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is lost. According to the clonal selection theory, in the 
early stage of fetal-neonatal development most auto-
reactive T-cells are eliminated within the thymus by 
negative selection.3 This mechanism is usually referred 
to as central tolerance. The few escaped auto-reactive 
clones that migrate to the periphery are controlled by 
several mechanisms of peripheral tolerance involving 
ignorance (they remain non-responsive to antigenic 
stimulation), anergy, activation-induced cell death, 
and active suppression by Tregs.

Similarly to other autoimmune diseases, loss of 
tolerance to thyroid antigens involves a complex 
interplay between genetic background and environ-
mental factors.24,25

Role of genetics

The role of genetics is suggested by the high fre-
quency of autoimmune thyroid diseases affecting fam-
ily members and by a significantly higher concordance 

of autoimmune thyroid diseases in monozygotic (HT 
= 55%; GD = 35%) compared to dizygotic (HT = 
0%; GD = 3%) twins.26-28 The fact that concordance 
is not 100% in monozygotic twins indicates that envi-
ronmental factors also play an important role in the 
etiology of autoimmune thyroid diseases. Indeed, it is 
assumed that autoimmune thyroid diseases are caused 
by the combined effects of multiple susceptibility 
genes and environmental factors which affect both 
the thyroid and the systemic immune system.25,28,29 
Several susceptibility genes have been identified by 
whole candidate gene analysis, genome linkage studies, 
genome-wide association studies, and whole-genome 
sequencing techniques (Table 1).25 These genes are 
classified as non-specific immune-related genes and 
thyroid-specific genes. The immune-related genes 
are divided into two groups: immunological synapse 
genes and regulatory T-cells genes.

The immunological synapse is the interface be-

Table 1. Immune-related genes and thyroid-specific genes associated with ATD

Genes Type of evidence Mechanism 

Immunological synapses genes 

HLA class II (HLA-DR) Candidate gene analysis Facilitated antigen presentation

DRb-Arg74 

CTLA4 Candidate gene analysis

Whole genome linkage screening with 
microsatellites or SNPs 

Reduced suppression of T-cell activation by antigen 

CD40 Whole genome linkage screening with 
microsatellites or SNPs 

APCS B-cell activation

CD40 on thyrocytes 

Protein tyrosine phosphatase-22 
gene (PTPN22) 

Candidate gene analysis Negative regulator of T cell activation? 

Regulatory T-cells genes 

FOXP3 Whole genome linkage screening with 
microsatellites or SNPs 

Reduced differentiation of T cells into natural Treg cells 

CD 25 Genome-wide association studies Reduced α chain IL2 R on Treg cells 

Thyroid-specific genes 

Tg Whole genome linkage screening with 
microsatellites or SNPs 

Amino-acids variants resulting in altered degradation of 
Tg in endosomes

Unique Tg peptides binding to specific HLA-DR pockets

(A734S, V1027M, W1999R) 

TSH-R Candidate gene analysis

Whole genome linkage screening with 
microsatellites or SNPs

Genome-wide association studies 

Altered TSHR splicing 




