Obecneé principy endokrinnich
funkci.

Funkce hypothalamu. Funkce
adenohypofyzy a stitne zlazy.



Integracni systémy organismu

* Integrace a koordinace = zajisténi inteﬁrit,x a Cinnqsti organismu na vsech urovnich vzhledem k
menicim se podminkam zevniho a vnitrniho prostredi

* Hormonalni systém

* Nervovy systém
* Pozn. Neuroendokrinie/neuroendokrinni hormony

* Imunitni systém

* Co vse ridi a reguluji nervové a hormonalni signaly?
* Metabolismus a vnitfni prostredi

Rlst a ontogeneticky vyvoj organismu

Funkce tkani/organd

Reprodukéni chovani

Reakce organismu ke vztahu k zevnimu prostredi



Chemicti poslové

Cytokiny
* Malé signalni proteiny (hlavné glykoproteiny)
* Regulace bunécné komunikace
* Ne specializované bunky
e extrémné nizké koncentrace
* Pleiotropni efekt + redundance
 Hematopoetické rustové faktory, interferony, interleukiny, lymfokiny, monokiny vcetné
chemokindu, atd.
Chemokiny
* Skupina cytokint s chemotaktickym ucinkem
 Homeostatické procesy - regulace migrace bunék v procesech , udrzby“ a vyvoje tkani
e Zanétlivé procesy — role v imunitni odpovédi (chemoatraktivni ucinek na leukocyty)
* DalSi patologické procesy — pr. nadorové

Neurotransmitery
e Cca 100 latek z riznych chemickych skupin
* Rlzn4d klasifikace (nizko-/vysokomolekularni, excitacni/inhibi¢ni/modulaéni, atd.)

Hormony



Hormony

e Starling 1905 - sekretin

* Pomaly a dlouhodoby prenos
signall

* VetSinou  prekonavaji  vetsi
vzdalenosti  uvnitf  organismu
(transport krvi — krevni obéh)

e Tvoreny ve specialnich
strukturach/ bunkach
* Glandotropni hormony X

aglandotropni hormony

* Cilové bunky
» Specificka vazebna mista
* Vysoka afinita

* Kratkd doba plsobeni (obvykle)



Principy rizeni
* Mechanismus zpétné vazby
* Role vlastniho hormonu

* Negativni X Pozitivni
e Jednoducha X Slozita

Cyklické uvolnovani hormonu
Pleiotropni ucinek hormonu
Multiplicita pisobeni hormonu
Permisivni pusobeni hormonu



Hormony — proteiny a peptidy

* Malé peptidy (3 AMK - TRH) az proteiny (200 AMK — rustovy
hormon)

* Hydrofilita
 Hormony hypotalamu, adenohypofyzy a neurohypofyzy

* Hormony pankreatu (A-buﬁkz — glukagon, B-bunky — inzulin, D-bunky —
somatostatin, PP-buriky — pankreaticky polypeptid)

* Kalcitonin, parathyreoidalni hormon, choriovy gonadotropin, lidsky choriovy
somatomamotropin, renin, erytro?‘oetln, natriuretické peptidy (ANP, BNP,
CNP, urodilatin), gastrin, sekretin, cholecystokinin, leptin

* Nékdy dale klasifikovany do ,rodin“ (pripadné ,superrodin®) dle
homolognich sekvenci AMK v primarni strukture:
* Inzulinova skupina (inzulin, ILF I/Il, relaxin)
* Glykoproteinova skupina (LH, FSH, TSH, hCG)
» Skupina ristového hormonu (RH, PRL)
» Skupina sekretinu (sekretin, glukagon, GIP, glicentin)



Hormony — proteiny a peptidy

. Transkripce

. Posttranskripcni Upravy
. Translace
Posttranslacni Upravy

~ W N

- Vezikuly v cytoplasmé

- Exocytoza
- Depolarizace plasmatické membrany/
- zmény Ca?*
- cCAMP



Chemicka struktura a biosyntéza hormonu —
derivaty aminokyselin

e Derivaty aminokyselin, resp. tyrosinu
e Katecholaminy — adrenalin, noradrenalin,
dopamin
* Lipofilni hormony stitné zlazy — tyroxin,
trijodtyronin
* Tryptofan — syntéza melatoninu

