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SALUTE PUBBLICA
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L’UNITA’ FUNZIONALE TIROIDEA
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Secreted	
  TSH	
  is	
  the	
  major	
  
s1mula1ng	
  hormone	
  for	
  thyrocytes

TSH-­‐receptor	
  (TSHR)	
  s1mula1on	
  ac1vates	
  two	
  intracellular	
  
G‑proteins	
  (Gs	
  and	
  Gq)	
  and	
  protein	
  kinases	
  (PKA	
  and	
  PKC)	
  and	
  
promotes	
  biosynthesis	
  of	
  the	
  sodium/iodide	
  symporter	
  (NIS),	
  
thyroglobulin	
  (Tg)	
  and	
  iodina1ng	
  enzymes 
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The	
  synthesis	
  of	
  thyroid	
  hormones	
  requires	
  uptake	
  of	
  iodide
across	
  the	
  basolateral	
  membrane	
  into	
  the	
  thyrocytes,	
  transport
across	
  the	
  cell,	
  and	
  efflux	
  through	
  the	
  apical	
  membrane	
  into	
  the
follicular	
  lumen.	
  Uptake	
  of	
  iodide	
  is	
  mediated	
  by	
  the	
  sodiumiodide
symporter	
  (NIS),	
  which	
  cotransports	
  two	
  sodium	
  ions
along	
  with	
  one	
  iodide	
  ion,	
  with	
  the	
  sodium	
  gradient	
  serving	
  as
the	
  driving	
  force.

The	
  efflux	
  of	
  iodide	
  across	
  the	
  apical	
  membrane	
  is
mediated,	
  at	
  least	
  in	
  part,	
  by	
  pendrin

Minireview:	
  The	
  Sodium-­‐Iodide	
  Symporter	
  NIS	
  and	
  Pendrin	
  in	
  Iodide	
  Homeostasis	
  of	
  the	
  
Thyroid

Aigerim	
  Bizhanova	
  and	
  Peter	
  Kopp	
  (Endocrinology	
  150:	
  1084–1090,	
  2009)

At	
  the	
  cell-­‐colloid	
  interface,	
  iodide	
  is	
  oxidized	
  by	
  TPO	
  in	
  the	
  presence	
  of	
  H2O2	
  (2	
  ioduro	
  
+	
  H2O2	
  +	
  2	
  H+	
  ⇄	
  diioduro	
  +	
  2	
  H2O;	
  organifica1on)	
  with	
  forma1on	
  of	
  MIT	
  and	
  DIT.

Thyroglobulin	
  (TG),	
  which	
  is	
  secreted	
  into	
  the	
  follicular	
  lumen,	
  
serves	
  as	
  matrix	
  for	
  synthesis

of	
  T4	
  and	
  T3.
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Minireview:	
  The	
  Sodium-­‐Iodide	
  Symporter	
  NIS	
  and	
  Pendrin	
  in	
  Iodide	
  Homeostasis	
  of	
  the	
  
Thyroid

Aigerim	
  Bizhanova	
  and	
  Peter	
  Kopp	
  (Endocrinology	
  150:	
  1084–1090,	
  2009)

Two	
  iodotyrosines	
  are	
  coupled	
  to	
  form	
  either	
  T4	
  or	
  T3	
  in	
  a	
  reac1on	
  
that	
  is	
  also	
  catalyzed	
  by	
  TPO	
  (coupling).

Iodinated	
  thyroglobulin	
  is	
  stored	
  as	
  colloid	
  in	
  the	
  follicular
lumen.	
  Upon	
  a	
  demand	
  for	
  thyroid	
  hormone	
  secre1on,	
  thyroglobulin	
  
is	
  internalized	
  into	
  the	
  follicular	
  cell	
  by	
  pinocytosis	
  and	
  digested	
  in	
  
lysosomes,	
  which	
  generates	
  T4	
  and	
  T3	
  (proteases	
  of	
  the	
  cathepsin	
  
family).

The	
  unused	
  MIT	
  and	
  DIT	
  are	
  retained	
  in	
  the	
  cell	
  and	
  deiodinated	
  by	
  
the	
  iodotyrosine	
  dehalogenase	
  1	
  (DEHAL1)	
  (iodide	
  recycled)
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  Selenium,	
  selenoproteins	
  and	
  the	
  thyroid	
  gland:	
  interac@ons	
  in	
  health	
  and	
  disease	
  
	
  Schomburg,	
  L.	
  Nat.	
  Rev.	
  Endocrinol.	
  8,	
  160–171	
  (2012);	
  published	
  online	
  18	
  October	
  2011;	
  doi.10.1038/nrendo.2011.174	
  

