Stitna 714za

_~Thyroid gland

A~ Isthmus
,,/)\
A ) —Leftlobe

—

* Glandula thyroidea (15 - 20 g, predni strana
pridusnice pod stithou chrupavkou)

 Dva navzajem spojené laloky thyroidalnim

Follicle

istmem, nékdy lobus pyramidalis
* Silnd vaskularizace E::llicular-—ffj
* Kruhové folikuly (aciny) s jednou vrstvou
folikularnich bunék (T3/T4) Parafoliicular—__ B
 Dutina vyplnéna koloidem oell (G call
* Kapilary s fenestracemi Colloid—____ |
 Parafolikularni (C-) buniky (kalcitonin) Blood— |
« Ji¥ 29 den gravidity (Tg), T4 - 11. tyden .
Red blood— |
cell

Figure 49-1 Structure of the thyroid gland. The thyroid gland is located anterior to the cricoid cartilage in the
anterior neck. The gland comprises numerous follicles, which are filled with colloid and lined by follicular cells.

These follicular cells are responsible for the trapping of iodine, which they secrete along with thyroglobulin—the
major protein of the thyroid colloid—into the lumen of the follicle.
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Jod a sekrece hormonu — obecny pohled

* NIS (Na*/I" symporter)
* PDS (pendrin)
* TPO (thyroidalni peroxidaza)

* TG homodimery a jejich jodace —
MIT a DIT

e DUOX1 a 2 — spolu s TPO oxidace
jodidu a prenos do struktury TG

* TPO - spojeni DIT+DIT (T4) nebo
DIT+MIT (T3)

* Pinocytdza a fagolysozomy

* Dejodace MIT a DIT — DEHAL1
(jodotyrosin dehalogenaza)




Dietarni jod

Recommended Daily Intake
Adults

During pregnancy

Children

Typical lodine Daily Intakes
North America (1992)

Chile (1981)

Belgium (1993)

Germany (1993)

Switzerland (1993)

150 ug
200 ug
90-120 ug

75-300 ug
<50-150 ug
50-60ug
20-70ug
130-160 g

- Biodostupnost organického i anorganického |

- ECF + Ery, sliny, Zaludec¢ni stava
- materské mléko

- | fitrovany s pasivni reabsorpci 60 — 70 %

- Ztraty stolici (10 — 20 ug/den)

- Nejvyssi denni prijem u Japonct (nékolik mg)
-V radé zemi prijem klesa — stravovaci navyky

[ ] Status unknown B sufficiency
B oderate-severe deficiency [ Likely sufficiency
[ Mild deficiency I Excess

[ 1 Likely deficiency [ Likely excess

Klinicky vyznam
- Endemicka struma
- Endemicky kretenismus



Osud jodu ve folikularnich bunkach

NIS DEHAL1

- Koncentrovani | ve folikularnich bunkach -MIT a DIT a recyklade jodu
- Transport dalSich aniont (TcO,, ClO,, SCN°) — klinicky vyznam
- Slinné zlazy a prsni zlaza, choroidni plexus, Zaludecni sliznice,
cytotrofoblast, syncytiotrofoblast

- Ztrata nadorové tkané koncentrovat |

IYD
-Jodotyrosin dejodaza
-MIT (+++), DIT (+)

- TSH _ Klinicky vyznam
- (+) transkrlrv)ce, N -Mutace
- (+) prodlouzeni doby setrvani v PM -Derivaty thiomocoviny — methimazol,

Pendrin karbimazol, propylthiouracyl (TPO)

- i ledviny (ClI/HCO;™ exchanger) a vnitfni ucho

Chloridovy kanal 5 (CICn5)
-?



Oxidace, organifikace jodu a syntéza MIT/DIT

- Organifikace = inkorporace | do MIT a DIT

- TPO v soucinnosti s DUOX1 a DUOX2 — generovani peroxidu
- DUOX1/2 — NADPH, Ca%*-dependentni oxidazy

- Vznikaji |, a I

- DUOXA2 — maturace a inkorporace DUOX2

- Stimulace TSH

- T3 a T4 — katalyza TPO

- Tg — tyreoglobulin, 660 kDA homodimer

- Tg — 134 tyrosinl / 25 — 30 jodovano / jen 3, resp. 4, se podili na
T4aT3

- 3 -4 molekuly T4 v Tg (fyziologické podminky)