* PY. syntéza hormonu stitné zlazy
* Oxidace I na I° (thyreoidalni peroxidaza)
* vazba na 3 pozici tyrosinovych zbytkl v
tyreoglobulinu (MIT)
* Vazba dalSich jodd — pozice 5, DIT

* Oxidativni kondenzaci DIT a DIT a dalsi
modifikaci se dale tvori T4

* Tvorba T; kondenzaci DIT a MIT



Chemicka struktura a biosyntéza hormonu —
steroidni hormony

Lipofilni (rozpustné v tucich)
 Klasifikace dle biologické aktivity:

* Glukokortikoidy (kortizol, regulace
metabolismu/katabolicky ucinek)

* Mineralokortikoidy (aldosteron, regulace
kalémie/natrémie)

e Androgeny (testosteron, pohlavni vyvoj,
anabolicky ucinek, krvetvorba)

* Estrogeny (estradiol, proliferacni ucinek, vliv
na CNS, atd.)

* Progestiny (progesteron, gestagenni a
termogenni ucinek)

 Kalciferol (regulace kalcemie)



Hormony — steroidni hormony

* Biosyntéza vychazi z cholesterolu

V produkujicich burikach pouze velmi mala zasoba
Velmi rychla mobilizace ester(i cholesterolu

Zdroj cholesterolu — plasma, syntéza de novo
Snadny prestup pres biomembrany



Comparison of Peptide, Steroid, and Amino Acid-Derived Hormones

Synthesis and storage

Release from parent
cell

Transportin blood
Half-life

Location of receptor

Response to receptor-
ligand binding

General target
response

Examples

Peptide Hormones

Made in advance;
stored in secretory
vesicles

Exocytosis

Dissolved in plasma
Short

Cell membrane

Activation of second
messenger systems;
may activate genes

Modification of
existing proteins and
induction of new
protein synthesis

Insulin, parathyroid
hormone

Steroid Hormones

Synthesized on
demand from
precursors

Simple diffusion

Bound to carrier proteins
Long

Cytoplasm or nucleus;
some have membrane
receptors also

Activation of genes
for transcription and
translation; may have
nongenomic actions

Induction of new
protein synthesis

Estrogen, androgens,
cortisol

Srovnani jednotlivych typu hormonu

Amine Hormones (Tyrosine Derivatives)

Catecholamines

Made in advance;
stored in secretory
vesicles

Exocytosis

Dissolved in plasma
Short

Cell membrane

Activation of second
messenger systems

Modification of
existing proteins

Epinephrineg,
norepinephrine

Thyroid Hormones

Made in advance;
precursor stored in
secretory vesicles

Simple diffusion

Bound to carrier proteins
Long

Nucleus

Activation of genes
for transcription and
translation

Induction of new
protein synthesis

Thyroxine (T,)

Prevzato. Silverthorn, D. U.
Human Physiology — an
Integrated Approach. 6th.
edition. Pearson Education,
Inc. 2012.



Sekrece hormonu

* Velmi nizka (velmi nizké plazmatické hladiny)
e Stimulace/inhibice nervové

e U nékterych (noradrenalin, adrenalin) velmi rychla sekrece a ucinek
(sekundy\g

* U jinych (pf. tyroxin, rustovy hormon) velmi pomaly ucinek (az mésice)
* Dale pusobky v krvi, ale také zevnimi faktory
e Kontinualni nebo v pulzech (cyklech)

* Rozdilna sekrece v:
* jednotlivych fazich ontogenetického vyvoje (détstvi X stari)
* zavislosti na pohlavi
 Zavislosti na vigilité (bdéni X spanek)



Transport hormonu

* Dan chemickou povahou hormonu

* Velmi nizkd plazmaticka koncentrace (jednotky pikogram( az mikrograma.ml)

* Hydrofilni hormony

* Peptidy, katecholaminy

* Rozpustény v plazme

* Velmi rychla eliminace (MAO, COMT)
 Steroidni hormony a hormony stitné zlazy

e Vazany zejména na plazmatické proteiny (albumin, prealbumin, globuliny)
* Pouze cca 10 % ve volné forme

* PY. Tyroxin — 99 % vazano, méné nez 1 % ve volné forme
 Komplex hormon-protein neaktivni (nemoznost dosahnout cilovych bunék)
* Po disociaci komplexu aktivni forma