The	
  genera1on	
  of	
  hydrogen	
  peroxide	
  (H2O2)	
  is	
  mediated	
  by	
  the	
  calcium-­‐dependent	
  reduced	
  
nico1namide	
  adenine	
  dinucleo1de	
  phosphate	
  (NADPH)	
  oxidase	
  NOX4	
  ac1vi1es	
  and	
  mitochondrial	
  
oxida1ve	
  phosphoryla1on	
  (OxPhos)	
  (source	
  of	
  intracellular	
  hydrogen	
  peroxide)	
  

The	
  two	
  thyroid-­‐specific	
  NOX	
  isozymes	
  DUOX1	
  and	
  DUOX2	
  (apical	
  membrane),	
  are	
  responsible	
  for	
  
genera1ng	
   adequate	
   concentra1ons	
   of	
  ROS	
   (reac1ve	
  oxygen	
   species)	
   for	
   regular,	
   con1nuous	
   and	
  
physiological	
  adequate	
  thyroid	
  hormone	
  biosynthesis.

NOX4 (intracellular) was the third member of the NOX family to be detected in human thyroid tissue 

Op1mum	
  spa1al	
  arrangement	
  of	
  dual	
  oxidase	
  (DUOX/DUOXA)–thyroperoxidase	
  (TPO)	
  complexes	
  
along	
  with	
  superoxide	
  dismutases	
  (SOD)	
  improves	
  extracellular	
  usage	
  of	
  H2O2	
  and	
  limits	
  its	
  
diffusion.	
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Thyroid	
  selenoproteins
The	
  families	
  of	
  selenoproteins	
  

	
  Iodothyronine	
  deiodinases	
  
(DIOs)	
  

Glutathione	
  peroxidases	
  
(GPxs)

Seleno-­‐proteins
(SEL)

Thioredoxin	
  reductase	
  
(TRs)
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Testo

Differen@al	
  regula@on	
  of	
  apical	
  and	
  basal	
  iodide	
  transporters	
  in	
  the	
  thyroid	
  by	
  thyroglobulin
Koichi	
  Suzuki	
  and	
  Leonard	
  D	
  Kohn-­‐	
  Journal	
  of	
  Endocrinology	
  (2006)	
  189,	
  247–255
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The selenium supplementation should not be provided without concomitant iodine 

prophylaxis in an area of co-existing iodine and selenium deficiency
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Various mechanisms have been suggested for the interaction between iron and iodine 

deficiencies. Results from animal studies suggest that IDA may influence thyroid metabolism 

by altering the central nervous system control, decreasing T3 binding to hepatic 

nuclear receptors and reducing thyroid peroxidase activity, an enzyme essential for 
thyroid hormone synthesis. IDA could also impair thyroid metabolism through lowered 

oxygen transport. It is likely that these mechanisms jointly contribute to the impairment of 
thyroid function in iron deficiency.

Iron deficiency anaemia (IDA) reduces the efficacy of iodine prophylaxis, the co-

fortification of iodised salt with iron was considered a potential solution, not only to prevent 
iron deficiency, but also to improve the efficacy of iodised salt in populations with a high 

prevalence of IDA.
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Further research is required to better understand the impact of concurrent iodine and vitaminA deficiency on 

thyroid metabolism, in particular, in young children and pregnant women, the most vulnerable population 

groups.

The vitamin A deficiency has multiple effects on thyroid metabolism. Vitamin A status modulates thyroid gland 

metabolism, peripheral metabolism of thyroid hormone and production of TSH by the pituitary.

At the thyroid, vitamin A deficiency causes thyroid hypertrophy, reduces thyroidal iodine uptake, impairs 
synthesis of thyroglobulin and coupling of iodotyrosine residues to form thyroid hormone and decreases 
intrathyroidal T3 and T4.  In the periphery, vitamin A deficiency increases total and free T4 and T3, reduces 
hepatic conversion of T4 to T3 and decreases T3 uptake and binding 
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SICUREZZA ALIMENTARE
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Micronutrients, mostly iodine and selenium, are required for thyroid hormone synthesis and function. 

Iodine is an essential component of thyroid hormones and its deficiency is considered as the most common 

cause of preventable brain damage in the world.

Three different selenium-dependent iodothyronine deiodinases (types I, II, and III) can both activate and 

inactivate thyroid hormones, making selenium an essential micronutrient for normal development, growth, 
and metabolism. Furthermore, selenium is found as selenocysteine in the catalytic center of enzymes 

protecting the thyroid from free radicals damage.

Selenium deficiency can exacerbate the effects of iodine deficiency and the same is true for vitamin A or 
iron deficiency.
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