-Pouze1T3 v Tg

lodinase
I, + HO CH,—CHNH,— COOH E

Tyrosine

HOOCHz—CHNHQ—COOH +

Monoiodotyrosine

HO—@—CHZ—CHNHZ—COOH
I

Diiodotyrosine
Monoiodotyrosine + Diiodotyrosine

| I
HO—@OOCHZ—CHNHZ—COOH
I

3,5,3'-Triiodothyronine
Diiodotyrosine + Diiodotyrosine

I I
HOQOOCHZ—CHNHz—COOH
I I

Thyroxine



SekreCe T3 d T4 TSH a sekrece T3 a T4

- TSHR
- Vlyrazna zasoba versus maly denni obrat (kolem 1 %) - Vazba TSH
- Zasoba ¢ini cca 5000 ng T4 — eutyreoidni stav cca 50 dni - TRADb (TSHR-stimulating antibody )
- TBAb (thyroid-blocking antibodies )
- Makropinocytdza a mikropinocytoza (apikalni membrana) _LH (+)
- Endocytdza -hCG (+)
- Fuze s lysozomy - G prot. — 11 subtyp( o podjednotky
- Selektivni proteolyza (cathepsin D a D-like thiolové proteazy, e
S
aktivni pfi nizkém pH) -Gy
- uvolnéni hormonut z Tg v lysozomu ) PEC + Ca2+

- Mozny cytosolicky transportér? (MCT8) - eflux jodidu, tvorba peroxidu,
- T4 pfistupné pro dejodazy D1 a D2 — modulace systemickeé jodace Tg
konverze? - PKA

- Inhibice sekrece T4 jodidem - Vychytédvani jodidu

- Transkripce Tg
- Transkripce a tvorba TPO a NIS



Transport T3 a T4

TBG Parameter Thyroxine- Transthyretin
- Glykoprotein Binding Globulin
v , (kDa) subunits)
- Polocas cca 5 dni
L., . e, Plasma concentrations (umol/L) = 0.27 46 640
- Klinicky presah — sepse, kardiopulmonalni
T, binding capacity as ug T,/dL 21 350 50,000

chirurgie — stépeni proteazou z polymorfonuklearu

S albE i reaees Association constants of the major binding site (L/mol)
— SOou ;

Ts 1x10%° 7x10" 7x10°
Transthyretin 1; 5x 108 1.4% 107 1x10°
- Vazba 1 molekuly T4, ale s nizkou afinitou Fraction of sites occupied by T, 0.31 0.02 <0.001

- Poloc¢as cca 2 dny in euthyroid plasma

- CSF —vyznam ?
- Klinicky presah —amyloidni polyneuropatie

Distribution volume (L) T 5.7 7.8
Turnover rate (% day) 13 59 5
Distribution of iodothyronines (% protein)

Albumin Ti 68 11 20
- Nizka afinita T 80 9 11
- Maly vyznam pro transport T3/T4 (max. 10 %)1

T,, triiodothyronine; T,, thyroxine.

Dalsi — lipoproteiny (3 — 6 %)



Volné T3/T4

Parameter LE} Ts

T4 _|_ TBG E} T4 . TBG Production rate (nmol/day) | 50 | 110
Fraction from thyroid 0.2 1.0

Relative metabolic potency 1.0 0.3

T 4 TBG Serum concentration

—_ ka Total (nmol/L) 1.8 100

(T"l ) (TB G) Free (pmol/L) 5 20
T4 1 Fraction of total hormone in free form (x107) 0.3 0.02

— Distribution volume (L) 40 10
T‘i ) TBG (TBG)ka Fraction intracellular 0.64 0.15
Half-life (days) lo1s |6

Vyznam glomerularnl filtrace To convert T, from nmol/L to ug/dL (total) or pmol/L to ng/dL (free), divide by 12.87. To

. o L. convert T; from nmol/L to ng/dL (total) or pmol/L to pg/dL (free}, multiply by 65.1.
Glukuronidace T4 = zpusob eliminace T4-

G Zludi



Transport T4/T3 pres PM a jejich bunécny osud

Transportni systémy:

-  MCT8 (monocarboxylate transporter 8)

- MCT10 (monocarboxylate transporter 10)

- OATP1C1 (organic anion transporting polypeptide 1C1) }— CNS (astrocyty)
(HEB)

=— Exprese v rlznych tkanich

Transport T3 je obousmérny

CE—

Vyznam dejodazy typu Il

13, T4, rT3

Extrahypofyzarni tkane
- 90% T3 je v cytosolu
- 10% T3 v jadre

Hypofyza
- 50% T3 v cytosolu
- 50% T3 v jadre



Dejodace a (seleno)dejodazy

vSechny dejodazy vyzaduji pfitomnost thiolu jako
kofaktoru (glutathion (GSH), thioredoxin (TRX),
glutaredoxin (GRX))

D1 je hlavnim zdrojem plasmatického T3

D3 je nejvyznamnéjsim ,, deaktivaCnim® enzymem s
overexpresi v nadoroveé tkani

Parameter

Physiologic role

Tissue location

Subcellular
location

Preferred
substrates
(position
deiodinated)

Km
Susceptibility to
PTU

Response to
increased T.

