction that may represent
the main mechanism inducing apoptosis (37). In experimental
autoimmune gastritis, also parietal cells express Fas that, in this
case, could trigger apoptosis by binding Fas-ligand on infiltrating
T cells (28). Following cells damage, the production of specific
autoantibodies ensues in epiphenomenal fashion (34). Cellular
and humoral immune cooperation characterizes both autoim-
mune thyroiditis and gastritis leading to the production of
specific autoantibodies (antithyroperoxidase, antithyroglobulin,
and antiparietal cell antibodies). These autoantibodies are of
paramount importance in the diagnosis but of little, if any, in the
pathogenesis of these autoimmune disorders.

CLINICAL ASPECTS OF THYROGASTRIC
SYNDROME

Clinical pathological aspects of this association are attributable
to malabsorption of iron and thyroxine, both linked to a reduced
gastric acid secretion.

Iron Deficiency and PA

Chronic atrophic gastritis is clinically silent in most cases
and only a small percentage of patients may complain about
dyspeptic symptoms. A well-described clinical feature of
thyrogastric syndrome is represented by the presence of an
iron-deficient and/or a PA. In fact, it has been demonstrated
that an iron-deficient anemia, refractory to oral iron therapy,
in patients with HT, may be due to chronic atrophic gastritis
(13). The clinical signs of this disease appear after several years
of its onset, when the progressive reduction to disappearance
of the parietal cells leads to atrophy of the gastric mucosa,
impairing the absorption of iron, vitamin B12 (cobalamin),
folate, and other nutrients (22). At the physiologic acid pH
(1.5-2) of the stomach, ascorbic acid, the most active form of
vitamin C, allows iron reduction from the nutritional ferric (Fe
+++) to the ferrous form (Fe ++), thus forming a complex that
drives the absorption in the upper portion of the small intestine
(22). In the initial phase of the atrophic gastritis, the damage of
parietal cells can lead to iron deficiency microcytic anemia as
the only clinical sign (38). When the gastric atrophy becomes
severe and/or the IFA is no longer produced, even the absorp-
tion of cobalamin becomes compromised. Besides hydrochloric
acid that promotes the separation of vitamin B12 from food,
the parietal cells also produce the IFA that binds cobalamin
and pipes it to the distal ileum, where it is absorbed following
a binding to specific receptors (39). Vitamin B12 deficiency is
responsible for hematologic changes (macrocytic anemia) and
specific neurological disorders (paresthesia and neuritis) which
are peculiar of PA (22).

Thyroxine Malabsorption in Chronic

Gastritis

The worldwide used pharmaceutical form of thyroxine (sodium
levothyroxine, Ts) is obtained by native hormone through its
salification with sodium hydroxide. The absorption of T, occurs
in all sections of small intestine being anyway incomplete and
ranging from 62 to 82% of the ingested dose (40). However,
increasing evidence of a relevant role of the intact gastric acid
secretion on the subsequent intestinal absorption of sodium
levothyroxine has been reported in the last years (41). In fact,
an increased therapeutic T4 dose has been described in patients
with gastric disorders (Hp infection, chronic gastritis, gastric
atrophy) or chronically treated with proton pump inhibitors or
in non-fasting patients (41-43). All these conditions are char-
acterized by a modified gastric pH that may affect T4 absorp-
tion by changing the ionization status, as already described for
iron, or the dissolution process of the pharmaceutical T4 form.
Furthermore, in vitro studies have shown the pH dependency
of the dissolution profile of different T4 preparations (44). This
evidence boosted the research for novel thyroxine formulations
as liquid or softgel capsules. These ones showed, as compared to
the classic tablet formulation, a similar or better bioavailability as
well as a lower number of excipients (45, 46). In clinical studies,
softgel or liquid formulations performed better in patients with
gastric disorders (47, 48) and in proton pump inhibitors users
(49, 50).

Frontiers in Endocrinology | www.frontiersin.org

17

April 2017 | Volume 8 | Article 92


http://www.frontiersin.org/Endocrinology/
http://www.frontiersin.org
http://www.frontiersin.org/Endocrinology/archive

Cellini et al.

Thyrogastric Syndrome

In conclusion, the association of thyroid and gastric autoim-

mune disorders represents a frequent syndrome, included in the
autoimmune polyendocrine syndrome. The similar or even com-
mon biochemical and pathogenic features fully support the term
thyrogastric disease described some 60 years ago. From a clinical
standpoint, the presence of iron-deficient anemia and thyroxine
malabsorption may represent an alert signal for the presence of
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Vitiligo represents the most common cause of acquired skin, hair, and oral depigmen-
tation, affecting 0.5—-1% of the population worldwide. It is clinically characterized by the
appearance of disfiguring circumscribed skin macules following melanocyte destruction
by autoreactive cytotoxic T lymphocytes. Patients affected by vitiligo usually show a
poorer quality of life and are more likely to suffer from depressive symptoms, particularly
evident in dark-skinned individuals. Although vitiligo is a non-fatal disease, exposure of
affected skin to UV light increases the chance of skin irritation and predisposes to skin
cancer. In addition, vitiligo has been associated with other rare systemic disorders due
to the presence of melanocytes in other body districts, such as in eyes, auditory, ner-
vous, and cardiac tissues, where melanocytes are thought to have roles different from
that played in the skin. Several pathogenetic models have been proposed to explain
vitiligo onset and progression, but clinical and experimental findings point mainly to
the autoimmune hypothesis as the most qualified one. In this context, it is of relevance
the strong association of vitiligo with other autoimmune diseases, in particular with
autoimmune thyroid disorders, such as Hashimoto thyroiditis and Graves’ disease. In
this review, after a brief overview of vitiligo and its pathogenesis, we will describe the
clinical association between vitiligo and autoimmune thyroid disorders and discuss the
possible underlying molecular mechanism(s).

Keywords: vitiligo, autoimmune thyroid diseases, tyrosinase, TSH receptor, thyroglobulin, reactive oxygen
species, CD8" T cells, autoimmune polyendocrine syndromes

VITILIGO: AN OVERVIEW

Vitiligo represents the most common cause of acquired skin, hair and oral depigmentation, and often
occurs as an inherited disease (1). Clinically, it is characterized by the progressive loss of melanocytes
causing the appearance of well-circumscribed milky/white cutaneous macules. Histologically, skin
lesions show basal hypopigmentation and increased dermal inflammation relative to perilesional
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normal skin, with complete or near-complete loss of melanocytes at the basal epidermal layer (2).
Following the Vitiligo Global Issues Consensus Conference in 2011, the disease has been categorized
based on clinical parameters into: segmental vitiligo (SV), non-segmental vitiligo (NSV), and mixed
vitiligo (MV) (1). SV is characterized by a unilateral distribution of the macules and is less common
compared with the NSV, which shows symmetrical and bilateral white patches (3). NSV includes
different clinical vitiligo subtypes, namely, acrofacial, generalized, mucosal, and universal vitiligo.
NSV may be initially classified as acrofacial and, over time, be reclassified as generalized or universal
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vitiligo. On the other hand, MV includes the combination of an
initial SV followed by the occurrence, after several months or
years, of bilateral NSV patches (1, 4).

The prevalence of vitiligo has been estimated to be 0.5-1%
of the world population. However, it can vary from country to
country. In fact, the prevalence recorded in Denmark is 0.38%,
whereas in India it is up to 8.8% (1, 5, 6). Vitiligo can arise at any
age, even if about 50% of cases are diagnosed before the age of 20,
and both sexes are equally affected (1, 6).

Due to its disfiguring effects, vitiligo may have a detrimental
impact on patient’s quality of life (QoL) and mental health (7-9).
A recent review of studies published over the last two decades
indicates that women show more QoL impairment than men,
married women more than singles, young patients more than
elderly ones, and dark-skinned people more than white people
(7,8). Moreover, a recent meta-analysis demonstrated that vitiligo
patients were significantly more likely to suffer from depression
(9). Although vitiligo is a non-fatal disease, exposure of affected
skin to UV light increases the chance of skin irritation and cancer
(10). Furthermore, vitiligo has been associated with other rare
systemic disorders, including the Vogt-Koyanagi-Harada, the
Kabuki, and mitochondrial encephalopathy, lactic acidosis, and
stroke-like episodes (MELAS) syndromes due to the presence of
melanocytes in other parts of the body, such as in eyes, auditory,
nervous, and cardiac tissues, where melanocytes are thought to
have different roles from that played in the skin (11). In par-
ticular, the Vogt-Koyanagi-Harada disease is an autoimmune
multisystemic disorder branded by granulomatous panuveitis
with exudative retinal detachments, neurologic and hearing
manifestations, and vitiligo. The Kabuki syndrome manifests
with abnormalities in multiple organ systems and is character-
ized by distinctive facial features, including arched eyebrows,
long eyelashes, long openings of the eyelids with the everted
lower lids, and large protruding earlobes. It usually associates
with autoimmune diseases such as idiopathic thrombocytopenic
purpura, hemolytic anemia, thyroiditis, and vitiligo. The MELAS
syndrome is a mitochondrial disorder due to mutations of the
mitochondrial genome. The typical presentation of patients with
MELAS syndrome is described by the name of the disorder.
Additional features are seizures, diabetes mellitus, hearing loss,
cardiac disease, short stature, endocrinopathies, neuropsychiat-
ric dysfunctions and skin alterations including hypertrichosis,
eczema, and vitiligo.

PATHOGENESIS

Although several hypotheses have been put forward to explain
vitiligo ethiopathogenesis, the autoimmune theory is the most
accredited one, being sustained by several epidemiological,
clinical, and experimental findings (4, 9, 11-17). These studies
indicate that melanocyte defects drive vitiligo pathogenesis by
triggering, in susceptible individuals, an autoimmune response
that leads to melanocyte destruction (11). Several exogenous and
endogenous stimuli have been linked to the onset of the disease.
The exogenous factors include ultraviolet irradiations, trauma
(Koebner phenomenon), stress, major infections, malignan-
cies, neural abnormalities, vaccinations, pregnancy, calcium

imbalance, certain drugs, hormones, and exposure to cytotoxic
compounds. Among the endogenous factors are melanin synthe-
sis, cellular metabolism, proliferation, differentiation, apoptosis,
and immune reactions (11, 14, 18-20). All of these are thought
to induce oxidative stress in melanocytes, as indicated by the
high levels of reactive oxygen species (ROS), mainly hydrogen
peroxide and peroxinitrite, found in lesional skin (11, 14, 18-20).
The ROS increase may also result from compromised antioxidant
responses with local and/or systemic imbalance of the antioxidant
systems (11, 14, 18-20). For example, the superoxide dismutase
is present at higher levels in perilesional skin and patient’s sera
(17, 20), whereas the level of the antioxidant enzyme catalase
was found reduced in the vitiliginous skin compared with
normal skin (20). The important role played by the antioxidant
system in the pathogenesis of vitiligo is further corroborated
by a recent study showing the association between a single
nucleotide polymorphism of the nuclear factor, erythroid 2 like 2
(NRF2) gene and vitiligo (19, 21). The transcription factor Nrf2
regulates genes containing the antioxidant response elements
(AREs) in their promoters and encoding proteins that protect
against oxidative damage triggered by injury and inflammation.
In addition, it has been shown that Nfr2- ARE/heme oxygenase-1
pathway is functionally deficient in the disease-free epidermis of
patients with vitiligo (22). This is in agreement with very recent
findings showing the ability of simvastatin to protect human
melanocytes from H,O,-induced oxidative stress by activating
Nrf2 (23). Finally, reduced levels of non-enzymatic antioxidants
such as beta-carotene, ubiquinone, vitamins E and C, ferritin, and
metallothionein may contribute to the increased amount of ROS
observed in vitiliginous melanocytes (19).

Oxidative stress may affect the structure and functions of the
endoplasmic reticulum (ER), which act as a cellular stress sensor.
Dilation of the ER is a hallmark of melanocytes at the periphery
of vitiligo lesions, and the disruption of redox reactions, critical
for proper protein folding, causes the accumulation of immature
proteins and misfolded peptides leading to the activation of the
unfolded protein response (UPR) (24, 25). The latter, under
sustained cellular stress, promotes autoimmune responses via
apoptotic cascades (19). Actually, exposure to chemical triggers
of vitiligo was shown to induce oxidative stress and to promote
UPR activation in melanocytes (26). The importance of the UPR
in the pathogenesis of vitiligo is further corroborated by several
lines of experimental evidence, which identified the X-box
binding protein 1 (XBPI) gene, encoding a transcription factor
mediating UPR activation, as a susceptibility locus for general-
ized vitiligo (27-30). The UPR induces also the expression of
cytokines, such as IL-6, IL-8, IL-11, and tumor necrosis factor,
and can attract cells of the innate immune system to the skin
of vitiligo patients, as documented by the aberrant activation
of natural killer and dendritic cells (DCs) in lesional skin (11).
More recently, a role for calreticulin (CRT), an ER protein regu-
lating intracellular Ca?*, has been proposed in the progression
of vitiligo (19). In particular, a redistribution of CRT from the
ER lumen to the plasma membrane of melanocytes takes place
under oxidative stress (19). Surface CRT is thought to direct the
contact of stressed melanocytes with DCs, eliciting downstream
immune responses and melanocyte apoptosis. The latter provides
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abundant antigenic peptides to the antigen-presenting cells lead-
ing to the activation of T cells, thus promoting autoimmunity.
In this context, it is also worth to consider that the increased
ROS levels are thought to modify tyrosinase (TYR) and other
melanogenic proteins into neoantigens (11). Indeed, patients
affected by vitiligo show circulating autoantibodies directed
toward specific melanocyte antigens such as TYR, tyrosinase-
related protein-1 (TRP-1), TRP-2, Pmel17 (or gp100), and type 1
membrane receptor for melanin-concentrating hormone, whose
serum level correlates with the disease severity (11, 31-36). In
early lesions, CD8* cytotoxic T lymphocytes have been found
close to melanocytes, and a perivascular lymphocytic infiltrate
could be appreciated at the expanding edge of active skin lesions
(37). In addition, the concentration of melanocyte-specific
CD8* T cells is higher in the blood of patients affected by vitiligo
and correlates with disease activity (11, 31, 38). Furthermore,
interferon-y (IFN-y) has been shown to play a central role in
vitiligo progression through the release of several chemokines,
such as CXCL9, 10, and 11 (17, 39). It has been also suggested
that IFN-y could play a direct role in vitiligo pathogenesis fol-
lowing the observation that the IFN-y derived from cytotoxic
T cells could itself cause apoptosis in melanocytes (40). This is
in agreement with recent studies showing that human vitiligo
as well as a mouse model of vitiligo reflects an IFN-y-specific
Th1 immune response in the skin that involves IFN-y-dependent
chemokines (41-44).

Recent findings indicate the participation in this process of
TH17 cells, identified in the lesional skin of vitiligo patients
(45, 46). The TH17 cells, by releasing interleukin-17, may induce
inactivated immune cells secretion of proinflammatory cytokines,
which in turn recruit and activate mononuclear lymphocytes,
strongly involved in disease progression (46). Finally, regula-
tory T cells (Treg), which are in charge to maintain peripheral
tolerance through the suppression of self-reactive T cells, appear
reduced in number and functionally flawed in lesional skin of
patients affected by vitiligo (47).

A number of studies have shown that the uptake by keratino-
cytes of the melanocyte released melanosomes take place through
phagocytic ingestion in a receptor-mediated process, involving
the protease-activated receptor-2 and keratinocyte growth factor
receptor/fibroblast growth factor receptor 2b (KGFR/FGFR2b)
(48-50). A recent work reported a decreased expression of KGF/
FGF7 and its receptor in pathological hypopigmented skin, which
may contribute to the formation of the classical milky macules of
vitiligo (50).

Finally, it is worth to mention that a number of genome-wide
association and genetic linkage studies identified more than 30
different genes related to an increased risk of vitiligo, the majority
of which are immune genes implicated in both the innate and the
adaptive immune responses (4, 9, 11, 13).

ASSOCIATION WITH AUTOIMMUNE
THYROID DISEASES (AITD)

Besides the abovementioned involvement of the immune sys-
tem in vitiligo pathogenesis, epidemiological evidence further

corroborates the autoimmune genesis of vitiligo. In particular,
vitiligo is present within the autoimmune polyendocrine syn-
dromes (51), and it is more frequently encountered in family
members of patients affected by autoimmune diseases, such as
inflammatory bowel disease, psoriasis, rheumatoid arthritis,
type 1 diabetes, systemic lupus erythematosus, pernicious
anemia, and AITD (31, 52-69). The latter, as outlined in several
studies performed over the last decades, represent the most
frequent autoimmune disorders associated with vitiligo (54,
58, 66-73). A recent meta-analysis, performed on 48 articles
published between 1968 and 2012, showed that in patients
affected by vitiligo the prevalence of AITD was 14.3%, while
positivity to thyroid-specific antibodies [i.e., anti-thyroglobulin
(Tg), anti-thyroid peroxidase, and anti-thyrotropin recep-
tor (TSHR)] was found in 20.8% of them (74). Moreover, the
presence of anti-thyroid hormones antibodies in the serum of
patients affected by vitiligo was detected in 77 out of 79 viti-
ligo patients analyzed, suggesting a possible pathogenetic role
(70, 75). Vice versa, the prevalence of vitiligo among AITD
patients has been reported to vary from 2.7 to 7% (66, 67, 76, 77).
It is also worth to note that the risk of thyroid disease in vitiligo
patients increases with age (71, 74). All together, these findings
have led to the recommendation of screening patients affected
by vitiligo for thyroid diseases and thyroid autoantibodies, in
an effort to detect undiagnosed thyroid diseases or to assess the
risk of future onset (74, 78).

MOLECULAR MECHANISMS
UNDERLYING VITILIGO AND THYROID
AUTOIMMUNE DISEASE ASSOCIATION

The reported association of vitiligo with AITD suggests the
presence of shared heritable susceptibility genes (79-87).
Thirty-seven susceptibility genes have been identified for viti-
ligo disease and more than 15 for AITD (79-87). Genome-wide
linkage analysis and candidate gene association studies identi-
fied nine loci potentially involved in both AITD and vitiligo
(79-81). Among these, there are organ-specific genes such as
those coding for TYR, Tg, and TSHR (81-85). In addition, an
autoimmunity susceptibility locus (AIS1) was identified by
genome-wide linkage analysis on chromosome 1 in families
characterized by vitiligo and Hashimoto’s thyroiditis (HT)
(86-88). Among the 27 genes mapping to the AISI locus, the
forkhead transcription factor D3 appears to be the most plau-
sible responsible for the concomitant occurrence of vitiligo and
AITD (86, 89). In addition, a single nucleotide polymorphism
of the PTPN22 gene, encoding a lymphoid specific phosphatase,
is shared among patients with vitiligo and AITD (79). These
findings suggest that the association observed between vitiligo
and AITD could be explained, at least in part, by the sharing of
a subset of susceptibility genes.

Of interest are the recently reported observations showing
melanocyte-specific antigen expression in thyroid tissues of patients
with HT, as well as in thyroid tissues of healthy individuals (88).
In particular, thyroid tissues from HT patients without vitiligo,
and normal thyroid tissues, were both negative for the expression
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of NKI/beteb, Pmel17, TRP-1, HMB-45, and S100, whereas they
were positive for the expression of TRP-2, lysosome-associated
membrane protein 1 (LAMPI1), and CD69. Interestingly, TYR
was only detected in thyroid from HT patients. Moreover, levels
of LAMP1 and CD69 were higher in thyroid with HT compared
with normal thyroid (90). The differences in type and amount of
melanocyte antigens observed in the thyroid of HT patients may
provide the immunological basis for secondary vitiligo associated
with HT. Vice versa, different skin cell types, including keratino-
cytes, dermal fibroblasts, and melanocytes, have been shown to
express functional TSHR and other thyroid-specific antigens
including Tg, thyroperoxidase, and natrium/iodide symporter
(91, 92). Thus, it may be speculated that in vitiligo patients the
activation of the immune system against these antigens expressed
in vitiliginous melanocytes may cause a secondary AITD.
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Lichen planus (LP) and lichen sclerosus (LS) are cutaneous-mucous diseases with
uncertain epidemiology. Current data, which are likely to be underestimated, suggest a
prevalence in the general population of 0.1-4% for cutaneous LP, 1.27-2.0% for oral LP,
and 0.1-3.3% for LS. While etiology of lichen is still unknown, clinical and histological
evidence show an (auto)immune pathogenesis. Association of lichen with autoimmune
thyroid disease (AITD) has been investigated in few studies. This association appears
better defined in the case of LS, while is more controversial for LP. In both situations, the
frequency of the association is higher in females. We review the available literature on
the correlation between the different types of lichen and AITD, and the literature on the
genetic risk factors which are shared by both conditions. Such data suggest that a com-
mon pathogenic mechanism could be the cause for co-occurrence of lichen and AITD,
at least in some patients. Additionally, analyzing literature data and in continuity with our
previous work on other autoimmune diseases, we suggest that molecular mimicry could
trigger both diseases, and thus explain their co-occurrence.

Keywords: autoimmune thyroid disease, oral lichen planus, mucous lichen planus, cutaneous lichen planus,
lichen sclerosus, human leukocyte antigen, infections, molecular mimicry

INTRODUCTION

Lichen planus (LP) is a cutaneous-mucous disease characterized by small papules and pruritus.
Histologically, LP is characterized by hyperkeratosis, hypergranulosis, acanthosis with formation
of colloid bodies (Civatte or Sabouraud bodies), vacuolar degeneration of the basal epidermal
cell layer, “saw-tooth” appearance of the rete pegs, enlarged and deformed dermal papillae with
infiltration of lymphocytes and histiocytes in a “band-like” pattern in contact with, and sometimes
invading, the basal epidermal cell layer (1). Because of clinical similarity, over the years, several
dermatological conditions were defined as “lichen” to eventually form the so-called lichenoid
dermatoses, but with different specifications. For instance, lichen striatus is actually classified
among spongiotic dermatoses, lichen amyloidosus among amyloidoses, and lichen aureus among
mucinoses (1). A detailed discussion about lichenoid dermatoses is beyond the scope of this
review. Only LP (cutaneous, mucosal and oral) and lichen sclerosus (LS)—also known as LS and
atrophicus—for which autoimmunity has been postulated as a relevant part of the pathogenic
mechanism, were reported to be associated with autoimmune thyroid disease (AITD).

Abbreviations: AITD, autoimmune thyroid disease; GD, Graves disease; HT, Hashimoto's thyroiditis; LP, lichen planus; LS,
lichen sclerosus; T4, thyroxine; Tg, thyroglobulin; TPO, thyroid peroxidase; TSH, thyroid stimulating hormone.

Frontiers in Endocrinology | www.frontiersin.org 26

June 2017 | Volume 8 | Article 146


http://www.frontiersin.org/Endocrinology/
http://crossmark.crossref.org/dialog/?doi=10.3389/fendo.2017.00146&domain=pdf&date_stamp=2017-06-27
http://www.frontiersin.org/Endocrinology/archive
http://www.frontiersin.org/Endocrinology/editorialboard
http://www.frontiersin.org/Endocrinology/editorialboard
https://doi.org/10.3389/fendo.2017.00146
http://www.frontiersin.org/Endocrinology/
http://www.frontiersin.org
https://creativecommons.org/licenses/by/4.0/
mailto:f.guarneri@tiscali.it
https://doi.org/10.3389/fendo.2017.00146
http://www.frontiersin.org/Journal/10.3389/fendo.2017.00146/abstract
http://loop.frontiersin.org/people/381949
http://loop.frontiersin.org/people/425452
http://loop.frontiersin.org/people/382930
http://loop.frontiersin.org/people/451640
http://loop.frontiersin.org/people/21606

Guarneri et al.

Thyroid Autoimmunity and Lichen

The epidemiology of LP and LS is not exactly defined. Cur-
rent data, probably underestimated, suggest a prevalence in the
general population of 0.1-4% for cutaneous LP (2), 1.27-2.0%
for oral LP (3), and 0.1-3.3% for LS (4). Few authors inves-
tigated the association between these conditions and thyroid
diseases and, even fewer, the possible common etiopathogenic
mechanism(s).

We, herein, review the available literature on this topic.
Moreover, in continuity with our previous studies on molecular
mimicry as a trigger of autoimmune diseases, we suggest molecu-
lar mimicry as a potential pathogenic mechanism.

MATERIALS AND METHODS

We searched the PubMed database (https://ncbi.nlm.nih.gov/
PubMed) using the search string “thyroid AND autoimm* AND
lichen” The retrieved articles were revised, and only those dis-
cussing the association between lichen and AITD were selected.
The reference lists of these articles were examined to find other
relevant articles, which were also revised and included in this
review if appropriate.

RESULTS

As of February 24, 2017, a PubMed search for “AITD” or “lichen”
retrieved 14,864 and 15,311 articles, respectively. Conversely, a
search for “thyroid AND autoimm* AND lichen,” as described
in Section “Material and Methods,” yielded 40 articles of which
17 were selected as they were relevant for our review. Of these
17 articles, 15 analyzed the occurrence of AITD in patients
with lichen (Table 1) and 2 analyzed the occurrence of lichen in
patients with AITD (Table 2).

The first paper which suggested that LS “may be related
to or caused by an autoimmune process” and highlighted the
frequent association with thyroid autoimmunity was published
in 1974 (5). In 26 patients (25 females and one male) with LS and
443 control subjects without autoimmune diseases, the authors
evaluated the presence of antibodies to thyroglobulin (Tg), thy-
roid cytoplasm, gastric parietal cells, and type I intrinsic factor.
Almost half of the female patients were positive for antithyroid
cytoplasm antibodies [10/25 (40%), p < 0.001 vs controls] or
anti-gastric parietal cells antibodies [11/25 (44%), p < 0.001
vs controls]; other tests were negative or not different from
controls. Eight patients with antithyroid cytoplasm antibodies
had subclinical thyroiditis (5).

The topic was brought again to attention many years later, in
a case report of a 65-year-old woman with coexisting LS, AITD,
morphea, and insulin-dependent diabetes mellitus (6). Next, a
comment (7) to a review article (8) provocatively defined LS “a
cutaneous manifestation of thyroid disease” (7). While this state-
ment appears excessive in the light of modern knowledge, it is
suggestive of the increase, started in the early 1990s, of awareness
and interest concerning the possible connection between lichen
and AITD (9-11). Larger studies, needed to define the epidemio-
logical relevance of the association, have been performed only
relatively recently.

LS and AITD

The largest, yet retrospective, study available on LS and AITD
is on 532 patients with LS, predominantly adults and females
(n =500 and 396, respectively), who were visited in a German
University hospital during 12 years (12). All patients were
examined for cutaneous and extracutaneous autoimmune dis-
eases. Tests included complete blood cell count, routine blood
chemistry testing, complement components 3 and 4, C-reactive
protein, and a panel of serological analyses for autoimmunity.
This panel included antinuclear antibodies, extractable nuclear
antibodies, rheumatoid factor, anti-cyclic citrullinated peptide
antibodies, circulating immune complexes, and antibodies to
thyroid peroxidase (TPO) and Tg. One or more autoimmune
diseases were found in 82 patients (15.4%), with a significantly
(p < 0.0001) different frequency among women (n = 75, 18.9%)
and men (n = 7, 5.1%). AITD [Hashimoto’s thyroiditis (HT)
or Graves disease (GD)] was the condition most often associ-
ated with LS, with a total of 65 cases (12.2%), again prevalently
among females [n = 60 (15.2%), p = 0.0002 vs males]. Overall,
cases of all other autoimmune diseases accounted for 3.3% of
the studied sample.

Similar results were found by others. A case-control study in
women was performed (13) on a smaller population (190 with
adult-onset vulvar LS, 126 with adult-onset erosive vulvar LP, 922
age-matched controls). AITD was observed in 16.3% of patients
with LS and 15% of patients with erosive LP compared to 7.9%
in controls (p < 0.001 for both comparisons) (13). Kazandi et al.
(14) retrospectively analyzed 82 women with vulvar LS and found
15 cases of thyroid disease (18.2%). A greater prevalence (29.9%)
was reported in a retrospective evaluation of 211 patients visited
in a 10-year period for vulvar LS (15). The percentage was higher
among patients aged less than 55 years (33.8%) than among those
aged 55 years or more (27.7%).

A different picture can be observed in studies on male LS.
After the aforementioned article by Kreuter et al. (12), the largest
and probably most complete study was published by Kantere
et al. (16). The authors randomly chose 100 patients from 771
diagnosed with LS between 1997 and 2007 and re-evaluated their
clinical condition. Such re-evaluation included clinical examina-
tion and laboratory tests, namely thyroid stimulating hormone
(TSH), thyroxine (T4), antinuclear antibodies, and autoantibod-
ies to extracellular matrix protein-1 (ECM-1), ECM-1 being
the likely autoantigen of LS (17). Only five patients had mild
abnormal thyroid function: low levels of T4 and raised levels of
TSH (which is consistent with overt primary hypothyroidism) in
two cases, normal T4 and raised TSH (which is consistent with
subclinical primary hypothyroidism) in two other cases, normal
T4 and decreased TSH in one (16). However, one paper (18)
shows a different trend. Indeed, in a population of 60 women and
42 men, Hagedorn et al. (18) found that LS was associated with
AITD in 39% of female and 12.5% of male patients.

LP (Oral, Mucous, Cutaneous) and AITD

The association between thyroid autoimmunity and LP, in its
different subtypes, is more controversial, and the scarcity of
papers does not allow clear conclusions. Soy et al. (19) evalu-
ated the frequency of rheumatic and autoimmune diseases in 65
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TABLE 1 | Studies reporting clinical and/or laboratory data about subjects affected by lichen who were found positive for AITD.

Reference, Country

Type of study and population

Main findings

Goolamali et al. (5), England

Cross-sectional study on 26 patients with LS
(25 females, 1 males) and 443 controls without
autoimmune diseases

10/25 (40%) of female patients were positive for antithyroid cytoplasm
antibodies (p < 0.001 vs controls); 8 of these 10 patients had subclinical
thyroiditis

Tremaine et al. (6), Canada

Case report

Report on a 65-year-old woman simultaneously affected by LS, AITD,
morphea, and insulin-dependent diabetes mellitus

Kreuter et al. (12), Germany

Retrospective prevalence study on 532 patients
affected by LS (396 females, 136 males)

AITD was associated with LS in 65 cases (12.2% of patients), prevalently
among females [n = 60 (15.2%), p = 0.0002 vs males]

Cooper et al. (13), England

Case—control study on 190 women with adult-onset
vulvar LS, 126 women with adult-onset erosive vulvar
LP, 922 age-matched control women

AITD was observed in 16.3% of patients with LS and 15% of patients with
erosive LP vs 7.9% of controls (p < 0.001 for both comparisons)

Kazandi et al. (14), Turkey

Retrospective prevalence study on 82 women
with vulvar LS

15 cases of thyroid disease were observed (18.2% of patients)

Birenbaum and Young (15), USA

Retrospective prevalence study on 211 women with
vulvar LS

63 cases of AITD were observed (29.9% of patients). Prevalence of AITD
was higher among patients aged less than 55 years [25/74 (33.8%)] than
those aged 55 years or more [38/137 (27.7%)]

Kantere et al. (16), Sweden

Cross-sectional study on 100 patients with LS

No patients with thyroid disease, five with mild abnormality of thyroid
function: low levels of T4 and raised levels of TSH in two cases, normal T4
and raised TSH in two other cases, normal T4 and decreased TSH in one

Hagedorn et al. (18), Germany

Cross-sectional study on 102 patients (60 females,
42 males) with LS

AITD was found in 39% of females and 12.5% of males

Ebrahimi et al. (20), Sweden

Cross-sectional study on 120 patients (89 females,
31 males) with mucosal LP and 87 age- and
sex-matched healthy controls

AITD was found in 11/120 patients (9.2%)

Chang et al. (21), Taiwan

Cross-sectional study on 500 patients with
desqguamative gingivitis, 287 with erosive oral LP
without desquamative gingivitis, and 100 healthy
controls

455 patients with desquamative gingivitis were affected by erosive oral

LP; 46.4% of them were positive for anti-Tg and 45.1% for antithyroid
microsomal antibodies. The corresponding percentages were 27.5 and
30.3%, among patients with erosive LP but not gingivitis. For both groups
of patients, differences in comparison with healthy controls were significant
(o < 0.001). Overall, 210 patients were positive for at least one thyroid
autoantibody, and TSH levels were normal in 84.3%, decreased in 6.7%
and increased in 9% of them

Chang et al. (22), Taiwan

Cross-sectional study on 320 patients with oral LP
(292 erosive, 28 non-erosive)

Anti-Tg and antithyroid microsomal antibodies were found in 21.3 and
24.4% of patients. TSH levels were normal in 85.8% of the 190 patients,
positive for one or both thyroid autoantibodies, below normal in 4.2% and
above normal in 10%

Carrozzo et al. (23), ltaly

Cross-sectional study on 50 patients with oral LP

Antithyroid antibodies were found in 10% of patients

Lavaee and Majd (24), Iran

Retrospective prevalence study on 523 patients
with oral LP (387 females, 136 males) and 523
age- and sex-matched healthy controls

Hypothyroid subjects were 35 among patients (6.7%) and 21 among
controls (4%); this difference was not statistically significant

Azurdia et al. (31), England

Cross-sectional study on 58 males affected by LS
and 602 healthy controls

HLA-DR11, -DR12, and -DQ7 were significantly (o < 0.05) more frequent
in patients, but no cases of AITD were found among them. One patient
had a mild increase of serum T4 with normal TSH levels, another one had
slightly lower than normal serum T4, with normal TSH. A third patient had
positive antithyroid antibodies, but normal thyroid function

Aslanian et al. (32), Brazil

Cross-sectional study on three families
(30 subjects in total) with familial LS

8 cases of LS were found among the 30 subjects visited; seven of these
patients were positive for anti-TPO antibodies, but only four had clinical
AITD. The HLA-B*15-DRB1*04-DRB4* haplotype was associated with the
co-occurrence of LS and thyroid autoimmunity

The type of lichen studied in each paper is written in boldface.
AITD, autoimmune thyroid disease; LF, lichen planus; LS, lichen sclerosus; T4, thyroxine; Tg, thyroglobulin; TPO, thyroid peroxidase; TSH, thyroid stimulating hormone; HLA, human

leukocyte antigen.

patients (56 women and 9 men) with AITD. Oral LP was one of
the less represented diseases, as it was found in only two patients
(3.1%). Ebrahimi et al. (20) evaluated 120 patients with mucosal
LP and 87 age- and sex-matched healthy controls for the presence
of other diseases, with particular attention to autoimmune and

thyroid diseases. They found a significantly high frequency of
autoimmune diseases in general (28%) and AITD in particular
(9.2%) among patients. These results, together with the observa-
tion that lichen was multifocal in 72% of women and 64% of men,
led the authors to conclude that “LP with mucosal involvement
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TABLE 2 | Studies reporting clinical and/or laboratory data about subjects affected by AITD who were found positive for lichen.

Reference, country Type of study and population

Main findings

Soy et al. (19), Turkey

Cross-sectional study on 65 patients (56 females, 9 males) with AITD

Oral LP was found in two patients (3.1%)

Branisteanu et al. (25), Romania

10.7% hypothyroidism)

Retrospective prevalence study on 38 patients (36 Females, 2 males) with
thyroid diseases (63% autoimmune thyroiditis, 26.3% polynodular goiter,

LP was found in 18% of patients and was the
second most frequent dermatological disorder after
alopecia areata (22%)

The type of lichen studlied in each paper is written in boldface.
AITD, autoimmune thyroid disease, LF, lichen planus.

should be considered and taken care of as a systemic disease” and
to point out “the need for a multidisciplinary clinic to get optimal
care and treatment” (20). Another paper concerning mucosal
lichen, namely adult-onset erosive vulvar LP, is by Cooper et al.
(13) (see above, Section “LS and AITD”). Further, interesting
elements come from a recent paper (21). This paper (21) aimed
to define the number of patients with desquamative gingivitis
(a disease often associated with erosive oral LP) who were positive
for anti-gastric parietal cells, anti-Tg, and antithyroid microso-
mal antibodies. They analyzed 500 patients with desquamative
gingivitis, 287 with erosive oral LP but without desquamative
gingivitis, and 100 healthy controls. Upon careful reevaluation,
erosive oral LP was found in 455 patients of the first group: 46.4%
of them were positive for anti-Tg and 45.1% for antithyroid
microsomal antibodies. The percentages were 27.5 and 30.3%,
respectively,among patients of the second group. Differences from
controls were significant (p < 0.001) for both groups of patients.
Overall, 210 patients were positive for at least one thyroid-related
autoantibody, and TSH levels were normal in 84.3%, low in 6.7%,
and raised in 9% of them (21). In a previous study (22), the same
group had found a prevalence of 21.3 and 24.4% for anti-Tg and
antithyroid microsomal antibodies, respectively, among 320
patients with oral LP (erosive in 292 cases, non-erosive in 28).
In the same study, TSH levels were normal in 85.8% of the 190
patients positive for one or both thyroid-related autoantibodies,
low in 4.2% and raised in 10% (22). Other authors had reported
antithyroid antibodies in 10% of 50 patients with oral LP (23).

Lavaee and Majd (24) retrospectively evaluated the frequency
of hypothyroidism in 523 patients with oral LP (387 females, 136
males) and in an equal number of age- and sex-matched healthy
controls. They found statistically similar proportions (6.7 and 4%,
respectively).

Finally, Branisteanu et al. published data about the association
between AITD and cutaneous LP (25). The study population
included 38 patients (36 females, 2 males) with thyroid diseases
(63% autoimmune thyroiditis, 26.3% multinodular goiter, 10.7%
hypothyroidism), who accessed the Dermatovenereology Unit
of a University hospital over 2 years. LP was the second most
frequent dermatological disorder observed (18%) after alopecia
areata (22%).

