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Lessonb
Thethyroid gland
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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.
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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 cellsthat
migrates in front of the larynx and comesinto close
proximity with the developing parathyroid glands In
adulthood, the peasized parathyroids located on the
back of the thyroid as pairs of upper and lower glands
reqgulate 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
compriseD10% of the glandasfuture Gcells,which will
secretecalcitonin.

The thyroid gland and its downward migratiormhe point of origin in the tongue persists as the foramen caecum.
Common sites afhyroglossaktysts( © )are shown. The final position of the paired parathyroid glajglgis also

indicated.




(a) Histologyof the humanthyroid

FLymphatic vessel gland

Follicular epithelial | (@) Euthyroidfolliclesare shownlined
cell with cuboidalepitheliumand
lumensfilled with gelatinouscolloid
that containsstoredthyroid

Basement hormone Surroundingeachfollicle
mEmBtang is a basementmembraneenclosing
Capillary parafollicularGcellswithin stroma
containingfenestratedcapillaries
lymphaticvesselsand sympathetic
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(b) Underactivefollicleswith flattened
epithelialcellsandincreasedcolloid

(c) Overactiveollicleswith tall,
columnarepithelialcellsand
reducedcolloid
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Thyroidhormonebiosynthesis

There are two active thyroid hormones
thyroxine (3,3,5,5 -tetra-iodothyronine;
abbreviated to T4) and 3,5,3-tri-
lodothyronine (T3); the subscripts4 and
3 representthe number of iodine atoms
iIncorporated on eachthyronine 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 (r'T3)] 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
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effects (see Box 8.5)

Thyroidhormonebiosynthesiswithin the follicular cell. Activeiodide (I-) importislinkedto the Na+/K+ATPas@ump.
Thyroglobulinis synthesizedn theroughendoplasmiaeticulum, packagedn the Golgcomplexandreleasedfrom small,
Golgiderivedvesiclesanto the follicularlumen.Itsiodinationis alsoknown as@rganificatiorfQ@ytoplasmienicrofilaments
and microtubulesorganizethe return of iodinatedthyroglobulininto the cellasendocytoticvesiclesof colloid, whichis

brokendown to releasahyroid hormone TSHthyroid-stimulatinghormone TPOthyroid peroxidase T4,thyroxine T3, tri
iodothyronine



Thyroidhormoneaction
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The thyroid gland
Thyroidenlargement is calledoitre
Thegland is encapsulated:
Breachinghe capsule is a measure
of invasion in thyroid cancer
Thethyroid receives a large arterial
blood supply

May cause a bruit in Graves disease




Metabolism of thyroidK 2 NY 2y Sa% RSAZ2ZRA

Conversiorof T4 to T3 and rT3. T3 isthe more active hormone, yet only 20% of thyroid hormone output.
Most T3 is generatedby removingone iodine atom from the outer ring of T4 (de-iodination). Thisstep is
catalyzed by selenodeiodinaseenzymes,which contain selenium that acceptsthe iodine from the
thyroid hormone. Seleniumdeficiency can be a rare contributory factor to hypothyroidism. Type 1
selenodeiodinasgD1) predominatesin the liver, kidney and muscle,and is responsiblefor producing
most of the circulating T3. It is inhibited by PTU Thetype 2 enzyme(D2) is predominantly localizedin
the brain and pituitary, key sitesfor regulating T3 production for negativefeedbackat the hypothalamus
and thyrotroph. Thethird selenodeiodinaseD3, de-iodinatesthe inner ring and convertsT4 to rT3. rT3
Is biologicallyinactive and clearedvery rapidly from the circulation (half-life D5h). D3 actionon T3 is one
method by which inactive T2 is generated Thesecombinedstepsare important: at leastin part, T4 can
be thought of asa W LINE K 2 ;Nulfed § gB/€h cell hassufficient T3, it canlimit its exposureto further
thyroid hormoneaction by switchingto rT3 generation
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Metabolism of thyroid hormones in
the circulation

Four times more T4 is produced by the thyroid
gland than T3. Under normal WuthyroidQ
physiology,D40% of circulatingT4 is convertedto
active T3 by type 1 selenodeiodinas€D1; inhibited
by propylthiouracil¢ seeBox8.4) and D45% of T4
Is convertedto r'T3 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
TSHthyroid-stimulatinghormone
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10 TH Action # 11 Functional Impact
Gene Transcription, Neurogenesis, Migration, Synaptic impairments, learning

Synaptogenesis, Myelination deficits, hearing loss, visual defects
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Cause®f hypothyroidism
Primary

wGoitre
AutoimmuneHashimoto
thyroiditis
lodinedeficiency
Drugs(e.g.lithium)
Riedelthyroiditis
Congenitahypothyroidismg
dyshormonogenesis
wNogoitre
Autoimmuneatrophic
thyroiditis
Postradioiodineablationor
surgery(seetreatment of
hyperthyroidisn)
Postthyroiditis
(hypothyroidismis transieni
Congenitahypothyroidism
hypoplasieor aplasia



Hypothyroidism




GravesBasedowdisease thyrotoxicosis

At rest On swallowing




GravesBasedowdisease thyrotoxicosis