* Komplex protein-hormon — zasobni funkce, , depo”, ale také ochrana pred
degradaci = pomala eliminace



Eliminace hormonu

* Metabolizace cilovymi burikami/tkanémi (enzymaticky cilovymi burkami,
degradace enzymy pritomnymi v krevni plazme)

* Vylouceni stolici nebo moci
* Polocas eliminace pro angiotensin Il je méné nez 1 minuta
* Polocas eliminace pro tyreoidalni hormony vazané na proteiny je az 6 dni



U&inky hormon(

e Endokrinni

* Parakrinni — ECT
e Autokrinni

* Pozn. neurokrinie



Hormony - receptory a jejich aktivace

* Vazba na specificky receptor cilové bunky
* Receptor?

* Pocet receptoru
e Zmény casto jiz v ramci nékolika minut
* |naktivace/eliminace

* Downregulace

* Inaktivace ligand(l, intracelularnich signalnich
molekul, egradace receptoru lysozomy,
snizena produkce receptord...

* Snizeni sensitivity!

* Upregulace
» stimulace produkce / dostupnost (sensitizace)

'S velmi slozita kaskada
| kK odpovedi



extracellular  €Ytoplasmic membrane -
space l / - receptor
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y
endosome —- Z
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with enzymes secundary Iyzosome
(cell digestion)

cytosol




Cytosolove receptory

e Steroidni hormony
e Cytoplasma —hormon+receptor

e VVazba na DNA, resp. HRE (= hormone
response element)

» Aktivace/inhibice genové exprese

* Pozn. negenomické pusobeni lipofilnich
hormonu

e Pozn. Aldosteron

* Vazba aldosteronu s mineralokortikoidnim
receptorem v cytoplazmé renalnich
tubularnich bunéek

* Po cca 45 minytach — zvySeni reabsorpce .
sodiku z tubulu a sekrece drasliku do tubult



Sensitive towards inhibitors of Steroid hormone Insensitive tovwards inhibitors of
* franscription * transcription
* transiation * fransiation

* classical receplors / O \ * classical receptors

»Classical“ receptor ; wMembrane*“
(cytosol / nucleus) u receptor

] o
H . i1
i Genomic i
H ]
H .

L effeke
E Complex

v

Steroid-Receptor-
Complex

MAPK activation
Crosstalk cAMp T
<+ < <+ PKC T
@40 ; ey 1
Protein synthesis :
Minutes - Hours DII Biological answer |« Seconds - Minutes

Zoellner S, Hwang KH, Wilzewski B, Carapito C, Leize-Wagner E, Van Dorsselaer A, Bernhardt R: Aldosterone:
From biosynthesis to non-genomic action onto the proteome. Steroids 2008, 73(9-10):966-972.



Jaderne receptory

Hormony stitné zlazy

vazba na specifickeé receptory v jadre (=
aktivovane transkripcni taktory lokalizovane
v chromatinu),

 kontrola funkce promotoru

* Vazba na DNA

* zmena genové exprese fady (vice jak 100)
intracelularnich proteinu

* velmi dlouhy ucinek, radove az nekolik
tydnu



Membranove receptory

* Hydrofilni hormony

* Biologicky ucinek zprostredkovan:

* Ovlivnénim iontovych kanalu (pf.
acetylcholin, epinefrin) — receptory
spojené s iontovymi kanaly

* Receptory sprazené s G proteinem
(heterotrimericky GTP-binding
protein)

* Vazba ligandu = konformacni
Zzmena

* vyména GDP za GPT

* disociace podjednotek a dalsi
kaskada déju = biologicka
odpoved

* Inaktivni stav = vazba GDP

* Aktivni stav = vazba GTP

* Gi (inhibicni) versus Gs (stimulacni)



Receptory s vlastni enzymatickou aktivitou

Receptory s enzymovou aktivitou/ receptory spojené s enzymy
Etracelularné vazebné misto, intracelularné misto katalytické
Po navdazani ligandu aktivace / inaktivace