Type 1 (Outer and

Inner Ring)

rT;and TS
degradation, the
source of plasma
Tsin thyrotoxic
patients

Liver, kidney,
thyroid, pituitary
(?) (not CNS)

Plasma membrane

T (5%), T2S (5)

rTs, 107 T, 10°
High

+

Type 2 (Outer
Ring)

Provide
intracellular T in
specific tissues, a
source of plasma
Ts

CNS, pituitary,
BAT, placenta
thyroid, skeletal
muscle, heart

Endoplasmic
reticulum

T, 115 (57)

10
Absent

Type 3 (Inner Ring)

Inactivate T;and T,

Placenta, CNS,
hemangiomas, fetal
or adult liver,
skeletal muscle

Plasma membrane

T,, T4 (5)

10
Absent

BAT, brown adipose tissue; CNS, central nervous system; K, Michaelis-Menten constant;
PTU, 6-n-propylthiouracil; rT., reverse triiodothyronine; T,, triiodothyronine; T.S, T,S0,;

T, thyroxine.



/droje intracelu
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{ Kidney Liver jCortex BAT PIT

Preferencni vyuziti plasmatického T3

arnich T3 aT4

D2 predstavuje zdroj doplnkového
jaderného T3

Tkané, pro néz je ,prisun” T3 zcela
kriticky:

- Kortex

- BAT

- PIT

Fyziologicky vyznam:

- Normalni vyvoj

- Regulace funkce stitné zlazy
- Chlad

Klinicky presah

- Amiodaron (D1/D2 (-))
- Propylthiouracil (D1 (-))
- Glukokortikoidy (D3 (+))



T3/T4 — mechanismus Ucinku

CNS, BAT, kosterni svalovina, GIT,
plice, srdce

\
TR /
-TRa, VSechny tkané, hlavné ledviny a 'T

-TRBla Jatra
_TRg2~ Hypothalamus a hypofyza ¥
'TR 3

\ Velmi nizka exprese, zejména

jatra, ledviny, plice

| 7> Local T3 \

—+—¥ Plasma T3 /

Nucleus

Zpétnovazebna regulace T3/T4 Bradykardie, hypotermie

-Heterodimer s RXR
- Vazba na TRs capllany N ~_Target tissue
- T3 s 15-nasobnou afinitou v porovnani s T4 B




/

azy

Fyziologické ucinky hormonu stitné z

Nejaderné receptory - Regulace transkrip¢ni aktivity
Interakce s adaptorovymi proteiny

cAMP - Normalni vyvoj a rlst
MAPK — BUN&Ens odpoved - Kontrola metabolismu
Ca’*-ATPaza (+) P

Na*/H* antiporter (+)



Organové specifické ucinky hormond Sz

Kosti

- Vyvoj a rlst kosti

- Regulace aktivity osteoblastt, osteklastd a chondrocyt(
- hyperthyredza — riziko osteopordzy

Kardiovaskularni systém

- Inotropni a chronotropni efekt
- (+) srdecni vydej a IVF
- (-) cévni rezistence
- zmény v transkripcni aktivité:
-Ca%*-ATPaza
-Fosfolamban
-Myosin
—B-AR
-AC
-Na*/Ca?* exchanger
-Na*/K*-ATPaza
-Napétoveé fizené IK

GIT
- (+) resorpce monosacharid(
- (+) motilita

Tukova tkan

- (+) diferenciace tukové tkané a proliferace adipocyt(
- (+) lipogenni enzymy
- (+) bunécnd akumulace lipid(
- (+) uncoupling proteny a rozpojeni oxidativni fosforylace
- Hypertyroidismus (+) lipolyzu
- (+) B-AR
- (-) fosfodiesterazova aktivity
- (+) cAMP (+) aktivita HSL
- Hypothyroidismus (-) lipolyzu

Jatra

- regulace metabolismu triglyceridy, lipoproteinl a cholesterolu
- (+) metabolismus MK