Genetic Risk Factors: Possible Role of
Human Leukocyte Antigen (HLA)

The studies mentioned in the previous sections suggest that all
subtypes of lichen, AITD, and also their association, are more
frequent in females.

Given the autoimmune pathogenesis of both conditions,
several authors analyzed the possibility of a link with specific
alleles of the HLA genes. As well known, HLA genes generate the
major histocompatibility complex (MHC) molecules, responsi-
ble for presentation of (auto)antigenic peptides to the immune
system and activation of the consequent specific (auto)immune
reaction.

Studies on the HLA haplotype of patients with lichen are few,
not very recent, and often performed on small cohorts. Porter
et al. (26) reported that cutaneous LP has been associated to
HLA-A3, -A5, -A28, -B16, and -Bw35, mucosal LP to HLA-A3
and -A28, oral LP to HLA-BI6, -DR1, and -DRw?9, erosive oral
LP to HLA-DR2, -DR3, -DR9, -B27, and -Bw57, mixed oral LP
to HLA-B51 [for references, see Ref. (26)]. The studies reviewed
had populations ranging from 10 to 82 patients, and had been
published between 1976 and 1994. For LS, the most recent review
(27) suggests a strong linkage to HLA-DQ?. In a subsequent case—
control study (28), an increased frequency of HLA-DRBI*12/
DQBI1*03 was found in 187 patients with vulvar LS.

A comparison with AITD-associated HLA alleles (29) shows
some elements in common: HLA-B16 confers increased risk for
HT in Asians, HLA-DR3 is linked to GD (in Caucasians) and HT,
HLA-DR9is arisk factor for GD in Japanese and Chinese subjects
and HT in Chinese patients only [for references, see Ref. (29)].
Among patients with stress-related GD, HLA-A28 is significantly
more frequent (at least 3-X) in those with exacerbations of hyper-
thyroidism compared with those with no exacerbations during
treatment with antithyroid drugs, while HLA-DR3 is almost
3-times more frequent in the whole group of patients with stress-
related GD compared with healthy controls (30).

The above data could suggest a common genetic background
of susceptibility for lichen and thyroid autoimmunity. However,
we found only two studies that evaluated the HLA haplotypes
of patients for which the association between lichen and AITD
was explicitly investigated (31, 32). Azurdia et al. (31) analyzed
58 males with LS and 602 healthy controls, and showed a sig-
nificantly (p < 0.05) higher frequency of HLA-DRI1, -DR12,
and -DQ7 in patients. In detail, the frequencies of HLA-DRII,
-DR12, and -DQ7 were 22, 9, and 45% among patients and 13,
3, and 31% among controls, respectively. Abnormal thyroid
function was observed in two cases: one patient had a mild
increase of serum T4 with normal TSH levels, while another
had slightly subnormal serum T4, and normal TSH. Positive
antithyroid antibodies, but normal thyroid function, were found
in a third patient (31). In the second paper, Aslanian et al. (32)
examined three families, of 20, 8, and 2 members, respectively,
with familial LS. Eight subjects with LS were found among the
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30 visited, 7 of whom were positive for anti-TPO antibodies, but
only 4 had a thyroid disease. The HLA-B*15-DRB1*04-DRB4*
haplotype was associated with the co-occurrence of LS and thy-
roid autoimmunity (32). HLA-DRBI*04 was almost threefold
more frequent in patients with stress-related GD compared with
healthy controls (30).

Environmental Triggering Factors:
Association with Infections and the
Molecular Mimicry Hypothesis

Like most autoimmune diseases, the environmental triggers of
LS and AITD are unknown, and also unknown is whether an
etiopathogenic link between the two conditions exists.

We previously reported a woman who developed both LS
and HT after infection by Borrelia burgdorferi (33). In that
occasion, the chronological sequence and correlation between
the pathological events led us to hypothesize that molecular
mimicry between bacterial antigen(s) and human autoantigens
could have been the pathogenic mechanism by which borre-
liosis had triggered both autoimmune diseases (33). According
to the molecular mimicry hypothesis, structural similarity
between microbial antigens and human autoantigens can turn
a defensive immune reaction into an autoimmune reaction in
genetically predisposed subjects (mainly because of specific
HLA alleles). This model has been postulated, and in many
cases demonstrated, as a possible explanation for the onset of
autoimmunity (34-41).

Several studies on the possible role of molecular mimicry
in the pathogenesis of autoimmune and allergic diseases were
performed also by our group, with extensive use of bioinformat-
ics tools (42-53). In detail, we searched for amino acid sequence
homology between human protein autoantigens involved in spe-
cific autoimmune diseases and proteins from microbes that are
clinically linked to such diseases. In many cases, we also searched
the homologous segments of human and microbial proteins for
binding motifs of MHC molecules derived from specific HLA
alleles.

Following the hypothesis formulated in our case report (33),
we aimed to identify the molecules most probably involved in
triggering autoimmunity after Borrelia infection (42, 45). We
found that human TSH-R has four segments homologous to
proteins from Borrelia and five homologous to proteins from
Yersinia, another bacterial species associated with AITD. In a
subsequent study (45), we extended our work to include the
other known thyroid autoantigens (TPO, Tg, sodium iodide
symporter) and to search human and microbial proteins for the
occurrence of peptide-binding motifs of HLA-DR molecules.
Eleven additional homologies were found with proteins from
Borrelia (2 with Tg, 3 with TPO, 6 with sodium iodide symporter)
and 15 with proteins from Yersinia (2 with Tg, 2 with TPO, 11
with sodium iodide symporter). The number of binding motifs
related to the different HLA-DR alleles agreed well with literature
data, which suggest that AITD is associated with HLA-DR3,
-DR4, -DR5, -DRS, and -DR9.

Concerning the association between Borrelia and lichen, in
1985, Asbrink wrote that “a Borrelia infection may result in lichen

sclerosus et atrophicus-like reactions” (54), a claim that was
subsequently supported by others (55-59). Although the debate
remains open, a pathogenic link between borreliosis and lichen
seems to exist in some cases (60). Our preliminary data (61) show
that ECM-1, which is the autoantigen of LS (17), is homologous
to BBG23 and methyl-accepting chemotaxis protein (mcp-3) of
B. burgdorferi. All four thyroid autoantigens, ECM-1, and their
corresponding homologous Borrelia proteins contain 4-32 copies
of the binding motif related to HLA-DQ?, this allele conferring
genetic susceptibility to both AITD (62) and LS (31).

Molecular mimicry appears as an interesting field of inves-
tigation, and might explain, at least in part, associations found
in epidemiological studies and/or single case reports. In our
experience, it gave a plausible explanation for the association
between AITD and Yersinia infection (42, 45, 50), anti-tumor
vaccination with NY-ESO-1 (51), or rickettsiosis (52).

The main other infectious agents that the literature has linked
to AITD are Epstein-Barr virus (63), hepatitis C virus (64),
parvovirus B19 (64), human herpesvirus-6 (65), and Helicobacter
pylori (66). For lichen, association was reported with Epstein—
Barr virus—also known as human herpesvirus 4 (67), hepatitis C
virus (67, 68), human papillomavirus (67, 69), and human her-
pesvirus-7 (70), while correlation with H. pylori is controversial
(71, 72).

CONCLUSION

The existence and nature of a connection between AITD and
lichen are still unresolved issues. Echoing Braun-Falco et al.
(1), the etiology of lichen is currently “a mistery” Molecular
mimicry is a likely mechanism, especially considering the
advantage of providing an explanation for the occurrence of
the association in patients with given HLA genotypes. However,
molecular mimicry alone may not explain entirely the complex
pathogenesis of the association, and other possibilities should be
evaluated. Better awareness and attention to the association of
lichen and AITD, and increased interdisciplinary collaboration,
is desirable to define epidemiological magnitude and detailed
clinical characteristics of the association, taking into account
variables, such as ethnicity, socioeconomic issues, and environ-
mental issues. Hopefully, better basic and clinical research will
generate more effective care to patients with coexisting lichen
and AITD.
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Psoriasis (PsO) is a chronic relapsing/remitting autoimmune skin disease, associated
with an increased risk of other autoimmune disorders. Psoriatic arthritis (PsA) is a chronic
inflammatory arthritis occurring approximately in 30% of PsO patients. Sporadic cases of
association between PsO and autoimmune thyroid disorders (AITDs) have been reported.
However, two different recent studies did not find any association between them. In
patients with PsO and PsA, an association with AITD has been shown by most of the
studies in adults, but not in the juvenile form. In PSA women and men, thyroid autoim-
munity [positive antithyroid peroxidase (AbTPO) antibodies, hypoechoic thyroid pattern]
and subclinical hypothyroidism were more prevalent than in the general population. An
association has been shown also in patients with PsO, arthritis, and inflammatory bowel
disease, who have more frequently AITD. A Th1 immune predominance has been shown
in early PsO, and PsA, with high serum CXCL10 (Th1 prototype chemokine), overall in
the presence of autoimmune thyroiditis. This Th1 immune predominance might be the
immunopathogenetic base of the association of these disorders. A raised incidence of
new cases of hypothyroidism, thyroid dysfunction, positive AbTPO, and appearance of
a hypoechoic thyroid pattern in PsA patients, especially in women, has been shown
recently, suggesting to evaluate AbTPO levels, thyroid function, and thyroid ultrasound,
especially in PsA women. Thyroid function follow-up and suitable treatments should be
performed regularly in PsA female patients at high risk (thyroid-stimulating hormone within
the normal range but at the higher limit, positive AbTPO, hypoechoic, and small thyroid).

Keywords: psoriasis, psoriatic arthritis, autoimmune thyroiditis, hypothyroidism, CXCL10, AbTPO, anti-
thyroglobulin antibodies

INTRODUCTION

Psoriasis (PsO) (1) affects about 2-4% of the population (2); it is a chronic relapsing/remitting
autoimmune skin disease (1) and presents with itchy red, scaly patches, papules, and plaques, with
different severity, from localized patches to general body coverage. PsO is classified in five types:
plaque, guttate, inverse, pustular, and erythrodermic (3). These lesions are usually evident on the skin

Abbreviations: AITDs, autoimmune thyroid diseases; AT, autoimmune thyroiditis; AbTg, anti-thyroglobulin antibodies;
AbTPO, antithyroid peroxidase antibodies; FT4, free thyroxine; IBD, inflammatory bowel disease; IFN, interferon; IL, inter-
leukin; JIA, juvenile idiopathic arthritis; PsA, psoriatic arthritis; PsO, psoriasis; RA, rheumatoid arthritis; RF, rheumatoid factor;
TD, thyroid dysfunction; TSH, thyroid-stimulating hormone.
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of elbows and knees, and also on scalp, palms of hands, and soles
of feet. Psoriatic nail dystrophy is usually present in fingernails
and toenails and can be an isolated sign. A genetic predisposition
is very important in the pathogenesis of PsO; however, environ-
mental factors can activate the disease (1).

The skin epidermal layer grows rapidly in PsO (4), determin-
ing an abnormal production and an excess of skin cells (5),
that are replaced in 3-5 days in PsO (while commonly every
28-30 days) (6). These events are probably induced by the pre-
mature keratinocytes maturation, induced by the inflammatory
cascade in the dermis (7). The immune competent cells go from
dermis to epidermis and release different inflammatory cytokines
[interleukin (IL)-1p, interferon (IFN)-vy, tumor necrosis factor-a,
chemokine (C-X-C motif) ligand (CXCL)10, IL-6, IL-22] (8). In
PsO, DNA can stimulate the dendritic cells, to produce IFN-a.
The secretion of such inflammatory cytokines leads to stimulate
the proliferation of keratinocytes (8).

Psoriatic arthritis (PsA) is a chronic inflammatory arthritis
that has a variable clinical presentation and occurs approximately
in 30% of PsO patients (7, 9, 10). PsA typically affects the joints of
the fingers and toes, and it is characterized by a painful inflamma-
tion of the joints and surrounding connective tissue. This process
results in a sausage-shaped swelling of the fingers and toes called
dactylitis (9). PsA can also affect the hips, spine (spondylitis),
knees, and sacroiliac joint (sacroiliitis), and any other joint (11).
Dermatologic manifestations of PsO appear before the manifesta-
tions of arthritis in about 75% of patients (10).

Psoriasis is associated with an increased risk of other auto-
immune disorders like ulcerative colitis, Crohns disease, and
autoimmune thyroiditis (AT) too (12).

Here, we review the scientific literature about PsO, PsA, and the
possible association with autoimmune thyroid disorders (AITDs).

PsO, PsA, AND AITD

Few case reports initially reported an association of PsO and
Hashimoto’s thyroiditis (13, 14) (Table 1). A first system-
atic study by Bianchi et al. (15) evaluated thyroid volume
and function and the prevalence of anti-microsome and

anti-thyroglobulin antibodies (AbTg) in 42 patients with PsA,
versus 52 normal subjects, as controls. The average thyroid
volume, measured at ultrasounds, was increased in compari-
son to controls. Patients with PsA had a raised prevalence of
anti-microsome antibodies; thyroid involvement was confined
to patients with active disease. These results suggested a signifi-
cant thyroid involvement in PsA patients. However, the study
was basically a retrospective study, and it did not specify the
selection criteria of the patients (15).

A second study evaluated the prevalence of thyroid disorders
in PsA patients, conducting a complete thyroid work-out in 80
PsA patients, versus control subjects extracted (1:5) from the
general population (matched by age and gender), and 112 patients
with rheumatoid arthrtitis (RA) (with similar iodine intake). PsA
women had significantly more frequently a hypoechoic thyroid
pattern, antithyroid peroxidase antibodies (AbTPO), and sub-
clinical hypothyroidism than control women, with a frequency
comparable to that in RA patients (hypoechoic thyroid 31, 16, and
36%; positive AbTPO titer 28, 12, and 31%; subclinical hypothy-
roidism 25, 8, and 12%, respectively). PsA and RA men showed
more frequently hypoechoic thyroid pattern and positive AbTPO
than control subjects (hypoechoic thyroid 16, 10, and 3%; posi-
tive AbTPO titer 14, 5, and 2%, respectively). PsA patients with
subclinical hypothyroidism had a longer disease duration (years;
19 + 15 versus 11 + 8, p = 0.03) and polyarticular involvement
(p < 0.05) than euthyroid PsA patients. Therefore, a significantly
higher prevalence of thyroid autoimmunity (positive AbTPO,
hypoechoic thyroid pattern) in PsA men and women, and of
subclinical hypothyroidism in PsA women, than in the general
population were evidenced (12). Conversely, a subsequent study
investigated the frequency of rheumatic diseases in 65 patients
(56 E 9 M), suffering from AITD; antinuclear antibody and
rheumatoid factor levels were also measured. Various rheumatic
disorders were detected in 40 (62%) of patients with AITD: the
most frequent were fibromyalgia, osteoarthritis, keratocon-
junctivitis sicca, and xerostomia. Autoimmune diseases were
detected in 10 patients with AITD, and among them also PsO
and PsA (19). A further study (20) evaluated the frequency of
AITD in 80 children with juvenile idiopathic arthritis (JIA) (27

TABLE 1 | Prevalence of thyroid autoimmunity in psoriasis (PsO), or psoriatic arthritis (PsA) patients, versus controls, in the studies that have an internal control group.

Reference PsO patients (n) Autoimmune thyroid disorder

(AITD)% in PsO patients

Controls (n) AITD% in controls P

Antonelli et al. (12) 80 with PsA 12/36 of F patients (33%); 112 patients with 33/180 of F controls (18%); 0.0001
11/44 of M patients (25%) rheumatoid arthritis; 10/220 of M controls (5%)
400 control subjects
Bianchi et al. (15) 42 with PsA AbTg prevalence 5%; 52 AbTg prevalence 3%; <0.05
anti-microsome antibodies prevalence 14% anti-microsome antibodies prevalence 0%
Gul et al. (16) 105 6 patients had increased AbTPO (6%); 96 with tinea pedis AbTPO levels were increased in NS
8 patients had increased AbTg (8%); 6 subjects (6%), AbTg levels were
3 patients had both increased AbTPO increased in 11 subjects (11%)
and AbTg (3%) and both of them were increased
in 6 subjects (6%)
Vassilatou et al. (17) 114 (30 of them Prevalence of autoimmune 286 Prevalence of AT 19.6% NS
with PsA) thyroiditis (AT) 20.2%
Fallahi et al. (18) 97 with PsA 34% thyroid autoimmunity 97 15% thyroid autoimmunity 0.002

AbTg, anti-thyroglobulin antibodies; AbTPO, anti-thyroperoxidase antibodies; F, females; M, males; NS, not significant.
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oligoarticular, 26 polyarticular, 17 enthesitis-related, 6 systemic,
and 4 PsA), versus 81 healthy control subjects, matched by age
and gender. AITD were found in four patients in the JIA group
(5%). No significant difference between the study and control
groups was observed in the frequency of circulating antithyroid
antibodies, or AT, suggesting that in JIA there is no association
with AITD (20).

A further study evaluated thyroid autoimmunity in 105
patients with PsO (without PsA), versus 96 sex- and age-
matching controls (with tinea pedis). The levels of free thyroxine
(FT4) resulted significantly increased in the PsO group; however,
AbTPO and AbTg levels were not significantly different between
the two groups. The study showed that the serum FT4 levels
can increase in psoriatic patients. However, thyroid-stimulating
hormone (TSH), FT4, or FT3 were not reported. Furthermore,
an increase of FT4 should be related to TSH decreased levels,
however any correlation was reported (16).

The association between PsO and inflammatory bowel
disease (IBD) has been previously reported, even if potential
associated comorbidities are not clear. A study (21) examined
comorbidities in 146 patients diagnosed with both PsO and
IBD, in comparison with those diagnosed with PsO-only (146,
matched by gender, ethnicity, and age). Patients with both PsO
and IBD (versus PsO-only) had significantly higher rates of
hepatitis (6.2 versus 0.7%), AT (6.8 versus 2.1%), and diabetes
(26.77 versus 11.0%), and 60 (41.1%) were diagnosed with
seronegative arthritis, suggesting that patients with both PsO
and IBD have more frequently AITD and arthritis (21).

The prevalence of 12 autoimmune diseases was also evalu-
ated in 25,885 people extracted from the general population in
Sardinia (22). A high prevalence was observed for RA, ulcerative
colitis, Crohn’s disease, type 1 diabetes, systemic lupus erythe-
matosus, celiac disease, myasthenia gravis, systemic sclerosis,
multiple sclerosis, Sjogren’s syndrome, PsO/PsA (939 cases), and
AT (2,619 cases). The statistical analysis of the comorbidity of
autoimmune diseases shows that the number of people with more
than one autoimmune disease was significantly higher than the
expected number, both in women and men (22).

Another study (17) evaluated prospectively 114 PsO patients
with disease duration of 5-38 years, 30 of them with PsA, in
comparison with 286 age- and body mass index-matched sub-
jects. No difference in the prevalence of AT between PsO patients
and controls (20.2 versus 19.6%) was present. The prevalence of
AT in male and female PsO patients was similar (9.6 and 10.5%,
respectively) unlike the increased, as expected, prevalence in
female versus male controls (14.7 versus 4.9%). Detected cases
with hypothyroidism due to AT were similar in PsO patients and
controls (7.9 and 7.0%, respectively). However, the number of
patients with PsA was low (23) and not sufficient to a reliable
evaluation of AITD in these last patients (17).

Conversely, a subsequent study evaluated prospectively the
prevalence of other autoimmune disorders in outpatient clinic
in 3,069 consecutive patients with diagnosed chronic AT, with
respect to two age- and sex-matched control groups: (a) a control
group of 1,023 subjects, extracted from a random sample of
the general population without thyroid disorders and (b) 1,023
patients with non-toxic multinodular goiter drawn by the same

random sample of the general population, with similar iodine
intake. The results of our study demonstrated a significant
increase of the prevalence of PsA in AT patients (24).

A more recent study (18) aimed to assess the incidence of new
cases of clinical and subclinical thyroid dysfunction (TD) in a
broad group of PsA patients versus a control group, matched by
age and gender with a similar iodine intake. PsA patients with
TD were excluded first, and new cases of thyroid disorders were
evaluated in 97 PsA patients and 97 matched controls (median
follow-up of 74 months in PsA versus 92 in controls). A raised
rate of new cases of hypothyroidism, TD, positive AbTPO, and
appearance of a small hypoechoic thyroid pattern in PsA, espe-
cially in female gender, compared to controls has been evidenced.
Risk factors in female gender for the development of TD were
TSH within the normal range but at the higher limit, positive
AbTPO, and small thyroid volume (18).

Interferon-y and Thl cytokines/chemokines are involved
in the pathogenesis of PsO. Activated T cells and HLA-DR
keratinocytes have been shown in active plaques (25). It has
been shown that CXCL10, the Th1 prototype chemokine, and its
receptor (CXCR)3 are present in keratinocytes and in the dermal
infiltrate derived from active psoriatic plaques and that effective
treatment of active plaques decreased the expression of CXCL10.
Elevated circulating CXCL10 has been shown in PsO patients
(25-28). The cellular infiltrate in acute plaques is constituted by
5-8% CD3(—)CD56(+) NK cells, as indicated by immunobhisto-
chemical techniques, especially localized in the mid and papillary
dermis. NK lymphocyte migration toward CXCL10 is involved in
the pathogenesis of PsO (27).

CXCL10 is a determinant chemoattractant for neutrophils,
and an elevated infiltration and microabscess formation by
neutrophils is a characteristic PsO feature. Different papers have
shown a critical pathogenic role of neutrophils in PsO, particu-
larly in the first phases, leading to hypothesize that blocking
neutrophil function could have therapeutic effectiveness in this
disease (23, 29, 30).

Also, in PsA patients, high levels of CXCL10 are observed in
synovial fluid, and in circulation. Th1 cells immune predomi-
nance has been also shown at the beginning of the disease, with a
subsequent later decline in long-lasting PsO or PsA, suggesting a
shift from Th1 to Th2 immune response in long duration diseases
(31-33).

Also, AITD are Thl immune-mediated autoimmune disor-
ders in which Thl lymphocytes, IFN-y, and IFN-y dependent
chemokines (CXCL9, CXCL10, CXCL11) play an important role
(34, 35).

Serum levels of CXCL10 (the Thl prototype chemokine)
and CCL2 (the Th2 prototype chemokine) were measured in 37
patients with PsA without AT (PsA) and 28 with AT (PsA + AT),
and in gender- and age-matched controls. The results of the
study demonstrated higher circulating CXCL10 and CCL2
in PsA patients than in control subjects. Furthermore, serum
CXCL10 (but not CCL2) levels in PsA patients were significantly
higher in the presence of AT (36). These data suggested that a
Thl immune predominace, both in PsA such as in AT, might
be the immunopathogenetic base of the association of these
diseases.
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CONCLUSION

Psoriasis is associated with an increased risk of other autoim-
mune disorders like ulcerative colitis, Crohn’s disease, and celiac
disease (37). Sporadic cases of association of PsO and AITD have
been reported. However, two different recent studies did not find
any association between PsO and AITD.

Psoriatic arthritis is a chronic inflammatory arthritis that
occurs approximately in 30% of PsO patients. In patients with PsO
and PsA, an association with AITD has been shown by most of
the studies in adults, but not in the juvenile form. In PsA women
and men, thyroid autoimmunity (positive AbTPO antibodies,
hypoechoic thyroid pattern) and subclinical hypothyroidism
were more prevalent than in the general population. An associa-
tion has been shown also in patients with PsO, arthritis, and IBD
who have more frequently AITD.

A Thl immune predominance has been shown in early PsO,
and PsA, such as in AT, with high circulating levels of the Thl
prototype chemokine CXCL10 overall in the presence of the
association with AT. These data suggest that this Thl immune
predominance might be the immunopathogenetic base of the
association of these disorders.

A very recent longitudinal study in PsA patients has shown
a raised incidence of new cases of hypothyroidism, TD,
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Autoimmune diseases (AIDs) are the result of specific immune responses directed
against structures of the self. In normal conditions, the molecules recognized as “self”
are tolerated by immune system, but when the self-tolerance is lost, the immune system
could react against molecules from the body, causing the loss of self-tolerance, and
subsequently the onset of AID that differs for organ target and etiology. Autoimmune
thyroid disease (ATD) is caused by the development of autoimmunity against thyroid
antigens and comprises Hashimoto’s thyroiditis and Graves disease. They are frequently
associated with other organ or non-organ specific AlDs, such as myasthenia gravis (MG).
In fact, ATD seems to be the most associated pathology to MG. The etiology of both
diseases is multifactorial and it is due to genetic and environmental factors, and each of
them has specific characteristics. The two pathologies show many commonalities, such
as the organ-specificity with a clear pathogenic effect of antibodies, the pathological
mechanisms, such as deregulation of the immune system and the implication of the
genetic predisposition. They also show some differences, such as the mode of action of
the antibodies and therapies. In this review that focuses on ATD and MG, the common
features and the differences between the two diseases are discussed.

Keywords: acetylcholine receptor antibodies, interferon type I, germinal centers, genetics, etiology

INTRODUCTION

Autoimmune diseases (AIDs) are the result of specific immune responses directed against structures
of the self. Under normal conditions, the immune system is tolerant to molecules recognized as
“self” and does not react to antigens expressed in endogenous tissues. If self-tolerance is missing, the
immune system could develop an immune response against self-molecules, causing the development
of AIDs that include autoimmune thyroid diseases (ATDs) and myasthenia gravis (MG).

The etiology of AIDs is multifactorial and involves genetic and environmental factors. ATDs are
endocrine diseases due to an autoimmune reaction against thyroid antigens, in a specific genetic
background triggered by exposure to environmental factors (1).

The two main ATDs are Graves disease (GD) and Hashimoto’s thyroiditis (HT) that are character-
ized by hypothyroidism and thyrotoxicosis, respectively, by the production of thyroid autoantibodies
such as thyroid peroxidase (TPO), thyroglobulin (TG), and thyroid-stimulating hormone receptor
(TSHR), as well as by lymphocytic infiltration of the thyroid (1). MG is a neuromuscular disorder due
to a defective transmission of the nerve impulse to muscles, causing muscle weakness and abnormal
fatigability. In most cases, MG is mediated by antibodies targeting the acetylcholine receptor (AChR)
while in a minority of patients, the autoantibodies are specific for muscle-specific kinase (MuSK) or
agrin receptor LRP4 (low-density lipoprotein receptor-related protein-4). Other targets, such as titin,
and ryanodine, have been investigated (2).
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CONCOMITANT THYROIDITIS AND MG:
EPIDEMIOLOGICAL FEATURES

The prevalence of ATDs is high and estimated to be 5% in the gen-
eral population (3) while MG is a rare disease with an incidence
of 8-10 cases per one million persons/year and a prevalence of
150-250 cases per one million (4) (Table 1). Although ATD is one
of the most representative organ-specific autoimmune disorders,
it is associated with other autoimmune endocrine failures or
non-endocrine diseases (5). Among the non-endocrine diseases,
we can mention vitiligo, pernicious anemia, MG, autoimmune
gastritis, celiac disease, and hepatitis (6, 7). Interestingly, in these
associated diseases, the presence of anti-TPO antibodies is more
frequent than the prevalence of ATDs (6).

The aim of this review is to focus on the association between
MG and ATDs. The most common diseases coexisting with MG
are GD and HT, with a frequency of 7 and 3%, respectively (13).
ATDs were diagnosed in 26.8% of MG Polish patients including
4.4% with GD, 9% with HT, and 13.4% with anti-thyroid antibod-
ies (14). In British and German populations, 16% of early-onset
MG (EOMG), 9% of late-onset MG, and 17% of thymoma-MG
patients had antibodies against TPO or TG (15). About 0.2% of
patients affected by ATDs show MG that is much higher than
the general incidence of MG (0.01%). MG could be ocular or
generalized, even if ATDs are more frequent in the ocular group
(16-18). When associated to ATDs, MG shows specific features,
such as the young age of onset, mild clinical symptoms, low levels
of AChR antibodies, and low frequency of thymic alterations
(18-20). These data highlight that the association between MG
and ATDs is much more frequent than expected.

ETIOLOGY

The etiology of AIDs is still unknown. Drugs, virus infections,
radiation, stress are some of the environmental factors that may
be involved in the development of ATDs and MG in susceptible
individuals, contributing to the activation of an innate immune
response (8, 10, 21, 22).

Factors of Predisposition
Autoimmune thyroid diseases are more common among women
than men with a female:male ratio of 5-10:1. There is a difference

in prevalence and incidence in the base of geographic area, race,
and age. The frequency of anti-thyroid antibodies increases with
age, showing a peak ranging from 45 to 55 years. In females, one
of the two X chromosomes is inactivated during early embryonic
stage (23). The inactivation of the same X chromosome, that occurs
in more than 80% of cells, could result in defect in immunological
tolerance to X-linked antigens that could lead to autoimmunity.
Moreover, fetal microchimerism was observed in blood and
thyroid tissues from women with either HT or GD. During preg-
nancy, the production of maternal regulatory T cells (Treg) early in
pregnancy could lead to a decrease in the circulating anti-thyroid
antibodies, maintaining a state of tolerance to fetal alloantigens in
order to avoid fetus rejection. After birth, anti-thyroid antibodies
rebound with a transient increase. The persistence of fetal cells in
maternal tissues leads to fetal microchimerism (24).

In MG, instead, the early-onset forms, characterized by the age
of onset before 50 years, are more frequent in female than male with
a ratio female:male of 3:1. Different studies suggest an important
role of estrogens in MG (25), since estrogen receptors are expressed
on thymic epithelial cells and on thymocytes (21). The female bias
in AIDs could be due to reduced expression by estrogens of AIRE,
a transcription factor involved in negative selection, resulting in a
decreased quality of autoreactive cells elimination (26).

By case-control studies, and more recent genome-wide
association studies, different genes have been associated with
the ATDs and MG and the presence of specific autoantibodies.
Genes involved in T-cell activation and regulation, such as pro-
tein tyrosine phosphatase non-receptor 22 (PTPN22), cytotoxic
T-lymphocyte antigen-4 (CTLA4), and human leukocyte anti-
gens (HLA), are associated with both ATDs and MG. PTPN22
is an intracellular protein tyrosine phosphatase bound to c-src
tyrosine kinase, involved in T-cell activation (27); CTLA4 plays
a role in inhibiting T-cell signaling, and the HLA is essential for
presenting exogenous antigens for recognition by CD4* T-helper
cells (28). Other genes have been associated to a single disease, as
indicated in Figure 1. Therefore, in both ATDs and MG, factors
of predisposition include not only genetic background, but also
the potential role of sexual hormones.

Triggering Factors
Hepatitis C virus (HCV) infection is the most associated
to ATDs both in adults and children, in fact, infected HCV

TABLE 1 | Epidemiological and clinical features of patients with autoimmune thyroid diseases and myasthenia gravis (MG).

Hashimoto’s thyroiditis Graves’ disease AChR-MG MuSK-MG
Hypothyroidism Hyperthyroidism
Incidence About 2% About 2% About 0.1% About 0.01%
Female/male Around 10 Around 10 Early onset: F > M (ratio around 3) Around 6
ratio Late onset: F =M
Tissue Damage of the thyroid Enlarged thyroid (diffuse goiter) Thymic pathologies, hyperplasia among the young patients, and No thymic
pathology gland thymoma among the oldest patients pathology
Therapy Levothyroxine (LT4) Anti-thyroid drugs, radioactive Anticholinesterase drugs, thymectomy, immunosuppressive drugs Corticosteroids
iodine, and surgery (azathioprine, corticosteroids) Rituximab

The data on this table were collected from the following Ref. (8-12).
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FIGURE 1 | Predisposing genes in autoimmune thyroid diseases (ATDs) and
myasthenia gravis (MG). The data on this figure were collected from the
following Ref. (28-30).

patients show dysfunctions in the thyroid (10, 31). In patients
with chronic hepatitis C (CHC), the thyroid disorders are
characterized by an increased risk of ATD and hypothyroid-
ism in females, elevated levels of anti-TPO antibodies, and
by papillary thyroid cancer risk (32, 33). The hypothesized
mechanism is that HCV envelope protein E2 induces strong
inflammatory responses in human thyrocytes, resulting in the
production of interleukin (IL)-8, IL-6, and tumor necrosis
factor-a (TNF-a). The E2 protein also induces the upregulation
of molecules involved in innate immune pathways (34). Also
human herpes virus-6 (HHV-6) infection is associated with
ATD onset, in fact, a high level of HHV-6 activation marker
was found in thyroid tissue of patients with ATD (35). In myas-
thenic patients, the existence of a chronic inflammatory state
in the thymus could alter innate immune responses leading
to self-tolerance failure (36-39). The inflammatory state could
be due to persistent viral replications, in fact, Epstein Barr
virus (EBV), cytomegalovirus, human foamy virus, and Nile
virus were found to be associated to MG (40, 41). Pathogen
infections could play a role in AIDs through dysregulation of
toll-like receptor-mediated innate immune responses, which
can result in altered innate immune responses and long-term
inflammation, rendering the thymus vulnerable to auto-sensi-
tization (40, 41). EBV is one of the main candidates suspected
to play a role in MG initiation, since it is able to promote B-cell
abnormal activation and survival, and to disrupt critical B-cell
tolerance checkpoints (40, 42-44).

Recent data have confirmed a strong association between
ATD development and interferon (IFN)-a therapy in patients
with CHC. About 40% of CHC patients acquire thyroid disor-
ders while receiving IFN-a. IFN-induced thyroiditis is visible
as clinical thyroiditis in about 15% of HCV patients receiving
IFN-a and subclinical thyroiditis in up to 40% of patients (45).
Moreover, it was observed that the generation of anti-thyroid
antibodies tends to continue also after IFN therapy (30). IFN-«
could induce thyroiditis by both direct toxic effects on the
thyroid and by immune recruitment mechanisms (46).

Interestingly, IFN-I therapies can also prime the development
of MG (47). IFN-I, especially IFN-B, could play a central role
in the thymic follicular hyperplasia of MG patients by inducing
high expression of a-AChR and of CXCL13 chemokine in thymic
epithelial cells, and of the chemokine CCL21 in endothelial

lymphatic cells, two chemokines involved in the abnormal
recruitment of B cells in EOMG thymuses. IFN-f also increases
B-cell activating factor expression, which promotes the develop-
ment of autoreactive B cells (48). Also, IFN-p overexpression in
MG thymus can mediate the effects of dsSRNA activation and
causes a-AChR subunit overexpression, suggesting that IFN-f
can play a central role in MG development (36).

Other drugs can induce AIDs, including immunomodulatory
agents used to treat melanoma, such as monoclonal antibodies
inhibiting the immune checkpoint pathways, as CTLA4 and
programmed cell death protein 1 (PD-1), two-cell surface recep-
tors on T cells which down-regulate immune response (49).
Ipilimumab is a human immunostimulatory antibody targeting
CTLA4 that can cause thyroiditis and/or hypothyroidism in 6%
of cases after several cycles. Pembrolizumab and nivolumab act
against PD-1 and, if combined with ipilimumab to inhibit both
CLT4 and PD-1, show a stronger effect with thyroiditis in 22%
of cases (50).

DIFFERENTIAL AND COMMON FEATURES
IN ATDs AND MG

Antibodies

Both MG and ATD diseases are organ specific and antibody-
mediated, and both kinds of disorders combine many different
pathologies. Patients with ATDs have antibodies against proteins
of the thyroid, but the characteristics of the disease differ accord-
ing to the autoantigen. Patients with HT have serum antibodies
reacting with TG, TPO, while patients with GD have antibodies
against the receptor of TSH (51) (Table 2).

Myasthenia gravis is due to antibodies against the neuro-
muscular junction (59). Similarly to thyroiditis, in MG, several
antigens are the targets of the autoantibodies, and the disease
features depend upon the nature of the antibodies. Patients with
anti-AChR, but not with anti-MuSK antibodies, have thymic
pathologies, hyperplasia among the young patients, and thymoma
among the oldest patients (60).

Interestingly, in both MG and ATDs, some forms of the
disease are IgG4 dependent, an Ig subclass that does not bind to
the complement. In MG, anti-MuSK antibodies are IgG4 (61).
In ATDs, several subcategories of IgG4-mediated diseases have
been identified including a fibrosing variant of HT, IgG4-related
HT, and GD with elevated IgG4 levels (62). These IgG4 diseases
share common mechanisms that involve the mechanical inter-
ference of extracellular ligand-receptor interactions by the IgG4
antibodies (63).

The mechanisms of action of the antibodies are quite differ-
entin MG and ATD, likely due to the nature of the target antigen
and its localization. In HT, together with cytotoxic cells, the
antibodies contribute to the destruction of the thyroid, leading
to hypothyroidism (Table 2). In the case of GD, the antibod-
ies against TSHR could be stimulatory, blocking or neutral;
when the stimulating antibodies predominate, clinical features
become obvious (56). Thus, the antibodies are functional, able
to stimulate or to inhibit the secretion of thyroid hormones.
Fluctuating antibody levels can lead to syndromes alternating
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TABLE 2 | Physiopathological features of patients with autoimmune thyroid diseases and myasthenia gravis (MG).