Pr. Leptinovy receptor
e dimerni

. ostrada enzY<movou aktivitu, ale je asociovan s tyrosin kindzou z
AK rodiny, JAK2

e Zména struktury po navazani leptinu = zména konformace a
aktivace JAK2

e JAK2
. fosforylace dalSich tyrosinovych zbytkl receptoru

 dalsi prenosu signdlu a aktivaci STAT proteint (signal transducer and
aktivator of transcription proteins)

» = aktivace transkripce pfislusnych gent a vznik proteim‘]

* Fosforylace JAK2 vede k aktivaci i dalSich drah, zejména MAPK
mltog)en -activated protein kinases) a PI3K (phosphatldylln05|tol 3-
inase

* Jiny priklad — receptory aktivujici adenylyl cyklazu, kterd
ka%lygwe tvorbu cAMI?3 druhého ch)sIa Yvh &y

* ANP — druhym poslem je cGMP



Receptory s vlastni enzymatickou aktivitou

* Serin/threonin kinazy

e Tyrosin kinazy
* Receptorové

* Intracelularni doména s tyrosin kindzovou aktivitou

* Po navazani ligandu fosforylace nejen tyrosinovych
zbytku receptoru, ale také jinych proteinu

* Monomerni — pr. receptor¥ pro Nerve growth factor
(NGF), Epidermal growth factor — po vazbé ligandu
dimerizace recelotoru aktivace vnitrni tyrosin kinazové
aktivity, fosforylace tyrosinovych zbytk(i a biologicka
odpoved

* Dimerni— pr. receptory pro inzulin a LGF — vazba ligandu
aktivuje vnitrni tyrosin kinazovou aktivitu a vede k
fosftor,ylgcn tyrosinovych zbytku receptoru i jinych
proteinu

* Asociované s receptory

* |Intracelularni doména bez tyrosin kinazové aktivity, ale
je nekovalentné asociovana s tyrosin kinazou

* Pr. JAK



Adenylyl cyklaza - cCAMP systém

 Stimulacni/ inhibiéni G proteiny

* Po nahrazeni GDP GTP se odstepi komplex beta a
gama a komplex GTP-alfa, ktery aktivuje adenylyl
cyklazu na vnitfni strané membrany, coz vede k
vzestupu koncentrace cAMP (Gs proteiny)

* U Gi naopak inhibice

e Gs aktivuljl'ci hormony: ACTH, ADH, adrenalin,
noradrenalin, kalcitonin, CGRP, CRH, dopamin, FSH,
glukagon, oxytocin, sekretin, a nékteré dalsi

* Gi aktivuji tytéz jako vyse, ale dale acetylcholin,
gn iotenzin I, dopamin, melatonin, somatostatin a

alsi

Regulacni role alfa podjednotky a stépeni GTP na
GDP a Pi za nasledné tvorby trimerniho G proteinu

Inaktivace cAMP fosfodiesterazou na 5'-AMP
Inaktivace fosfatazami



IP3 a DAG jako druzi poslové

e angiotenzin. Il, GnRH nektere
katecholaminy, oxytocin, GHRH, TRH,
vasopresin  aktivuji po navazani
transmembranoveé receptory

 aktivace fosfolipazy C

* Stépeni nékterych  fosfolipidu
thopIazmatlgke membrany z_e*mena
PIP2" (fosfatidyl-inositol-3,4-bisfosfat)
na dva produkty — IP3 a DAG

* IP3 mobilizuje _vapenaté ionty z
mitochondrii @ ER, které pak slouzi
ako_dalsi poslové a zprostredkovavajj
unécnou odpoved (kontrakce hladke
svaloviny, sekrecni funkce)

* DAG aktivuje protein kinazu C =
fosforylace radu proteinu



Kalcium-kalmodulin systém

e Sytém zalozen na vstupu vapenatych iontu do bunky:
108 az 107 mol.Ltversus 10 az 10> mol.L?