- (+) glukoneogeneze

- (+) mitochondridlni respirace

CNS

- Exprese genl spojenych s myelinizaci, bunéénou diferenciaci,
migraci a signalizaci

- Axonalni rlst a dalSi vyvoj



Regulace SZ — hypothalamo-hypofyzarni osa

TRH
- hypothalamus, CNS, C buriky Sz, B buriky pankreatu, T Tl T:%)Ts Hypothalamus
myokard, reprodukéni organy (prostata, testes),
paterni micha ' EEPH(F_))
- Nutnost T3 i T4 a vyznam D2
- TRH-DE (TRH-degrading ectoenzyme) Pituitary
TSH
- Polocas cca 30 min
- Pulzni sekrece, ndvaznost na cirkadianni rytmy | TSH (+)
- Zmény magnitudy — hladovéni, nemoc, chirurgicky
vykon
- Leptin, ADH, GLP-1, glukokortikoidy, a-adrenergni Thyroid

agonisté, prostaglandiny, TRH (+)

- T3/T4, gastrin, opioidy, glukokortikoidy (vysoké
davky), serotonin, CCK, IL-13 a 6, TNF-a,
somatostatin (-)




Deficit a nadbytek jodu

Deficit

Prudky pokles T4, vzestup TSH

Zadné zmény v T3

Zvyseni syntézy NIS, TPO, Tg, organifikace jodu a obratu Tg
ZvysSeni D2 v CNS, hypothalamu a hypofyze

Stimulace folikularnich bunék (TSH)

Dlouhodoby deficit — snizeni D3

Pokles suplementace pod 75 pg/den (Cina, Indie, Indonésie,
Afrika)

hypothyroidismus

Nadbytek

Zprvu narlst, poté pokles organifikace jodu (Wolff-Chaikoff
effect)

Dlouhodobé podavani vysokych davek jodu =
hypothyroidismus a struma

Snizena tvorba NIS

OkamZita inhibice sekrece hormont SZ




Funkce stitne 7z

Physiologic Change Thyroid-Related Consequences Mother

+ Serum thyroxine-binding globulin

s Plasma volume

D3 expression in placenta and (?) uterus

First trimester 4 in hCG

s Renal I clearance

+ T, production; fetal T, synthesis during
second and third trimesters

+ Oxygen consumption by fetoplacental
unit, gravid uterus, and mother

+ Total T, and T; + T, production

1 T,and T, pool size; + T,
production; + cardiac output

+ T, production

+Free T,; ¥ basal thyrotropin; » T,

production

+ lodine requirements

+ Basal metabolic rate; + cardiac

output

D3, type 3 iodothyronine deiodinase; I, plasma iodide; hCG, human charionic

gonadotropin; T,, triiodothyronine; T,, thyroxine.

azy u plodu a novorozencu

TBG

Total T4

Thyrotropin

10

l
20

Week of pregnancy

30

40



> / / A4 / / . /
Stitna zlaza a vyvojove etapy
Fetalni Stitna Zlaza - kvalitativni i kvantitativni odliSnosti
- 10-nasobné vyssi produkce T4
- D1 (-), D3 (+; jatra, kliZe, tracheobronchidlni systém, urothelidlni systém, epitelie GIT) — T3(-), rT3 (+)
- D2 -vznik T3 v tkanich
- Pocatek koncem prvniho trimestru
- TSH vyssi nez u matky béhem celého vyvoje
- Témér nulové interakce s matkou s vyjimkou placentarniho transportu T4, ale vysoka exprese D3 v déloze a
placenté

Stitnda Zlaza u novorozencd - kvalitativni i kvantitativni odlinosti

- Zvysena hladina TBG

- Nizsi hladiny T4 v porovnani s matkou

- Nizka sérova hladina T3, zvySené hladiny rT, and T;SO,

- Prudky vzestup TSH 2 — 4 hodiny po porodu, pokles do 48 hodin

- Prudky vzestup T,, T;, Tg — 24 hodin (+D1 a D2, adrenergni stimulace D2 in BAT)

Stitna #laza a starnuti

- Normalni hladina T4, snizena hladina T3

- TSH dle suplementace jodem

- Vyhodnost poklesu hladin hormon stitné zlazy - dlouhovékost



Funkce stitne 7

Hladoveéni

azy behem hladoveni a nemoci

Severity of FreeT, FreeT, ReverseT, Probable Cause
- Pokles plazm. T3, vzestup rT3, T4 bez lliness
LS/ Mild v N + N  +D2,D1
) UprEgUIacev[B ) Moderate bl N, 14 A N,o 44D2,D1,74
- Pokles spotreby kysliku D3
i ZpO.rT?alevr.\VI ,Srde,cm f,rek_vence Severe i ¥ T b 44 D2,D1,1 D3
- Pozitivnéjsi dusikova bilance
Recovery € + G T ?