Hashimoto’s thyroiditis Graves’ disease AChR-MG MuSK-MG
Humoral Target of the TG (20-50%), TPO (90-95%) TSHR AChR MuSK
immunity autoantibodies
Mechanism of the Abies ~ Thyroid destruction by cytotoxic cells, ~ Overactivation of ACHR blocking, internalization, Disruption of
death receptors, and impairment of the gland: thyroid and degradation neuromuscular junction
thyroid hormone production stimulatory, blocking, and inhibition of the
and neutral Abies retrograde signaling
Role of complement Yes Yes Yes No
Cellular Infiltration of the target +++ Thyroid + Thyroid, but not Neg in the muscle Neg in the muscle
mechanisms  organ destruction +++ in the thymus Neg in the thymus
Ectopic GC Yes (thyroid) Yes (thyroid) Yes (thymus) No
T-cell involvement Th1, Th17 Th2, Th17 Th1, Th2, Th17 Th1, Th17
Role of epithelial cells Overproduction of pro-inflammatory Overproduction of pro- Unknown

cytokines and chemokines by thyroid
epithelial cells

Regulatory B cells Normal B10 number

Normal B10 number

inflammatory cytokines and

chemokines by thymic epithelial

cells

Decreased B10 cell
number

Decreased B10 cell number

The data on this table were collected from the following Ref. (1, 52-58).

between hyperthyroidism and hypothyroidism (64). In the case
of MG, anti-AChR antibodies induce its degradation depend-
ent upon the complement, and its internalization (2), while
anti-MuSK antibodies disrupt the neuromuscular junction and
inhibit the retrograde signaling (65, 66). Recent findings sug-
gest that the anti-AChR antibodies could also have a functional
effect, by inducing the overproduction of IL-6, a cytokine that
plays a role in muscle biology (67). It is not clear yet if this
mechanism participates to the pathogenic mechanisms or is a
compensatory mechanism.

Most of the autoantibodies have a clinical usefulness. Anti-
TPO and anti-TSHR antibodies are relevant for the diagnosis of
HT and GD, respectively (30, 68). Anti-TSH receptor antibodies
are of interest in GD as they correlate with the disease severity and
their levels decrease with therapies (69). However, anti-TPO and
anti-TG Abs are not unique to HT patients since these antibodies
are detectable in the majority of GD patients (70). In the case of
MG, the anti-AChR antibodies are very useful for the diagnosis
but not for the follow-up. On the other hand, for the group of
patients with anti-MuSK antibodies, monitoring its level is rel-
evant, since it correlates with the clinical course (2).

Infiltration of the Target Organ and

Germinal Centers

Patients with GD can have an infiltration of the thyroid gland,
while in the case of HD, the infiltration is severe and accompa-
nied by the destruction of the thyroid (71). Ectopic B-cell fol-
licles are observed in the thyroid gland in HT (72). Autoreactive
B cells within these lymphoid follicles were recognized by their
ability to bind thyroid antigens (72). In MG, the neuromuscular
junctions displays minimal lymphocytic infiltration, while the
thymus at least in the young patients includes many infiltrat-
ing cells, signs of inflammation, and germinal centers (53).
The degree of hyperplasia is related to the level of anti-AChR
antibodies (73).

Immune Dysregulation

In both MG and ATDs, T-cell immune-mediated mechanisms
are involved. In ATDs, cellular immunity targeting thyroid anti-
gens is very common (74, 75). This mechanism is also a feature
of experimental thyroiditis obtained in animals by injection of
thyroid antigen with adjuvants (76). In MG, similar data are
observed; in the patients, and in the experimental models of MG,
T-cell proliferation using the autoantigen or peptides from the
AChR has been shown (77-79).

In addition, inflammatory cells such as Th1l and Th17 were
shown to be involved in the different forms of thyroid or
myasthenic diseases (Table 2). Thl cytokines are increased in
MG patients and its experimental model (EAMG) and normal-
ized with therapies (80, 81). Thl cells and their cytokines are
required for EAMG development (82), through the production
of complement-dependent anti-AChR antibodies that are patho-
genic (82, 83). In addition, TNF-a has been shown to contribute
to the chronic inflammation observed in the MG thymus (84).
In ATDs, Thl cells recruited in the thyroid may be responsible
for increased production of IFN-y and TNF-a, which in turn
stimulates the secretion of the pro-inflammatory chemokine
CXCL10 from the thyroid cells, resulting in an amplification
feedback loop, which could perpetuate the autoimmune process
(1). Th17 cells and IL-17 have an inflammatory and pathogenic
role in MG and ATD (85). Interestingly, IL-17 also contributes to
B-cell responses. Indeed, mice mutated for IL-17 receptor have
reduced humoral responses and germinal center development
(86). In MG patients, the seric level of IL-17 is increased (84, 87).
In the mouse model, IL-17 deficient mice are resistant to develop
MG, and the pathogenic anti-murine AChR antibodies are lower
compared with wild-type mice (88). In ATDs, an increased dif-
ferentiation of Th17 lymphocytes and an enhanced synthesis of
Th17 cytokines were shown, mainly in HT (89).

Finally, the defects of immune regulation are a hallmark of
AIDs. In both MG and thyroiditis, functional defects of Treg
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cells have been shown while the cell number is normal (90-92).
In addition, there is a shift from Treg cells to Th17 cells, sug-
gesting that Treg/Th17 balance is altered (84, 93). However, in
MG, it was also demonstrated that the Teff cells are resistant to
suppression (84). To our knowledge, there is no equivalent study
in ATDs disorders. The number of B reg cells has been shown to
be decreased in MG but not ATDs (55, 58, 94).

Microbiota is essential for immunologic and digestive homeo-
stasis (95) and is involved in many AIDs (52). In animals, the
lack of microbiota is associated with reduced intestinal surface
areas with shorter villi, changes in mucus layer, and permeability
(5, 96), together with reduced B- and T-cell production (97).
Interestingly, in humans, a morphological and functional dam-
age of the intestinal barrier was similar in patients bearing type-1
diabetes and with ATD (98). In addition, in hyperthyroid
patients, the microbiota composition was shown to be altered
(99). This aspect has not yet been investigated in MG.

THERAPIES

Although both MG and ATDs are associated with immune system
defects, the treatments are different. In the case of MG, treatments
include anticholinesterase molecules and immunosuppressive
therapies. Among these therapies are conventional immunosup-
pressant, such as azathioprine, as well as corticosteroids. Recently,
monoclonal antibodies against B lymphocytes have proved inter-
esting (100). In the case of thyroid disease, therapies are aimed at
regulating thyroid hormone levels (101). The treatment of choice
for HT or hypothyroidism is thyroid hormone replacement. The
drug is orally administered usually for life.

Surgery is applied in both pathologies. In MG, thymectomy
may be proposed when the thymus is hyperplastic or when a
thymoma is associated. Recently, a Thymectomy Trial in Non-
Thymomatous MG Patients Receiving Prednisone Therapy was
conducted in order understand if transsternal thymectomy with
prednisone therapy could be more efficient than prednisone

REFERENCES

1. Antonelli A, Ferrari SM, Corrado A, Di Domenicantonio A, Fallahi P.
Autoimmune thyroid disorders. Autoimmun Rev (2015) 14:174-80.
doi:10.1016/j.autrev.2014.10.016

2. Berrih-Aknin S, Frenkian-Cuvelier M, Eymard B. Diagnostic and clinical
classification of autoimmune myasthenia gravis. ] Autoimmun (2014)
4(8-49):143-8. doi:10.1016/j.jaut.2014.01.003

3. Hollowell JG, Stachling NW, Flanders WD, Hannon WH, Gunter EW,
Spencer CA, et al. Serum TSH, T(4), and thyroid antibodies in the United
States population (1988 to 1994): National Health and Nutrition Examination
Survey (NHANES III). JClin Endocrinol Metab (2002) 87:489-99.
doi:10.1210/jcem.87.2.8182

4. Gilhus NE. Myasthenia gravis. N Engl] Med (2016) 375:2570-81. d0i:10.1056/
NEJMral602678

5. Betterle C, Dal Pra C, Mantero F Zanchetta R. Autoimmune adrenal
insufficiency and autoimmune polyendocrine syndromes: autoantibodies,
autoantigens, and their applicability in diagnosis and disease prediction.
Endocr Rev (2002) 23:327-64. doi:10.1210/edrv.23.3.0466

6. Weetman AP. Diseases associated with thyroid autoimmunity: explana-
tions for the expanding spectrum. Clin Endocrinol (Oxf) (2011) 74:411-8.
doi:10.1111/j.1365-2265.2010.03855.x

alone after 3 years. An improvement of clinical outcomes over a
3-year period in patients with non-thymomatous MG underwent
thymectomy was observed (102). In ATDs, thyroid ablation is
recommended in GD when the goiter is large, and in HT when
a defined thyroid nodule is present (68). It is interesting to note
that in both cases the organ that is operated is inflammatory and
contains germinal centers with B lymphocytes participating in
the pathogenic response.

CONCLUSION
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Autoimmune thyroiditis (AlT) is generally associated with hypothyroidism. It affects ~2%
of the female population and 0.2% of the male population. The evidence of thyroid
function- and thyroid autoantibody-unrelated microproteinuria in almost half of patients
with AIT and sometimes heavy proteinuria as in the nephrotic syndrome point to a
link of AIT with renal disease. The most common renal diseases observed in AT are
membranous nephropathy, membranoproliferative glomerulonephritis, minimal change
disease, IgA nephropathy, focal segmental glomerulosclerosis, antineutrophil cytoplas-
mic autoantibody (ANCA) vasculitis, and amyloidosis. Different hypotheses have been
put forward regarding the relationship between AIT and glomerulopathies, and several
potential mechanisms for this association have been considered. Glomerular deposition
of immunocomplexes of thyroglobulin and autoantibodies as well as the impaired immune
tolerance for megalin (a thyrotropin-regulated glycoprotein expressed on thyroid cells)
are the most probable mechanisms. Cross-reactivity between antigens in the setting
of genetic predisposition has been considered as a potential mechanism that links the
described association between ANCA vasculitis and AlT.

Keywords: thyroiditis, Hashimoto, glomerulonephritis, membranous glomerulopathy, vasculitis

INTRODUCTION

Hashimoto's thyroiditis is the leading form of autoimmune thyroiditis (AIT), which is the most
prevalent autoimmune disorder and the most common cause of hypothyroidism, excluding iodine
insufficiency. It affects ~2% of the female population and 0.2% of the male population (1). This
condition is well known to be associated with other autoimmune diseases, the most common of
which are chronic autoimmune gastritis, vitiligo, rheumatoid arthritis, polymyalgia rheumatica,
celiac disease, type 1 diabetes, Sjogren’s syndrome, systemic lupus erythematosus (SLE), multiple
sclerosis, and sarcoidosis (2). Also glomerular disease may be related to autoimmune disease with
several mechanisms.

THE EFFECTS OF THYROID HORMONES ON KIDNEY

Thyroid hormone influence on kidney is mediated by its effect on the cardiovascular system and,
consequently, by its effect on renal blood flow. Hypothyroidism initially decreases peripheral vas-
cular resistance and blood pressure and subsequently activates the renin-angiotensin-aldosterone
system, which increases tubular sodium reabsorption. As a consequence, cardiac preload and
vascular resistance raise, resulting in increased diastolic blood pressure and cardiac afterload (3).
Renin gene expression is also regulated by circulating levels of free triiodothyronine (FT3) and free
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thyroxine (FT4) through beta-adrenergic activation; accordingly,
the reduced sensitivity to beta-adrenergic stimulus occurring in
hypothyroidism can cooperate with other hemodynamic abnor-
malities decreasing renin release (4, 5). The resulting negative
inotropic effect on the heart, as well as the altered equilibrium
between the reduced expression of vasodilators such as vascular
endothelial growth factor or insulin-like growth factor-1, canlead
to further renal vasoconstriction. Other consequences of thyroid
hormone deficiency include lower secretion of atrial natriuretic
factor and erythropoietin, therefore reducing further blood
volume (6). Glomerular filtration rate (GFR) can thus decrease
by up to 40%, with subsequent elevation of serum creatinine, both
indices being directly proportional to circulating TSH levels (and
therefore directly proportional to the extent of thyroid failure)
independent of other confounding factors such as age, sex, body
mass index, or comorbidities. Thyroid hormone replacement in
patients with overt or subclinical hypothyroidism restores renal
function (4, 7-9).

Experimental models of hypothyroid mice show kidney
hypotrophy and altered glomerular structure (6). Salomon and
colleagues studied the histopathology of renal lesions in a group
of seven patients with hypothyroidism of both primary and
secondary etiology (10). They discovered a common pattern in
the renal biopsies from all seven patients, which was directly
proportional to the duration of disease (10). Electron micros-
copy highlighted the thickening of both glomerular and tubular
basement membranes, due in part to widening of the dense layer
(lamina densa) and in part to considerable enlargement of the
inner light layer (lamina rara interna); mesangial matrix was
increased. Glomerular cells (epithelial, endothelial, and mesan-
gial) presented a variety of osmiophilic inclusions, most of them
containing lipid. Tubular cells contain similar inclusions and also
homogenous protein reabsorption droplets (10).

Gao et al. (11) measured serum f2-microglobulin, urine 2-
microglobulin, albumin, and immunoglobulins in 39 untreated
AITD (28 with Graves' disease and 11 with Hashimoto's disease).
Microproteinuria was found in 28.6% of patients with Graves’ disease
and in 45.5% with Hashimotos disease. Serum (2-microglobulin
concentrations were significantly increased in Graves disease
compared with that of controls. They concluded that the renal
lesions associated with AIT are present in both the glomerulus
(leading to increased glomerular capillary permeability) and the
tubulus.

Free triiodothyronine can also influence the expression of
structural and regulatory proteins in renal tubuli, particularly
Na*/K* ATPase and Ca** and Na*/H* exchanger, which have a
reduced activity in animal models of long-term hypothyroid-
ism (12). These animals also have increased urinary excretion
of sodium and bicarbonate, and defective urinary acidification.
Lower medullary hypertonicity results in impaired urinary
concentrating ability. On the other hand, increased sensitivity
to vasopressin can stimulate water reabsorption (13). Moreover,
the filtrate overload caused by altered tubular reabsorption pro-
cesses, as well as the dysregulation of chloride channels CIC-2,
are responsible for the activation of tubuloglomerular feedback,
which has important effects on GFR (14). Another important
feature of hypothyroid murine models was the increased vascular

calcification related to the lower expression of the matrix Gla
protein, which physiologically exerts a protective role on vascular
calcification (15).

MECHANISMS OF AUTOIMMUNITY IN
KIDNEY DISEASE

Kidney can be the victim of autoimmune processes through several
mechanisms. Autoantibodies can damage glomeruli either target-
ing specific antigens as in membranous glomerulonephritis (16)
and in anti-glomerular basement membrane (GBM) nephropathy
(17), or being trapped through the filtration barrier as in anti-
neutrophil cytoplasmic autoantibody (ANCA) vasculitis (18) or
IgA nephropathy (19). Pathophysiology of renal impairment in
the course of SLE is characterized by both events, because anti-
DNA antibodies are located in capillary membranes and mesan-
gial areas of glomeruli and because they cross-react with a-actinin
and glycosaminoglycans on mesangial cells (20). All these
immune complexes alter the structure of basement membrane,
podocyte function, and activate the classical pathway of comple-
ment system, which exacerbate the inflammatory process due to
chemotactic factors C3a and C5a. In addition, terminal pathway
of complement worsens cell damage because of the cytolytic effect
of C5b-9 complex (21). Finally, immune complexes stimulate infil-
tration of innate and specific immune cells, such as neutrophils,
macrophages, natural killer (NK) cells, and T lymphocytes, which
express receptors for constant fraction (FcR) (22, 23).

Natural killer cells have also a role in the pathogenesis of
kidney damage as they produce interferon y (IFNy) and activate
peripheral macrophages first and, then, resident glomerular cells
that are responsible of chronic processes (24, 25).

Kidney-resident dendritic cells secrete IL-23 to recruit both
vd T cells, a specific T subset with adaptive and innate features
and a pro-inflammatory role consisting in regulatory T cells (Trg)
inhibition, stimulation of B lymphocyte antibodies production
and the secretion of cytokines (26). In particular, y5 T cells and
double-negative CD4-CD8~ T cells sustain production of IL-17,
which is responsible for neutrophils recruitment. They, in turn,
have a central role in damaging kidney through the programmed
cell death of neutrophil extracellular traps (NETosis) and the pro-
duction of reactive oxygen species that stimulate mesangial cell
proliferation and cytotoxicity mechanisms (27-29). In addition,
IL-17 promotes expression of C-C motif chemokine 20 (CCL20)
on mesangial cells, that recruit T helper cells producing IL-17
(Tul7). Tul7 are able to maintain kidney damage and promote
B-cell activation through the secretion of IL-21 (30). Finally,
T follicular helper cells, a subpopulation of CD4" that is increased
in autoimmune processes, act as stimulator of B cell differentia-
tion into plasma cells (31-33).

Tul lymphocytes and IFNy stimulate macrophage recruit-
ment in SLE- and ANCA-associated vasculitis, as well as anti-
GBM nephropathy in experimental models. However, the role
of Tul lymphocytes in human autoimmune renal disease is not
clearly defined yet (34-36). CD8* T cells have a pathogenic role
in ANCA-associated vasculitis, since they can produce both IFNy
and tumor necrosis factor (37). The presence of CD8* T cells is
also correlated with poor prognosis (38).
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Regulatory T cells as well as NKT cells act as regulators of immune
response and are reduced in autoimmune disease (39, 40).

GLOMERULAR DISEASE RELATED TO AIT

Glomerular involvement in patients with AIT can occur in
10-30% of cases (41). A retrospective study on 28 patients with
Hashimoto's thyroiditis and hematuria, proteinuria, or renal
impairment showed that the most common associated kidney
diseases are membranous glomerulonephritis (20%), focal
segmental glomerulosclerosis (20%), IgA nephropathy (15%),
chronic glomerulonephritis (15%), minimal change disease
(10%), and amyloidosis (5%). In 15% of the 28 patients, no specific
diagnosis was made (42). Other case reports revealed the less
frequent connection between AIT and membranoproliferative
glomerulonephritis and ANCA vasculitis (43-47) (Figure 1).

Various hypotheses were considered to explain the underlying
mechanism that links AIT to glomerular lesions and their vari-
able presentation (Table 1).

The higher prevalence of membranous nephropathy (MN)
suggests a plausible immunologic role of thyroid antigens,
particularly thyroglobulin (TG) and thyroperoxidase (TPO).
Both of them are released in the course of AIT and are found
in subepithelial immune deposits, as part of the characteristic
spikes of MN (47, 48). At present, there are two possible mecha-
nisms that can explain the immunologic role of thyroid antigens
in the pathogenesis of MN: (1) in situ immune response against
TG deposition at subepithelial level and (2) circulating immune
complexes (TG-anti-TG) that can be trapped at subendothe-
lial level due to increased glomerular permeability. As stated
before, the pathogenicity of immune complexes in MN is related
to their subepithelial localization, but how they could cross
GBM remains unexplained. Most likely, immune complexes
could dissociate in the subendothelial space and then they
would reassemble on the subepithelial side. IgG4 is considered
the main antibody subclass deposited in the course of idiopathic
MN. Specific subclass of anti-TG and anti-TPO antibodies
should be determined in patients with suspicious AIT-related

glomerulopathy to distinguish between a clear diagnosis of
idiopathic MN or a possible IgG4-mediated secondary form of
MN. Moreover, IgG4 antibodies have low affinity for the antigen,
which could explain the possible dissociation and reassociation
of the IgG4 complexes through the GBM (49).

Other theories involve the mechanism of epitope spreading,
a phenomenon that follows the primary immune response
against specific epitopes. When the immunodominant response
fails to clear the target, the immune system mounts a broader
inflammatory response against different epitopes either on the
same or on different molecules. Therefore, immune-mediated
glomerular disease would be caused by a subset of autoantibod-
ies directed toward epitopes of TG or TPO as well as epitopes
of glomerular antigens. This phenomenon may be relevant to
the pathogenesis of kidney disease, since in Heymann nephritis
(a murine experimental model of membranous glomerulone-
phritis) the onset of proteinuria correlates with intramolecular
epitope spreading (50). In addition, epitope spreading has
already been demonstrated in experimental immunization with
an immunogenic TG peptide, but has not been investigated in
patients yet (51).

The experimental Heymann model also suggests megalin
(gp330) as a possible immunologic target involved in the
immunopathogenesis of glomerular injury during AIT. Megalin
is a large glycoprotein receptor expressed on thyrocytes in a
TSH-dependent manner, but it is also expressed on the renal
proximal tubular cells (52). Megalin is a receptor that interacts
with various intracellular adaptor proteins for intracellular traf-
ficking and that functions cooperatively with other membrane
molecules (52). Megalin is involved in the uptake of glomerular-
filtered albumin and other molecules such as insulin, hemo-
globin, vitamin D-binding protein, retinol-binding protein, and
f.-microglobulin. In addition, a number of toxic substances, such
as glycated proteins (AGEs), myeloma light chain, and aminogly-
cosides, undergo megalin-mediated endocytosis, leading to cell
damage (52). AIT could determine a rupture of immune toler-
ance toward this self-antigen, thus causing an immune response
on podocytes.

FIGURE 1 | Glomerulopathies associated with HT.
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TABLE 1 | Mechanisms underlying the relationship between HT and kidney
disease.

In situ immune response against thyroglobulin (TG) deposition at
subepithelial level

Circulating TG-anti-TG complexes trapped at subendothelial level due to
increased glomerular permeability

Megalin (gp330) as a possible immunologic target

Epitope spreading

Genetic predisposition and cross-reactivity between antigens

The relationship between AIT and ANCA vasculitis was shown
by Lionaki and colleagues (53). In their case-control study, they
demonstrated that when ANCA vasculitis was diagnosed, as
many as 40% of women had thyroid disease. Among men, the
prevalence of thyroid disease was lower. Patients with positive
anamnesis for thyroid disease were more likely to have myelop-
eroxidase (MPO)-ANCA (86%) than proteinase 3-ANCA (14%)
(53). Both genetic predisposition and cross-reactivity between
antigens have been hypothesized as potential mechanisms for
this association. A functional polymorphism in the protein tyros-
ine phosphatase gene, the PTPN22 620W allele has been recog-
nized as a predisposing factor for several autoimmune disorders,
including AITD, Wegener’s granulomatosis, and ANCA positiv-
ity (54-56). PTPN22 is located on chromosome 1p13.3-13.1.10
and encodes an 807-amino acid protein that interacts with Csk,
a tyrosine kinase that is involved in the intracellular signaling
cascade following T-cell activation. A missense variation in the
autoimmunity-predisposing allele results in gain of function
that increases the threshold for T-cell receptor signaling (57).
As in other multifactorial processes, one or more environmental
triggers are necessary for the full development of the disease.
Occupational exposures to factors such as silica (58) showed
an association with ANCA vasculitis, while infections such as
Yersinia enterocolitica or retroviruses have been postulated to
participate in the pathogenesis of AITD (56). Eventually, cross-
reactivity between TPO and MPO may be another mechanism
involved in the development of autoimmunity, due to the strong
homology between amino acids 586-601 of TPO and amino acids
594-609 of MPO (59, 60).

Type 1 diabetes mellitus (DM1), a known autoimmune dis-
ease that can be present in 3-8% of patients with Hashimoto’s

REFERENCES

1. Benvenga S, Trimarchi F. Changed presentation of Hashimoto’s thyroiditis
in North-Eastern Sicily. Thyroid (2008) 18(4):429-41. doi:10.1089/thy.
2007.0234

2. Fallahi P, Ferrari SM, Rufhilli I, Elia G, Biricotti M, Vita R, et al. The association
of other autoimmune diseases in patients with autoimmune thyroiditis: review
of the literature and report of a large series of patients. Autoimmun Rev (2016)
15(12):1125-8. doi:10.1016/j.autrev.2016.09.009

3. Klein I, Danzi S. Thyroid disease and the heart. Circulation (2007) 116:1725-35.
doi:10.1161/CIRCULATIONAHA.106.678326

4. Iglesias P, Bajo MA, Selgas R, Diez JJ. Thyroid dysfunction and kidney dis-
ease: an update. Rev Endocr Metab Disord (2017) 18(1):131-44. doi:10.1007/
s11154-016-9395-7

5. Iglesias P, Diez JJ. Thyroid dysfunction and kidney disease. Eur ] Endocrinol
(2009) 160(4):503-15. doi:10.1530/EJE-08-0837

thyroiditis (61) and in 6-10% of subjects with Graves™ disease
(62), is worth mentioning at this point. Benvenga et al. investi-
gated the presence of serum antibodies directed against one or
both thyroid hormones (THADs), which are considered to be rare
autoantibodies, in a cohort of 52 DM1 patients both at baseline
and after 6 years of follow-up (63). They found that serum THADb
could be predictive for concurrent or subsequent DM1-related
complications, including diabetic nephropathy. Patients already
affected by nephropathy showed either T3IgG or T4IgM at
baseline. T4IgM was associated with a high rate of retinopathy
(67%), nephropathy (50%), and neuropathy (33%). At tissue level
(kidney, in this particular case), THAb may decrease the local
availability of thyroid hormones, not much differently from the
decreased tissue availability resulting from the decreased thyroid
output of thyroid hormones. Clearly, this study (63) awaits con-
firmation by future investigations.

Finally, renal diseases presenting as nephrotic syndrome can
lead to the onset or the aggravation of preexisting hypothy-
roidism. The urinary loss of both protein-unbound (free) and
protein-bound thyroid hormones, with consequent decreased
serum levels of T4, T3, FT4, FT3, and major carrier proteins
(thyroxine-binding protein, transthyretin, and albumin), is
directly proportional to proteinuria. The practical consequence
of this urinary loss is the increased requirements of the daily
L-T4 replacement (64).

CONCLUSION

A relationship between AIT and glomerulonephritis does exist,
but it requires further investigations in larger cohorts. A com-
mon pathogenesis may be considered, especially in patients with
simultaneous appearance of glomerular and thyroid dysfunc-
tion. Monitoring kidney function should be considered as part
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Sjdégren’s syndrome (SS) and autoimmune thyroid diseases (AITD) may frequently coexist
in clinical practice, resulting in a complex overlapping disorder that represents a partic-
ular example of the expression of heterogeneity in patients with autoimmune disorders.
Objective of this review was to describe the prevalence of the SS-AITD association in
the most recent literature, exploring in particular to what extent the presence of AITD
might influence the clinical expression of SS and vice versa. Moreover, we summarized
some of the proposed genetic, biologic, and molecular mechanisms implied in the
pathogenesis of AITD-SS association. Finally, we explored risk factors for lymphoma
development in both AITD and SS. We performed a Medline search of English language
articles published in the PubMed database in order to provide a critical overview of the
recent literature on pathogenesis and clinical features of AITD-SS overlapping disease.
All the articles were critically analyzed to select the most relevant contributions.

Keywords: Sjogren’s syndrome, autoimmune thyroid diseases, non-Hodgkin’s lymphoma, comorbidities,
pathogenesis

INTRODUCTION

Sjogren’s syndrome (SS) is a complex and heterogeneous autoimmune disease that frequently co-
occurs with both organ-specific and non-organ specific, systemic rheumatic diseases (i.e., rheuma-
toid arthritis, systemic lupus erythematosus, and systemic sclerosis) offering a unique opportunity
to investigate pathogenesis, long-term-evolution, and outcome of different autoimmune phenotypes
and subsets (1-5).

The association of SS and autoimmune thyroid diseases (AITD) has been largely documented,
suggesting that AITD could be overrepresented in patient with SS with respect to general population
and vice versa (6). Interestingly, Rojas-Villarraga et al. (7) analyzing prevalence of multiple autoim-
mune syndromes in 1,083 patients belonging to four autoimmune disease cohorts described AITD
and SS as the most frequent coexisting autoimmune disorders in single patients. Overall, then, it
has been hypothesized that common genetic, immunologic, and biologic factors may be implied in
SS and AITD, leading to the coexistence of these two conditions (8). Moreover, both SS and AITD
may lead to the development of non-Hodgkin’s lymphoma (NHL) highlighting the relationship
between similar autoimmunity pathways and lymphoproliferation (9, 10). Although the majority of
data support an increased prevalence of AITD in SS patients, some authors have suggested that this
observation might be related to the age and sex distribution of SS and AITD rather than representing
a true association. However, literature data are difficult to compare due to the fact that different SS
classification criteria and AITD definitions have been utilized over the years, making it difficult to
define the exact prevalence of SS-AITD association (11, 12).
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In this review, we aimed at describing the frequency of the
SS—AITD association in the most recent literature, exploring, in
particular, to what extent the presence of AITD may influence
the clinical expression of SS. Moreover, we will summarize some
of the proposed pathogenetic mechanisms for the coincidence
of SS and AITD and the common biologic factors involved into
lymphoproliferative complications.

Prevalence of SS in AITD: A Clinical
Spectrum Ranging From Isolated Sicca
Symptoms to Full-Blown SS

Autoimmune thyroid diseases, namely, Hashimotos thyroiditis
(HT) and Graves’ disease (GD), are organ-specific autoimmune
disorders, essentially resulting from a T cell-mediated immune
attack of the thyroid resulting into lymphocytic infiltration of
the thyroid parenchyma (13). The association between AITD and
other organ specific (polyglandular autoimmune syndromes),
or systemic rheumatic disorders has been widely described. SS
is perhaps the most frequently rheumatic autoimmune disease
associated with AITD, and particularly with HT. Several authors
have reported that a full-blown SS could be 10 times higher in
ATITD than in the general population (14). In fact, the prevalence
of SSin AITD has been assessed by several heterogeneous studies
over the time and apparently varies from 3% up to 32% (15-17).

In 1992, Warfvinge et al. (18), analyzing different degrees of
morphologic and functional salivary gland changes in AITD,
found that 11 patients out of 19 presented xerostomia, a compro-
mised unstimulated salivary flow and alterations of their lower
lip biopsy, and/or parotid scintigraphy. Six of them presented a
true SS. Similarly, Tektonidou (16) in a cohort of 58 patients with
antinuclear antibodies positive AITD found that 9% fulfilled the
criteria for SS. These data on small cohorts were confirmed also
in large population studies over the years. For example, Biro et al.
(19) evaluating the prevalence of SS in 426 patients with HT or
GD found that SS had a prevalence of 17% in HT and of 5% in
GD. Similarly, Lu et al. (20) observed that the risk of SS in patients
with thyroiditis was 3.6 times higher than in individuals without
thyroiditis.

The spectrum of sicca symptoms in patients with AITD that
do not fulfill the criteria for SS is even more common. More
specifically, Coll et al. (21) in a cohort of 176 patients with AITD
found that 19 of 52 (37%) patients presented isolated xerostomia
and 39/170 (23%) isolated keratoconjunctivitis sicca. Other
authors described an isolated positivity for antinuclear antibod-
ies in 25-55% of patients with AITD. The real implication of
antinuclear antibodies positivity in AITD patients has to be clari-
fied, but it is generally believed that they may reflect polyclonal
activation and antibody production that over time may trigger
the development of concomitant systemic autoimmune diseases
including SS (22). In clinical settings, patients with AITD and a
positivity for antinuclear antibodies should then be monitored
more closely for the development of SS during the follow-up.

Overall, the available literature suggests that both a full blown
SS and “incomplete” subsets of SS may be quite common among
patients with AITD. Among these incomplete forms, an impor-
tant differential diagnosis is represented by patients with sicca

symptoms, affected by fibromyalgia. Patients with fibromyalgia
often present dry eyes and dry mouth and noteworthy, they
may present AITD or a positivity for thyroid auto antibodies as
well. In the study by Mavragani et al. (23), fibromyalgia patients
with sicca symptoms presented thyroid auto antibodies with
a prevalence of 60%. Besides fibromyalgia, a number of other
systemic disorders associated with AITD also involves salivary
glands and should be considered as well in the differential diag-
nosis. Infectious diseases like hepatitis C virus and Ebstein B
virus infections are among the major mimickers of SS in AITD
patients, especially due to viral lymphotropism and epithelial
tropism (24, 25). Immune disorders including sarcoidosis and
IgG4 disease may be considered as well. The latter represents a
novel entity characterized by high serum IgG4 and IgG4 plasma
cell-mediated fibro-inflammatory lesions that may involve not
only thyroid but also lung, pancreas, kidney, and salivary and
lacrymal glands (26). More specifically, IgG4 has been linked
to four types of thyroid diseases including: Riedel’s thyroiditis,
fibrosing variant of Hashimotos thyroiditis, IgG4-related
Hashimoto’s thyroiditis, and GD with elevated IgG4 levels (27).
The pathogenetic role of IgG4 in these IgG4-related thyroid dis-
eases, however, still remains poorly understood. Those patients
may often present with an SS-like subacute diffuse enlargement
of lacrymal and salivary glands and sicca symptoms. A minor
salivary gland biopsy is often necessary to distinguish IgG4
disease from SS (28, 29).

Prevalence of AITD in SS: A Specific

Subset of the Disease?

Several uncontrolled studies have described the presence of AITD
in SS with frequencies ranging between 10 and 30% (8). Table 1
summarizes the most important studies reporting frequency of
AITD in SS. The differences observed among these studies might
be linked to the different ethnic origin of the patients or to the
diagnostic criteria adopted for both SS and HT classification.

TABLE 1 | Prevalence of AITD in Sjégren’s syndrome.

Reference Year No. PTs Prevalence (%)
HT GD Anti-TPO Anti-Tg

Karsh et al. (30) 1980 24 nd nd 41.6 20.8
Kelly et al. (31) 1991 100 14 nd 40 nd
Hansen et al. (32) 1991 28 18 nd 36 nd
Bouanani et al. (33) 1991 26 115 nd nd 100
Foster et al. (34) 1993 42 nd nd 36 36
Perez et al. (35) 1995 33 24 6 45 18
Punzi et al. (36) 1996 121 7 nd 17.6 13.4
Davidson et al. (37) 1999 74 nd nd 22.8 nd
Ramos Casals et al. (38) 2000 160 20 1.25 15.6 12.5
D’Arbonneau et al. (39) 2003 137 146 0.7 10.9 2.9
Tunc et al. (40) 2004 53 4 nd 9 9
Lazarus and Isenberg (41) 2005 114 16 1.8 nd nd
Biro et al. (19) 2006 400 7 3 nd nd
Mavragani et al. (11) 2009 54 nd nd 20.4 18.5
Zeher et al. (42) 2009 479 6.3 38 nd nd
Caramaschi et al. (43) 2013 100 27 nd nd nd

nd, not done; HT, Hashimoto’s thyroiditis; GD, Graves’ disease; Anti-TPO, anti
thyroperoxidase antibodies; anti-Tg, antithyroglobulin antibodies, PTs, patients.
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As far as the clinical manifestation of AITD in SS, three studies
are particularly relevant. In the study by Lazarus and Isenberg
(41), 16% of the SS patients developed AITD. The most common
clinical manifestation of AITD in SS was hypothyroidism, even
though subclinical AITD was probably more common. In the vast
majority of the cases, hypothyroidism had been diagnosed before
the diagnosis of SS: similarly, Jara et al. (6) in a cohort of 160
primary SS patients found evidence of thyroid disease in 36% of
patients: 20% were diagnosed as AITD and 16% were diagnosed
as non-AITD. The clinical pattern in more than half of primary
SS patients was subclinical hypothyroidism. Finally, in the study
by Zeher et al. (42) 479 patients with pSS were investigated
with regard to several types of thyroid disease. Overall, thyroid
dysfunction was found in 95 patients (21.25%). Apparently, the
diagnosis of HT and GD may be present either before or after
the onset of SS but, differently from the study by Lazarus and
Isenberg (41), both HT and GD were more likely to follow SS.
The authors found that in 50% of the cases SS preceded HT by
5.5 years. Interestingly, D’Arbonneau et al. (39) showed that the
presence of thyroid-related autoantibodies represented a risk
factor for development of AITD during follow-up.

Finally, regarding the clinical impact of AITD on the clinical
course, literature data are quite heterogeneous especially due to
different control groups that have been included (i.e., SS-AITD
versus SS without AITD; SS-AITD versus AITD) and to the
classification criteria adopted to define SS. However, Caramaschi
et al. (43) demonstrated that the association of AITD in patients
suffering from SS defined a subset of patients with milder disease
and normal complement 4 levels. More specifically, patients with
AITD-SS had less evidence of cryoglobulins, palpable purpura,
peripheral neuropathy, and lymphoma. This observation has been
confirmed by several additional studies. However, it is nowadays
widely accepted that AITD-SS patients are at a greater risk of
developing additional autoimmune diseases such as autoimmune
liver diseases, inflammatory bowel diseases, and systemic lupus
erythematosus and should be closely monitored over the follow-
up due to their tendency to present widespread disorders of their
immune systems.

SS and AITD: Common Pathogenetic
Mechanisms From Epithelitis to
Non-Hodgkin Lymphoma

A large amount of data have highlighted that AITD and SS can be
considered as pathogenetically correlated. First of all, these two
disorders are characterized by similar histological features with a
tissue infiltrate that consists primarily of CD4+ T lymphocytes
and the possible formation of germinal center-like structures
unrevealing B cell activation (8). Second, from a genetic point of
view, the two conditions present a similar background with thy-
roid and epithelial cells expressing the same HLA molecules class
II: HLA-B8 and HLA-DR3 (8). In particular, HLA-B8 and -DR3
haplotypes have been reported with a higher frequency in both
primary SS and AITD whereas cytotoxic T lymphocytic antigen
4 gene polymorphisms have been reported more frequently in
patients with AITD and other autoimmune diseases including
rheumatoid arthritis (15).

A third point to take into account is the existence of animal
models that spontaneously develop both SS and AITD. Thyroiditis
and SS in NOD.H-2h4 mice are chronic autoimmune diseases
that develop relatively early in life and persist for the life of the
animal making them an excellent model to test therapeutic pro-
tocols over a long period of time (44).

