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Table 2. Environmental factors favoring thyroid autoimmunity

Dietary factors •	Iodine excess

•	Selenium deficiency

Pollutants •	Radioiodine

•	Tobacco smoking

•	Polychlorinated biphenyls

•	Effects of global warming (possible)

•	Metals

•	Solvents

Hormones •	Female sex (10/1)

•	Parity (OR =4.6)

•	Post-partum

•	Oral contraceptives

Infections •	Yersinia enterocolitica

•	Hepatitis C virus

Therapy •	Interferon α

•	Interferon β

•	Interleukin 2

•	(Amiodarone)

•	(Lithium)

•	Ipilimumab (Anti CTLA-4 mAb)

•	Campath-1H (Alemtuzumab) anti CD-52 mAb

•	Immune reconstitution syndrome

○○ Bone marrow transplantation

○○ Highly Active Antiretroviral Therapy (HAART) for AIDS 

Stress

Small fetal size (fetal nutrition)

Direct trauma on thyroid

Seasonal variation

Allergy

Socioeconomic environment (lower exposure to infective agents)

cessing (TAP-1), immune proteasome subunit LMP2, 
signal transducer of transcription 1 (STAT-1), IFN 
regulatory factor (IRF), protein kinase R, and type-
1 IFNs. This process of autophagy also allows the 
processing and delivery of cytosolic antigens to be 
loaded on MHC-II molecules, thus enabling thyroid 
cells to present their antigens (such as the TSH-R) 
to CD 4 + T cells (Figure 4).28

The danger hypothesis has been put forward to 
explain the possible role of thyroid follicular cells as 
self-antigen presenting cells to the immune system, 
the old Bottazzo’s hypothesis.39 In the past, attempts 

to establish an experimental model of Graves’ disease 
by immunizing mice with the TSH-R or derived pep-
tides largely failed. On the other hand, immunization 
with non-classical APC (fibroblasts) co-expressing 
MHC-II and TSH-R,40 or genetic vaccination using 
TSH-R expressing plasmid, or infection with adeno-
virus expressing a TSH-R subunit proved success-
ful.40,42 These experimental models of Graves’ disease 
imply the requirement for processing TSH-R as an 
endogenous antigen and loading it onto MHC-II for 
presentation to CD4+ T cells. A role for autophagy 
has been suggested by Kawashima et al. for the spon-