= mechanismy Setfici energii a proteiny

D1 through D3, iodothyronine deiodinases; N, no change; T, triiodothyronine; T,,

- Chronicka malnutrice — pOkles plasm' 13 thyroxine; TSH, thyroid-stimulating hormone (thyrotropin).

Nemoc

Zmeény konverze T4 na T3 (D2) — vazba na TSH

IL-6

Vzestup intra- a extracelularnich ROS = zmény v aktivité dejodaz — snizeni konverze T4 na T3 ALE beze zmény
v D3

Mozna terapie — infuze TSH + GHRP2

Bipolarni poruchy — (+) TSH, (-) T4
Tézké deprese — (-) TSH, (+) T4



H
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dZd

ormony a stitna z

Glukokortikoidy

Pokles pulzni sekrece TSH a sekrece TRH (ak.)
Zvyseni aktivity (exprese) D3

Pohlavni steroidy

GH

Estrogeny

- Vzestup TBG

- TSH (+ 15-20 %)
Androgeny

- Pokles TBG

(+) T3, (-) T4
dejodazy

Glucocorticoids
Excess

Decrease TSH, TBG, TTR (high-dose)

Decrease serum T./T, and increase rT,/T, ratios
Increase rT, production (? + D3)

Decrease T, and T, secretion in Graves disease

Deficiency
Increase TSH
Estrogen

Increase TBG sialylation and half-life in serum
Increase TSH in postmenopausal women
Increase T, requirement in hypothyroid patients

Androgen

Decrease TBG
Decrease T, turnover in women and reduce T, requirements in hypothyroid
patients

Growth Hormone

Decrease D3 activity

D3, type 3 deiodinase; rT,, reverse T;; T,, trilodothyronine; T, thyroxine; TBG, thyroxine-
binding globulin; TSH, thyrotropin; TTR, transthyretin.



Hypothyreodza

Poruchy osy HYP-ADH-SZ véetn& mutaci A
Goitrogeny a lécCiva

Primarni versus sekundarni

- Citlivost na chlad

- Sucha chladna pokozka
- Zpomaleni pohybl

- Pomala ticha rec

- Bradykardie

- Retence vody

- Psychomotoricka retardace (déti)

- Myxedém (hromadéni komplex
proteinl, polysacharid(, hyaluronové
kyseliny a kyseliny chondroitinsirové v
kazi

- Hypotyredza od narozeni = kretenismus




Hyperthyreoza

Gravesova choroba, difuzni toxicka
struma, toxickd nodularni  struma,
nevhodna farmakoterapie, nadbytecny
prijem jodu, thyroiditida, folikularni
karcinom, nadory produkujici TSH

- ZvySeny BMR

- Zmény v reaktivité na katecholaminy

- Exoftalmus (infiltrace extraokularnich sval(
a tkané lymfocyty a fibroblasty (periokularni
fibroblasty)

- Neklid
- Tachykardie
- Hyperventilace




Hypo- versus hyperthyroidismus

BMR

Metabolismus cukru

Metabolismus protein(

Metabolismus lipidQ

Termogeneze

Autonomni nervovy
systém

(-)
Glukoneogeneze (-)
Glykogenolyza (-)
Glykémie (N)
Proteosyntéza (-)
Proteolyza (-)

Lipogeneze (-)

Lipolyza (-)

Sérovy cholesterol (+)

(-)

Plasmatické katecholaminy

(N)

(+)

Glukoneogeneze (+)
Glykogenolyza (+)
Glykémie (N)
Proteosyntéza (+)

Proteolyza (+)
Svalova hmota (-)

Lipogeneze (+)

Lipolyza (+)

Sérovy cholesterol (-)

(+)

Zvysena reaktivita — 3-AR
(+)

Plasmatické katecholaminy

(-)



VySetreni osy hypothalamus — adenohypofyza
— stitna zlaza

TSH — imunometrické metody

Celkové T3 a T4 — imunochemické metody (imunoeseje)
Volné T3aT4

rT3

Hladina protilatek - (anti-Tg, anti-TPO, TSIs — thyroid-stimulating
immunoglobulins

Tyreoidalni uzly — UZ, biopsie, scan —1-123, Tc-99