Another point reinforcing the pathogenetical link between
AITD and SS is represented by the crucial role of the epithelial
cells in orchestrating the tissue inflammation and the involvement
of several regulatory chemokines, such as the IFN-y-inducible
protein 10 (IP-10/CXCL10) in initiating and perpetuating the
autoimmune process. CXCL10 exerts its function through bind-
ing to chemokine (C-X-C motif) receptor 3 (CXCR3), and its
production is stimulated by IFN-y and TNF-a, whose production
in turn is provided by T helper 1 cells (Th1) (45).

In AITD, it has been postulated that CXCL10 could be a
marker of a stronger and more aggressive inflammatory response,
subsequently leading to thyroid destruction and hypothyroid-
ism (45). Similarly, epithelial cells from SS patients apparently
produce CXCL9 and CXCL10 as well, while most of the CD3+
lymphocytes in periductal foci express CXCR3, thus contributing
to salivary gland damage (46).

Another cytokine that exerts a fundamental role in the
pathogenesis of both AITD and SS is B-cell activating factor that
seems to be especially important for the survival of autoreactive
B cells (47). Serum B-cell activating factor concentrations were
described as significantly higher in GD and correlated with serum
antithyroglobulin antibodies (48). B-cell activating factor has
been also correlated to disease activity and severity in SS exerting
a key role in lymphoproliferative complications (49-52).

Not surprisingly, both AITD and SS may evolve into B-cell
NHLs of salivary glands and thyroid, with a prevalence of 0.5 and
5%, respectively (9). Intriguingly cases of patients with AITD, S,
and NHL have been described even if the vast majority of the
studies seem to support the evidence that AITD-SS patients have
a lower risk of developing NHL compared to SS patients without
AITD (53-56). It remains a matter of debate whether the presence
of SS in AITD patients may increase the risk of thyroid lymphoma
in AITD patients.

The striking association between SS, AITD, and NHL has
provided valuable insights into the relationship between autoim-
munity and lymphoproliferation. In this multistep process, key
players are represented by chronic inflammation and sustained
antigenic stimulation that are apparently able to promote B-cell
activation and proliferation. Immune deregulation, moreover,
sometimes promotes B cell proliferation mediated by infectious
agents (i.e., suppression/dysregulation of T-cells leading to EBV-
driven B-cell proliferation) (57, 58). Ultimately, SS and AITD
seem to be characterized by a wide spectrum of genetic and
molecular abnormalities that culminate in uncontrolled B-cell
activation, proliferation, and neoplastic transformation.

Conclusion

The coexistence of SS and AITD occurs frequently in clinical
practice probably due to common pathogenetic mechanisms
shared by these two conditions. From a practical point of view,
it is important to screen patients with SS for AITD and vice versa
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because the presence of the two disorders may influence patients’
clinical presentation and long-term outcome. It is widely accepted
that AITD-SS patients may have a milder phenotype of SS with
a lower risk for lymphoma development. However, it remains
unclear whether a concomitant diagnosis of SS may increase or
not the risk for thyroid lymphoproliferative complications in
AITD patients. Intriguingly, AITD-SS patients over the follow up
frequently present additional autoimmune diseases and should
be closely monitored especially for liver autoimmunity. Further
studies are warranted to explore genetic, biologic, and molecular
factors underlying the SS—AITD association in order to provide
further insights for the comprehension of this complex and varied
subset of autoimmunity.
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We have reviewed scientific literature about the association of systemic sclerosis (SSc)
and thyroid disorders. A high incidence, and prevalence, of new cases of autoimmune
thyroiditis (AT) and/or hypothyroidism have been shown in sclerodermic patients (overall
in the female gender). An association among a Th1 immune-predominance, low vitamin
D levels, and AT have been also shown in SSc patients. Cases of Graves’ disease (GD)
have been described in SSc patients, too, according with the higher prevalence of
thyroid autoimmunity. It has been also shown a higher prevalence of papillary thyroid
cancer (PTC), in association with AT, in SSc patients. However, in order to confirm results
about GD and thyroid cancer, studies in larger number of patients with SSc are needed.
During the follow-up of SSc patients it would be appropriate to monitor carefully their
thyroid status. The abovementioned data strongly suggest a periodic thyroid function
follow-up in female SSc patients [showing a borderline high (although in the normal range)
thyroid-stimulating hormone level, antithyroid peroxidase antibody positivity, and a small
thyroid with a hypoechoic pattern], and, when necessary, appropriate treatments. In
conclusion, most of the studies show an association among SSc, AT, and hypothyroid-
ism, such as an increased prevalence of TC overall in SSc patients with AT. Only few
cases of GD have been also described in SSc.

Keywords: systemic sclerosis, autoimmune thyroiditis, hypothyroidism, Graves’ disease, thyroid cancer,
antithyroperoxidase antibodies, antithyroglobulin antibodies, CXCL10

INTRODUCTION

Systemic sclerosis (SSc) is a connective tissue disease characterized by degenerative microvascular
phenomena and immune system activation, that lead to fibrosis of the skin and internal organs
(1, 2). SSc is clinically a multifaceted disorder derived from different contributions of the above-
mentioned pathogenetic mechanisms, through a multistep process that causes various clinical
phenotypes (3). SSc is a heterogeneous autoimmune disease which has defined by three hallmarks:
small vessel vasculopathy, production of autoantibodies, and fibroblast dysfunction. The exact etiol-
ogy of the disease remains unknown, due to the complex nature of the cellular signaling pathways
involved. However, there is strong and consistent evidence that the innate system, in particular

Abbreviations: AbTg, antithyroglobulin antibodies; AbTPO, antithyroid peroxidase antibodies; AITD, autoimmune thy-
roid disorders; AT, autoimmune thyroiditis; ATA, antithyroid antibodies; dcSSC, diffuse cutaneous scleroderma; FI3, free
triiodothyronine; FT4, free thyroxine; GD, Graves' disease; HC, healthy controls; HT, Hashimoto’s thyroiditis; 1SSc, limited
cutaneous scleroderma; MCTD, mixed connective tissue disease; OA, osteoarthritis; OR, odds ratios; PM/DM, polymyositis/
dermatomyositis; PTC, papillary thyroid cancer; RA, rheumatoid arthritis; SLE, systemic lupus erythematosus; SS, Sjogren’s
syndrome; SSc, systemic sclerosis; TC, thyroid cancer; TSH, thyroid-stimulating hormone.
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toll-like receptor signaling, is contributing to the progression
and perhaps onset of SSc (4).

Two overlapping SSc forms exist: (a) a limited cutaneous scle-
roderma (I1SSc), confined to the skin of face, hands and feet and
(b) a diffuse cutaneous scleroderma (dcSSc), extended over other
areas of the skin, that can involve visceral organs, as kidneys,
lungs, heart, and gastrointestinal tract. Patients affected by the
limited form show a good prognosis, with a 10-year survival in
about 75% of patients; however, about 10% of them develop pul-
monary arterial hypertension after 15 years. Patients with dcSSc
have a 10-year survival of 55%; death is commonly associated
with pulmonary, heart, and kidney involvement.

The diagnosis is established on the basis of clinical suspicion,
the presence of autoantibodies (in particular anticentromere
and anti-scl70/antitopoisomerase antibodies) and quite rarely
on biopsy. Regarding the antibodies, 90% of SSc patients have
a detectable antinuclear antibody; anticentromere antibody is
more frequent in 1SSc (80-90%) compared to dcSSc (10%), and
anti-scl70 is more common in dcSSc (30-40%) (5).

The American College of Rheumatology set the diagnostic
criteria for scleroderma in 1980 (6).

Systemic sclerosis is associated with significant morbidity
(including skin thickening, finger ulcers, joint contractures,
pulmonary fibrosis and hypertension, chronic diarrhea, and
renal failure) (7).

Systemic sclerosis patients have high rates of symptoms of
depression, and SSc is associated with substantially reduced
health-related quality of life (8).

Many studies show a high prevalence of autoimmune thyroid
disorders (AITDs) in SSc patients; however, contradictory results
have been reported too. Here, we review the scientific literature

about the possible association of SSc with autoimmune thyroiditis
(AT), Graves’ disease (GD), and also thyroid cancer (TC).

SSc AND AT

After the initial case reports (9, 10), the association of SSc and
AITD has been evaluated by many studies (Table 1).

A first systematic study (11) reviewed patients with fatal SSc
about pathologic and serologic evidence of thyroid disorders.
Histologic evidence of severe fibrosis of the thyroid was reported
in 14% of 56 SSc cases (versus 2% of age- and gender-matched
control autopsy series). Among 27 SSc patients in whom thyroid-
stimulating hormone (TSH) and free thyroid hormones were
measured, 7 (26%) were hypothyroid, and 9 had euthyroid sick
syndrome. Hypothyroid patients had thyroid glands with fibrosis, but
a few lymphocytic infiltration. However, 6/7 of hypothyroid patients
had elevated levels of circulating antithyroglobulin antibodies
(AbTg). These findings suggested a thyroid autoimmune process
leading to gland fibrosis and hypothyroidism in severe SSc patients.

A second study (12) found decreased free thyroxine (FT4),
decreased free triiodothyronine (FT3), and increased TSH in 42
SSc patients, versus age and gender controls. However, changes in
FT4, FT3, and TSH were small with mean values within normal
ranges, suggesting a subclinical thyroid dysfunction.

In a further study, 77 SSc patients were evaluated by meas-
urements of basal FT4, FT3, TSH, and the TSH response to
thyrotropin-releasing hormone (13). Eight patients (10%) were
hypothyroid. Antithyroid antibodies (ATA) were present in four
of eight (50%) of the hypothyroid patients.

Among 39 SSc patients (14), 2 patients had clinical hypothy-
roidism, while 7 had subclinical hypothyroidism. On the whole

TABLE 1 | Prevalence of thyroid autoimmunity in SSc patients versus controls, in the published studies that included an internal control group.

Reference SSc patients (n) AITD% in SSc patients Controls (n) AITD% in controls P
Gordon et al. (11) 56 14 56 2 <0.05
Shahin et al. (17) 24 Serum levels of FT4 in patients were significantly 15
lower than in controls (7.46 + 2.7 for patients
versus 10.5 + 1.8 for controls with P < 0.001).
Of the 24 patients, 8 (33.3%) showed
hypothyroidism, evidenced by decreased FT4
and increased TSH beyond normal ranges, 5/14
(82.7%) with dSSc versus 3/10 (30%) with ISSc
(P=ns)
Innocencio et al. (18) 25 52 113 3.5
Antonelli et al. (20) F184;,M18 F 107/77 (58%); M 7/11 (39%) F 368; M 36 F 100/268 (27%); M 2/34  F 0.0001; M 0.0019
(6%)
Marasini et al. (21) 79 AbTg in 14% of patients; AbTPO in 23% of 81 women with OA  AbTg in 13% of patients; ns (for AbTg); 0.057
patients serving as controls  AbTPO in 11% of patients (for AbTPO)
Danielides et al. (23) 138 AbTPO and/or AbTg positive in 29% of patients 100 AbTPO and/or AbTg ns
positive in 29% of controls
Antonelli et al. (25) 179 24% (initial thyroid status); 34% (last thyroid 179 12% (initial thyroid status); 0.002 (initial thyroid
status) 16% (last thyroid status) status); <0.001 (last

thyroid status)

AbTg, antithyroglobulin antibodies; AbTPO, antithyroperoxidase antibodies; F, female; FT4, free thyroxine; M, male; ns, not significant; OA, osteoarthritis; TSH, thyroid-stimulating

hormone.
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9/39 (23%) of SSc patients were hypothyroid, and 4/9 (44%) had
positive ATA. Circulating AbTg and/or antimicrosomal antibod-
ies were positive in 18% of the 39 patients.

A high prevalence of thyroid autoimmunity (15) was also
observed in 43 Hungarian SSc patients. ATA were detected in
14 cases (33%) [4 cases with AbTg, 11 with antithyroperoxidase
antibodies (AbTPO), and 5 with antimicrosomal antibodies].

Antithyroglobulin antibodies and AbTPO antibodies, FT3, FT4
and TSH, and HLA-DR typing were carried out in 85 SSc Italian
patients (16). AbTg and AbTPO antibodies were detected in 12%
(10/85) and 19% (16/85) of patients. Two patients with ATA had
clinical hypothyroidism and shared the HLA-DR3 allele. A higher
frequency of the HLA-DR15 was shown in SSc subjects in the
presence of AbTPO antibodies than in patients without AbTPO.

Twenty-three female patients with SSc (mean age 37.7 + 12.7)
were evaluated for thyroid dysfunctions versus 15 normal females
as controls (17). Mean serum levels of FT4 in SSc patients were
significantly lower than in controls (7.46 & 2.7 versus 10.47 + 2.5).
Of the 24 patients, 8 (33.3%) showed hypothyroidism (17).

Another Latin American study confirmed a high prevalence of
thyroid autoantibodies in Brasilian patients with SSc (18).

In a large cohort study (19), 1,517 patients with rheumatoid
arthritis (RA), systemic lupus erythematosus (SLE), SSc, Sjogren’s
syndrome (SS), mixed connective tissue disease (MCTD), and pol-
ymyositis/dermatomyositis (PM/DM) were evaluated for thyroid
dysfunctions clinically and by imaging and fine-needle aspiration
cytology [with respect to prevalence of GD or Hashimoto’s thy-
roiditis (HT) in the general population]. HT was more common
among MCTD, SS, and RA patients (21, 7, and 6%, respectively)
than GD (2.5, 3, and 1.6%, respectively). SLE, RA, SSc, MCTD,
SS, and PM/DM had a higher prevalence for HT than the general
population of 90-, 160-, 220-, 556-, 176-, and 69-fold, respectively,
and for GD of 68-, 50-, 102-, 76-, 74-, and 37-fold, respectively.

A first study (20) aimed to assess the prevalence of thyroid
disorders in SSc patients using a complete thyroid work-up,
versus an internal appropriate control group. Two hundred
two SSc patients versus 404 controls from the general popula-
tion (matched by age and gender, with similar iodine intake)
were evaluated for TSH, FT3, FT4, AbTg and AbTPO, thyroid
ultrasonography and blood flow, and fine needle aspiration when
needed. Odds ratios (OR) for female SSc versus controls subjects
were significant for: clinical hypothyroidism, 14.5 (2.3-90.9);
subclinical hypothyroidism, 3.2 (1.8-5.7); AbTPO positivity,
2.7 (1.8-4.1); thyroid hypoechoic pattern, 3.2 (2.2-4.7); thyroid
autoimmunity, 3.7 (2.6-5.4); and thyroid volume <6 mL, 1.8
(1.2-2.7). OR for thyroid autoimmunity in male SSc patients ver-
sus control subjects was 10.8 (2.2-52.4). Female SSc patients had
mean TSH levels significantly higher than control subjects, and
female and male SSc patients had significantly higher AbTPO
than controls. Three cases of GD in female SSc (versus zero in
controls, P < 0.05), and two of papillary thyroid cancer (PTC)
were reported in SSc patients.

The authors suggested to test thyroid function, AbTPO, and
ultrasonography and to assess the clinical profile of SSc patients.
Thyroid function follow-up (and appropriate treatments) should
be performed periodically in women, subjects with positive
AbTPO and hypoechoic and small thyroid.

The abovementioned results were confirmed in another study
(21) that evaluated thyroid function and autoantibodies, in 79
SSc women, versus 81 age-matched women with osteoarthritis
(OA) as controls. Hypothyroidism was found in 16 of 79 (20%)
patients with SSc and in 9 of 81 (11%) patients with OA. AbTPO
were present in 23% SSc versus 11% controls. The risk of hypo-
thyroidism was significantly higher in AbTPO-positive patients
(P <0.0001).

A cross-sectional study (22) of two convenience samples of
patients with SSc, one in Canada and the other in Colombia,
was performed. Among 719 patients, 273 (38%) had at least one
other autoimmune disease. Three hundred sixty-six autoimmune
diseases were assessed, among which AITD (38%), RA (21%), SS
(18%), and primary biliary cirrhosis (4%) were more frequent.
Two hundred sixty patients (36%) had first-degree relatives with
at least one autoimmune disease [RA (18%) and AITD (9%) were
the most common]. These results suggest that polyautoimmun-
ity is frequent in SSc patients and autoimmune diseases cluster
within families of these patients.

To determine (23) the ATA prevalence in a large SSc cohort
and to verify whether they are associated with distinct clinical
phenotypes, 138 SSc patients (46 with dSSc and 92 with 1SSc)
and 100 healthy controls (HC) were tested for AbTg and AbTPO.
A statistically significant increase of AbTPO was detected only in
patients with 1SSc compared to HC (32.6 versus 14%, P = 0.003).

Two hundred ten SSc patients were evaluated in a Japanese
study (24), that identified 30 patients with AITD (14.3%), includ-
ing 29 with HT (13.8%) and 1 with GD (0.5%).

A further study (25) first evaluated the incidence of new cases
of clinical and subclinical thyroid dysfunction in SSc women ver-
sus controls from the same geographic area (matched by gender
and age). SSc patients with thyroid dysfunction were excluded
at the beginning, and then the manifestation of new cases of
thyroid disorders was assessed in 179 patients and 179 matched
controls, having a similar jodine intake (median follow-up:
94 months in controls; 73 months in SSc). An elevated incidence
(P < 0.05) of new cases of hypothyroidism, thyroid dysfunction,
AbTPO positivity, and hypoechoic thyroid, in SSc patients (15.5,
21, 11, and 14.6 of 1,000 patients per year; respectively) versus
those in controls was observed. The onset of hypothyroidism was
demonstrated (by logistic regression analysis) to be related to a
borderline elevated initial TSH value, the presence of high AbTPO
levels, and a hypoechoic and small thyroid in SSc patients.

A subsequent study (26) confirmed a high prevalence of
subclinical hypothyroidism (8.5%), overt hypothyroidism (1.9%),
subclinical hyperthyroidism (2.8%), and overt hyperthyroidism
(0.9%) in SSc patients, and that a small thyroid volume (<4.5 ml)
was related to hypothyroidism.

Positive ATA titers were also observed in 27/86 SSc Polish (27)
patients (31%).

Recently, it has been also demonstrated that hypovitaminosis
D was statistically associated with AT in SSc patients (28).

Conversely, a recent study (29) evaluated prospectively the
prevalence of other autoimmune disorders in outpatient clinic in
3,069 consecutive patients with diagnosed chronic AT, with respect
to two control groups (matched by age and gender): (a) a control
group of 1,023 subjects, drawn out a random sample of the general
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population without thyroid disorders and (b) 1,023 patients with
non-toxic multinodular goiter extracted from the same random
sample of the general population, with similar iodine intake. The
results of the study demonstrated a significant increase of the
prevalence of SSc in AT patients (with respect to both controls).

Different studies demonstrate elevated circulating CXCL10
(Th1) and CCL2 (Th2) chemokines in SSc patients of newly diag-
nosis. Patients with a serious clinical phenotype, including the
involvement of lung and kidney, have higher CXCL10. CXCL10
declines during the follow-up, while CCL2 does not change, sug-
gesting the progress from a beginning Th1 inflammatory stage to
a successive Th2 phase (30, 31).

Thl lymphocytes, interferon-y, and interferon-y-dependent
chemokines (CXCL9, CXCL10, CXCLI11) play a pivotal role in
AITD, that are Thl immune-mediated autoimmune disorders,
too (32-35). Newly diagnosed SSc patients have elevated circulat-
ing levels of CXCL10, but not of CCL2, in the presence of AT,
indicating a predominance of the Th1 immune response in these
patients (36).

To sum up, the abovementioned data show a high incidence,
and prevalence, of new cases of AT, and hypothyroidism, in
patients with SSc, suggesting that in SSc women, with a borderline
high (though in the normal range) TSH level, in the presence of
AbTPO, and a hypoechoic and small thyroid, it could be neces-
sary to monitor periodically thyroid function.

SSc AND GD

A first anectodal study reported an association of SSc and GD in
three cases (37). One case of GD was also observed among 210
SSc Japanese patients (0.5%) (24). Graves’ ophthalmopathy has
been also occasionally reported in one SSc patient (38).

A significant number (3 cases) of GD in female SSc (3/202 ver-
sus 0/404 controls, P < 0.05) was also observed in a case control
study (20), with an internal appropriate control group.

On the whole the abovementioned studies suggest a higher
prevalence of GD in SSc patients; nevertheless further studies,
involving a larger number of SSc patients, are necessary to con-
firm this finding.

SSc AND PTC

Single cases of PTC in association with SSc were reported in
several studies (9, 20, 39-42).

However, more recently, the risk of TC in 327 unselected SSc
patients with respect to two population-based, control groups
was studied systematically (matched by age and gender; 654
subjects from an iodine-deficient area and 654 subjects from an
iodine-sufficient area) (43).

Six subjects with PTC were detected among SSc patients,
while only one case was observed in controls 1, as well in con-
trols 2 (P = 0.007, for both). In SSc, all patients with TC showed
thyroid autoimmunity versus 40% of the other SSc patients
(P=0.001) (43).

These findings suggest the possibility of a increased prevalence
of PTC in SSc patients with thyroid autoimmunity, however,
larger cohorts are needed to elucidate this.

CLINICAL ASPECTS OF SSc AND
THYROID DISORDERS

Several studies have evaluated a possible association among thyroid
disorders and clinical findings of SSc, reporting different results.

It was initially reported that patients with hypothyroidism had
more frequently subcutaneous calcinosis (11).

Hungarian SSc patients with AbTPO concentration tended to
have secondary SS (15).

In a further study in female patients with SSc (dura-
tion < 3 years), FT4 levels correlated significantly with Dlco%
(r=+0.90, P <0.01), while in patients with SSc duration > 3 years
hypothyroidism correlated significantly with hand joint restric-
tion of motion (17).

Seventeen SSc patients with high pulmonary systolic pres-
sure (>35 mmHg) were studied in another article (44). High
pulmonary pressure in these SSc patients was not associated
with the type of SSc, or age; however, five SSc patients (12.5%)
had alteration of the thyroid function (two cases of hypothy-
roidism, three of hyperthyroidism). The pulmonary pressure
levels were higher in SSc patients with thyroid dysfunction,
with respect to SSc in euthyroidism (40 versus 31 mmHg,
respectively; P < 0.05). Furthermore, hypothyroid SSc patients
had higher pressure levels, with respect to hyperthyroid SSc
(46 versus 37 mmHg, respectively), even if not significantly.
The lack of significant differences in pressure levels between
hypothyroid, or hyperthyroid SSc, and the low frequency of
ATA in pulmonary hypertension associated with SSc, suggest
a vasomotor role of thyroid hormones, rather than an autoim-
mune mechanism (44).

In Japanese female SSc patients, the prevalence of anticen-
tromere antibody positivity, SS, and severe facial skin sclerosis
was significantly prevalent in the presence of AITD (24).

A study found a statistically significant increase of AbTPO
only in patients with 1SSc (but not in dSSc) compared to controls
(32.6 versus 14%, P = 0.003) (23).

To sum up, most of the abovementioned studies did not
observed any association among thyroid dysfunctions and/
or autoimmunity and features of SSc (clinical or serological)
(13, 20, 25, 27).

CONCLUSION

Many studies have shown a high incidence, and/or prevalence, of
new cases of AT, and hypothyroidism in SSc patients, especially
in the female gender. An association among a Th1 predominance,
low levels of vitamin D, and AITDs has been also demonstrated
in patients with SSc.

Few cases of GD have been also described in SSc patients,
according with the higher prevalence of thyroid autoimmunity.

It has been also observed a higher prevalence of PTC, in asso-
ciation with AT, in SSc patients. However, in order to confirm
results about GD and TC, studies in larger number of patients
with SSc are needed.

To sum up, the abovementioned data strongly suggest that
female SSc patients with a high risk (a borderline high though
normal TSH value, the presence of AbTPO, and a hypoechoic
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and small thyroid) should be periodically monitored for thyroid
function, and appropriate treatments when needed.
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Most of the studies present in the literature show a high prevalence, and incidence, of
new cases of hypothyroidism and autoimmune thyroiditis (AT) in systemic lupus erythe-
matosus (SLE) patients, overall in female gender. A limited number of cases of Graves’
disease have been also reported in SLE patients, in agreement with the higher preva-
lence of thyroid autoimmunity. It has been also demonstrated that a Th1 predominance
is associated with AT in SLE patients. Furthermore, a higher prevalence of papillary
thyroid cancer has been recently reported in SLE, in particular in the presence of thyroid
autoimmunity. However, studies in larger number of SLE patients are needed to confirm
findings about thyroid cancer. On the whole, data from literature strongly suggest that
female SLE patients, with a high risk (a normal but at the higher limit thyroid-stimulating
hormone value, positive antithyroid peroxidase antibodies, a hypoechoic pattern, and
small thyroid), should undergo periodic thyroid function follow-up, and appropriate
treatments when needed. A careful thyroid monitoring would be opportune during the
follow-up of these patients.

Keywords: systemic lupus erythematosus, autoimmune thyroiditis, hypothyroidism, Graves’ disease, thyroid
cancer, AbTPO, AbTg, CXCL10

INTRODUCTION

Systemic lupus erythematosus (SLE) is an autoimmune disease affecting mostly joints, skin, blood
vessels, heart, lungs, kidneys, liver, and nervous system, in which the immune system attacks tissues
and cells leading to inflammation and damage (1). The course of SLE is variable, with periods of exac-
erbation (called flares) alternating with periods of remission. SLE occurs nine times more often in the
female gender than in male, and it is more frequent in people of non-European descent (1). Different
types of autoantibodies are present in SLE patients (2). The difference of clinical features of SLE in
different patients is due to the complexity of the risk factors (genetic, hormonal, and environmental),
and the variety of circulating autoantibodies present (2, 3). Because of the presence of many different
autoantibodies, SLE is classified as a “B-cell disease” Circulating blood lymphocytes in SLE patients
show a Th2-like profile (4); however, Th1 lymphocytes and interferon (IFN)-y have been demon-
strated to be important for the immune pathogenesis of SLE (5). In fact, it has been shown that the

Abbreviations: AbM, antimicrosomal antibodies; AbTg, anti-thyroglobulin antibodies; AbTPO, antithyroid peroxidase
antibodies; AH, autoimmune hypothyroidism; AITD, autoimmune thyroid disorders; AOR, adjusted odds ratio; APS,
antiphospholipid syndrome; AT, autoimmune thyroiditis; ESS, euthyroid sick syndrome; GD, Graves’ disease; IFN, interferon;
IL, interleukin; OR, odds ratio; PTC, papillary thyroid cancer; RA, rheumatoid arthritis; SLE, systemic lupus erythematosus;
SLEDALI, SLE disease activity; SS, Sjogren’s syndrome; T4, thyroxine; T3, triiodothyronine; TBII, TSH-binding inhibitor
immunoglobulin; ThyAb, thyroid autoantibodies; TNE, tumor necrosis factor; TSH, thyroid-stimulating hormone; TSI,
thyroid-stimulating immunoglobulins.
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assistance of the Th1lymphocytesis necessary for the development
of the disease, and in the absence of a functioning Th1 immune
response “helpless” B cells are not functional enough to trigger
SLE inflammation (6). Circulating autoantibodies, immune com-
plex deposition, and complement activation are SLE hallmarks;
however, a growing body of evidence has shown the importance of
cytokines/chemokines in this disease, such as interleukin (IL)-6, B
lymphocyte stimulator, IL-17, type I IFNs, tumor necrosis factor
(TNF)-a, and Th1 chemokines. These cytokines/chemokines are
important in the orchestration, maturation, differentiation, and
activation of various immune competent cells, which mediate the
local inflammation and produce the tissue injury.

Systemic lupus erythematosus is associated with many other
autoimmune diseases, and autoimmune thyroid disorders
(AITD) too (7, 8).

Here, we review the scientific literature about the association
of SLE and AITD.

THE ASSOCIATION OF SLE AND AITD

After the initial case reports describing a coexistence of SLE
and AITD, many systematic studies have evaluated the possible
association of SLE and AITD (Table 1).

Prevalence of Thyroid Autoantibodies
(ThyAb) in SLE Patients

Serological overlap among SLE, rheumatoid arthritis (RA), and
AITD exists (9-12).

A first study evaluated thyroid disorders in 319 SLE patients
showing 9 with thyrotoxicosis, 3 with hypothyroidism, and 2 with
thyroiditis, suggesting a higher prevalence of thyroid disorders in
SLE patients (13). Weetman and Walport compared the prevalence
of ThyAb and abnormal thyroid-stimulating hormone (TSH)
levels in 41 SLE patients, versus age- and sex-matched controls.
A significant higher prevalence of ThyAb (51%) was observed
in SLE compared to (27%) controls. Furthermore, hypothyroid-
ism was observed in 10 SLE patients and 5 controls, usually in
association with circulating ThyAb (14). In another study, 18%
of SLE patients had positive antimicrosomal antibodies (AbM).
Euthyroid sick syndrome (ESS) was diagnosed in 15% of SLE
patients, and true or initial primary hypothyroidism in 5,and 39%,
respectively. ThyAb were present in 45% of SLE patients with high
TSH (15). Anti-TSH receptor antibodies were also evaluated in 28
SLE patients with thyroid disorders. 10/28 patients demonstrated
thyroid-stimulating immunoglobulins (TSI) activity, while 5
patients had evidence of TSH-binding inhibitor immunoglobulin
(TBII) activity. The TSI, or TBII activity, was not associated with

TABLE 1 | Prevalence of thyroid autoimmunity in SLE patients versus controls, in the studies that have an internal control matched by gender and age.

Reference SLE patients  AITD% in SLE patients Controls AITD% in controls P
(n) (n)

Antonelli et al. (7) 213 Thyroid autoimmunity 426 Thyroid autoimmunity 15.1% <0.001
34.7%

Antonelli et al. (8) 163 AbTg or AbTPO positivity 459 iodine-deficient  AbTg or AbTPO positivity 11% in iodine- <0.0001 for AbTg
33%; AbTg and AbTPO controls and 459 deficient controls; AbTg or AbTPO positivity — or AbTPO positivity;
positivity 12% jodine-sufficient 13% in iodine-sufficient controls; AbTgand ~ 0.001 for AbTg and

controls AbTPO positivity 2% in iodine-deficient AbTPO positivity
controls; AbTg and AbTPO positivity 3% in
iodine-sufficient controls
Weetman and Walport (14) 41 ThyAb 51% 41 ThyAb 27% <0.05
Vianna et al. (17) 100 ThyAb 21%; AbTg 11% 100 ThyAb 16%; AbTg 2% 0.009 for AbTg

Mihailova et al. (23) 12 children with

AbTg 58%

27 children having

AbTg 63% autoimmune thyroiditis 44.4%

Not reported

SLE juvenile chronic
arthritis
Shahin et al. (24) 45; AbTgand  AbTg 18.5% 20 0 ns
AbM were
assessed in 27
patients
Mader et al. (27) 77 AbTg 7.8%; AbTPO 5.2% 52 AbTg 7.7%; AbTPO 7.7% ns
Appenzeller et al. (28) 524 Symptomatic AITD was 50 Symptomatic AITD was observed in 2% >0.05
observed in 6.1%

Lazdrova et al. (29) 80 patients with  Prevalence of AITD 24% 34 Prevalence of AITD 8% <0.05

SLE or RA (12

SLE and 68 RA)
Kumar et al. (30) 100 Prevalence of ThyAb 30% 100 Prevalence of ThyAb 10% <0.05
Lin et al. (33) 1,633 Cumulative incidence of 6,532 Cumulative incidence of thyroid disease <0.001

thyroid disease 8.1%

16.9%

AbM, antimicrosomal antibodies; AITD, autoimmune thyroid disorders; AbTg, anti-thyroglobulin antibodies; AbTPO, anti-thyroperoxidase antibodies; RA, rheumatoid arthritis; SLE,
systemic lupus erythematosus, ThyAb, thyroid autoantibodies.
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the abnormal thyroid function tests (16). Vianna et al. studied
100 SLE patients for the presence of ThyAb and thyroid disease.
The ThyAb were similar in SLE (21%) and controls (16%); AbTg
were present in 11% SLE and only 2% controls; AbM levels were
also different (median levels: SLE = 400; controls = 100). A higher
frequency of clinical thyroid disease was observed in SLE patients
with ThyAb (5/21; 3 hypothyroid, 2 hyperthyroid) than in those
without (1/79). SLE patients with ThyAb were significantly older
(mean age 47.5 years) than those without (mean age 37.5 years)
(17). In a group of SLE female patients, thyroxine (T4) was sig-
nificantly lower than in controls and 45.5% of patients with active
SLE presented ThyAb. TSH basal, and after TRH stimulation,
were significantly higher in patients with active SLE. ThyAb were
not found in patients with inactive SLE (18). In 45 Chinese SLE
patients, 24 (53.3%) had altered echographic findings. AbM and/
or AbTg were reported in 21 patients (46.7%), and TBII in only
one. Ten patients (22.2%) showed an altered thyroid function.
Hashimoto’s thyroiditis was reported in four patients (8.8%), two
of whom had hypothyroidism. The mean disease duration was
longer in patients with thyroid anomalies (P < 0.05) (19). Among
129 SLE patients from Singapore, 8.9% had hyperthyroidism,
3.9% Hashimoto’s thyroiditis, and 47.8% ESS. AbM or AbTg were
present in 32.2% (20). Kausman and Isenberg evaluated 150 SLE
patients, showing that 31 (21%) were ThyAb positive. Follow-up
data were available on 20 ThyAb positive patients (average of
7.9 years), of whom 12 (60%) were persistently ThyAb positive,
while 8 (40%) were negative on at least one occasion during the
follow-up. Five cases of clinical thyroid disease that were diag-
nosed, and 2/3 cases of subclinical elevation of TSH, occurred in
the group with persistently positive ThyAb. Four (9%)/46 (among
the 119) patients who initially were ThyAb negative, became
ThyAb positive after a mean of 6.2 years; one had an elevated
TSH (21). Among 37 SLE patients, positive anti-thyroperoxidase
antibodies (AbTPO) were found in 11 (61%) of 18 patients with
AbM, and in 3 (16%)/19 without (22). In 12 children with active
SLE, aged 5-18 years, AbTg were positive in 7/12. The serum
levels of triiodothyronine (T3), T4, and TSH were in the reference
limits in all SLE children (23). Forty-five Egyptian SLE patients
(43 women and 2 men) were evaluated for thyroid disorders, versus
a group of 20 normal females. The mean serum free T3 levels in
all patients were significantly lower than in controls (1.89 + 1.14
versus 3.15 + 0.93 pg/ml; P < 0.05), overall in patients treated with
cyclophosphamide. Also serum free T4 levels in SLE patients were
significantly lower than in controls. Two of 45 patients (4.4%) had
primary hypothyroidism. The mean serum TSH levels in SLE
patients were significantly higher than in controls (4.82 + 22.2
versus 2.65 + 1.18 pIU/ml; P < 0.001). Among six patients with
decreased TSH levels, one showed decreased T3 and T4, two had
decreased T4 only (24). In another study, the prevalences of HT,
or Graves’ disease (GD) in SLE patients, were 90-fold, and 68-fold,
higher than in the general population (25).

Autoimmune thyroid disorders were evaluated in families
with more than one SLE patient. Among 1,138 SLE patients, 169
had a diagnosis of Sjogren’s syndrome (SS), of whom 50 (29.6%)
also had AITD. Among the 939 patients with SLE without SS,
119 (12.7%) had AITD. Among 2,291 SLE-unaffected relatives,
44 had diagnosed primary SS and 16 (36.3%) of these also had

autoimmune thyroid disease. 265/2,247 (11.8%) subjects had
autoimmune thyroid disease. These findings suggested that auto-
immune thyroid disease is observed in excess among SLE patients
with a diagnosis of secondary SS, as among their SLE-unaffected
relatives with a diagnosis of primary SS (26). Seventy-seven SLE
patients were studied for thyroid disorders, against 52 controls.
Hypothyroidism was reported in 11.6% of SLE patients compared
to 1.9% of controls. None of the patients or controls had hyper-
thyroidism. No statistically significant difference was observed
in the levels of anti-thyroglobulin antibodies (AbTg) or AbTPO
between the study group and the control group. No association
was found between the SLE disease activity (SLEDAI) score and
the prevalence of ThyAb (27). In 524 patients with SLE, AITD were
evaluated, versus 50 female adults. 32/524 (6.1%) SLE patients and
1/50 controls had symptomatic autoimmune thyroid dyfunctions,
in particular hypothyroidism (28 SLE patients versus 1 control).
Sixty (11.5%) SLE patients had subclinical thyroid diseases and
89/524 (17%) had positive ThyAb in absence of thyroid dysfunc-
tions. ThyAb forerun the appearance of clinical autoimmune
thyroid disease in 70% of SLE patients. SS and positive rheumatoid
factor were more frequent in SLE patients with AITD than in those
without. SLEDAI was correlated with the presence of hyperthy-
roidism (28). The prevalence of AITD in 80 patients with SLE or
RA was significantly higher than in the 34 controls (24 versus 8%,
P < 0.05) (29). Two hundred thirteen SLE patients were evaluated
by assessing thyroid hormones, the presence of ThyAb, and thy-
roid ultrasonography with respect to 426 controls (matched by age
and gender), from the same geographic area, with a well-defined
status of iodine intake. In female SLE patients versus controls, the
odds ratio (OR) was 4.5 [95% confidence interval (CI), 2.5-8.4] for
subclinical hypothyroidism; 2.9 (95% CI, 2.0-4.4) for thyroid auto-
immunity; and 2.6 (95% CI, 1.7-4.1) for AbTPO positivity. Female
SLE patients had significantly (P < 0.01) higher mean values of
TSH and AbTPO than controls, as a significantly (P < 0.01) higher
prevalence of clinical hypothyroidism and GD. In this study, 3% of
SLE patients had “non-thyroidal illness syndrome” versus 0 con-
trols (7). Hundred SLE patients were also evaluated for AITD, in
comparison with 100 controls (matched by sex and age). Thyroid
dysfunction was reported in 36 (36%) (all women) SLE patients
[14 (14%) with clinical hypothyroidism, 2 (2%) with subclinical
hyperthyroidism, and 12 (12%) with subclinical hypothyroidism],
versus 8 (8%) of controls. Eight patients (8%) had isolated low T3
in agreement with ESS. Eighteen (50%) of thyroid dysfunctions
were of autoimmune origin with positive autoantibodies, but not
the other 18 (50%). Twelve (12%) of SLE patients had elevated
ThyAb alone, while only five (5%) of controls had primary hypo-
thyroidism and three (3%) had subclinical hypothyroidism, and
no cases of hyperthyroidism were reported. SLEDAI and thyroid
dysfunction of sick euthyroid type were significantly associated.
Prevalence of ThyAb in SLE patients was 30% with respect to 10%
of controls. There were no other autoimmune endocrine diseases
such as diabetes or Addison’s disease in SLE patients (30). Among
a total of 63 pregnant SLE women, 13% were on thyroid hormone
prior to becoming pregnant, 11% were diagnosed with hypo-
thyroidism during pregnancy, and 14% developed postpartum
thyroiditis. The prevalence of preterm delivery was 67% in women
with thyroid disease and 18% in women who were thyroid disease
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free. The presence of ThyAb was not correlated with preterm
delivery. This study suggests that pregnant women with SLE have
an increased prevalence of thyroid disease. Women with SLE and
thyroid disease have an increased prevalence of preterm delivery
(31). The prevalence of thyroid diseases was retrospectively
analyzed in 1,006 Chinese SLE patients. The prevalence of AITD
was 2.78%, central hypothyroidism 1.29%, clinical hypothyroid-
ism 1.69%, subclinical hypothyroidism 10.04%, hyperthyroidism
1.19%, ESS 9.54%, and nodules 1.09%, respectively. Subclinical
hypothyroidism was more prevalent (10.04%) in this study, than
the prevalence of thyroid abnormalities in the general Chinese
population (0.91-6.05%). Moreover, patients with lupus nephritis
had subclinical hypothyroidism more frequently (13.4%) than
those without (7.3%, P = 0.001) (32).