* Mechanismus
 Zména membranoveho potencialu
* Interakce hormonu s receptorem, ktery je spojen s vapnikovym kanalem

* Po vstupu vapenatych iontl se vazi na kalmodulin
* 4 vazebna mista pro Ca
* aktivaci nebo inhibici protein kinaz
 fosforylace proteinl = zména aktivity protein(



nitrergnich neurony, endotel cév
NO-syntetdza (NOS)

Aktivace NOS zprostfedkovana Ca?*-
kalmodulinem

NO velmi rychle difunduje do bunéek

aktivace cytoplazmatické guanylat
cyklazy
vznik cGMP (= druhy posel)

aktivace proteinkinazy G

nasledné zménou hladiny volnych
intracelularnich Ca iontu docha2|
vazodilataci

Terapeuticky dopad — inhibice ¢cGMP
speC|f|cke fosfodlesterazy (Viagra)



NOS

""*&
Protein Modification cysteme
Gene Expression ‘nes
o Oxidation

{N ormoxia)

Mitochondrial Re \p|r“|t|0n
Cytoprotection

Fig. 1 Synthesis and fate of nitric oxide (NO) in vivo. Nitric oxide
synthase enzymes (NOSI, NOS2 and NOS3) catalyse NO formation
from L-arginine and O,. NO signalling can occur proximate to the
site of production by binding to soluble GC (sGC) which triggers a
rise in the second messenger cyclic GMP (cGMP), activating protein
kinase G (PKG) and thus inducing a physiological effect. NO and
metabolites can interact with cGMP to form 8-nitro-cGMP that regu-
lates proteins via S-guanylation. The major path for NO metabolism
is via oxidation to nitrite (NO, ) and nitrate (NO; ™), which may pro-
ceed via autooxidation or be catalysed by a number of factors (see
supplementary Fig. S1). During hypoxia and/or acidosis, NO;~ can
be reduced to NO,™ and NO, a process that is O, independent. NO
reacts with superoxide (O,”) to form the radical oxygen species
(ROS) peroxynitrite (ONOO™). Flux between ONOO™ and NO,™ has

-------- »-

cGMP
signalling
= iy
sGC
¢ NO/ROS
4 cGMP L) 8-nitro-cGMP
Reduction PKG
(Hypoxia)
Physiological
N aad MDY

been suggested as a major route for NO,~ formation. NO can interact
with components of the mitochondrial electron transport chain (ETC)
to interrupt electron flow and, therefore, respiration, and reduce ROS
damage. Superoxide and hydrogen peroxide (H,0,) generated by
complex I and III can irreversibly bind the heme moiety of complex I
and IV. However, NO excludes ROS interactions with the heme moe-
ity due to its higher affinity for the binding site. The regulation of
gene expression and protein function can be altered by nitrosylation
through the addition of a nitrosyl ion (NO™) to a metal (i.e. iron) to
form iron-nitrosyl (FeNO) compounds, or to a thiol to form S-nitroso
(SNO) compounds. Similarly, nitrosation through the addition of a
nitrosonium ion (NO™) to various amines can form N-nitroso (NNO)
compounds. Modified from Martinez-Ruiz et al. (2011)

Donald JA, Forgan LG, Cameron MS: The evolution of nitric oxide signalling in vertebrate blood
vessels. J Comp Physiol B-Biochem Syst Environ Physiol 2015, 185(2):153-171.



Meéereni hladiny hormonu v krvi

* Problém = extrémneé nizka koncentrace

* Vlysoce senzitivni metody, napr.
radioimunoanalyza

* Poprvé pouzita na kvantifikaci inzulinu v krvi
v 50. letech 20. stoleti

. Rosa%n Sussman Yalow — Nobelova cena

* Princip: |munochem|cka reakce  mezi
antigenem a Rrotl atkou provadéna in vitro v
prltomnostl vhodného radioindikatoru

* Sledovana je distribuce radioindikatoru, resp.
znaceného a neznaceného antigenu

* Metoda velmi ndkladna

* ELISA
* Opét vyuziti vazby antigen-protilatka
e ELISA Vv raznych modifikacich

(prima/neprima)



Hierarchie hormonu

1. nervovy signdl (CNS)
2. Neurohormonalni ,,prepojovaci” centrum = hypothalamus

3, Nasledné vydej hormonu_z hypothalamu a s neuronalné s
nim spojené neurohypofyzy,” pripadné sekundarné =z
adenohypofyzy

4. Releasing (RH) / inhibiting (IH) hormony

5. Glandotropni hormony adenohypofyzy Fidi periferni
endokrinni zZlazy

6. Uvolnovan konec¢ny hormon

Nadrazené hormony ovliviuji rovnéz rlst periferni endokrinni
zlazy (kompenzacni hypertrofie, kompenzacni atrofie)

