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Thethyroid glandis responsiblefor
making thyroid hormones by
concentrating iodine and utilizing
the amino acid tyrosine. The
hormones play major metabolic
roles, affecting many different cell
typesin the body.

ACTIONS FACTORS

1 Neuroendocrine 
regulation

Hypothalamusand PituitaryTRH/TSH

2 Thyroid Hormones(TH) T4 / T3 (TBG) ςFT4/FT3

3 TH Transporters Monocarboxylatetransporter8 (MCT8)

4 TH Receptors SubunitsŬandɓ

5 Local activation рΩ Deiodinasetype 2 (FT4         FT3)

6 Nutritional statusof cells Feed-back on TH signalingpathway



Embryology
In the fourth week of human embryogenesis, the
thyroid beginsasa midline thickeningat the backof the
tongue that subsequently invaginates and stretches
downward. Thiscreatesa massof progenitor cells that
migrates in front of the larynx and comes into close
proximity with the developing parathyroid glands. In
adulthood, the pea-sized parathyroids located on the
backof the thyroid as pairs of upper and lower glands
regulate calcium by secreting parathyroid hormone
(PTH). The lower parathyroids originate higher in the
neckthan the upper glandsand only achievetheir final
position by migrating downwards. The migrating
thyroid also comes into contact with cells from the
lower part of the pharynx. Theselatter cellseventually
compriseḐ10%of the glandasfuture C-cells,which will
secretecalcitonin.

The thyroid gland and its downward migration. The point of origin in the tongue persists as the foramen caecum. 
Common sites of thyroglossalcysts (     ) are shown. The final position of the paired parathyroid glands (    ) is also 
indicated. 



Histologyof the human thyroid
gland. 

(a)Euthyroidfolliclesare shownlined
with cuboidalepitheliumand 
lumensfilled with gelatinouscolloid
that containsstoredthyroid
hormone. Surroundingeachfollicle
isa basementmembrane enclosing
parafollicularC-cellswithin stroma 
containingfenestratedcapillaries, 
lymphaticvesselsand sympathetic
nerveendings. 

(b)Underactivefollicleswith flattened
epithelialcellsand increasedcolloid. 

(c) Overactivefollicleswith tall, 
columnarepithelialcellsand 
reducedcolloid.





Thyroid hormonebiosynthesis

There are two active thyroid hormones:
thyroxine (3,3 ,5,5 -tetra-iodothyronine;
abbreviated to T4) and 3,5,3 -tri -
iodothyronine (T3); the subscripts4 and
3 represent the number of iodine atoms
incorporated on each thyronine residue.
Thesehormonesare generatedfrom the
sequentialiodination and couplingof the
amino acid tyrosine and inactivated by
de-iodination and modification to 3,3 ,5 -
tri -iodothyronine [reverse T3 (rT3)] and
di-iodothyronine (T2). The equilibrium
between these different molecules
determines overall thyroid hormone
activity. Synthesis of thyroid hormone
can be broken down into several key
steps



Thyroid hormonebiosynthesiswithin the follicular cell. Active iodide(I-) import is linkedto the Na+/K+-ATPasepump. 
Thyroglobulinissynthesizedon the roughendoplasmicreticulum, packagedin the Golgi complexand releasedfrom small, 
Golgi-derivedvesiclesinto the follicular lumen. Its iodinationisalsoknownasΨorganificationΩΦ Cytoplasmicmicrofilaments
and microtubulesorganizethe return of iodinatedthyroglobulininto the cellasendocytoticvesiclesof colloid, whichis
brokendown to release thyroid hormone. TSH, thyroid-stimulatinghormone; TPO, thyroid peroxidase; T4, thyroxine; T3, tri-
iodothyronine. 



Thyroid hormoneaction



The thyroid gland 
Thyroid enlargement is called goitre
The gland is encapsulated: 
Breaching the capsule is a measure 
of invasion in thyroid cancer 
The thyroid receives a large arterial 
blood supply:
May cause a bruit in Graves disease



Metabolism of thyroid ƘƻǊƳƻƴŜǎΣ ŘŜƛƻŘƛƴŀǎŜΩǎ ŀŎǘƛƻƴ

Conversionof T4 to T3 and rT3. T3 is the more activehormone,yet only 20%of thyroid hormoneoutput.
Most T3 is generatedby removingone iodine atom from the outer ring of T4 (de-iodination). Thisstep is
catalyzed by selenodeiodinaseenzymes,which contain selenium that accepts the iodine from the
thyroid hormone. Seleniumdeficiency can be a rare contributory factor to hypothyroidism. Type 1
selenodeiodinase(D1) predominatesin the liver, kidney and muscle,and is responsiblefor producing
most of the circulatingT3. It is inhibited by PTU. Thetype 2 enzyme(D2) is predominantly localizedin
the brain andpituitary, key sitesfor regulatingT3 production for negativefeedbackat the hypothalamus
and thyrotroph. Thethird selenodeiodinase, D3, de-iodinates the inner ring and convertsT4 to rT3. rT3
is biologicallyinactiveandclearedvery rapidly from the circulation(half-lifeḐ5h). D3 action on T3 is one
method by which inactive T2 is generated. Thesecombinedstepsare important: at least in part, T4 can
be thought of asaΨǇǊƻƘƻǊƳƻƴŜΩ; when a givencell hassufficient T3, it canlimit its exposureto further
thyroid hormoneactionby switchingto rT3 generation.



Metabolism of thyroid hormones in 
the circulation. 

Four times more T4 is produced by the thyroid
gland than T3. Under normal ΨeuthyroidΩ
physiology,Ḑ40% of circulatingT4 is convertedto
activeT3 by type 1 selenodeiodinase(D1; inhibited
by propylthiouracilςseeBox8.4) andḐ45%of T4
is convertedto rT3 by the type 3 selenodeiodinase
(D3). The remaining 15% of T4 is degraded by
minor pathways, such as deamination. The
conversionof T3 to T2 by D3 is shown, although
other pathways also exist for this reaction. The
type 2 selenodeiodinase(D2) is predominantly
located in the brain and pituitary gland where it
catalyzes the production of T3 for negative
feedback at the hypothalamus and anterior
pituitary. TRH, thyrotrophin-releasing hormone;
TSH,thyroid-stimulatinghormone.
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colloid
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Causesof hypothyroidism
Primary

ω Goitre
Autoimmune Hashimoto

thyroiditis
Iodinedeficiency
Drugs(e.g. lithium)
Riedelthyroiditis

Congenitalhypothyroidismς
dyshormonogenesis
ω No goitre

Autoimmune atrophic
thyroiditis

Post-radioiodineablationor 
surgery(seetreatment of 
hyperthyroidism)

Post-thyroiditis
(hypothyroidismis transient) 

Congenitalhypothyroidism
hypoplasiaor aplasia



Hypothyroidism



Graves-Basedowdisease: thyrotoxicosis



Graves-Basedowdisease: thyrotoxicosis