However, discordant results have been recently reported (33).
In 1,633 SLE patients of new diagnosis, the prevalence of hyper-
thyroidism, hypothyroidism, and autoimmune thyroiditis (AT)
was compared with 6,532 controls (matched by sex and age).
The cumulative incidence of thyroid disease in SLE patients was
lower than in control subjects (8.1 versus 16.9%, P < 0.001). The
authors suggested that SLE patients had a significantly lower rate
of thyroid diseases and hyperthyroidism than matched controls
(33). The reported study could have some limitations, able to affect
the results, to be considered: (1) it was based on diagnostic codes
released from The National Health Insurance Research Database,
and for this reason details on thyroid serological assessments,
presence of ThyAb, or SLE autoantibodies were not available;
(2) data obtained in a retrospective cohort study are usually infe-
rior in statistical quality to those derived from randomized trials
because of the potential biases related to adjustments for confound-
ing variables (33). A total of 376 Colombian SLE patients were
evaluated for the presence of (1) confirmed autoimmune hypothy-
roidism (AH), (2) positive AbTPO/AbTg without hypothyroidism,
(3) non-AH, and (4) SLE patients with neither. Confirmed AH
prevalence was 12%. AbTg and AbTPO were reported in 10% and
21% euthyroid SLE patients, respectively. Patients with confirmed
AH were significantly older and had later age at the onset of
the disease. SS [adjusted OR (AOR) 23.2, 95% CI, 1.89-359.53,
P = 0.015], smoking (AOR 6.93, 95% CI, 1.98-28.54, P = 0.004),
and positive anticyclic citrullinated peptide (AOR 10.35, 95% CI,
1.04-121.26, P = 0.047) were associated with AH in SLE patients.
Female gender, smoking, older age, SS, certain autoantibodies,
and articular and cutaneous involvement were associated with
this polyautoimmunity (34). Another meta-analysis evaluated the
association of SLE and thyroid autoimmunity; a total of 1,076 SLE
cases and 1,661 healthy controls were included. The meta-analysis
results showed that the prevalence of ThyAb positivity in SLE
patients was higher than in healthy controls (AbTg: OR =2.99,95%
CI, 1.83-4.89; AbTPO: OR = 2.20, 95% CI, 1.27-3.82, respectively)
(35). The frequency of AITD among 189 SLE patients was 6.3%,
with 2.6% in the hyperthyroid group and 3.7% in the hypothyroid
group. A new association between AITD and antiphospholipid
syndrome was shown (36). Five thousand and eighteen patients
with SLE and 25,090 age- and sex-matched controls were evaluated
for thyroid dyfunctions. The proportion of hypothyroidism in SLE
patients was increased with respect to the prevalence in controls
(15.58 and 5.75%, respectively, P < 0.001). In a multivariate

analysis, SLE was associated with hypothyroidism (OR = 2.644,
95% CI, 2.405-2.908) (37). Conversely, a recent study evaluated
prospectively the prevalence of other autoimmune disorders in
outpatient clinic in 3,069 consecutive patients with diagnosed
chronic AT, versus two age- and sex-matched control groups:
(a) a control group of 1,023 subjects, drawn from a random sample
of the general population without thyroid disorders and (b) 1,023
patients with non-toxic multinodular goiter from the same ran-
dom sample of the general population, with similar iodine intake.
The results of the study demonstrated a significant increase of SLE
prevalence in AT patients (versus both controls) (38).

Th1 and Th2 Cytokines in SLE

The ratios of Thl and Th2 cytokines have been investigated to
determine the cytokine homeostasis in SLE. Even if SLE was
thought to be a Th2-polarized disease (39), more recently signifi-
cantly elevated circulating cytokines of Th1 response, including
TNF-a, and IFN-y were also shown in SLE patients (40-42).
Chemokine IFN-y-inducible protein 10, the prototype of the
chemokine (C-X-C motif) family, has chemotactic activity espe-
cially for activated Th1 cells and is involved in the pathogenesis
of various Th1-dominant autoimmune diseases (43), and in SLE.
Also AITD are Thl immune-mediated autoimmune disorders in
which Th1 lymphocytes, IFN-y, and IFN-y-dependent chemokines
(CXCL9, CXCL10, CXCL11) play an important role (44-46). The
common Thl immune predominance in AITD and SLE should
be the immunopathogenetic base of the association of these two
diseases. On the whole, the abovementioned results show a high
prevalence, and incidence, of new cases of hypothyroidism and
AT in SLE patients, and suggest that female patients with systemic
sclerosis, who are at high risk [a borderline high (even if in the
normal range) TSH value, positive AbTPO, and a hypoechoic and
small thyroid] should have periodic thyroid function follow-up.

THYROID ABNORMALITIES AND
CLINICAL ASPECTS OF SLE

Many studies have tried to associate thyroid abnormalities with
clinical findings of SLE, with different results.

An association between hypothyroidism, or AITD, and SLE
clinical activity has been described in few studies (18, 28).

While another study found an association between SLEDAI
score and ESS (30).

The reported data suggested that AITD is found more fre-
quently among patients with SLE with a diagnosis of secondary
SS, but not in SLE patients without SS (26, 28).

However most of the studies were not able to find any associa-
tion among thyroid autoimmunity or thyroid dysfuntions, and
clinical or serological features of SLE.

SLE AND PAPILLARY THYROID
CANCER (PTC)

A first prospective study investigated the prevalence and features
of thyroid cancer in 153 unselected SLE patients in comparison
with two population-based, control groups (matched by sex and
age): (1) 459iodine-deficient controlsand (2) 459 iodine-sufficient
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controls. SLE patients had circulating TSH, AbTg and AbTPO
levels significantly higher (P < 0.001 for all), and a higher preva-
lence of hypothyroidism (P < 0.001), than controls. Five PTC cases
were reported in SLE patients, none in iodine-deficient controls
(P=10.001), and only one was shown in iodine-sufficient controls
(P = 0.001). Thyroid autoimmunity was shown in 80% of SLE
patients with confirmed thyroid cancer, and only in 31% of SLE
patients without thyroid cancer (P = 0.02). These findings sug-
gested that PTC prevalence in SLE patients is more elevated than
in controls, especially in the presence of thyroid autoimmunity
(8). Another study showed that among 16,409 patients [121,283
(average 7.4) person-years], 644 cases of cancer occurred, in
particular hematologic ones, and a raised risk of thyroid cancer
(SIR 1.76,95% CI, 1.13-2.61) was observed too (47). A systematic
review with meta-analysis investigated the risk of thyroid cancer
in SLE revealing the positive association between thyroid cancer
and SLE risk (48). A further meta-analysis assessed the asso-
ciation of SLE and malignancy evaluating 16 papers, including
59,662 SLE patients. The pooled relative risks were 1.28 (95% CI,
1.17-1.41) for overall cancer, 1.78 (95% CI, 1.35-2.33) for thyroid
cancer (49). Also other studies confirmed the association between
SLE and thyroid cancer (50).

CONCLUSION

Most of the studies show high prevalence, and incidence, of new
cases of hypothyroidism and AT in SLE patients, overall in female
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Thyroid Autoimmunity and
Antiphospholipid Syndrome:
Not Such a Trivial Association

Mathilde Versini*

Department of Internal Medicine, Archet-1 Hospital, University Hospital of Nice, Nice, France

Antiphospholipid syndrome (APS) is an autoimmune disease that manifests as recurrent
venous or arterial thrombosis and/or pregnancy-related complications in the presence
of persistent antiphospholipid (aPL) antibodies measured at least 3 months apart. APS
occurs either as a primary condition or as a part of an underlying disorder, usually sys-
temic lupus erythematosus (SLE). Otherwise, APS may be frequently associated with
autoimmune disorders. Little is known about the association of APS and aPL antibodies
with thyroid autoimmune diseases or thyroid autoantibodies. This is even more inter-
esting that thyroid autoantibodies and aPL are both recognized causes of repeated
miscarriages. Therefore, their combination is of particular importance in women of
childbearing age. Several studies have pointed out an association between APS and
thyroid autoimmunity, some of them suggesting common pathophysiologic processes
and genetic background. A literature review was conducted on existing data on aPL/
APS and thyroid autoimmune disorders, paying particular attention to the possible role
of this association in obstetrical complications.

Keywords: antiphospholipid syndrome, autoimmunity, thyroid, Hashimoto’s thyroiditis, Graves’ disease,
autoimmune disease

INTRODUCTION

Autoimmune thyroid diseases (AITD) encompass a spectrum of disorders characterized by a
T-helper (Th)-1-cell-mediated autoimmune attack on the thyroid gland resulting in a lymphocytic
infiltration of the thyroid parenchyma (1). AITD comprise two main presentations: Hashimoto’s
thyroiditis (HT) and Graves disease (GD) corresponding to hypothyroidism and thyrotoxicosis,
respectively.

The prevalence of AITD is estimated to be 5%, nevertheless the prevalence of antithyroid antibod-
ies without clinical disorder may be even higher (1). HT (also named chronic autoimmune thyroidi-
tis or autoimmune hypothyroidism) is the most common autoimmune disease with an incidence
ranging from 27 to 448 per 100,000 per year according to the studies and the geographic areas (2),
the most common endocrine disorder (3), as well as the most frequent cause of hypothyroidism (4).
Its biological hallmark is the presence of antibodies directed to thyroid antigens, namely, thyroper-
oxydase (TPO) and thyroglobulin (Tg) (5). Similarly, GD is one of the most prevalent autoimmune

Abbreviations: AITD, autoimmune thyroid diseases; aPL, antiphospholipid; APS, antiphospholipid syndrome; GD, Graves’
disease; HT, Hashimoto’s thyroiditis; SLE, systemic lupus erythematosus; TAI, thyroid autoimmunity; Tg, thyroglobulin; Th,
T-helper; TPO, thyroperoxydase; TSHR, thyroid-stimulating hormone receptor.
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diseases with an annual incidence of about 14 per 100,000 and is
associated with serum antithyroid stimulating hormone receptor
antibodies (6).

Associations between thyroid autoimmunity (TAI) (AITD
or isolated antithyroid antibodies positivity) and other organ-
specific or systemic autoimmune disorders have been widely
reported. Especially, type-1 diabetes, Addison’s disease, vitiligo,
alopecia, pernicious anemia, and celiac disease can be observed as
part of type II or type III polyglandular autoimmune syndromes
(1). Otherwise, TAI has been frequently reported in patients
with systemic rheumatologic autoimmune conditions, such as
systemic sclerosis (SS), Sjogren’s syndrome, rheumatoid arthritis
(RA), or systemic lupus erythematosus (SLE) (7).

Antiphospholipid syndrome (APS) is an autoimmune disorder
associated venousorarterialthrombosisand/or pregnancy-related
complications in the presence of persistent antiphospholipid
(aPL) antibodies. APS occurs either as a primary condition or
as a part of an underlying disease, usually SLE. Little is known
about the association between APS and TAI. This is even more
important considering that both antithyroid antibodies and aPL
antibodies are major causes of recurrent miscarriage (RM).

Therefore, a literature review was conducted on existing data
on the association of aPL antibodies/APS with AITD/TAI, pay-
ing particular attention to the possible role of this association in
obstetrical complications.

ASSOCIATION BETWEEN TAI AND APS

Several case reports and small case series have investigated the
presence of aPL antibodies in patients with AITD and the clinical
significance of such an association (8-14) (reported in Table 1).
The largest cohort is reported by Tektonidou et al. (14) who found
a12% prevalence of anticardiolipin (ACL) antibodies in 168 AITD
patients compared with 0% in 75 healthy controls. Paggi etal. (11)
and Nabriski et al. (12) found positive titers of aPL antibodies
in 43% (ACL) and 54.8% (type not specified) of AITD patients,
respectively (no control groups). Interestingly in Paggi’s cohort
(11), highest aPL levels were observed in GD patients with severe
thyrotoxicosis and decreased following methimazole therapy. In
Nabriski’s survey (12), most aPL positive patients (86%) had IgG
subtype. Marongiu et al. (8) found a 38% ACL positivity in 65
GD patients vs 0% in 58 controls. In HT, Osundeko et al. (13)
observed a 21% prevalence of ACL antibodies. Conversely, two
other studies (9, 10) failed to show a difference between patients
and healthy controls.

Importantly, in all of these series none of the patients with
positive aPL antibodies demonstrated APS manifestations. Rare
case reports (15-20) describe patients presenting with concomi-
tant GD and APS with thrombotic manifestations. There is no
reported association of HT with thrombotic manifestations of
APS. Tt is to note that GD has been implicated as a procoagulant
state since many years, through several mechanisms including
elevated factor VIII and fibrinogen levels, and increased factor X
activity (21-23). Therefore, it is not surprising that the association
of hypercoagulability inherent to the activity of GD and the pres-
ence of aPL antibodies may conduct to thrombotic manifesta-
tions. Apart from these rare cases, to date in the view of available

TAl and APS
TABLE 1 | Association between TAl and APS.
Study Number of Population Antibody Outcome
subjects
Marongiu 65 patients  GD patients ACL Positive aPL in 38%
etal. (8) 58 controls of patients vs 0% of
controls
Petrietal. (9) 52 patients GD (26) ACL No difference between
26 controls  and HT (26) patients and controls
patients
Diez et al. 69 patients  AITD patients ACL No difference between
(10) 43 controls patients and controls
Paggi et al. 31 patients  AITD patients ACL Positive aPL in 43% of
(11) No controls patients
Nabriski et al. 130 patients  AITD patients aPL Positive aPL in 54.8%
(12) No controls (type not of patients
specified)
Osundeko 19 patients ~ HT patients ACL Positive aPL in 21% of
etal. (13) No controls patients
Tektonidou 168 patients  AITD patients ACL Positive aPL in 12%
etal. (14) 75 controls of patients vs 0% of
controls
Innocencio 13 patients ~ APS patients TgADb, No TAI positivity in
et al. (26) 163 controls  (not specified ~ TPOAb APS patients
as primary or
secondary)
SS (25), RA
(25), and
healthy (113)
controls
Mavragani 75 patients  APS patients TgAb, 1. No significant
etal. (27) 150 controls (40 primary, TPOAb difference between
35 APS the 3 groups
secondary to 2. SLE-APS have
SLE) increased TPOAb
SLE (75) and 3. APS patients with
healthy (75) TAI have more CNS
controls involvement
de Carvalho 50 patients  Primary APS TgAb, Positive TAl'in 18% of
and Caleiro No control patients TPOAD, patients
(28) TRAb
De Carolis 203 patients Primary TgADb, Positive TAlin 27% of
etal. (29) 162 controls  obstetrical TPOAb APS patients

APS patients
Controls with
TAl and RM

ACL, anticardiolipin; AITD, autoimmune thyroid diseases; aPL, antiphospholipid; APS,
antiphospholipid syndrome; CNS, central nervous system; GD, Graves’ disease; HT,
Hashimoto’s thyroiditis; RA, rheumatoid arthritis; RM, recurrent miscarriage; SLE,
systemic lupus erythematosus; SS, systemic sclerosis; TAI, thyroid autoimmunity;
TgAb, antithyroglobulin antibody; TPOAb, antithyroperoxydase antibody; TRAb, thyroid
receptor antibody.

data, aPL positivity during the course of AITD appear to be an
epiphenomena without clinical impact. Indeed, aPL antibodies
are often detected in patients with autoimmune disorders but the
occurrence of clinical manifestations of APS remains scare.
Thus, such antibodies are presumed to result from an exces-
sive stimulation of B lymphocyte clones with autoreactive
potential (12). In addition, Hotfbauer et al. (16) hypothesized a
molecular mimicry between the epitopes of TSH receptors and
B2 glycoprotein 1 as a possible pathogenic mechanism. Benvenga
and Guarneri (24) explored this hypothesis through an in silico
study and found homologies between various microorganisms
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and thyroid antigens. Dagenais et al. (25) conducted an elegant
immunogenetic study on family members with autoimmune
diseases highlighting that HLA DR4 and DR7 antigens could
predispose patients with GD and high titers of ACL antibodies to
develop the full clinical spectrum of APS.

Few studies have investigated the relationship in the other
direction, that is the prevalence of thyroid autoantibodies or
AITD in APS patients (26-29) (reported in Table 1). In 2010,
de Carvalho and Caleiro (28) evaluated the frequency of thyroid
dysfunction and antibodies in 50 subjects with primary APS.
Hypothyroidism was present in 22% of patients and thyroid
autoantibodies in 18% of them. No clinical difference regarding
thrombotic and obstetrical events was observed between APS
patients with and without TAIL. Mavragani et al. (27) tested 75
APS patients (40 primary APS and 35 APS secondary to SLE), 75
SLE patients and 75 healthy controls for anti-Tg and anti-TPO
antibodies. No significant difference in the prevalence of thyroid
antibodies was found between the three groups. However, SLE-
APS patients (that is APS secondary to SLE) show significant
increased rates of anti-TPO antibodies, but not primary APS
patients, compared to healthy controls. More exciting is the fact
that TAI identified a subgroup of APS patients with increased
prevalence of ischemic central nervous system disease. Eighty-
three percent of TAI-positive patients had evidence of central
nervous system involvement vs 49% of TAl-negative patients.
Authors speculated a cross-reactivity of these antibodies against
shared epitopes between thyroid gland and central nervous
system endothelium, such as a-enolase, an enzyme previously
proposed to be involved in HT encephalopathy (30). Similarly,
cross-reactivity between thyroid autoantibodiesand CNS antigens
had already been proposed by Le Donne et al. (31) to explain the
neuropsychological perturbations observed in the postpartum.
Innocencio et al. (26) were not able to replicate these results in a
cohort of 63 patients including 25 RA, 25 SS, and 13 APS. None of
the APS patients showed thyroid antibodies positive titers when
compared with 13 and 8% of RA and SS subjects, respectively. In
a large cohort of 203 women with primary obstetrical APS, De
Carolis et al. (29) reported TAI in 27% of them. Of interest, as
discussed later, patients with aPL antibodies alone had greater
percentage of spontaneous pregnancies and live births when
compared with patients positive for both thyroid antibodies and
aPL antibodies.

On the basis of these data, it seems that the appearance of
TAI in APS patients and conversely the occurrence of aPL in
AITD patients is a fairly frequent phenomenon. The presence of
aPL antibodies during thyroid disorders does not seem to have
any clinical implication and more likely corresponds to hyper-
stimulation of self-reactive B-clones. However, their occurrence
during an active GD, the latter representing by itself a risk factor
for thrombosis, may in rare cases lead to thrombotic manifesta-
tions. But studies remain scarce and small, larger cohorts will be
needed to confirm these findings. In addition, in most studies,
especially in older ones, only ACL antibodies were measured.
Moreover, some important data are lacking to correctly interpret
the clinical significance of these antibodies, in particular the
levels of aPL antibodies and the eventual positivity for the lupus
anticoagulant test.

APS, TAI, AND PREGNANCY

Although the association of aPL antibodies and antithyroid anti-
bodies most often appears to have no clinical relevance, this may
be of greater importance during pregnancy since both antibodies
are recognized for their role in RM. RM is defined as three or
more consecutive pregnancy losses with the same partner before
20 weeks of gestation (32). Etiologies include genetic, endocrine,
anatomical, immunological, thrombophilic and environmental
factors.

Antiphospholipid syndrome is the most important acquired
risk factor for a treatable cause of recurrent pregnancy loss and
can be found in 5-15% of cases (33). RM is part of APS clinical
classification criteria (34, 35) that include vascular thrombosis
and pregnancy morbidity. The latter criteria comprises: recur-
rent early miscarriage, late pregnancy loss, and prematurity
due to placenta insufficiency or eclampsia/preeclampsia (35).
Therefore, it is now widely accepted that aPL antibodies screen-
ing is an indispensable part of RM assessment. In addition, large
randomized trials have allowed defining a standard of care based
on antithrombotic treatment (36). Pathogenic mechanisms of
pregnancy complications in APS are incompletely understood.
aPL antibodies could reduce the proliferation and invasion of
extra-villous trophoblasts, leading to placental mal-perfusion and
finally to placental infarction, impaired spiral artery remodeling,
decidual inflammation, increased syncytial knots and decreased
vasculo-syncytial membranes (37).

Some endocrine disorders, such as diabetes mellitus, hyper-
prolactinemia and thyroid diseases have also been associated
with miscarriage (38). The fact that overt hypothyroidism nega-
tively affects pregnancy has been affirmed, but the implication of
isolated TAI occurring in euthyroid women was still matter of
debate. In 2011, Chen et al. (39) conducted a large meta-analysis
including 22 studies: 14 cohort studies with 598 TAI-positive
vs 4,870 TAl-negative pregnancies, and 8 case-control stud-
ies with 1,077 recurrent aborters. Overall, authors reported a
significant higher risk of spontaneous miscarriage in euthyroid
women with TAI (pooled OR = 2.55, p = 0.002 in case—control
studies; pooled OR = 2.31, p < 0001 in cohort studies). The
underlying mechanisms could consist of different aspects (39,
40): (A) heightened autoimmunity against foeto-placental unit,
(B) direct involvement of thyroid autoantibodies interfering with
trophoblast differentiation and proliferation, (C) induction of
T-cell dysfunction causing an alteration of the endometrium that
affects implantation, (D) higher age, and (E) mild hypothyroid-
ism affecting reproductive outcome. Another hypothesis is that
TAI may represent a marker for a global autoimmune state that
is responsible for an elevated risk of reproductive failures rather
than the actual cause of pregnancy losses. Anyway, as for aPL
antibodies, the systematic search for TAI in women with RM is
widely recommended (41).

Another important point to emphasize is that during preg-
nancy, GD may remain silent due to immune tolerance; But most
often pregnancy and delivery can cause an onset and/or a flare-up
of hyperthyroidism due to GD (42-44). The possible association
with aPL antibodies is therefore important to consider since these
antibodies may increase the thrombotic risk inherent in GD.
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TABLE 2 | APS, TAI, and pregnancy.

Study

Number of
subjects

Population

Antibody

Outcome

De Carolis et al. (29)

Kim et al. (40)

203 patients
162 controls

256 patients

Primary obstetrical
APS patients
Controls with TAI
and RM

RM or unexplained
infertility women

TgAb, TPOAD, aPL
(type not specified)

TgAb, TPOAD, aPL
(6 types)

Positive TAlin 27% of APS patients
Reduced fertility and worst pregnancy outcome in
TAl+ and TAI/APS women when compared with APS

alone women
20% TAI positivity

In TAl+ patients 27.8% ACL positivity vs 17.5%

TgAb, TPOADb, ACL,

TgAb, TPOADb, ACL,

Promberger et al. (45) 156 patients RM women
p2GP1Ab
Mecacci et al. (46) 69 patients RM, fetal death, or
69 controls preeclampsia women LA

in TAl— patients

18% TAI positivity

In TAl+ patients 13.8% aPL positivity vs 2.4% in TAl—- patients
No correlation with the number of miscarriages

TAI higher in patients (37.9, 40.9, and 33.3%) vs controls (14.5%)
No significant difference in aPL positivity

ACL, anticardiolipin; aPL, antiphospholipid; p2GP1Ab, anti-B2GP1 antibodies; LA, lupus anticoagulant; RM, repeated miscarriage; TAl, thyroid autoimmunity; TgAb, antithyroglobulin

antibody; TPOAb, antithyroperoxydase antibody; APS, antiphospholipid syndrome.

Consequently, the combination of these two major factors,
namely, aPL antibodies and antithyroid antibodies, could be of
great importance for better understanding and management of
RM. Main studies are reported in Table 2. Recently, Promberger
et al. (45) evaluated the association between aPL antibodies and
antithyroid antibodies in a large cohort of 156 women with RM.
Eighteen percent of women had either anti-TPO or anti-Tg positiv-
ity. In women with positive antithyroid antibodies, 13.8% had aPL
antibodies compared to 2.4% in TAI-negative women. Moreover,
women with both anti-TPO and anti-Tg antibodies exhibited
higher titers of aPL antibodies. Interestingly, none of the parameters
of autoimmunity was correlated with the number of previous preg-
nancy losses (45). Kim et al. (40) reported in 265 women with RM
or unexplained infertility a 20% prevalence of TAL They observed
an increased prevalence of ACL antibodies in TAI-positive women
compared with TAI-negative patients (27.8 vs 17.5%, p = 0.042). In
addition, they found higher Th1/Th2 cytokines-expressing CD3+/
CD4+ T cells ratios in women with TAI, suggesting the implication
of Th1 immunity and pro-inflammatory status in the pathogenesis
of TAI-related RM. Mecacci et al. (46) evaluated the prevalence
of thyroid autoantibodies in 69 women with RM, fetal death or
preeclampsia and investigated their association with other autoan-
tibodies. Antithyroid antibodies were present in 37.9, 40.9, and
33.3%, respectively, of patients, which was significantly higher than
in healthy controls (14.5%). Unlike previous studies, the prevalence
of aPL antibodies was no significantly different in women positive
(26.9%) and negative (34.9%) for TAI.

But the most exciting trial to date on this topic was conducted
by De Carolis et al. (29), to assess the presence of antithyroid anti-
bodies in 203 women with primary obstetrical APS (aPL + RM)
and compare APS alone with APS + TAI for fecundity and
pregnancy outcome. It is to note that the type of aPL antibodies
is not specified. A group of 162 women with TAI alone and RM
served as controls. First,a 27% prevalence of TAI was found in APS
subjects. Analyzing fecundity, 74% of APS-alone and 67% of total
APS-positive women (APS alone and APS + TAI) became sponta-
neously pregnant, which was significantly higher than APS + TAI
and TAI-alone women (48 and 49%, respectively). Therefore,
women with TAI with or without APS had reduced fertility.

When pregnant, patients started a therapeutic regimen with high
doses of intravenous immunoglobulin once a month until the 33rd
week of pregnancy. Ninety-nine of the 136 pregnant women where
thereafter followed. Pregnancy was successful for 92% of APS alone
and 82% of total APS women, which once again was significantly
higher than 60 and 57% in APS + TAI and TAlI-alone women,
respectively. In addition to reduced fecundity, TAI women had
lower percentage of successful pregnancies. This study demonstrates
the importance of TAI in patients with APS since it appears to be a
stronger prognostic factor than aPL antibodies presence for fecundity
and pregnancy outcome. Surprisingly, aPL and antithyroid antibodies
do not seem to be synergic since rates are similar between TAT alone
and TAI 4+ APS groups. Authors conclude that TAI should always be
evaluated in women with RM including those with aPL antibodies.

CONCLUSION

In the light of these data, the association of TAI and aPL antibodies
appears to be quite common. In most cases, this phenomenon has
no clinical consequence and is likely the result of hyperstimula-
tion of self-reactive B-clones. However, rarely, the combination
of an uncontrolled GD which is recognized as a factor of hyper-
coagulability and aPL antibodies may promote the occurrence of
thrombotic events. This situation should therefore lead to greater
attention. In addition, one study interestingly highlighted a pos-
sible relationship between central nervous system involvement
and TAI/APS association. Further studies will be required to
investigate this hypothesis. Finally, special attention should be
paid to women of childbearing age. Indeed, the presence of aPL
antibodies, isolated or in the context of an autoimmune disorder,
but even more so of TAI even in the absence of thyroid dysfunc-
tion are major and independent factors of reduced fertility and
worse pregnancy outcome. Screening should therefore include
systematically these two elements, and the monitoring and man-
agement of the pregnancy should be adapted.
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Most of the studies have shown a higher risk for subclinical and clinical hypothyroidism,
antithyroid autoantibodies [overall antithyroid peroxidase antibodies (TPOAD)], and in
general, thyroid autoimmunity, overall in the female gender in patients with sarcoidosis (S).
A significantly higher prevalence of clinical hypothyroidism and Graves’ disease was also
described in female S patients with respect to controls. Gallium-67 (Ga-67) scyntigraphy
in S patients, in the case of thyroid uptake, suggests the presence of aggressive auto-
immune thyroiditis and hypothyroidism. For this reason, ultrasonography and thyroid
function should be done in the case of Ga-67 thyroid uptake. In conclusion, thyroid
function, TPOAb measurement, and ultrasonography should be done to assess the
clinical profile in female S patients, and the ones at high risk (female individuals, with
TPOAD positivity, and hypoechoic and small thyroid) should have periodically thyroid
function evaluations and suitable treatments.

Keywords: sarcoidosis, autoimmune thyroiditis, hypothyroidism, Graves’ disease, antithyroid peroxidase
antibodies, thyroglobulin antibodies

INTRODUCTION

Sarcoidosis (S) is a systemic inflammatory disease distinguished by a huge accumulation of inflam-
matory cells, called granulomas, in multiple organs (1), overall in the lungs or its associated lymph
nodes.

Though the cause of sarcoidosis is unknown (2), it seems to be provoked by an immune reac-
tion to different triggers, as infections, or bacteria, dust, viruses, or chemicals. Generally, the body
is protected by the immune system against foreign or dangerous substances, for example sending
specific cells to protect organs. These cells secrete chemicals able to recruit other cells that can isolate
and destroy such dangerous substance. Inflammation establishes during this process and stops as the
foreign substance is removed. In S patients, the inflammation goes on even if the initial infection is
eradicated (3). It often clears up by itself without the use of drugs, but in some cases, it goes on to
affect the subject long term, and can be life-threatening requiring medications.

The onset of sarcoidosis is usually between 20 and 50 years of age and is more common in women.
Subjects with a family history of sarcoidosis have an elevated risk to develop the disease.

It is sometimes asymptomatic and diagnosed not intentionally in almost 5% of cases. Fatigue,
weight loss, lack of energy, dry eyes, joint aches, arthritis (14-38% of patients), swelling of the
knees, shortness of breath, unclear vision, dry cough, or skin lesions are frequent symptoms, and in
particular the cutaneous ones can be rashes, noduli, erythema nodosum, granuloma anulare, and
lupus pernio (4-7).

Abbreviations: TPOAD, antithyroid peroxidase antibodies; AT, autoimmune thyroiditis; AITDs, autoimmune thyroid disor-
ders; Ga-67, Gallium-67; HT, Hashimoto’s thyroiditis; IL, interleukin; PGA, polyglandular autoimmune; S, sarcoidosis; T4,
thyroxine; T3, triiodothyronine; TgAb, thyroglobulin antibodies; TSH, thyroid-stimulating hormone.
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The collection of cells as macrophages, monocytes, and
activated T lymphocytes is typical of granulomatous inflam-
mation, during which an increased secretion of key inflamma-
tory mediators, as tumor necrosis factor, interferon (IFN)-y,
interleukin (IL)-2, IL-8, IL-18, IL-12, and transforming growth
factor-p is present, suggestive of a Thl-mediated immune
response (8, 9).

Sarcoidosis is associated with autoimmunity such as autoim-
mune thyroid disorders (AITDs) (10, 11).

The Th1 chemokine IFN-y-induced protein-10 is involved in
the pathogenesis of this disease.

In this paper, we review the scientific literature about the pos-
sible association between sarcoidosis and thyroid autoimmunity.

THYROID AUTOIMMUNITY AND
SARCOIDOSIS

Initially, some anectodal reports suggested a possible association
between thyroid autoimmunity and sarcoidosis (Table 1) (12-15).

An association between sarcoidosis and hypothyroidism or
hyperthyroidism was also suggested (16-19).

Later, Hugues et al. (20) evaluated the thyroid clinically, hor-
monally, and scintigraphically in 50 subjects with intrathoracic
sarcoidosis. The patients were split in: T— 32 subjects, without
thyroid abnormality; T+ 18 subjects, with thyroid disorders
(2 thyroid nodules, 9 moderate diffuse goiters, 7 nodular goiters).
All patients had normal triiodothyronine (T3), thyroxine (T4),
and thyroid-stimulating hormone (TSH) levels, apart from 1 with
Graves' disease. Few sarcoid granulomas were reported in 3/4
patients undergoing thyroidectomy. Activity, dissemination, type
of sarcoid thoracic involvement were similar in the two groups.
On the other hand, T+ patients had higher seric IgG levels than

T— (P < 0.05). The authors suggested that autoimmune thy-
roiditis (AT) is not likely in these cases, in proportion to the low
frequency of thyroid autoantibodies.

However, the association of AITD and sarcoidosis was sug-
gested by other papers (21-24).

Papadopoulos et al. evaluated the frequency and type of
endocrine autoimmunity in Swedish S patients (25). Among
all the 89 patients with diagnosed sarcoidosis followed in the
“Department of Pulmonary Medicine” from 1980 to 1991, 78 (34
females and 44 males; median age 48 years, range 22-81 years)
were evaluated at the “Department of Endocrinology, Malmé
University Hospital” 15/78 patients (19.2%) showed signs of
endocrine autoimmunity clinically or serologically and two were
affected by Addison’s disease, with polyglandular autoimmune
(PGA) syndrome type II. Thirteen patients had signs of thyroid
autoimmunity, 8 with clinical AITD (6 with AT and 2 with Graves’
disease; 2 with PGA syndrome type III, and 5 with isolated positiv-
ity of thyroid serology). One patient had premature ovarian failure
and two insulin-dependent diabetes mellitus. Frequency of PGA
syndrome type II, clinical AITD, and Addison’s disease was signifi-
cantly elevated with respect to the ones in the general population.

The authors concluded that a high frequency of endocrine
autoimmunity was present in approximately 20% of S patients, the
more frequent being PGA syndromes and thyroid autoimmunity.

Nakamura et al. (26) studied the incidence of thyroid autoan-
tibodies and the prevalence of Hashimoto’s thyroiditis (HT) in
62 patients with pulmonary sarcoidosis (diagnosed by clinical,
radiographic and histological findings) and in three groups of
controls with 40 and over years of age, without a known history of
thyroid disease (88 hospital employees and 82 company workers,
and 60 patients with pulmonary diseases other than sarcoidosis).
Antibodies against antithyroid peroxidase (TPOAb) and purified
thyroglobulin (TgAb) were tested by radioimmunoassay and

TABLE 1 | Prevalence of thyroid autoimmunity in patients with sarcoidosis versus controls, in the studies that have an internal control matched by gender and age.

Reference Patients with Autoimmune thyroid disorders Controls (n) AITD % in controls P
sarcoidosis (n) (AITDs) % in patients with
sarcoidosis
Antonelli et al. (10) F75 50.7% F 225 35.1% 0.0168
M 36 22.2% M 108 14.9% ns
Antonelli et al. (11) 30 patients with 40% 54 patients with sarcoidosis 19% 0.08
sarcoidosis with Ga-67 without Ga-67 uptake
uptake
Nakamura et al. (26) 62 patients with 17/62 (27.4%) had either positive 3 groups of subjects In the 60 patients with pulmonary P < 0.05
pulmonary sarcoidosis ~ TPOAb or TgAb or both (see text) diseases, the overall prevalence was
8.3%; in the 88 hospital employees,
the overall prevalence was 9.1%; in
the 82 company workers, the overall
prevalence was 8.5%
llias et al. (27) 26 patients with active ~ TgAb were slightly elevated in S 26 patients with diagnosed P =0.041
sarcoidosis patients, whereas TPOAb were chronic obstructive for TgAb
within normal limits pulmonary disease
Nowiriski et al. (31) 557 13.1% 100 4% 0.0144
Wu et al. (33) 1,237 11.6% 4,948 7.3%

TgAb, antithyroglobulin antibodies; TPOAb, antithyroid peroxidase antibodies; F, female; M, male; ns, not significant.
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antibodies against microsomal antigen (MCHA) and thyroglobu-
lin (TGHA) by hemagglutination.