Moznost mnohondsobné modulace/zesileni signdlu

Hormony nezavislé na ose hypothalamus-hypofyza:
Hormony pankreatu

Parathormon

Kalcitonin a kalcitriol

Angiotenzin a aldosterol

Erytropoetin

GIT hormony

Atrialni natriureticky hormon (baroreceptory)

Melatonin (dostredivé nervové signdly — svételné podnéty)



Hypotalamo-hypotfyzarni systém

. Hypotalamus

* Oddil predni casti diencefala, lezici pod sulcus
hypothalamicus a pred |nterpedunkularn|m| jadry

* Spojen se zadnim lalokem hypofyzy svazkem nervovych
viaken (ncl. supraopticus a ncl. supraventricularis)

* Spojeni s prednim lalokem hypofyzy je zprostredkovano
cévami (portalni hypofyzarni cévy

* Arterialni vetévky z karotid a circulus Willisi tvori na
ventralni strané hypotalamu sit fenestrovanych kapilar —
primarni kapilarni pleten

* Jednotlivé kapilary se spojuji do sinusu, které jako
portalni Kpofyzarm’ cévy vedou krev hypofyzarni
stopkou ke kapilaram predniho laloku hypofyzy

e Kratky portalni obéh propojuje predni a zadni lalok
hypofyzy



Funkce hypotalamu

Spanek X bdéni a vztah k biologickym rytmd{m
Regulace télesné teploty
Funkce vegetativni, emoce a chovani
Apetitivni chovani (hlad, zizen)
Sexudlni chovani/sexudlni orientace?
Endokrinni funkce:
- AH zdsadné reguluje (mimo PRL) — produkce stimulacnich a
inhibi¢nich hormon( pro adenohypofyzu
- syntéza v rGznych hypotalamickych jadrech
- stimulace nebo inhibice sekrece pfislusnych hormont
- Pro NH hormony syntetizuje vasopresin (ADH), oxytocin
- supraoptické a paraventrikularni jadro); magnocelularni
neurony, axonalni transport do NH

Hypotalamus sbira informace o:
- Koncentraci Zivin, elektrolytd a hormonu
- Osmolarité krve
- Ze senzorickych systémd
- O globalnich funkcich

Nasledné na zakladé téchto informaci ovliviiuje funkci
adenohypofyzy/neurohypofyzy



Funkce

Aferentace z

Integrujici oblast

Rizeni teploty

termoreceptory kize, hlubokych
tkani, michy, hypothalamu
a dalSich casti mozku

pfedni hypothalamus
— reakce na teplo;
zadni hypothalamus
— reakce na chlad

Neuroendokrinni Flzent:
katecholamint

limbické oblasti spojené s emocemi

dorzalni a zadni hypothalamus

vazopresinu

osmoreceptory, »volumoreceptory«
a dalsi

supraoptickeé
a paraventrikulami jadro

oxytocinu

dotykové receptory v prsu,
déloze a genitalu

supraoptickeé
a paraventrikulami jadro

thyreotropinu (TSH)
pres TRH

termoreceptory u déti, snad i jine

paraventrikularni jadro
a jeho okoli

adrenokortikotropinu
(ACTH) a B-lipotropinu
(B-LPH) pfes CRH

limbicky systém (emoce); retikularni
formace (»systémové« podnéty);
buriky hypothalamu a predniho
laloku hypofyzy citlivé na hladinu
kortikoidl v krvi; suprachiazmaticka
jadra (cirkadianni rytmus)

paraventrikularni jadra

folikulostimulaéniho (FSH)
a luteinizaéniho (LH)
hormonu pfes GnRH

hypothalamické bunky, citlivé na
estrogeny, odi, dotykové receptory
pokozky a genitalu

u Zivo&icht s reflexni ovulaci

area preoptica, dalsi oblasti

prolaktinu cestou PIH
a PRH

dotykové receptory prsi;
jiné, zatim neznamé receptory

nucleus arcuatus, jiné oblasti
(hypothalamus tlumi sekreci)

ristového hormonu cestou
somatostatinu a GRH

neznameé receptory

periventrikularni jadro
a nucleus arcuatus

»Apetltivni« chovanl
Zizen

osmoreceptory pravdépodobné
umist&né v organum vasculosum
lamina terminalis; vychytavani
angiotenzinu Il v subfornikalnim
organu