17/62 patients (27.4%) had positive TPOAb or TgAb or
both and were of middle or advanced age. Incidence of positive
TPOADb/TgADb in S patients with 40 and over years age was 32.4%
in females and 54.5% in males (37.8% overall). In the 60 patients
with pulmonary diseases, 28 males (0%) and 5/32 females (15.6%)
had positive TgAb and/or TPOAD, and the overall prevalence was
8.3%; in the 88 hospital employees, 1/45 males (2.2%) and 7/43
females (16.3%) had positive TPOAb/TgAD, resulting ina 9.1% of
overall prevalence; in the 82 company workers, 5/65 males (7.7%)
and 2/17 females (11.8%) had positive TPOAb/TgAD, the overall
prevalence was 8.5%.

The prevalence was more elevated in S males with respect to
control males matched by age (0-7.7% in the controls), and in
S females was twice the one reported in controls (11.8-16.3%).
Seven patients had HT, showing a prevalence of 11-3%, more
elevated than previously reported.

A significantly higher incidence of thyroid autoantibodies in
S patients of middle of advanced age, particularly in men, and
a higher prevalence of HT, was shown than in previous papers.

Another study from Ilias et al. showed in 26 S patients (19
women and 7 men) that only TgAb autoantibodies were sig-
nificantly elevated in these patients (27). TgAb were slightly
elevated in S patients and differed significantly (P = 0.041)
from controls (26 patients with diagnosed chronic obstructive
pulmonary disease age- and sex-matched), whereas TPOADb
levels were normal in all subjects and not significantly different
between the two groups.

In a 26-year-old woman with systemic sarcoidosis a Gallium-67
(Ga-67), citrate scintigraphy showed an elevated radiotracer
uptake in sarcoidal cutaneous lesions and in the thyroid (28),
which could represent the sarcoidal involvement of the gland.

Isern et al. (29) reported that 10/348 (2.9%) S patients had
AITD. Lofgren’s syndrome was present in 8 patients; 3 subjects
had Graves’ disease, 6 HT with hypothyroidism, and 1 postpar-
tum thyroiditis. In one patient, AITD had developed 15 years
before sarcoidosis and in 9 subjects, it preceded the onset of
AITD of about 4 months to 17 years. Among these, sarcoidosis
was already present at the diagnosis of AITD. In one case, Graves’
disease established as the patient was administered with potas-
sium iodide to treat erythema nodosum. The authors concluded
that sarcoidosis may be associated with AITD during its course,
as hypothyroidism or hyperthyroidism.

Another study evaluated the prevalence of clinical and
subclinical thyroid disorders in 111 S patients compared to 333
controls matched by age and gender from the same geographic
area (10).

Thyroid hormones and antibodies, ultrasonography of the
gland and fine-needle aspiration (FNA) were done.

The odds ratio (OR) for female S patients compared to controls
was: for subclinical hypothyroidism, 2.7 [95% confidence interval
(CI), 1.3-5.9]; for thyroid autoimmunity, 1.9 (95% CI, 1.1-3.2);
for TPOADb positivity, 2.2 (95% CI, 1.2-3.9). TSH and TPOAb
mean values were more elevated in S women than in controls
(P < 0.01), as clinical hypothyroidism and Graves disease
(P = 0.005 and 0.0026, respectively), while no differences were

reported for free T3 and T4, TgAb, thyroid volume and nodular-
ity, and subclinical hyperthyroidism. Papillary thyroid cancer was
shown in 2 S patients.

The authors concluded that thyroid function, TPOAb, and
ultrasonography should be performed to evaluate the clinical
profile in female S patients, and in the ones with an elevated risk
(female individuals, with TPOADb positivity, and hypoechoic and
small thyroid) thyroid function evaluations and suitable treat-
ments should be performed periodically (10).

To assess the association of Ga-67 citrate thyroid uptake
with thyroid disorders in S patients, 84 subjects were evaluated
by ultrasonography, serum thyroid hormones and antithyroid
antibodies, and FNA (11).

In S patients able to uptake Ga-67 compared to those not
uptaking it, serum TSH, the titer of TPOAb and TgAb, and the
prevalence of hypothyroidism or TgAb or TPOAD positivity were
significantly higher; a hypoechogenicity of the thyroid was more
recurrent. Thyroid nodules prevalence was similar in the two
groups. Papillary thyroid cancer was reported in 2 S patients not
uptaking Ga-67, and none with Ga-67 thyroid uptake.

The authors concluded that Ga-67 thyroid uptake is associated
with aggressive AT and hypothyroidism in sarcoidosis, suggest-
ing the evaluation of thyroid function and ultrasonography.

Martusewicz-Boros et al. (30) conducted a retrospective
analysis assessing the incidence of comorbidity in 1,779 S patients
(diagnosis code “ICD-10: D86”) in Poland from 2008 to 2011.

About 79.2% had pulmonary and/or lymph node sarcoidosis
(diagnosis code “D86.0, D86.1, D86.2”), 15.8% sarcoidosis
of other and combined sites (“D86.8”) and 5.0% unspecified
(“D86.9”). Fifty-four percent of patients had at least one comor-
bid condition, overall arterial hypertension (22.4%), diabetes
mellitus (5.0%), thyroid disorders (5.6%), obesity (3.3%), and
chronic obstructive pulmonary disease (4.3%). Associations
among the “number of comorbidities” and “age” and “extent of
the disease” were shown (P < 0.001), by linear regression models.
A comorbid condition was present more frequently in patients
with multiorgan sarcoidosis.

Another study aimed to identify prevalence and frequency
of comorbidities in S patients and to evaluate their influence on
overall mortality (31).

Comorbidities and mortality were evaluated in a cohort of 557
S patients [291 men (52.2%) and 266 women (47.8%), mean age
48.4 + 12.0 years] diagnosed from 2007 to 2011 and 100 control
subjects [mean age (49.25 + 10.3)].

The mean “number of comorbidities” in the two groups was
similar (0.9 + 0.99 versus 0.81 + 0.84, not significant). Upon the
diagnosis, thyroid diseases were significantly more frequent in S
patients compared to control subjects (OR = 3.62; P = 0.0144).
The median observation period was of 58.0 months, during
which 16 patients died (2.9%). Non-survivors comorbidity was
significantly higher than in survivors (2.8 + 1.0, versus 0.8 + 0.9;
P < 0.0001).

The authors suggested that, in sarcoidosis, the comorbidity
highly impacts mortality, and thyroid diseases are more common
than in control subjects without sarcoidosis.

The prevalence of other autoimmune disorders in 3,069 con-
secutive outpatients with diagnosed chronic AT were assessed
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compared to two control groups matched by age and sex:
(a) 1,023 individuals, drawned out a random sample of the gen-
eral population without thyroid disorders; (b) 1,023 subjects with
non-toxic multinodular goiter from the same general population,
with similar iodine intake (32). In AT patients, the prevalence
of autoimmune disorders increased significantly compared to
control subjects, for: sarcoidosis, polymialgia rheumatica, celiac
disease, chronic autoimmune gastritis, vitiligo, rheumatoid
arthritis, diabetes, multiple sclerosis, systemic lupus erythemato-
sus, HCV-related cryoglobulinemia, Sjogren’s disease, alopecia,
psoriathic arthritis, and systemic sclerosis.

The association between sarcoidosis and autoimmune comor-
bidities was evaluated in 1,237 S patients and 4,948 controls
matched by age and sex from the National Health Insurance
Research Database from 1997 to 2010 in Taiwan, by multiple
logistic regressions (33), showing a prevalence of sarcoidosis
of 2.17/100,000 individuals. S patients had a higher risk of
autoimmune comorbidities than controls (17.6% versus 9.4%,
P < 0.05). Sarcoidosis was associated with AITD [adjusted odd
ratio (aOR), 1.32; 95% CI, 1.05-1.64], Sjogren’s syndrome (aOR,
11.6; 95% CI, 4.36-31.0), and ankylosing spondylitis (aOR, 3.80;
95% CI, 2.42-5.97). The sex-stratified analyses were performed
and showed a significant association of sarcoidosis with ankylos-
ing spondylitis in both sexes, with AITD in male patients and
with Sjogren’s syndrome in female patients, respectively, dem-
onstrating that patients with sarcoidosis were inclined to have
AITD, Sjogrens syndrome and ankylosing spondylitis, and the
diagnosis of sarcoidosis usually preceded one of the associated
comorbidities.

Moreover, cases of an uncommon involvement of the thyroid
gland by sarcoidosis have been reported in literature. A paper
by Cabibi et al. (34) reported the case of a 42 years old woman
with sarcoidosis limited to the thyroid and adjacent small
lymph nodes, without signs of systemic involvement or on other
organs, showing thyroid nodules and normal biochemical levels
and thyroid function parameters, and histologic sarcoid-type
lesions, treated with thyroidectomy. Manchanda et al. (35)
described the case of a man aged 54 years with asymptomatic
non-toxic thyromegaly. He had an acute onset of dysphagia
but the examination for gastrointestinal causes was negative.
Chest imaging showed left-sided lymphadenopathy and biopsy
of a lymph node showed sarcoidosis. Two years after, he had
persistent dysphagia and underwent total thyroidectomy with
resolution of dysphagia. Histopathological evaluation of the
thyroid reported non-necrotizing granulomas in agreement
with sarcoidosis. Furthermore, Papi et al. (36) reported two
cases of patients with hyperthyroidism and histologically
proven sarcoidosis.

CONCLUSION

Multiple endocrine gland insufficiencies are linked to other
autoimmune and non-autoimmune diseases and such associa-
tions among different autoimmune diseases do not appear at
random but in particular combinations; for example, AT is
the pivotal disorder for type III PGA (37). Recently, a high

prevalence of the association between rheumatic diseases (such
as sarcoidosis, Sjogrens syndrome, mixed cryoglobulinemia,
psoriathic arthritis, rheumatoid arthritis, systemic sclerosis,
or systemic lupus erythematosus) and AITD has been dem-
onstrated highlighting the possibility of a common pathogenic
basis among them (32).

It has been hypothesized that the development of multiple
autoimmunity could depend on shared epitope(s) between envi-
ronmental agents and a common antigen in different endocrine
tissues, and it has also been hypothesized that common specific
germ layer antigens are expressed by the organs that took origin
from the same germ layer, functioning as targets for autoimmune
responses in PGA (37). Previous studies proposed that HLA-DQ
genes, in particular DQA1*0102, could be a genetic marker for
resistance to AITD, that is the most frequent disease in PGA type
IT or III. The paper by Wallaschofski et al. shows an association
between DQA1*0301 and PGA type II or III, implying that the
allele DQA1*0301 could be a marker of a higher risk for further
PGA manifestations in patients suffering from an organ-specific
autoimmune disease (38).

However, the precise pathogenetic mechanisms of multiple
endocrine gland insufficiencies are not known (32).

As evidenced by immunopathological studies, a higher
prevalence of Th1 immune profile is present in target organs of
patients with Graves’ ophthalmopathy, or chronic AT, or type 1
diabetes, at the onset of the disease (32). This higher prevalence
at the beginning of autoimmune disorders, and the consequences
of genetic and environmental conditions, could establish autoim-
mune phenomena in different organs in the same individual (32).

It is not clear if AT associated with other non-endocrine
autoimmune disorders (NEADs) has a similar Th1 lymphocytes
polarization.

In isolated HT or associated with NEAD, the paper by
Santaguida et al. evaluated the intracellular Th1- and Th2-specific
cytokines (39). A higher percentage of IL-2+ cells was shown
in all subjects, with isolated HT or NEAD-associated. IFN-y+
cells were increased in both groups, especially in the ones with
HT + NEAD (19 versus 29.9%; P=0.0082), while ahigher number
of IL-4+ cells was reported in 9.1% of patients with isolated HT
and in 71% with HT + NEAD (P < 0.0001; relative risk = 3.18).
Patients with NEAD-associated AT are characterized by a well-
defined increase of IL-4+ lymphocytes. This could represent an
initial tool to detect patients with AT in whom additional NEAD
may be foreseen (39).

Most of the studies have shown in patients with sarcoidosis
a higher risk for subclinical and clinical hypothyroidism,
antithyroid autoantibodies, and overall TPOAb, and in general,
thyroid autoimmunity, particularly in the female gender. A
significantly higher prevalence of clinical hypothyroidism and
Graves' disease was also shown in female S patients than in
controls.

Ga-67 scyntigraphy in S patients when associated with thyroid
uptake suggests the presence of aggressive AT and hypothyroid-
ism. For this reason, thyroid function and ultrasound should be
done in the case of Ga-67 thyroid uptake.

Sarcoidosis is one of the several associated autoimmune dis-
orders included in PGA type III (32). AITDs are very prevalent
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while sarcoidosis is quite rare; for this reason, it is not necessary
to look for sarcoidosis in patients with AITD but is mandatory to
screen thyroid autoimmunity in patients with sarcoidosis.

In conclusion, thyroid function, TPOAD, and ultrasonog-
raphy should be performed to evaluate the clinical profile in
female patients with sarcoidosis; the ones with high risk (female
individuals, with TPOAD positivity, and hypoechoic and small
thyroid) should have periodically thyroid function evaluations
and suitable treatments.
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The autoimmune/inflammatory syndrome induced by adjuvants (ASIA), presented by
Shoenfeld and Agmon-Levin in 2011, is an entity that incorporates diverse autoimmune
conditions induced by the exposure to various adjuvants. Adjuvants are agents that
entail the capability to induce immune reactions. Adjuvants are found in many vaccines
and used mainly to increase the response to vaccination in the general population.
Silicone has also been reported to be able to induce diverse immune reactions. Clinical
cases and series of heterogeneous autoimmune conditions including systemic sclero-
sis, systemic lupus erythematosus, and rheumatoid arthritis have been reported to be
induced by several adjuvants. However, only a small number of cases of autoimmune
thyroid disorder have been included under the umbrella of ASIA syndrome. Indeed,
clinical cases of Hashimoto’s thyroiditis and/or subacute thyroiditis were observed after
the exposure to vaccines as well as silicone implantation. In our review, we aimed to
summarize the current knowledge on ASIA syndrome presented as endocrinopathies,
focusing on autoimmune thyroid disorders associated with the various adjuvants.

Keywords: autoimmune/inflammatory syndrome induced by adjuvants, thyroid, endocrinopathy, adjuvants,
vaccines, silicone, Hashimoto’s thyroiditis, Graves disease

INTRODUCTION

Adjuvants are substances that are able to trigger autoimmunity via a variety of mechanisms, such as
alteration of the host’s immune system, polyclonal activation of B cells, effects on cellular immunity,
immunoregulatory cells, viral-induced antibodies, and acceleration of molecular mimicry (1).
Exposure to adjuvants can occur in a variety of methods due to their wide range of uses in vaccines,
mineral oils, silicone implants, and many other products and devices. The association between
adjuvant exposure and autoimmunity manifests itself in five autoimmune conditions sharing simi-
lar autoimmunity manifestations (2, 3), such as the postvaccination phenomena, the macrophagic
myofasciitis syndrome (MMF), the Gulf war syndrome (GWS), siliconosis, and the sick building
syndrome (SBS) (4, 5). The autoimmune/inflammatory syndrome induced by adjuvants (ASIA),
presented by Shoenfeld and Agmon-Levin (6) in 2011, is a single entity that incorporates all five
conditions. Extensive research has identified the genetic background, contributing to the develop-
ment of ASIA syndrome in predisposed individuals following adjuvant exposure. A large number of
autoimmune diseases share several alleles of the HLA class II such as DRB1 locus. The development
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of specific autoantibodies is determined by DRB1 alleles leading
to an abnormal response and development of full-blown autoim-
mune diseases (7, 8).

When used in vaccines, adjuvants are purposely used as
immunogenicity enhancing agents that are essential for direct-
ing the adaptive immunoresponse (9). However, they might also
trigger undesired autoimmune reactions that question the use
of adjuvants and their safety in the context of DRB1*01 genetic
background (10).

A systematic review by Jara et al. (4) reported that 4479
ASIA cases have been identified since its presentation in 2011.
Among them, 305 were considered severe, with the majority of
these cases being developed following vaccines mainly directed
to HPV, HBV, and seasonal influenza. Despite vaccines’ proven
record of safety and efficiency, aluminum hydroxide was used in
these vaccines along with the viral antigens as an adjuvant. Due
to aluminum’s capability to enhance the immunoresponse, it ena-
bles the usage of smaller amount of antigens. However, enhanced
immunogenicity might lead to enhanced reactogenicity in a pro-
cess not always benign involving pathological stimulation (11).

The other adjuvants containing products yielding severe
clinical manifestations are silicone implants and mineral oil fillers
(4, 12).

Silicone has been considered as an inert material, which
is unable to induce immune reactions in the human body.
Therefore, it has been used in many medical devices for the last
60 years, including both silicone and saline breast implants.
However, a possible association between silicone exposure and
autoimmune diseases has been reported in many studies demon-
strating the development of autoimmune diseases and autoan-
tibodies in patients following exposure to silicone implants
(13, 14). Improved clinical manifestations after the extraction
of implants (15) support the relationship between silicone and
autoimmunity.

Mineral oil injections, which are prevalent in Mexico and
Latin America for cosmetic uses, have been identified as a leading
cause of ASIA syndrome as well via the proposed mechanism of
chronic inflammation induction leading to granuloma formation
and thickening of the dermis (4, 10).

The risk for autoimmune diseases, determined by the patient’s
genetic background, is increased in patients with autoimmune
diseases history such as type 1 diabetes mellitus (T1DM). Thyroid
antibodies can be identified in approximately 20-25% of patients
with type 1 diabetes, and up to 50% of them progress to clinical
autoimmune thyroid disease (AITD) (16). Thyroid autoimmune
diseases have been described in many case reports and case series,
presenting thyroid autoimmune manifestations along with other
autoimmune conditions.

In genetically predisposed individuals, under particular
conditions, molecular mimicry between microbial and human
antigens has been shown to be able to turn a defensive immu-
noresponse into autoimmune response. This mechanism has yet
to be explored in the field of thyroid autoimmune diseases (17). In
our review, we aimed to summarize the current knowledge about
ASIA syndrome and the relationship between adjuvants and
autoimmune diseases, focusing on its association with autoim-
mune endocrinopathies and thyroid autoimmunity.

ENDOCRINOPATHY AND ASIA
SYNDROME

Pathological processes of the endocrine glands result in abnor-
mal levels of circulating hormones, which lead to endocrinopa-
thies. Some endocrine disorders are immune mediated, such
as Hashimoto’s thyroiditis (HT), Graves' disease, and T1DM
(18-20). Thus, it is possible that endocrine autoimmune diseases
can be triggered by adjuvants, configuring cases of ASIA syn-
drome. Case reports, cohort and case—control studies on ASIA
syndrome, and the majority of the endocrinopathies are still
scarce. Lately, primary ovarian failure (POF) has been linked to
ASIA, especially after vaccination (21-25).

Primary ovarian failure or premature ovarian insufficiency
is defined as a combination of amenorrhea, for a minimum of
4 months, decline in sex steroids, and follicle-stimulating hor-
mone (FSH) above 40 IU/I at two measurements with an interval
of at least 1 month in women younger than 40 years (26). POF is
a disorder with multiple etiologic mechanisms. The presence of
lymphocytic invasion in the oophorus and the identification of
autoantibodies against ovarium antigens on the theca, granulose,
corpus luteum, and zona pellucida (27-29) support the idea
that part of its etiology, estimated in 20-30% (30), is immune
mediated. Furthermore, POF is commonly associated with other
autoimmune diseases, including Addison’s disease, thyroiditis,
autoimmune polyglandular syndrome, systemic lupus erythe-
matosus (SLE), hemolytic anemia, idiopathic thrombocytopenic
purpura (ITP), and Sjogren’s syndrome (31). The pathogenesis
of POF also involves genetic mutations, metabolic disorders,
and environmental factors, such as virus infection, chemo and
radiotherapy, and surgeries (30).

HPYV vaccine has been reported as an important issue in ASIA
syndrome, already being related, for instance, to Guillain-Barré
syndrome and other neuropathies, such as SLE, vasculitis, ITP,
and autoimmune hepatitis (32-36). Developing autoimmune
diseases as an adverse effect of the vaccine can be both due to
its HPV virus-like particles, which have potent immuno-stim-
ulatory properties (and can induce autoimmunity by molecular
mimicry, epitope spreading, bystander activation, and polyclonal
activation) (37), and due to the presence of aluminum as an
adjuvant in the vaccine (38). Adjuvants are capable of increasing,
intensifying, and prolonging antigen-specific immunoresponse
of the vaccines without holding its own specific antigenic effect
(38). Autoimmune well-defined diseases, as well as the non-
specific immune disorders, following vaccination can present as
a subacute vaccination side effect or appear months or years after
the boosters (39-43). Genetically predisposed patients are more
likely to exhibit late manifestations and are in a higher risk of
developing ASIA syndrome (36, 44).

Colafrancesco et al. (21) recently reported three cases of POF
following immunization with HPV vaccine. The three patients
fulfilled the criteria for ASIA syndrome suggested by Shoenfeld
and Agmon-Levin (6). They described three young women,
previously healthy and with normal sexual development, who
received three administrations of the quadrivalent HPV vaccine.
The patients experienced general symptoms, including nausea,
stomachaches, heavy and burning sensations in the injected arm,
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headaches, insomnia, arthralgia, depression, anxiety, and dif-
ficulty in concentrating, and then presented amenorrhea within
approximately 10 months, 2 years, and 10 years after the first dose.
Two of them were positive for previously negative antibodies
(anti-TPO and antiovarian). Hormonal screening was per-
formed, showing increased FSH and luteinizing hormone (LH)
plus extremely low levels of estradiol. Pregnancy was excluded,
as well as no abnormalities were revealed in the transvaginal and
pelvic ultrasound. After a karyotype evaluation and search for
Fragile X syndrome with no aberrations, they were diagnosed
with POF. Moreover, two of the three patients were siblings lead-
ing to the hypothesis that may exist as a rare risk factor for this
adverse effect.

Little and Ward (22) also reported a case of POF succeed-
ing HPV vaccination, in a 16-year-old patient, who presented
irregular menses after taking the quadrivalent vaccine, followed
by oligomenorrhea and amenorrhea. Her hormone profile also
showed high levels of FSH and LH and low levels of estradiol and
anti-mullerian hormone (AMH), and after excluding pregnancy
and genetic, endocrinal, and other causes, she was diagnosed
with POE

Problems of quadrivalent HPV vaccine introduction in the
market were wisely pointed by Little and Ward (25). They reported
three other cases of young women who develop POF after having
quadrivalent HPV vaccine and questioned some issues about its
safety. First, despite the fact that the vaccine protocol suggests
three doses, in the preclinical studies for toxicity, only two boost-
ers were given to the rats. Still, the animals’ reproductive system
was not analyzed in a long-term period. Moreover, the phase
II and IIT clinical studies on safety of the vaccine regarding the
fertility were not complete: half of the subjects studied were lost
to follow-up at 1 year; some of the subjects were on hormone con-
traception methods, which could mask the ovarian insufficiency;
they have not considered medical conditions that flourished
more than 7 months after the vaccination as associated with the
vaccine; and adverse effects were only reported 2 weeks after the
boosters. Furthermore, the placebo used as control in the phase
I1I safety studies of the quadrivalent HPV vaccine was aluminum,
also present in the vaccine solution, which was already shown to
play as an adjuvant in ASIA syndrome.

Thus, HPV vaccine is likely to be an important trigger in ASIA
syndrome, including immuno-mediated endocrine disorders,
such as POE Due to long periods of intervals between the vac-
cine injections and the development of the ovarian insufficiency,
it is questionable if there is indeed a causal relationship between
them. However, as previously mentioned, the safety preclinical
and clinical studies of HPV vaccine are lacking some information
regarding fertility safety, and the side effects were shown to be
able to appear even after months or years.

Other vaccines and adjuvants may also trigger POF, as well
as other immuno-mediated endocrinopathies, like for instance,
type 1-diabetes may be induced by the same adjuvants. Indeed, in
a cohort study with 211 young female patients with autoimmune
diseases and 857 matched controls, they showed that patients
exposed to quadrivalent HPV vaccine were in a higher risk of
developing type 1-diabetes mellitus (OR = 1.2) (45). Additionally,

it was shown in a prospective cohort study (46) that some vaccines
are related to increased levels of diabetes autoantibodies, such
as antibody against glutamic acid decarboxylase (GADA) and
tyrosine phosphatase (IA-2A). These autoantibodies, which are
considered reliable markers for the disease process (47, 48), were
more frequently found in the subjects who received hemophilus
influenza B (HIB) vaccination (OR = 5.9 and 3.4 in IA-2A and
GADA, respectively). Especially, the IA-2A serum concentrations
were significantly higher in patients exposed to HIB. Also, BCG
was correlated to an enhanced prevalence of IA-2A (p < 0.01).
The previously mentioned studies suggest that ASIA syndrome,
particularly post vaccination, and endocrinopathies might be
linked.

AUTOIMMUNE THYROID DISEASE
AND ASIA SYNDROME

During the last years, abundant case reports and series were
published supporting that various autoimmune disorders may
be induced by adjuvants and be enclosed under ASIA syndrome
(4, 12). Despite the fact of being the most common autoimmune
disorder, unexpectedly, we have revealed very few articles and
case reports in the literature describing the induction of AITD
by various adjuvants. In this section, we report that the relevant
case descriptions of AITD were reported to be correlated to
immunization and silicone implants.

Hernan Martinez et al. (49) described a case of a 55-year-old
man with a family history of autoimmune diseases and medical
history of diabetes and psoriasis, who developed subacute thy-
roiditis shortly after the administration of an influenza vaccine.
Subacute thyroiditis is a very rare disease, and the authors of the
mentioned case concluded that the induction of the disease was
a result of an interaction between the genetic predisposition and
vaccination. Another similar case of subacute thyroiditis was
reported in a 25-year-old female (50). The patient was admit-
ted due to fever, swelling, and tender mass in the neck. Two
days before her presentation, she received influenza vaccine
(Vaxigrip). Biopsy of the thyroid has revealed multinuclear giant
cell granulomas.

A previously healthy 36-year-old female presented with clinical
symptoms of thyrotoxicosis including tachycardia, anxiety, and
tenderness in her neck (51). One month before her presentation,
she received HIN1 vaccine. Thyroid function tests confirmed
remarkable thyrotoxicosis. Thyroid scintigraphy was performed
and showed significant diffuse reduction in the technetium
uptake. Therefore, a diagnosis of subacute thyroiditis was made.
Moving to another type of adjuvant, cases of granulomatous
inflammation of the thyroid have been reported with silicone
breast implants (52). Vayssairat et al. (53) described two cases of
HT after receiving a silicone gel-filled breast implants. Both cases
were induced after a long period of incubation, the first case is
a 45-year-old women who had bilateral silicone implant of the
breast in 1976 and developed HT in 1991. In addition, the patient
complained of other non-specific symptoms including fatigue,
morning stiffness, and sicca syndrome. Thyroid ultrasonography
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showed an enlarged thyroid gland with a diffusely hypoecho-
genic pattern. The implants were painful and removed, showing
extremely dense connective tissue with fibrosis. The second case
of HT presented with hyperthyroidism clinical manifestation,
10 years after the silicon implantation, reporting positive anti-
TPO. The implants were again painful, and the patient developed
positive antinuclear antibodies (ANA). An animal experiment
aimed to evaluate the immunological adjuvancy potential of
silicone gel taken from breast implants (54). The study has found
that silicone gel is able to stimulate the production of autoan-
tibodies to rat thyroglobulin and bovine collagen II. However,
this immune reaction was not associated with any histological
evidence of thyroiditis or arthritis.

A cohort study was performed to assess the risk of new onset
autoimmune disease in young women exposed to human papillo-
mavirus-16/18 AS04-adjuvanted vaccine in the United Kingdom
(55). The study reported an incidence rate ratio (95% CI) of 3.75
(1.25-11.31) for autoimmune thyroiditis among females.

An animal study has reported that immunization of BALB/c
mice with the extracellular domain of the human TSH receptor
led to the production of TSH binding-inhibiting and thyroid-
blocking antibodies accompanied by lymphocytic infiltration of
the thyroid (56).
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Antirheumatic Agents in
Rheumatoid Arthritis

Sofie Bliddal’, Stina Willemoes Borresen' and Ulla Feldt-Rasmussen*

Department of Medical Endocrinology, Copenhagen University Hospital, Rigshospitalet, Copenhagen, Denmark

With the increased pro-inflammatory response in both rheumatoid arthritis and thyroid
autoimmune diseases, treatment with biological antirheumatic agents (BAAs) of the
former may affect the course of the latter. In hepatitis C and cancer patients, treatment
with biological agents substantially increases the risk of developing thyroid autoimmunity.
As the use of BAAs in the treatment of rheumatoid arthritis is increasing, this review
aimed to investigate if such use affected thyroid status in rheumatoid arthritis patients.
We conducted a systematic literature search and included six studies with a total of 311
patients as well as three case reports. The patients were treated with tumor necrosis fac-
tor-a inhibitors (infliximab, etanercept, or adalimumab) or the monoclonal CD20-antibody
rituximab. There was a non-significant trend of slight improvement of both thyroid
function and autoantibody status: a reduction of thyroid peroxidase and thyroglobulin
antibody concentrations, and a reduction of thyrotropin levels in hypothyroid patients.
Despite the small number of studies, they presented compliant data. The BAAs used in
rheumatoid arthritis thus did not seem to negatively affect thyroid status in patients with
rheumatoid arthritis and can be considered safe with regard to thyroid autoimmunity.
However, the well-established association between rheumatic diseases and thyroid
autoimmunity necessitates continued monitoring of thyroid function in patients with
rheumatoid arthritis. Each new BAA should be scrutinized for its effect on thyroid as
well as other autoimmune diseases in order to establish concise recommmendations for
patient follow-up for each agent and each disease.

Keywords: autoimmune thyroiditis, rheumatoid arthritis, biological antirheumatic agents, Hashimoto’s thyroiditis,
Graves’ disease, thyroperoxidase antibody, thyroglobulin antibody, tumor necrosis factor-alpha inhibitors

INTRODUCTION

Autoimmune thyroid diseases are the most common autoimmune diseases and are often associ-
ated with the presence of other organ-specific or non-organ-specific autoimmune diseases (1).
The coexistence of thyroid autoimmunity and rheumatoid arthritis has been acknowledged for
over a century (2). Population studies have confirmed an increased prevalence of autoimmune
thyroid disease in patients with rheumatoid arthritis and conversely, an increased prevalence of
rheumatoid arthritis in patients with autoimmune thyroid disease (3, 4). Boelaert et al. (5) asked
3,286 thyroid patients to report other autoimmune diagnoses among themselves and their rela-
tives. Rheumatoid arthritis was the most prevalent coexisting autoimmune disease occurring in
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3.15% of patients with Graves’ disease and 4.24% of patients with
Hashimoto’s thyroiditis (5). Similarly, Fallahi et al. (6) found a
2.4% prevalence of rheumatoid arthritis in 3,069 patients with
verified autoimmune thyroiditis, which was significantly higher
than in patients with multinodular goiter and in thyroid-healthy
age- and sex-matched controls (p < 0.0001). In a recent meta-
analysis (7), patients with rheumatoid arthritis had a three times
higher risk of having thyroid autoantibodies than healthy con-
trols [thyroglobulin autoantibody (TgAb): OR 3.17 (2.24-4.49)
and thyroglobulin autoantibody (TPOAb): OR 2.33 (1.24-4.39)].
Although an association between thyroid autoimmunity and
rheumatoid arthritis has been demonstrated, the causality is not
yet established. However, there is increasing awareness of a pos-
sible common pathogenesis behind autoimmune diseases poten-
tially caused by an underlying immunological breach resulting in
disruption of self-tolerance (8). It is generally believed that both
autoimmune thyroid disease and rheumatoid arthritis occur as
a result of multiple factors (genetic susceptibility, endogenous,
and environmental) (1, 9, 10). A malfunctioning T and B cell
regulation causing reactions against autoantigens is involved
in both conditions with antibody production in rheumatoid
arthritis (theumatoid factor and anti-cyclic citrullinated peptide)
and thyroid autoimmunity (thyroid peroxidase, thyroglobulin,
and thyroid stimulating hormone receptor antibodies) (1). Such
T and B cell regulation is highly complex, but is intertwined
with expression of various cytokines. Both cytokine production
and B cell function are among the targets of newer biological
antirheumatic agents (BAAs), which are increasingly used in the
treatment of rheumatoid arthritis (11, 12). Current guidelines
generally recommend treatment with BAAs when there is either
insufficient response to treatment with the conventional disease
modifying antirheumatic drugs or in the presence of unfavorable
prognostic markers (autoantibodies, high disease activity, early
erosions, and failure of two conventional disease modifying
antirheumatic drugs) (11, 12). Although an increasing amount of
antirheumatic agents exist, the most commonly used in the treat-
ment of rheumatoid arthritis is the group of inhibitors of tumor
necrosis factor-o (TNF-a). This pro-inflammatory cytokine plays
a vital role in the immunological activation related to the auto-
immune inflammatory patterns in rheumatoid arthritis. TNF-a
expression has also been shown to be increased in patients with
autoimmune thyroid disease, and therefore, treatment with TNE-
a inhibitors could possibly effect thyroid autoimmune status as
well (13). In previous studies of older immunomodulatory agents
(e.g., interferon-a) in patients with multiple sclerosis and hepatitis
C, it has long been known that thyroid autoimmunity develop in
more than one-third of such patients (14-16). A mutual affec-
tion of the immune system in rheumatoid arthritis and thyroid
autoimmunity makes the use of BAAs relevant also within the
field of thyroid autoimmunity. The present review investigates
the association between biological antirheumatic treatment of
rheumatoid arthritis and affection of thyroid autoimmunity.

METHODS

In March 2017, a Medline literature search was performed using

key terms of “rheumatoid arthritis,” “thyroid,” and alternately

generic and commercial names of known BAAs. Identified
studies were initially screened by title and abstract, and full
text retrieved for further scrutiny. Further, the reference lists of
included studies were checked. Only original studies evaluat-
ing thyroid autoimmunity during treatment with BAAs for
rheumatoid arthritis were eligible for inclusion. Case reports
were included and presented separately. All relevant data were
carefully extracted from each included paper and txabulated
independently by two authors (Sofie Bliddal and Stina Willemoes
Borresen). Extracted data included: first author, publication year,
number of patients, the studied BAA, patients’ other medication,
follow-up, method and cut-off used for detecting thyroid anti-
bodies, known autoimmune thyroid disease, and thyroid status
including autoimmunity before and after treatment with the BAA.
Any disagreements were resolved by consensus. In some studies,
the proportion of patients with positive thyroid antibodies was
not reported directly, but could be calculated from study data.

RESULTS
Study Characteristics

A total of 14 relevant articles were identified. Upon scrutiny, five
articles failed to comply with the inclusion criteria or had insuf-
ficient outcome reports of thyroid status, leaving six included
articles (17-22),in atotal 311 patients, and three were case reports
(23-25). The studies included five prospective cohort studies of
previous BAA-naive patients with rheumatoid arthritis (17-20,22)
and one cross-sectional study of patients with rheumatoid arthri-
tis who had received treatment with BAAs (Table 1) (21). The
TNF-a inhibitors adalimumab (ADM), infliximab (INX), and
etanercept (ETC) were used in three (17, 21, 22), four (18-21),
and two (18, 21) studies, respectively. The monoclonal CD20
antibody rituximab (RIX) was used in two studies (20, 21). One
of these was a cross-sectional study (21) and the other did not
stratify results from patients treated with RIX from results of
patients treated with the TNF-a inhibitor INX (20). One study
(20) excluded patients with previously known thyroid disease,
three studies (17, 21, 22) and two studies (18, 19) did not report
whether they excluded these patients. All six studies reported
the number of TPOADb-positive patients, and three studies
(17, 20, 21) reported TgAb positivity. Additionally, two studies
(20, 22) reported the TPOAD levels and one study (20) reported
the TgAb levels. Two studies (20, 22) reported mean TSH and free
thyroxine (FT4) levels.

Thyroid Autoimmunity

Biological antirheumatic treatment did not seem to affect the
number of TPOAb-positive patients, which varied from 0 to 30%
of patients at baseline and 0 to 25% at follow-up (Figure 1A;
Table 1). Two studies reported a single patient turning TPOAb-
positive after treatment with ADM (17, 22), and the number of
TPOAD-positive patients was unchanged in two studies of INX
(19) or INX/RIX (20), respectively. Likewise, only one TgAb-
positive patient turned antibody-negative and none in a study of
ADM (17) (Figure 1B). In the study of Caramaschi et al. (18), six
patients treated with INX shifted from negative to positive thy-
roid antibodies and four patients shifted from positive to negative
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TABLE 1 | Studies of thyroid status in rheumatoid arthritis patients treated with BAAs.

Reference Study group BAA Dosage Other treatment  Antibody Antibody Baseline Follow-up Outcome
assay cut-off time
Antibody positivity Thyroid function Antibody Thyroid function
positivity
Atzeni 20 RA pts ADM 40 mg/2 weeks MTX: 20/20 ICMA TPOAD: 35 TPOAb: 6/20 (30%) HT: 3/20 (15%) 6 months ~ TPOAb: 5/20 NA
etal. (17) (17 women) (100%) (immulite 1U/mL TgAb: 8/20 (40%) (25%)
GC: 13/20 (65%) 2000, DPC) TgAb: 40 TgAb: 8/20
NSAID: 14/20 1U/mL (40%)
(70%)
Caramaschi 54 RA pts INX'n =43 INX 3 mg/kg on MTX: 52/54 (96%) ELISA TPOADb: 35 TPOADb: 6/54 (11%) NA 12 months  TPOAb: 6/54 All euthyroid
etal (18) (46 women) ETCn=11  weekO, 2,6 and Azathioprine: 2/54 U/mL TgAb: 7/54 (13%) (11%),
every 8 weeks (4%) TgAb: 40 +4 Ab positive pts? TgAb: 7/54 (13%)
ETC 2 x 25 mg/week 1U/mL (12 INX, 1 ETC)
Shift Ab-neg to
Ab-pos: 6 pts
Shift Ab-pos to
Ab-neg: 4 pts
(INX)2
Elkayam 26 RA pts INX 3 mg/kg on week 0, 2, MTX 26/26 (100%) ELISA (Zeus TPOAb: 25 TPOADb: 0/26 NA 14 weeks  TPOAb: 0/26 NA
etal. (19) (17 women) 6, and every 8 weeks Scientific) 1U/mL
Kaklamanos 36 rheumatic INXn =18 INX 200, 350, or MTX: 13/36 (36%) CMIA TPOAb: TPOADb: 4/36 (11%) TSH (mean + SD): 3 years TPOADb: 4/36 TSH (mean + SD):
et al. (20) pts® (28 (14 RA pts) 500 mg Prednisolone: (Architect 5.611U/mL  TgAb: 6/36 (17%)\ 1.7 +1.2mU/L (11%) 1.8+ 1.2mU/L
women) RIXn =18 RIX 16/36 (44%) i2000, TgAb: 4.11  TPOAD level FT4 (mean + SD): TgAb: 5/36 FT4 (mean + SD):
(12 RA pts) 2 x 1,000 mg/2 weeks Leflunomide: 3/36  Abbott) 1U/mL (mean + SD): 15.3 £ 3.7 pmol/L (14%) 15.4 + 3.6 pmol/L
or 4 x 500 mg/week (8%) 36.8 +44.9 TPOAD level
HCQ: 2/36 (6%) TgADb level (mean + SD):
(mean + SD): 20.2 +16.7
106 +7.1 TgAD level
(mean + SD):
9.3+56.5
Koszarny 37 RA pts with INX, ETC, NA MTX, other ELISA TPOAb: 50 NA NA NA (cross- TPOAD: 4/37 NA
etal. (21) a history of ADM, or RIX¢ DMARDs, (Euroimmun)  1U/mL sectional)  (11%)
BAA treatment® prednisolone® TgAb: 100 TgAb: 2/37 (5%)
1U/mL
TRAD: 2
1U/mL
Raterman 138 RA pts ADM NA MTX 108/138 ELISA TPOADb: 34 TPOAb: 21/138 Mean TSH: 6 months ~ TPOAb: 20/138  Mean TSH:
etal. (22) with known (78%) (Cobas® 1U/mL (15%) 1.5 muU/L (15%) 1.3 mu/L*
thyroid status Prednisolone analyzer) TPOAD level TPOAD level
(106 women) 47/138 (34%) (median): 267 IU/mL 201 IU/mL*
No. DMARDs
used: 2-6
(Continued)
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TABLE 1 | Continued

Reference Study group BAA Dosage Other treatment  Antibody Antibody Baseline Follow-up
assay cut-off time

Antibody positivity Thyroid function

Hypothyroid pts TPOAb: 11/18 18/138 (13%) 6 months
(61%)
TPOAD level Mean TSH:
(median): 325 4.1 mU/L
IU/mL

Euthyroid pts TPOAb: 9/113 113/138 (82%) 6 months
(8%)
TPOAD level Mean TSH:

(median): 114 1U/mL 1.4 mU/L

Hyperthyroid TPOAb: 1/7 (14%) 7/138 (5%) 6 months
pts

TPOAD level: 73 Mean TSH:

IU/mL 0.5 mU/L

Outcome
Antibody Thyroid function
positivity
TPOAD: 12/18 16/138 (12%)
(67%)
TPOAD level Mean TSH:
(median) 282 3.5 mU/L
IU/mL
TPOAD: 7/113 7/138 (6%)
(6%)
TPOAD level Mean TSH:
(median) 108 1.3 muU/L
IU/mL
TPOAD: 1/7 7/138 (6%)
(14%)
TPOAD level Mean TSH:
49 IU/mL 0.5 muU/L

#Not reported whether TPOAb and/or TgAb.

bTwenty-six patients with RA, six patients with SLE, four patients with sero-negative arthritis. The study further included three different control groups.
°The number of female patients not reported. The study also included 38 patients BAA-naive RA patients.

9The number of patients treated with each drug not reported.

*0 < 0.05 compared to baseline data.

ADM, adalimumab; BAAs, biological antirheumatic agents; CMIA, Chemiluminescent microparticle immunoassay; ETC, etanercept; HCQ, Hydroxychloroquine; FT4, free thyroxine;, HT, Hashimoto’s thyroiditis; ICMA,
immunochemiluminescence assay; INX, infliximab; MTX, methotrexate; NA, data not available; pts, patients; RA, rheumatoid arthritis; RIX, rituximab; TgAbs, thyroglobulin autoantibodies; TPOAbs, thyroid peroxidase autoantibodies;

TRAbs, thyrotropin receptor autoantibodies.
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FIGURE 1 | Proportion of TPOAb-positive (A) and TgAb-positive (B) patients at baseline and follow-up in patients with rheumatoid arthritis treated with biological
antirheumatic agents (BAAs). Studies are presented by first author name (reference number) (BAA). *In four patients at baseline and six patients at follow-up, no
distinction was made between TPOAb-positivity and TgAb-positivity, and thus the reported thyroid autoantibody prevalence was included in both Figures 1A,B.
Abbreviations: ADM, adalimumab; ETC, etanercept; INX, infliximab; RIX, rituximab; NA, not available. TgAb, thyroglobulin autoantibody; TPOAD, thyroid peroxidase
autoantibody.

antibodies (no distinction was made between TPOAb and TgAb
positivity). In a cross-sectional study (21), TPOAb-positivity
was found in 4/37 (11%) patients with a history of biological
antirheumatic treatment, which was similar to the 3/38 (8%)
of patients who were BAA-naive. The corresponding numbers
of TgAb-positive patients were 2/37 (5%) and 4/38 (11%) for
patients who had or had not received biological antirheumatic
treatment, respectively.

Decreased or unchanged thyroid antibody levels were
reported in two studies. In Raterman et al. (22), the mean TPOAb
concentration decreased from 267 to 201 IU/mL (p = 0.048) in

TPOADb-positive patients after 6 months of treatment with ADM.
In Kaklamanos et al. (20), mean TPOADb concentration decreased
insignificantly from 36.8 to 20.2 IU/mL in TPOAb-positive
patients after 24-40 months treatment with INX or RIX. Likewise,
mean TgAb concentration was unaffected in TgAb-positive
patients (mean TgAb level 10.6-9.3 IU/mL) (20).

Thyroid Function

Two studies investigated changes in thyroid function before and
after biological antirheumatic treatment (20, 22). In Raterman
et al. (22), treatment with ADM led to a decrease in mean TSH
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level from 1.5 to 1.3 mU/L (p = 0.0014) in the total group, whereas
FT4 levels did not change. The decrease in TSH was larger in
(previous) hypothyroid patients compared with euthyroid
patients, but TSH also decreased in 8/10 of the hypothyroid
patients who were not treated with L-thyroxine. Two of these
patients became euthyroid after 6 months treatment with ADM
(22). In Kaklamanos et al. (20), mean TSH changed from 1.7 to
1.8 IU/L, and FT4 changed from 15.3 to 15.4 pmol/L, yet both
not significantly.

Cases

Our search revealed three case reports of autoimmune thyroiditis
in patients with rheumatoid arthritis treated with a BAA. Two
cases (23, 24) reported hyperthyroidism in patients treated with
anti-TNFa. The first case (23) reported transient hyperthyroid-
ism, lasting 1 month, in a patient after 6 months of treatment
with ETC (TPOAb and TgAb negative, TRAb not measured). Ina
second case report (24), a 70-year-old women developed Graves’
disease after 8 years of treatment with ADM. Interestingly, one
case reported improvement of previously known autoimmune
hypothyroidism in a patient after treatment with RIX (25).
TPOADbs declined to undetectable levels after 6 months of treat-
ment with RIX, and in an unchanged L-thyroxine dose the patient
became clinically hyperthyroid with a TSH decline from 1.18 to
0.10 mU/L (25).

DISCUSSION

The present review showed that the BAAs used to treat rheu-
matoid arthritis did not seem to induce or worsen autoimmune
thyroid disease. On the contrary, there was a tendency toward a
positive effect; a reduction of TPOAb and TgAb concentrations
and a reduction of TSH levels in hypothyroid patients. Despite the
small number of included studies with diverse immunomodula-
tory agents (mainly TNF-a inhibitors, a few of RIX), the studies
presented compliant data.

Due to its multiple immunological mechanisms, TNF-a has
been previously investigated in thyroid patients. Both hypo- and
hyperthyroid patients had significantly higher levels of TNF-a
compared to controls, and in hyperthyroid patients successful
treatment led to normalization of TNF-a levels (13). However,
as demonstrated in the cases reported by van Lieshout (24) and
Allanore (23), hyperthyroidism was diagnosed after initiation of
anti-TNF-a therapy. It is difficult to assess whether this could
be attributed to the treatment or an incidental finding due to
a general susceptibility toward autoimmune thyroid disease in
patients with rheumatoid arthritis (8). Also, autoimmune thy-
roid disease has been previously reported to fluctuate between
hypo- and hyperthyroidism according to the prevailing subtype
of (stimulating or blocking) thyrotropin receptor antibodies
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The consumption of soft drinks is a crucial factor in determining persistent hypocalcemia.
The aim of the study is to evaluate the biochemical mechanisms inducing hypocalcemia
in a female patient with usual high consumption of cola drink and persistent hypocalce-
mia, who failed to respond to high doses of calcium and calcitriol supplementation. At
baseline and after pentagastrin injection, gastric secretion (Gs) and duodenal secretion
(Ds) samples were collected and calcium and total phosphorus (Piwi) concentrations
were evaluated. At the same time, blood calcium, Pi:, sodium, potassium, chloride,
magnesium concentrations, and vitamin D were sampled. After intake of cola (1 L) over
180 min, Gs and Ds and blood were collected and characterized in order to analyze
the amount of calcium and Py or sodium, potassium, magnesium, and chloride ions,
respectively. A strong pH decrease was observed after cola intake with an increase in
phosphorus concentration. Consequently, a decrease in calcium concentration in Gs
and Ds was observed. A decrease in calcium concentration was also observed in blood.
In conclusion, we confirm that in patients with postsurgical hypoparathyroidism, the
intake of large amounts of cola containing high amounts of phosphoric acid reduces
calcium absorption efficiency despite the high doses of calcium therapy.

Keywords: hypocalcemia, cola, hypoparathyroidism, hyperphosphatemia, calcium absorption

INTRODUCTION

The consumption of soft drinks, full of phosphoric acid, is a potential factor determining hypoc-
alcemia, notably in patients with hypoparathyroidism. Postoperative hypoparathyroidism and
subsequent hypocalcemia are the most frequent complications of total thyroidectomy. Generally,
postoperative hypoparathyroidism is associated with transient hypocalcemia. Indeed about
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Guarnotta et al.

Hypocalcemia Cola-Induced in Hypoparathyroidism

60-70% of cases of postoperative hypocalcemia resolve within
4-6 weeks after surgery, while about 2-10% of patients develop
chronic hypoparathyroidism and hypocalcemia (1). Only a small
proportion of thyroidectomized patients receiving supplemental
calcium therapy remains hypocalcemic (2, 3). Some patients’
treatment fails to respond to calcium supplementation because of
unrecognized celiac disease or, less frequently, through unknown
causes.

In both the clinical (4, 5) and experimental settings (6), heavy
consumption of cola soft drinks is associated with hypocalcemia,
and with increased risk of bone fractures (7-9). Indeed, it is well
known that in patients with normally functioning parathyroids,
oral or parenteral phosphate intake can decrease serum calcium
levels by reducing calcium intestinal absorption or increasing
calcium excretion (10).

Therefore, patients with postoperative hypoparathyroidism
may appear to be more fragile than other patients, if exposed to
high doses of cola.

Here, we describe the case of a patient with postsurgical
hypoparathyroidism-related hypocalcemia who was treated with
high doses of oral calcium and calcitriol supplements, without
reaching a good control of calcium levels.

BACKGROUND

A 28-year-old woman was hospitalized in our Section of
Endocrinology with severe and recurrent hypocalcemic crises (12
times/year). She had undergone total thyroidectomy 8 months
before our observation, with postsurgical hypoparathyroidism.
She was treated with oral calcium carbonate (10 g/day), calci-
triol (2 pg/day), and levo-thyroxine (125 pg/day). Serum total
calcemia and phosphoremia were 6 and 5 mg/dL, respectively.
Renal, hepatic functions, and serum electrophoretogram were
normal. Urinary calcium and phosphorus ions were increased,
while calcitonin levels were detectable, due to the persistence
of a minimal micro thyroid tissue of 5 mm (Table 1). Celiac
disease was excluded based on negativity for serum antibodies
(anti-tissue transglutaminase and anti-endomysial), small bowel
biopsy, and genetic testing (human leukocyte antigen test).
Attempts to normalize calcemia with other calcium formulations
(calcium carbonate plus gluconate, calcium lactate, and calcium
citrate) were unsuccessful.

Careful evaluation of the patient’s history revealed satisfactory
compliance with the medical treatment but also habitual heavy
daily cola consumption (about 2 L/day). We attempted a complete
withdrawal of cola for 2 weeks, and the patient restored normal
concentrations of both calcium and phosphorus ions in serum
and urine (Table 1). Accordingly, the daily dose of calcium car-
bonate and calcitriol was decreased from 10 to 5 g/day and from
2 to 1 pg/day, respectively.

To understand the reasons for this significant decrease in
calcium supplementation treatment, we designed a protocol
evaluating the effect of oral diet cola intake on calcium absorp-
tion in the stomach and duodenum. This study was carried out
in accordance with the recommendations of the University of
Palermo/Policlinico Paolo Giaccone committee with written
informed consent from the subject. Patient gave written informed

TABLE 1 | Baseline clinical and biochemical parameters at first
observation and after the interruption of cola’s intake.

Parameters Baseline After cola’s interruption
Weight (kg) 66 67
BMI (kg/m?) 25.2 25.6
Urea (mg/dL) 24 34
Creatinine (mg/dL) 0.9 0.8
Na* (mEq/L) 138 140
K* (mEg/L) 3.9 4.7
Cl (mEq/L) 98 105
Ca? (mg/dL) 7 9.4
P (mg/dL) 6.5 4.7
Mg?+ (mg/dL) 1.6 1.7
Albumin (g/dL) 4.1 4.2
Total proteins (g/dL) 7.2 7.4
25 hydroxy vitamin D (ng/mL) 9.7 156.6

Parathyroid hormone (pg/mL) 1 1

Alkaline phosphatase (U/L) 16 19.6
Osteocalcin (ng/mL) 15 12
Glycemia (mg/dL) 84 78
Urinary calcium/24 h (g/day) 45 30
Urinary phosphorus/24 h (g/day) 70 29
AST (U/L) 15 14
ALT (UL 16 18
Beta C-terminal telopeptide (ng/mL) 0.2 0.2
TSH (uU/mL) 2.1 1.8
FT4 (ng/dL) 0.9 1
FT3 (pg/mL) 3.5 3.9
Calcitonin (pg/mL) 1.9 1.6

consent in accordance with the Declaration of Helsinki and the
recommendations of the University of Palermo/Policlinico Paolo
Giaccone committee.

After an overnight fast, multilumen manometric probes in
combination with an open-end tip were endoscopically placed
via the nasal passage to take gastric secretion (Gs) and duodenal
secretion (Ds). The baseline Gs pH was 2.6.

An hour before the experimental procedure, a single dose of
calcium carbonate (2 g) was administered orally to the patient. At
baseline, 10 mL of Gs and Ds samples were obtained, and calcium
and total phosphorus (P« = H;PO,, H,PO,, HPO?, and PO}")
concentrations were evaluated. In addition, the calcium, Py,
sodium, potassium, magnesium, chloride, and vitamin D con-
centrations in the blood were evaluated.

Pentagastrin (6 pg/kg) was injected to stimulate Gs. After 5
and 30 min, Gs and blood samples were collected and the con-
centrations of calcium, Py, sodium, potassium, magnesium, and
chloride ions were estimated.

Afterward, the patient orally took 1 L of diet cola, without
sugar, to avoid the simulation of endogenous insulin secretion
and intracellular phosphate shift, over 180 min (330 mL every
60 min). Gs was drawn from the stomach every 15 min over
180 min after administration of cola, whereas Ds was collected at
times 60, 75, 120, and 180 min. In addition, blood samples were
obtained every 30 min over 180 min (Figure 1). At the end of the
procedure, a urine sample was collected for determination of the
urinary calcium and phosphorus.

The day after, pH monitoring was done by placing a pH probe
(5 cm) above the upper border of the manometrically determined
lower esophageal sphincter.

Frontiers in Endocrinology | www.frontiersin.org

94

January 2017 | Volume 8 | Article 7


http://www.frontiersin.org/Endocrinology/
http://www.frontiersin.org
http://www.frontiersin.org/Endocrinology/archive

Guarnotta et al.

Hypocalcemia Cola-Induced in Hypoparathyroidism

A B
Cola Gs Cola Ds
5 8 1
4.5 Pentagastrin 7 v
4 6
3.5 "
3
PH 5 PH 4
2 \ 3
1.5
N 2
0.5 1
0 0
0 5a 15a 30a 60a 15b 30b 45b 60b 75b 90b 105b120b135b150b165b180b 0 60 75 120 180
Time (min)
Time (min)
. Cola Cola
c 72 Pentagastrin 1 Gs b a 1 Ds
7
o5 s W
s.g 3
45 25
Ca 3‘; Ca 2
(mg/L) ™3 (mg/Lh 5
2.5
2 1
1.
i 05
o.g 0
0 5a 15a 30a 60a 15b 30b 45b 60b 75b 90b 105b120b135b150b165b180b 0 60 75 120 180
Time (min)
Time (min)
E 1400 I Gs F 100 Ds
I Cola
1200 ' pentagastrin 1 1000
1000 1
800 800 C‘.’h
(me) )
mg
400 a0 WV,
200 200
0
0 5a 15a 30a 60a 15b 30b 45b 60b 75b 90b 105b120b135b150b165b180b 0
0 60 75 120 180
Time (min) Time (min)

FIGURE 1 | Gastric secretion (Gs) analysis during pentagastrin stimulation (a) and cola intake (b). (A) pH changes in gastric content. (C) Ca changes in
gastric content. (E) Total phosphorus (Pi) changes in gastric content. Duodenal secretion (Ds) changes before (time 0) and after cola intake. (B) pH changes in
duodenal content. (D) Ca changes in duodenal content. (F) P changes in duodenal content.

In basal conditions, serum calcium, phosphorus, magnesium,
sodium, potassium, chloride, glycemia, and urinary calcium and
phosphorus were in the normal range (results not shown), as were
the gastric and duodenal Py levels (Figure 1). A pentagastrin
injection caused a slight decrease in pH after 5 min followed by
an increase over 60 min (Figure 1). No differences were observed
for serum and urinary parameters (results not shown). A slight
change in gastric calcium and phosphorus was observed from 5
to 30 min after a pentagastrin injection, whereas a remarkable
increase in Py level was observed after 60 min (Figure 1).

Cola drinking caused a strong decrease in pH value (Figure 1),
and both in stomach and in duodenum, a strong reduction of
calcium concentration and a concomitant increase of phosphorus
concentration (Figure 1) were detected.

A similar trend was observed in serum, namely a decrease
in calcium concentration (9.4 vs. 8.0 mg/dL) and an increase in
the phosphorus one (3.8 vs. 5.6 mg/dL). In addition, increases
in the calcium/creatinine ratio (29.2 vs. 48.4) and phosphorus/

creatinine ratio (67.8 vs. 109.8) were observed. No differences
in sodium, potassium, chloride, magnesium, and glycemia levels
were detected (results not shown).

Slight but not significant gastroduodenal reflux was detected
by the pH meter.

DISCUSSION

This report describes a case of a patient with severe hypocalcemia
secondary to iatrogenic hypoparathyroidism, who because of cola
consumption was not responsive to high doses of oral calcium
and calcitriol supplementation.

As is well known, calcium is generally absorbed by two
general mechanisms in the small intestine. The transcellular
active process, located in the duodenum and upper jejunum,
involves three major steps: calcium entry across the brush
border by calcium transport protein (CaT1); intracellular dif-
fusion, mediated largely by calbindin; and extrusion, mediated
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by calcium pumps ATPase dependent calcium pumps. The
paracellular, passive mechanism occurs in the entire intestine.
When calcium intake is low, transcellular calcium transport
accounts for a large fraction of the absorbed calcium. When
calcium intake is high, transcellular transport accounts for a
small part of the absorbed calcium, because CaT1 and calbindin
are downregulated (11).

It has been reported that the precipitation of calcium phos-
phate salts is initiated by a reaction of the calcium and hydrogen
phosphate ions, leading to calcium hydrogen phosphate (12-14).
The maximal product of the molar concentrations of these ions,
which can exist in solution without precipitation, defines their
solubility product. When this solubility product exceeds the
normal value, precipitation occurs. The solubility product for
calcium hydrogen phosphate has been estimated in vitro under
physiological conditions of temperature, ionic strength, pH, and
comparable Ca/P molar concentration ratios (11, 12), and the
estimates range from 2.4 to 2.5 X 107° mol/L.

As is well known, cola represents a strong exogenous source
of phosphate, due to high phosphorus content (about 15-20 mg/
dL), more than other carbonated soft drinks (15). In this case,
the consumption of cola (330 mL every 60 min) caused a sudden
change in the pH gastric values as a consequence of the strong
cola acidity (pH 1.8). The effect of cola on the calcium concentra-
tion seems to be connected to its high phosphate concentration.
Indeed, when the cola drink was ingested a considerable decrease
in the calcium concentration and, of course, an increase in the
phosphorus concentration was observed. After this effect, due to
the formation of calcium phosphate species, an increase in both
calcium and phosphorus concentrations was detected, probably
due to slow release (dissociation) of calcium and phosphorus
species. The intake of a second (after 60 min) and third (after
120 min) cola drink caused a qualitatively comparable effect on
the calcium and phosphorus ions. Notably, only a small concen-
tration of Ca** ions is available during the consumption of cola.
These effects were observed both in stomach and in duodenum.
Indeed, the intestinal content variations largely reflect those of
the stomach.

Unexpectedly, a small pH variation was observed during the
experimental procedure. Indeed, after the first significant change
from 2.54 up to 1.92, the pH value seems to fluctuate around
22+0.2.

A comparison between the gastric calcium and phosphorus
levels after pentagastrin stimulation and cola intake might sug-
gest that cola has the effect of slowing down the reset of the initial
calcium concentration and increasing phosphorus levels, more
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The year following parturition is a critical time for the de novo appearance or exacerbation
of autoimmune diseases, including autoimmune thyroid disease. The vast majority of
postpartum thyroid disease consists of postpartum thyroiditis (PPT) and the minority
by Graves’ disease and non-autoimmune thyroiditis. PPT has a worldwide prevalence
ranging from 1 to 22% and averaging 5% based on a review published in 2012. Several
factors confer risk for the development of PPT. Typically, the clinical course of PPT is char-
acterized by three phases: thyrotoxic, hypothyroid, and euthyroid phase. Approximately
half of PPT women will have permanent hypothyroidism. The best humoral marker for
predictivity, already during the first trimester of gestation, is considered positivity for
thyroperoxidase autoantibodies (TPOAb), though only one-third to half of such TPOAb-
positive pregnant women will develop PPT. Nutraceuticals (such as selenium) or omega-
3-fatty acid supplements seem to have a role in prevention of PPT. In a recent study on
pregnant women with stable dietary habits, we found that the fish consumers had lower
rates of positivity (and lower serum levels) of both TPOAb and thyroglobulin Ab compared
to meat eaters. Finally, we remind the reader of other diseases that can be observed in
the postpartum period, either autoimmune or non-autoimmune, thyroid or non-thyroid.

Keywords: postpartum thyroiditis, thyroid autoimmunity, non-autoimmune thyroiditis, Graves’ disease, thyroid
autoantibodies

INTRODUCTION

The postpartum period, especially its first year, is a critical time for the onset, exacerbation, or relapse
of autoimmune diseases. The literature on this topic is relatively scarce, as a PubMed search run on
February, 2017 by using the string “postpartum and autoimmunity” yielded only 139 articles. Before
discussing of postpartum thyroid diseases (PPTDs) and especially of postpartum thyroiditis (PPT),
we would like to remind the existence of autoimmune endocrine diseases involving glands other than
thyroid (1-20) as well as of thyroid diseases of non-autoimmune nature (21-27), as summarized in
Table 1.

POSTPARTUM THYROID AUTOIMMUNITY

Postpartum Graves’ Disease (GD)

As well known, GD is an autoimmune disorder characterized by hyperthyroidism, with or without
associated ophthalmopathy. Its pathogenesis is related to loss of tolerance to autoantigen thyroid-
stimulating hormone receptor that leads to the infiltration of the gland.
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TABLE 1 | Endocrinopathies in the postpartum period.

Endocrinopathy Comments

Postpartum Addison’s disease (1-7)

It is a rare disease. Its diagnosis can be overlooked during pregnancy and after parturition. Indeed,

fatigue, anorexia, vomiting, and hyperpigmentation can be easily confused with similar symptoms that
occur frequently during gestation and/or postpartum. Because unrecognized, acute, and frequently fatal
addisonian crises may occur in the postpartum period

Hypopituitarism [Postpartum lymphocytic hypophysitis
(PPLH) and Sheehan’s syndrome] (8—-20)

PPHL or autoimmune hypophysitis is mostly observed in women during pregnancy or after delivery,
though it may also occur in males and children. PPLH is frequently associated with autoimmune diseases,

particularly with Hashimoto’s thyroiditis

Either PPLH or the non-autoimmune postpartum pituitary gland ischemic necrosis (Sheehan’s syndrome)
can be associated with postpartum thyroiditis (PPT)

Non-autoimmune thyroiditis (21-27)

This form of thyroiditis is far less frequent than PPT

Infective forms of thyroiditis with subacute or acute course have been reported in the postpartum setting
caused by Brucella melitensis or Mycobacterium tuberculosis. The symptoms reproduce a thyrotoxic
picture (nervousness, palpitations, and loss of weight) with moderately painful goiter and fever (37.5°C).

It is important to emphasize that in some cases inflammatory changes seen in subacute thyroiditis can
obscure sonographic evidence of underlying papillary thyroid cancer. Also, a clinical picture of painful thyroid
enlargement, even with fever, and local mechanical complications can be due to intrathyroid hemorrhages

Studies indicate that new-onset autoimmune thyroid disease
(AITD) “occurs in up to 10% of all women in the postpartum
period and that up to 60% of GD patients in the reproductive
years give a history of postpartum onset” (28).

Two contemporary Canadian studies in the same province
(Ontario) but in different areas and on different categories of
women found different frequencies of PPT and postpartum GD
(29, 30). The Toronto area study on 1,372 unselected women
found that 78 (5.7%) had PPT and 3 (0.22%) GD; in addition,
1 other woman (0.07%) had postpartum thyrotoxicosis due to
toxic nodular goiter (29). Thus, the PPT to postpartum GD ratio
was 78:3 (26:1). Instead, in 40 Canadian women with type 1
diabetes mellitus (DM1) residing in the Hamilton area, the ratio
was 9:1, since PPTD consisted of PPT in 9 patients (22.5%) and
postpartum GD in 1 patient (2.5%) (30). The ratio between PPT
and postpartum GD can be inferred from additional studies. In
one Iranian investigation on 1,040 pregnant women (31), 119
had PPT (11.4%) and only 1 GD (1%), with a ratio of 119:1.
Instead, a Spanish study on 641 pregnant women (32), not all
of whom sampled at all-time points throughout 12 months
postpartum, found that 45 developed PPT [incidence rate 7.8%;
confidence interval (CI) 5.6-10%], 8 developed GD (incidence
rate 1.5%; CI 0.5-2.5%) and 3 developed non-palpable toxic thy-
roid adenoma-associated hyperthyroidism (incidence rate 0.5%;
CI 0-1.5%). Thus, the ratio between PPT and postpartum GD
was 6:1. Incidentally, this 8:3 (2.7:1) ratio between postpartum
GD and postpartum toxic adenoma matches the 3:1 ratio of the
aforementioned Canadian study (29). According to Japanese
authors (33), the frequency of postpartum GD in the general
population is estimated at around 0.5%, that is, 1 in 200 post-
partum women.

In two retrospective Italian studies (34, 35), the postpartum
period was a risk factor for relapse(s) of GD, not for the onset.
Instead, an earlier Swedish study concluded for a risky role of the
postpartum period in the onset of GD (36). In this study (36), 93
consecutive women with GD aged 20-40 years were examined for
a possible relation between onset of GD and previous pregnancy.

An increased relative risk of developing GD within 1 year follow-
ing delivery was found (RR = 6.5, CI 3.8-11.0). After excluding
the nulliparous women, almost two out of three women who
developed GD in the childbearing age of 20-35 years had a post-
partum onset, suggesting an important role of immunomodula-
tory events following delivery for the development of this disease
in young women. A similar relative risk (that is, RR = 5.6) was
reported for American women aged 35-39 years (37). This is
retrospective study on 152 consecutive women, aged 18-39 years
when diagnosed with GD (37). The authors found that, in parous
women, 45% were diagnosed with GD in the postpartum period
and 55% had an onset in subsequent years. The risk of developing
post-pregnancy GD was the greatest in the age band 35-39 years,
with 56% of them developing GD compared to 42% of nulliparous
women (37). In a Japanese retrospective study on 289 consecutive
women with GD, 92 were of childbearing age (20-39 years) and
had one or more deliveries (38). At least 37 patients had evident
postpartum onset of the disease. Thus, at least 40% of GD women
aged 20-39 years developed their disease during the postpartum
period (38). In another study, in women diagnosed with GD
during the ages of 20-35 years, 66% had a postpartum onset, and
women with a previous history of GD relapsed frequently in the
postpartum period (39).

In a French study (40), 98 patients with GD were compared to
95 patients with Hashimoto’s thyroiditis (HT) and to 97 patients
with benign thyroid nodules (control group) in order to evaluate
the triggering role of pregnancy and other major stressors in the
occurrence of AITDs. A stress factor was encountered in 11%
of GD women and 6% of HT or thyroid nodularity women, an
insignificant difference. Instead, in women of childbearing age,
GD after a pregnancy occurred more frequently than HT or
benign thyroid nodules (25 vs. 10 or 13%, p < 0.05). The author
concluded that the role of stressors, if any, in triggering GD seems
to be weak and dubious compared to the role of pregnancy and
postpartum.

Concerning possible prevention of GD relapse in the postpar-
tum, continuing antithyroid drugs therapy throughout pregnancy
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prevents recurrence of GD without neonatal hypothyroidism or
malformations (41). However, the use of methimazole is related
to its potential teratogenic effects, especially in the first trimester
of pregnancy (42).

Concerning medical therapy of GD and in view of the reference
made to the omega-3 fatty acids-rich fish in the next heading, it
is noteworthy mentioning the following case (43). A professor of
physiology self-reported her GD developed 4 months postpartum
with a TSH normalization, within 8 weeks of beginning flaxseed
oil supplement (5-1,000 mg tablets twice a day). Flaxseed oil is
over 50% omega-3 fatty acids (mainly alpha-linolenic acid), but
it also contains about 15% omega-6 fatty acids (mainly linoleic
acid) (43).

It is noteworthy that GD and PPT may affect the same woman,
at different times. A clear case of PPT (in the form of transient
thyrotoxicosis) in a young woman in whom GD had appeared
6 years earlier was reported (44). Shortly prior to becoming preg-
nant, an increase in thyroperoxidase autoantibodies (TPOAb) was
observed in this woman. In another Japanese woman with thyroid
hemiagenesis, GD was present in the pregnancy that preceded
the postpartum period during which PPT appeared (45). Other
case reports of PPT following GD have appeared in the literature
(46, 47), one being noteworthy because of the sequence onset of
GD — PPT — relapse of GD (47). The chronological sequence
of PPT preceding GD was described in three young Caucasian
women (48, 49). Based on the different pattern of radioiodine
thyroid uptake, rate of positivity and mean levels of TSH-binding
inhibiting antibodies, and evolution of hyperthyroidism in almost
100 women with GD followed up in the postpartum period, it
was concluded that PPTD develops frequently in the postpartum
period of patients with GD (50).

Finally, concurrent Sheehan’s syndrome and GD in the post-
partum has been reported (51). In this case report, GD appeared
first and Sheehan’s syndrome later.

Postpartum Thyroiditis

In this minireview, we will focus on the endocrine and autoim-
mune side of PPT, with no reference to the neuropsychological
disturbances, particularly the association with postpartum
depression (52, 53). Neuropsychological disturbances, such as
acute psychosis, can also occur in association with postpartum
GD (54). Very recently, we have reviewed the postpartum mood
disorders (55).

Postpartum thyroiditis is a thyroid dysfunction, characterized
by lymphocytic infiltration of the gland, which appears in the
first postpartum year in women who were euthyroid prior to
pregnancy (42, 53). The just released guidelines of the American
Thyroid Association (42) endorse the original definition by Amino
etal. (56), namely PPT is “the occurrence of thyroid dysfunction,
excluding GD, in the first postpartum year in women who were
euthyroid prior to pregnancy”

Epidemiology and Risk Factors

Based on a review published in 2012 (53), PPT has a worldwide
prevalence of approximately 5%, but ranging from 1 to 22%.
Because of its autoimmune nature, other autoimmune disorders
may appear years after PPT. In one study, 40 women (mean

age 36 years) with documented PPT 5 years earlier and 30 age-
matched healthy women who all had undergone normal delivery
an average of 5 years previously, were investigated (57). Women
with previous PPT had symptoms of dry eyes, caries, arthral-
gias, swollen joints, and fatigue significantly more often than
control group (p < 0.05). One-third (34%) of the women were
anti-SSB positive and 46% were anti-SSA positive at follow-up.
Furthermore, 15/35 women with a history of PPT had objectively
reduced tear and/or saliva secretion; 5/24 investigated women
had keratoconjunctivitis sicca, and 2/7 salivary gland biopsies
showed chronic lymphocytic sialadenitis. Three women (8.6%)
had both xerophthalmia and xerostomia. The authors concluded
that features of Sjogren’s syndrome are frequent in young women
with previous PPT (57).

Several factors confer risk for the development of PPT, a
major one being serum positivity for thyroid autoantibodies
(TAb) during gestation (53). Furthermore, based on a systematic
review (58), the risk for PPT conferred by positivity for TAb
during gestation is much greater than the risk for other out-
comes. Indeed, compared with women who are TAb negative,
odds ratio (OR) for maternal PPT was 11.5, greater than the
OR for miscarriage (3.73), recurrent miscarriage (2.3), preterm
birth (1.9), or unexplained subfertility (1.5) (58). Paralleling
GD, parturition can be a risk factor for autoimmune thyroiditis
(AIT) (59). Women with at least one pregnancy had increased
likelihood for AIT (OR 4.6, p < 0.05) compared to women who
have never been pregnant. Similar results were observed using
hypoechogenic thyroid pattern (OR 1.7, p < 0.05) and positive
TPOAD levels (OR 1.8, p = 0.05) as separate dependent variables
or using number of births as alternate independent variable.
Furthermore, immune rebound after parturition may cause
not only AITD, including PPT, but other autoimmune diseases:
postpartum renal failure or postdelivery hemolytic—uremic
syndrome, postpartum idiopathic polymyositis, postpartum
syndrome with antiphospholipid antibodies, and postpartum
autoimmune myocarditis (60).

Women with other autoimmune disorders as systemic lupus
erythematosus (61), chronic viral hepatitis (62), DM1 (63-66),
multiple sclerosis (67), and antipituitary antibodies positivity (19)
have an increased risk of PPT (42) (Table 2). Other conditions
that can predispose to develop PPT, such as gestational diabetes
(68), are summarized in Table 2. Also, PPT may develop years
after irradiation of the neck for lymphoma (69).

Considering the relative rarity of the thyroid hormone resist-
ance (RTH) syndrome, a non-autoimmune genetic disorder in
which elevated circulating levels of thyroid hormones fail to
suppress serum TSH, it is worthwhile mentioning two cases of
association between RTH and PPT (70, 71) (Table 2). This asso-
ciation has been reported also outside of the postpartum setting
(72). Concerning the role of cigarette smoking as a risk factor for
PPT, data are controversial (73-75) (Table 2).

Postpartum Thyroid Hormone Autoantibodies
Positivity for TPOADb, already during the first trimester of gesta-
tion, is the best humoral marker for predictivity of PPT; none-
theless, only 33-50% of these women will develop PPT, whereas
TAb-negative women have a very low incidence of PPT (53).
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TABLE 2 | Frequency of postpartum thyroiditis (PPT) in women with the indicated disease or condition.

Reference Disease/condition

Population studied

Frequency of PPT

Comments

Stagnaro-Green  Systemic lupus

63 pregnant women with SLE

14%

etal. (61) erythematosus (SLE)

Elefsiniotis Chronic viral hepatitis 21 women with chronic HCV Four of 16 chronic HCV-infected  All chronic HBV-infected women had never been

etal. (62) (HCV and HBV) infection and 74 women with women (25%) and none of 64 treated before whereas 3 of 16 chronic HCV-infected
chronic HBV, of whom 16 and chronic HBV infected women women had been treated in the past with pegylated-
64 finally included in the study developed PPT interferon alpha plus ribavirin

Bech Type 1 diabetes 85 pregnant women with DM1 10.5%

et al. (63) mellitus (DM1)

Gallas DMA1 126 pregnant women with DM1  15.9% Patients with postpartum thyroid disease (PPTD)

et al. (64) were slightly older than those without PPTD and the

prevalence of TPO-Ab was higher in these women

Alvarez-Marfany  DM1 41 pregnant women with DM1 25% 25% was threefold greater in a non-diabetic

et al. (65) population studied by the same group of authors.

Forty-three percent of the women (3/7) who
developed PPTD required treatment in the immediate
postpartum period and at long-term follow-up
(permanent hypothyroidism)

Gerstein (30) DM1 51 pregnant women with 22% Postpartum thyroid dysfunction occurred in 10 of
DM1, 40 of whom completed 40 patients (25%; 95% confidence interval, 12.7—
follow-up 41.2%); PPT developed in 9 patients (22.5%) and

postpartum Graves’ disease developed in
1 patient (2.5%)

Triggiani DM1 15 DM1 pregnant women vs 10 13.3% in DM1 women vs 20% in

et al. (66) age-matched healthy controls healthy controls

Jalkanen Multiple sclerosis (MS) 46 MS pregnant women vs 35 3.4% in MS women vs 2.9% in PPT rate in MS and controls was similar (3.4 and

et al. (67) age-matched healthy controls healthy controls 2.9%) despite the fact that the rate of elevated serum

levels for thyroid autoantibodies (TAb) at 6 months
postpartum was sixfold greater in MS (35.3 vs 5.7%)

Komatsu Irradiation of the neck ~ Case of a 30-year-old Japanese Irradiation therapy to the neck for malignant

etal. (69) woman lymphoma 9 years earlier

Paragliola Thyroid hormone Case of a 30-year-old Italian RTH was due to a mutation of thyroid hormone

etal. (70) resistance (RTH) woman receptor B, but occurring at different codons in these

Taniyama, syndrome Case of a 44-year-old Japanese two women

etal. (71) woman

Galanti Smoking cigarettes 874,507 parous women Thyroiditis within 6 months Smoking may increase the risk of thyroiditis occurring

etal. (73) smoking during pregnancy from childbirth was positively in the postpartum

associated with smoking

(adjusted HR = 1.88)
Balazs and Smoking cigarettes 22 pregnant women with 12/22 women with previous Women with recurrent PPT were more likely to be
Farid (74) previous PPT vs 21 pregnant PPT had recurrent disease. smokers

women without thyroid disease

Half of these women had

high thyroglobulin Ab or
thyroperoxidase autoantibodies
in the first trimester compared
to none among those without
recurrent PPT and 2/21 controls

Stagnaro-Green  Smoking cigarettes
et al. (75)

4,394 women screened for
thyroid function and TAb at 6
and 12 months postpartum

3.9%

No increased risk for PPT by smoking was found

Some studies have reported the appearance of thyroid hor-
mones autoantibodies (THAb) in postpartum period that can
interfere with the evaluation of thyroid function. Jansson and
Forberg described the presence of Ab against T3 in a woman
who developed biphasic PPT, namely thyrotoxicosis followed
by transient hypothyroidism after childbirth (76). In another

study, three women with PPT had spuriously increased concen-
trations of free thyroid hormones because of antibody binding
of radiolabeled T4 and T3 analogs. The antibody binding of
radiolabeled analogs disappeared by 48 weeks postpartum.
Postpartum women who develop THAb have about 2% preva-
lence of increased binding of radiolabeled analogs, which can
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result in an interference in thyroid hormone assays (77). Thus, it
was suggested that women with PPT should receive full thyroid-
function testing and be checked for possible antibody binding of
analog tracers if free thyroid hormone levels are inappropriately
increased (77).

Recently, the first case of transient appearance of THAD in
pregnancy was reported (78). A 35-year-old pregnant woman,
with a known diagnosis of HT, and under levothyroxine (L-T4)
replacement therapy, was clinically euthyroid with normal TSH
but elevated free triiodothyronine (FT3) and free thyroxine (FT4).
Serum FT4 and FT3 returned progressively normal postpartum.
The presence of circulating THAb was confirmed by demonstrat-
ing THAD against the two hormones (78).

In a Welsh larger study, THAb were searched, from week 4
through week 48 postpartum, in 148 thyroid antibody-positive
women and 261 thyroid antibody-negative women (77). The study
started with selecting, in the 409 women, those showing interfer-
ence in the FT4 and/or FT3 assays using the corresponding free
thyroid hormone Amerlex assay (77). Only 3 of the 148 women
thyroid antibody-positive women (2.0%) had THAD, particularly
T3-analog Ab (n = 1), T3-analog and T4-analog Ab (n = 2). Only
two of the three women had PPT. Previously, the same group
(79) found that the rate of THAb, as estimated by the interfer-
ence (overestimation) of FT4 and/or FT3 by the Amerlex analog
method, was 0.04% (1/2460), 50-fold less than the above 2.0%.

In these three women (77), THAb measured by non-specific
precipitation of serum enriched with radiolabeled Amerlex-T4
analog or Amerlex T3-analog immunoglobulin classes, could not
be identified. In the same three women (77), antibody binding
of radiolabeled analogs and its effect (overestimation) on free
T4 and free T3 assays disappeared by 48 weeks postpartum.
However, there is the extreme variability of the THADb in causing
interference.

In brief, one cannot predict the presence of THAb based
simply on the interference (overestimation) in the assay of free
thyroid hormones, since this interference is frequently absent.
Furthermore, the greater the frequency of sampling and associ-
ated THAb search over a given time course, the greater the
chances to detect THAb. Until now, there is no study that has
evaluated their role as predictors for future development of PPT.
However, it is noteworthy that THAD (at least one among T3IgM,
T3IgG, T4IgM, and T4IgG) are highly prevalent in patients with
DM1 (80), an autoimmune endocrine disorder that confers high
risk for PPT (Table 2).

Clinical Picture

The clinical course of PPT is similar to subacute thyroiditis but in
absence of anterior neck pain or tenderness of the thyroid (53).
The classic form is characterized by transient hyperthyroidism
(8-24 weeks postpartum), followed by a phase of transient hypo-
thyroidism (3-12 months postpartum), and then by return to
euthyroidism at the end of the initial postpartum year. However,
the clinical course of PPT is variable because about 25% of
women presenting the classical form, 25% isolated thyrotoxicosis,
and one-half presenting isolated hypothyroidism (53). In the
thyrotoxic phase, asthenia and irritability are the most frequent
symptoms; instead, lack of energy, aches and pains, poor memory,

dry skin, paresthesias, and cold intolerance are the most frequent
hypothyroid features (81).

Approximately half of PPT women will have permanent hypo-
thyroidism (53). Unless evolved into permanent hypothyroidism,
PPT tends to recur after subsequent deliveries. A Welsh study
(82) reported a 70% chance of developing recurrent PPT after
the first PPT attack, and a 25% risk even in women who were
only TPOAD positive without thyroid dysfunction during the first
postpartum period.

Diagnosis

The diagnostic procedures depend on the phases of the disease.
In the thyrotoxic phase (TSH suppressed with increased serum
FT3 and FT4), it may be necessary to differentiate PPT from GD.
In GD, radioactive iodine uptake is high, while it is low in PPT,
but this test is contraindicated during breastfeeding. Therefore,
in these cases, the dosage of thyroid receptor antibodies is use-
ful: in PPT, they are absent in almost all cases. Also, the thyroid
echography can to show an increased hypoechogenicity in many
cases of PPT. In the hypothyroid phase, TSH levels are increased
with low or normal FT4 concentrations (81). However, during
postpartum, the susceptible period to develop GD and PPT is
different: around 3 months for PPT vs later than 6 months for
GD (83).

Nutraceuticals, Food, and Prevention Strategy

of PPT

Selenium, through selenoproteins, has a key action on thyroid
function by protecting thyrocytes from oxidative damage (84).
Moreover, selenium supplementation can ameliorate thyroid
autoimmunity in patients with mild-form or early-stage HT
(85). Also, when given to pregnant women, selenium reduced
serum levels of TPOAD and prevalence of PPTD and permanent
hypothyroidism (85, 86).

Omega-3-fatty acid supplements can diminish the inflamma-
tion associated with certain autoimmune disorders, so that they
could be used to treat AIT (43).

Concerning food, small oily fish consumption was reported
to cure and/or prevent autoimmune disorders, and improve
certain maternal and neonatal outcomes (87, 88). Small oily fish
are a source of long-chain polyunsaturated »-3 fatty acids, while
large predator fish contain a number of pollutants (87). Recently,
in a study on pregnant women with stable dietary habits who
were sampled throughout gestation and day 4 postpartum, fish
consumers had lower rates of positivity of both TPOAb and
thyroglobulin Ab compared to meat eaters. Furthermore, within
the fish-eater women, those consuming small oily fish had lower
rates of either Ab compared to those consuming large fish. Hence,
pregnant women should avoid consuming swordfish and increase
consumption of oily fish (87, 88).

Therapy and Follow-up of PPT
As appropriately underscore (53), “treatment of PPT is based on
clinical experience because there have been no trials comparing
therapeutic alternatives”

In the thyrotoxic phase, if necessary, can be administered beta-
blocker drugs, while antithyroid drugs are not recommended.
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During the hypothyroid phase, symptomatic women could be
treated with L-T4 at replacement doses and L-T4 therapy is
recommended in hypothyroid women who are attempting preg-
nancy or who are breastfeeding. If treatment is not initiated, TSH
dosage should be repeated every 4-8 weeks until thyroid function
normalizes. L-T4 therapy should be continued for 12 months (42).
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INTRODUCTION

Because of the rapid emotional and endocrine changes in the postpartum period (1), postpar-
tum mood disorders represent the most frequent form of maternal psychiatric morbidity (2-4).
Postpartum mood disorders vary from a mild form of transient depression (maternity blues) to full-
blown postpartum depression and severe psychosis (5, 6). Postpartum depression affects 10-30%
of women within 1 year after delivery (7), and its risk is measurable already at 3 (8) or 7 days (2)
postpartum. This risk predicts depression development in the following months (9, 10).

Thyroid function abnormalities exhibit comorbidity with various psychiatric disorders, including
maternal depression. There are one-tenth of a million studies on mood disorders, but fewer than
5,000 (3.9% of almost 125,000) concern mood disorders in the postpartum period. Similarly, studies
on autoimmune thyroid disease are almost 20,000, but only 72 (3.7% of 19,360) concern postpartum
mood disorders and thyroid disorders, and merely 5 focus on postpartum mood disorders and
thyroid autoimmunity. Thus, we hope that our opinion will stimulate interest.

POSTPARTUM AFFECTIVE DISORDERS AND THYROID
DYSFUNCTION

Affective disorders and autoimmune thyroiditis are well known to affect women during puerperium.
Up to 23% of all new mothers experiences thyroid dysfunction postpartum (11), compared with a
prevalence of 3-4% in the general population (12). Maternal thyroid autoimmunity refers to the
detection of thyroid autoantibodies against thyroperoxidase (TPOAb) and/or thyroglobulin (TgAb)
in combination with normal thyroid function, and it has been reported to affect between 8 and 14%
women in reproductive age (13). Concerning positivity for TPOAb, approximately 10% of pregnant
women are TPOAD positive, and around one-third to half of them will develop postpartum thyroidi-
tis (PPT) within 12 months after delivery (11, 14).

At least 2-3% of women have some form of thyroid dysfunction during pregnancy, and 10-17%
of women have thyroid autoimmune disease despite euthyroidism (15, 16). Thyroid dysfunction in
pregnancy is classified as (i) primary overt hypothyroidism (elevated TSH and a decreased FT4 dur-
ing gestation with both concentrations outside the trimester-specific reference ranges) or subclinical
hypothyroidism (with a TSH elevated beyond the upper limit of the pregnancy-specific reference
range); (ii) hyperthyroidism (autoimmune Graves' disease or gestational transient thyrotoxicosis)
(17); and (iii) positivity of thyroid autoantibodies, which increases the risk of thyroid dysfunction
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following delivery and during the postpartum period. PPT is
an inflammatory autoimmune condition, which occurs within
the first year after delivery or miscarriage (a period when the
immunosuppressive effect of pregnancy disappears), in women
who were euthyroid prior to pregnancy (16, 18).

MOOD DISORDERS AND THYROID
AUTOIMMUNITY IN GENERAL
POPULATION

The association between subclinical hypothyroidism, with and
without raised TPOAD, and well-being or depression is still con-
troversial, in spite of many studies on this topic. Before moving to
the abnormal setting, it is appropriate to mention the prevalence
of thyroid autoantibodies in the general population and their
association with mood disorders outside of the postpartum
context.

An interaction between thyroid autoantibodies and mood
disorders was first valuated in the early 1980s (19). Prevalence
rates of thyroid autoantibodies in the general population vary
widely, depending on several reasons, including sex and age
distribution, geographic origin, variations in the cutoff level
for antibody positivity (20-22). In an Italian survey, the overall
prevalence of thyroid autoantibodies, using a cutoff of 1:100
for both microsomal antibodies and/or thyroid autoantibodies
was 12.6% (females, 17.3%; males, 7.0%) (23). The reported
prevalence in the United States healthy population was 13% for
TPOAD (threshold at >0.5IU/ml) and 11.5% for TgAb (threshold
at >1.0 IU/ml) (21). Overall, the association of circulating thyroid
autoantibodies with not otherwise specified mood disorders can-
not be considered clearly established.

On the contrary, increased prevalence of circulating thyroid
autoantibodies is shown in the following forms of mood disor-
ders: treatment-refractory cases (24, 25), severe (26-28), atypical
depression (29), anxiety disorders or mood disorders (30), and
depression during early gestation, postpartum, and perimeno-
pause (31-36).

In a population-based study, depression and anxiety were not
associated with thyroid autoantibodies (37). In 2,049 subjects,
autoimmune markers (TPOADb, anti-nuclear autoantibodies,
and several other autoantibodies) were not associated with
depression symptoms (38). Elevated TPOAD levels cannot be
used as a general marker of poor well-being or depression,
as shown in a large population-based Danish study of 8,214
individuals (39).

With regard to bipolar disorder, sample size was small in
several studies (40-43). Offspring of bipolar subjects were found
more susceptible to develop thyroid autoantibodies indepen-
dently from the susceptibility to develop psychiatric disorders
(44). Autoimmune thyroiditis was suggested as a possible genetic
biomarker for bipolar disorder in a twin study (45). Hashimoto’s
encephalopathy can also occur with a bipolar disorder (46, 47),
being vasculitis-related abnormalities in cortical perfusion one of
the possible mechanisms (48). Highlevels of TPOAb were detected
by Blanchin et al. (49) in the cerebrospinal fluid (CSF) of patients
with Hashimoto’s encephalopathy. Both sera from their patients
and monoclonal TPOADb were able to link monkey cerebellar

cells. Moreover, normal human astrocytes from primary cultures
binded monoclonal TPOADb. The presence of antigenic targets for
anti-TSH-receptor IgG on human cortical neurons and TgAb IgG
in cerebral vasculature was described by Moodley et al. (50).

POSTPARTUM MOOD DISORDERS AND
THYROID AUTOIMMUNITY

Risk for postpartum depression and alexithymia showed a direct
borderline statistically significant correlation with serum TPOADb,
suggesting that these mood disorders could be neurobehavioral
consequences of an autoimmune attack (because of the TPOADb
circulation in the CSF and of their possible cross-reaction with
cerebral autoantigens) (3).

The PPT is more likely to occur in pregnant thyroid autoan-
tibodies positive women compared to negative women (11).
Most PPT women develop thyroid dysfunction during the first
6 months postpartum with initial mild symptoms of hyperthy-
roidism (heat intolerance, palpitations, weight loss, and fatigue)
and a subsequent hypothyroid phase, frequently associated with
depression (51). Approximately 50% of PPT women return
euthyroid by 12 months PP (52).

Much uncertainty remains regarding the relationship between
PPT and non-psychotic depression in thyroid autoantibodies
positive euthyroid women. Harris et al. (53) found no differ-
ence in the rate of postpartum depression between thyroid
autoantibodies positive women and thyroid autoantibodies
negative women. However, the same author in 1992 reported an
association between thyroid autoantibodies positivity and PPT
(35). Subsequent studies on TPOAb positivity and postpartum
depression in euthyroid women are controversial, founding
no association (31, 54) or an association (34, 55). For instance,
Kuijpens et al. studied prospectively 310 unselected women dur-
ing gestation and up to 36 weeks postpartum (34). The presence of
TPOAD was independently associated with depression at 12-week
gestation and at 4 and 12 weeks postpartum (odds ratios between
2.4 and 3.8) in a prospective study on 310 unselected women (34).

A summary of the English-language literature in the last
25 years, which addressed the relationship between postpartum
mood disorders and thyroid autoantibodies, is summarized in
(Table 1).

In a follow-up study, Harris et al. (35) showed a significantly
greater depression incidence in 110 thyroid autoantibodies
positive women (47%) compared with 132 negative women
(32%) regardless of thyroid dysfunction (Table 1). The same
author in 2002 reported no difference in postpartum depression
in TPOADb positive women treated with levothyroxine compared
with TPOADb positive women given placebo and overall rates of
major depression of 18.5% and depression in general of 38%,
providing further evidence linking PPT and TPOADb positivity
(60). No association was found between thyroid autoantibodies
and postpartum mood disorders by Lambrinoudaki et al. (59).
In another study, lower levels of serum FT3 were associated with
increased incidence of mood disorders in the first postpartum
week; only TPOAb and TgAb were significantly higher in women
at risk for postpartum depression compared to women not at
risk, using EPDS cutoff values of >13 or >14 (3). The presence of
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TABLE 1 | Schematic comparison of the last 25 years studies on the relationship between postpartum mood disorders and thyroid autoantibodies.

Reference (56) (57) (58) (35) (34) (59) (©)]
Country USA USA Sweden United Kingdom The Netherlands Greece Italy
No. of women 51 119 27 242 291 55 74
Age (years) 18 or older 18-45 Not specified 26.6-25.9 30.8-29.5 32.6+4.2 31.8 + 4.64
Pregnancy evaluation Yes Yes No Yes Yes No No
Postpartum evaluation Month 1 Month 6 Day 5, week 6, Week 6-8 Weeks 4, 12, 20, Day 1-4, week 4-6  Day 3
28, 36
Maternity blues scale (and Not evaluated  Not evaluated Month 6 Not evaluated Not evaluated PBQ (>8.2) Not evaluated
cutoff)
Depression scale (and cutoff EPDS (>13) POMS (>20) EPDS (>12) RDC Not specified EPDS (>11) EPDS (>13; >14)
score) EPDS (>13) MADRS (>15)
Hamilton (>15)
HAS
HDS (>11)
Depression score, mean + SD 6.3+4.8,58+4.4, EPDS: 8.45 + 4.4
51x47 MADRS:
143 +123
Depression rate 16.36% POMS-D: 10.9% 15.3% (day 5) RDC depression 47% TAb+ vs 32% TAb—, 59% TPOAb+ vs 38%  24.19% (week 1) EPDS (>13): 20.3%,
11.7% (week 6) major depression 16% TAb+ vs 11% TAb— TPOAb— 22.8% (week 6) EPDS (>14): 13.5%
11.5% (month 6) Hamilton 18% TAb+ vs 13% TAb— MADRS: 30%
EPDS 39% TAb+ vs 27% TAb—
HAS 34% TAb+ vs 30% TAb—
HDS 22% TAb+ vs 17% TAb—
Thyroid function TSH, FT3, FT4 TSH TSH, FT3, FT4 TSH, FT3, FT4 TSH, FT4 TSH, FT3, FT4 TSH, FT3, FT4
Thyroid antibodies TgAb, TPOAb  TPOAb TPOADb Tab (not specified) TPOADb TgAb, TPOADb TgAb, TPOADb
Correlation of PPD with thyroid EPDS, TSH POMS, TPOAb+ EPDS, FT3 (OR = 0.8) Hamilton, TAb+ (P = 0.0002) PPD%, TPOAb+ Mood score, FT4 EPDS, TPOAb?
indices (P =0.042) (P =0.023) EPDS, TSH (OR =11.30) EPDS, Tab+ (P = 0.031) (P =0.03) (rho -0.3, P < 0.05) (P =0.056)
EPDS, TAb POMS-D, TPOAb+ EPDS, TPOADb (no HDS, TAB+ (P = 0.003) Mood score, TAb EPDS, TgAb
not specified (P =0.003) association) (no association) (P =0.05)
(P =0.043) POMS-A, TPOAb+
(P=0.013)

EPDS, Edinburgh Postnatal Depression Scale; GHQ, General Health Questionnaire; HAS, Hospital Anxiety Score; HDS, Hospital Depression Score; MADRS, Montgomery and Asberg Depression Rating Scale; OR, odds ratio; PBQ,
Postpartum Blues Questionnaire; POMS, Profile of Mood States Scale (POMS-A, Anger; POMS-D, Depression); RDC, research diagnostic criteria; TgAb, thyroglobulin; TPOAb, thyroid autoantibodies against thyroperoxidase.

aBoth TgAb and TPOADb levels were greater in depressed vs non-depressed women regardless of EPDS score threshold. Indeed, upon comparing score >13 vs score <12, TgAb was 38.5 + 66.3 vs 16.6 + 35.6 Ul/ml (P = 0.05), and
TPOAb was 26.2 + 41.7 vs 10.56 + 19.2 Ul/ml (P = 0.05). Upon comparing score >14 vs score <13, TgAb was 29.9 + 34.3 vs 19.7 + 45.3 Ul/mI (P = 0.045), and TPOAb was 34.3 + 49.6 vs 10.5 + 18.6 Ul/ml (P = 0.023).

The rate of TPOAb positiveness in the 10 women with an EPDS score >14 was 6.4-fold greater than in 64 women with an EPDS score >13 (30.0 vs 4.7%, y? = 7.437, P = 0.022).
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thyroid autoantibodies or higher TSH levels during the postpar-
tum period may be related to depressive symptoms or dysphoric
mood (56). Pregnant TPOAb positive women were shown to
have higher depressive symptoms during pregnancy, and higher
depression, anger, and total mood disturbance postpartum,
regardless of the development of PPT (57).

Sylvén et al. (58) found an association between the TSH
level over the clinical cutoft of 4.0 mU/I and the increased risk
for depressive symptoms at 6 months postpartum in a Swedish
population-based cohort (OR 11.30, 95% CI 1.93—66.11)
(Table 1).

DISCUSSION

Tryptophan catabolites, indoleamine 2,3-dioxygenase, seroto-
nin, and autoimmunity, as possible mediators of the immuno-
inflammation consequences and the oxidative and nitrosative
stress, may induce postpartum depression (61).

In summary, there is scanty literature on the relationship
between postpartum mood disorders and thyroid autoantibod-
ies, with data available for the United States and a few European
countries. Furthermore, these available data stem from differing
methodologies (e.g., psychometric scales, thyroid autoantibodies
assays, time and frequency of measurements). Nevertheless, a
direct, positive, unfavorable relationship does appear. Also stud-
ies evaluating the relationship between thyroid autoantibodies’
positivity and postpartum in euthyroid women have been mixed,
with most of the studies demonstrating a significant association,
confirmed also by arecentreview of Damaetal. (62), who reported
four of five studies finding a significant associations between
TPOAD during gestation and postpartum depression (34-36, 57)
and two of four studies finding links between postpartum TPOAb
and depression (3, 34).

The cost-effectiveness of integrated perinatal mental health
care has not been fully evaluated (63, 64) and is still controversial.
The Edinburgh Postnatal Depression Scale (at a cut point of 16)
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Thyroid involvement is a common condition that can be recorded during the natural
course of different systemic rheumatic diseases, including the mixed cryoglobulinemia
(MC) syndrome or cryoglobulinemic vasculitis. MC is triggered by hepatitis C virus (HCV)
chronic infection in the majority of cases; it represents the prototype of autoimmune-
lymphoproliferative disorders complicating a significant proportion of patients with
chronic HCV infection. HCV is both hepato- and lymphotropic virus responsible for a
great number of autoimmune/lymphoproliferative and/or neoplastic disorders. The com-
plex of HCV-related hepatic and extrahepatic manifestations, including MC and thyroid
involvement, may be termed “HCV syndrome.” Here, we describe the prevalence and
clinico-serological characteristics of thyroid involvement, mainly autoimmune thyroiditis
and papillary thyroid cancer, in patients with HCV syndrome with or without cryoglobu-
linemic vasculitis.

Keywords: hepatitis C virus, thyroid, autoimmune thyroiditis, autoimmunity, cryoglobulinemia, cryoglobulinemic
vasculitis, cancer, lymphoma

INTRODUCTION

Autoimmune thyroiditis (AT) includes a group of thyroid diseases whose etiopathogenesis is char-
acterized by chronic inflammatory response specifically self-directed against thyroid gland (1-3).
Hashimoto's thyroiditis and Graves' disease represent the main pathophysiological and clinical
entities of this single organ autoimmune disorder; nonetheless, subclinical thyroid dysfunctions
should be considered in the disease spectrum (1, 2). Clinically, AT can lead to both hyper- and
hypothyroidism, more often the latter, or it can produce slight, insidious variations of the TSH levels,
without overt manifestations (1, 2). Presence of AT in the course of autoimmune systemic diseases,
including mixed cryoglobulinemia (MC), is very frequent.

Mixed cryoglobulinemia is a small-vessel vasculitis due to vessel deposition of cryo- and non-
cryoprecipitable IgG-IgM immune complexes (ICs) and complement, which represent the main
pathogenetic mechanism of disease manifestations, such as palpable purpura of the legs, skin
ulcers, peripheral polyneuropathy, or glomerulonephritis; moreover, arthralgias, fatigue, sicca
syndrome are frequently associated (4-7). The abnormal production of ICs is determined by B cell
clone proliferation triggered by hepatitis C virus (HCV) in a small proportion of infected patients
(Figure 1, left). Besides its well-known hepatic tropism, HCV is able to infect several cell types
(including B cells and thyrocytes); therefore, HCV lymphotropism can stimulate autoimmunity
due to benign B-lymphocyte expansion or malignant B-cell non-Hodgkin’s lymphoma [(5-7);
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Etiopathogenesis of HCV-related Diseases: the HCV Syndrome
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FIGURE 1 | Etiopathogenesis of hepatitis C virus (HCV)-related disorders and HCV syndrome. Left: the etiopathogenesis of HCV syndrome includes both
hepatic and extrahepatic disorders. They may develop through a multifactorial and multistep process that includes chronic HCV infection, other potential
environmental/toxic triggers, genetically driven host predisposition (particularly HLA alleles, metabolic, and/or hormonal factors), and complex cellular and

molecular alterations. From one side, we can observe HCV-driven immune-system alterations with prominent “benign” lymphoproliferation and autoantibody
production, from the other side, deeper oncogenetic alterations leading to frank B-cell neoplasias and other malignancies (B-NHL, HCC, and papillary thyroid
cancer). These different pathogenetic mechanisms are not mutually exclusive; during long-term follow-up, we can assist in the same HCV-infected patient to the
appearance of different organ- and non-organ-specific autoimmune/neoplastic diseases, among which thyroid involvement. HCV antigens (core, envelope E2,
NS3, NS4, NS5A proteins) may exert a chronic stimulus on the host immune system. Important pathogenetic steps include high-affinity binding between
HCV-E2 and CD81 and consequent t(14;18) translocation with bcl-2 proto-oncogene activation, cross-reaction between particular HCV antigens and host
autoantigens (molecular mimicry mechanism), and direct cell infection by HCV responsible for neoplastic cell transformation. The “benign,” often subclinical,
B-cell proliferation with production of various autoantibodies, among which RF and cryo- and non-cryoprecipitable immune complexes may be frequently
observed in chronically HCV-infected individuals. This condition may be the pathological substrate of various organ- and non-organ-specific autoimmune
disorders, including thyroid involvement with/without mixed cryoglobulinemia (MC) syndrome or cryoglobulinemic vasculitis. Complicating malignancies can be
observed in a small but significant percentage of patients, usually as a late complication of chronic HCV infection; moreover, both autoimmune and neoplastic
disorders show a clinico-serological and pathological overlap. Right: schematic reproduction of the so-called “HCV syndrome” that encompasses the variety of
HCV-related diseases. The majority of HCV-infected patients may remain totally asymptomatic or complicated by isolated liver involvement; however, a
significant proportion of subjects may develop various extrahepatic manifestations that may include a variety of autoimmune/lymphoproliferative and neoplastic
disorders; therefore HCV-positive patients are commonly referred to different specialists according the prevalent clinical manifestation(s). A number of HCV-
infected patients may be referred early to the rheumatologist because of mild clinical manifestations such as arthralgias/mialgias, sicca syndrome, and/or RF

seropositivity. MC syndrome, also termed cryoglobulinemic vasculitis, represents the prototype of extrahepatic, immune-mediated systemic disorder
characterized by multiple organ involvement. In this scenario, HCV-related thyroid involvement is one of the most frequent manifestations, isolated or in
association with other extrahepatic disorders, mainly cryoglobulinemic vasculitis. RF, rheumatoid factor; NHL, non-Hodgkin’s lymphoma; HCC, hepatocellular

carcinoma; PCT, porphyria cutanea tarda.

Figure 1, left]. Therefore, HCV patients frequently present a
variable combination of different organ and/or systemic autoim-
mune diseases and neoplasias. The proposed “HCV syndrome”
encompasses the complex of both hepatic and extrahepatic
disorders [(7); Figure 1, right] among which the MC, also called
cryoglobulinemic vasculitis, is the pathophysiological and clini-
cal prototype (8).

As deeply described below, AT may be frequently found in
HCV patients, with or without MC syndrome, suggesting an

etiopathogenetic role of the virus in a subset of predisposed
subjects (9-12).

THYROID DISEASE ASSOCIATED
WITH HCV

Thyroid involvement is considered one of the most frequent
endocrine disorders in association with chronic HCV infection,
independently from the presence of MC (13); in particular, AT
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may represent a frequent extrahepatic disease in the spectrum of
HCV syndrome (4, 7, 13).

A large Italian population-based study published in 2004
(14) investigated the prevalence of AT (including thyroid
dysfunction) in a series of 630 HCV patients not treated with
interferon (IFN)-alpha, compared with three control groups:
389 individuals from an iodine-deficient area, 268 individuals
from an area of iodine sufficiency, and 86 patients with chronic
hepatitis B. HCV patients were more likely to have hypothy-
roidism (13%), anti-thyroglobulin antibodies (TgAb) (17%),
and anti-thyroperoxidase antibodies (TPOAb) (21%) than the
control groups (14).

A retrospective cohort study (15) analyzing data of users of US
Veterans Affairs health-care facilities from 1997 to 2004 (146,394
HCV-infected patients vs. 572,293 HCV negatives) found that
thyroiditis risk was slightly increased (adjusted hazard ratio 1.13,
95% CI 1.08-1.18; p < 0.001). It is supposable that the increased
AT prevalence was underestimated because of 97% of cases were
males, considering that both AT and hypothyroidism are associ-
ated with the female gender (12).

Other studies investigating the frequency of AT in smaller
HCV patient cohorts were analyzed by Shen et al. in a recent
meta-analysis of the world literature on the topic (16). Totally,
1,735 HCV-infected and 1,868 non-HCV subjects were pooled;
prevalence of TgAb, TPOAb, and anti-thyroid microsomal
antibody were 2.40-, 1.96- and 1.86-fold higher in HCV-positive
subjects than in controls. Moreover, the hypothyroidism risk is
3.10 (95% CI 2.19-4.40) in HCV-infected patients.

Up to the recent introduction of new antivirals, the mainstay
of HCV treatment was the IFN-alpha in combination with ribavi-
rin. Several HCV patients developed AT as a consequence of IFN
therapy, possibly due to the stimulation of antithyroid antibodies
production in predisposed subjects (17). Frequently, IFN-related
AT resolves within a few months (9).

THYROID DISEASE ASSOCIATED
WITH MC

The coexistence of AT and MC has been reported in large cohort
studies evaluating the clinico-serological characteristics of HCV-
infected patients(15,18). However,adefiniteassociationbetween
thesetwo diseases was firstinvestigated by an Italian case—control
prospective study (19), including 93 patients affected by HCV-
related MC, 93 patients with isolated type C hepatitis, and 93
age/sex-matched healthy subjects from the same geographical
area as controls. AT, subclinical hypothyroidism, and the pres-
ence of isolated specific serum autoantibodies, i.e., TPOAb and/
or TgAb, were more frequent in the first group than the controls
(35 vs. 16%, 11 vs. 2%, 31 vs. 12%, respectively). Moreover,
higher frequency of AT was recorded among MC patients in
comparison with hepatopathic patients (35 vs. 22%), with
a significant high prevalence of TPOAb in MC (28 vs. 14%).
Finally, hypothyroidism was associated with higher cryocrit
and with the presence of other autoantibody positivity, as well
as with longer MC duration, presence of proteinuria, or active
hepatitis (19).

These findings showed that AT patients exhibited more pro-
nounced autoimmune phenomena and severity of MC, which
represents the prototype of autoimmunity in HCV patients (7).

Moreover, a longitudinal study investigating the incidence of
AT during the follow-up of 112 MC patients vs. 112 matched
controls was recently carried out (20). Of interest, the appear-
ance of new cases of AT were evidenced during the course of
HCV infection besides the observed AT at baseline; in par-
ticular, after a median of 67 and 96 months of follow-up in the
two groups of HCV-positive patients with or without MC, AT
was newly reported in 14 MC patients and in three controls;
consequently, the overall prevalence of AT was increased up to
33 and 16%, respectively. Moreover, hypothyroidism that was
invariably absent at baseline developed in 11 MC patients and
three controls (subclinical in 9/11 vs. 2/3, respectively), while
no cases of Graves disease were registered. Interestingly, the
logistic regression analysis confirmed that the appearance of
hypothyroidism was related to female gender, a well-known risk
factor for autoimmunity.

Noteworthy, even the prevalence of papillary thyroid cancer
resulted higher in MC compared to hepatitis C patients; namely,
the same study found two cases of cancer among MC patients,
but none in hepatitis C and healthy controls (19). Subsequently,
thyroid cancer was first reported also in patients with HCV
infection regardless of the presence of other HCV-related
manifestations (21); this finding supported the hypothesis of
the oncogenic potential of HCV through the direct infection of
thyrocytes with the possible contribution of the pathogenetic
process responsible for AT (22, 23). Essentially, this latter
reproduces the same multistep process already demonstrated
for HCV lymphotropism with “benign” B-cell proliferation and
subsequent lymphomagenesis (6, 7).

PATHOGENESIS

Clinico-epidemiological studies largely demonstrated that
chronic HCV infection is a relevant risk factor for the devel-
opment of a number of autoimmune or neoplastic diseases,
including thyroid involvement, mainly AT (4, 5, 7-10).
Considering this latter manifestation, an important contribute
to understand the mechanisms involved in the pathogenesis of
thyroid disorders was given by Blackard et al. (24), who demon-
strated that HCV may infect a human thyroid cell line (ML1),
which presents the membrane expression of the important
HCV receptor CD81.

Furthermore, several studies by our group reported the
upregulation of the CXCL9, CXCL10, CXCL11 chemokines, as
well as IL-6 in the serum of MC patients who also presented AT
(25-29). Therefore, it could be hypothesized that HCV may lead
toward chronic stimulation of the immune system (Figure 1, left),
namely the T-helper 1 lymphocytes, which secrete interferon-
gamma and tumor necrosis factor-alpha, that in turn perpetuate
the immune cascade increasing the levels of the chemokines cited
above (Figure 2). Finally, the sustained activation of the immune
system is at the basis of thyroid immune-mediated damage, lead-
ing to AT and other important disorders such as papillary thyroid
cancer (21, 22).
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FIGURE 2 | Hepatitis C virus (HCV)-driven autoimmunity and thyroid involvement. Autoimmune thyroid involvement can be observed in a significant proportion of
chronically HCV-infected patients; the possible etiopathogenetic mechanisms are schematically described in the figure. In genetically predisposed subjects, HCV
thyroid infection (1) may lead to the upregulation of CXCL10 gene expression and secretion in thyrocytes (2); this chemokine may promote the recruitment of Th1
lymphocytes, which secrete interferon-y (IFNy) and tumor necrosis factor-a (TNFa). These cytokines may in turn induce CXCL10 secretion by thyrocytes (3), thus
perpetuating the immune-mediated pathogenetic cascade. The consequence may be the appearance of thyroid disorders; a comparable pathogenetic mechanism

CONCLUSION

Autoimmune thyroiditis diagnosis is relatively simple and is
based on typical laboratory and instrumental findings. The main
autoantibodies of AT are the TPOAb and TgAb, while those
directed against the TSH receptor are typical of Graves disease
(1-3, 8). Histologically, lymphocytes infiltrate the thyroid
parenchyma, even forming lymphoid follicles, progressively
leading to parenchymal destruction and glandular fibrosis (3);
anyway, thyroid biopsy is generally not required for the diagno-
sis. Instead, ultrasounds are usually important to support the
AT diagnosis, identifying heterogeneous pattern of the gland,
up to pseudo-nodular feature (1-3). The instrumental follow-
up is obviously important to precociously diagnose the cases of
thyroid cancer.

Considering the relative feasibility of AT diagnosis using
not expensive or invasive exams, all HCV patients, mainly
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