lateralni horni hypothalamus

hlad

»glukostatické« bunky citlive
na rychlost utilizace glukdzy;
leptinové receptory;

receptory pro dalsi polypeptidy

ncl. ventromedialis, arcuatus
a paraventricularis;
lateralni hypothalamus

sexualni chovani

bunky citlivé na hladinu
estrogenu a androgeni
v krvi; jiné

predni ventralni hypothalamus,
u samcu téz pyriformni klra

Obranné reakce
(strach, vztek)

smyslové organy a neokortex,
drahy neznamé

difuzné v limbickém
systému a hypothalamu

Rizeni riznych
endokrinnich
a aktivitnich rytmu

retina prostfednictvim
retinohypothalamickych vlaken

suprachiazmaticka jadra




Stimulacni a inhibicni hormony hypotalamu

Hypothalamic Releasing and Inhibitory Hormones That Control Secretion of the Anterior Pituitary Gland

Hormone Structure

Thyrotropin-releasing hormone (TRH) Peptide of 3 amino acids

Gonadotropin-releasing hormone (GnRH) Single chain of 10 amino acids

Corticotropin-releasing hormone (CRH) Single chain of 41 amino acids

Growth hormone-releasing hormone Single chain of 44 amino acids
(GHRH)

Growth hormone inhibitory hormone Single chain of 14 amino acids
(somatostatin)

Prolactin-inhibiting hormone (PIH) Dopamine (a catecholamine)

Primary Action on Anterior Pituitary

Stimulates secretion of TSH by thyrotropes

Stimulates secretion of FSH and LH by gonadotropes
Stimulates secretion of ACTH by corticotropes
Stimulates secretion of growth hormone by somatotropes

Inhibits secretion of growth hormone by somatotropes

Inhibits secretion of prolactin by lactotropes

ACTH, adrenocorticotropic hormone; FSH, follicle-stimulating hormone; LH, luteinizing hormone; TSH, thyroid-stimulating hormone.

HORMONY HYPOTALAMU VERSUS IMUNITNI SYSTEM — cytokiny plisobi stimulaéné na sekreci CRH a somatostatinu a

inhibicné na sekreci TRH.



TRH (tyreoliberin)

* tripeptid, identifikovany 1969 jako prvni z liberina.

* Syntéza v parvocelularni ¢asti nucleus paraventricularis.
» Kratky eliminaéni polocas (jednotky minut).

e Stimuluje syntézu TSH a PRL,

. Jehg s)yntéza regulovana hormony stitné Zlazy (negativni zpétna
vazba).

. %Wtetizovén i v jinych ¢astech CNS i mimo CNS (kardiovaskular,

I

* na myokard pUsobi pozitivné inotropné a chronotropné,

* v _CNS ovlivhuje prenos vzruchu, zvysuje bdélost, stimuluje
dychani.
* Pozn. CREB = cAMP response element-binding protein, vazba na
cAMP response elements a regulace transkripce
* CREB, ovliviiuje expresi gen( napf. pro tyrosin 3-monooxygenazu, ale
zejména pro radu neuropeptidi (somatostatin, CRH)

 Pozn, ELK1 — transkrip¢ni faktor, role ve formaci dlouhodobé
pameti



CRH (kortikoliberin)

e stimulace syntézy POMC (pro-
opiomelanokortin)

* |dentifikace struktury az v roce 1981

* Peptid, 41 AMK
 Syntéza v  parvocelularni  casti o
h tal ickéh | Pozn. Prekurzorovy peptid, 241 AMK
ypota amlc e .O nucieus Pozn. CLIP = kortikotropinu podobny intermediatni
paraventricularis. peptid

) vV Pozn. Lipotropiny
* Pozn. POMC JE prekurzorem rovnez e beta - 90 AMK stimulace melanocytl a

ACTH, melanotropniho hormonu zvy$ena produkce melaninu  daldi mozné
MSH a beta-endorfinu v hypofyze. peptidy (jako fragmenty)
e gama — aminotermindlni fragment beta-

lipotropinu, 56 AMK



GHRH (somatoliberin), GHIH (somatostatin)

* GHRH
* |dentifikovan v roce 1982, 44 AMK.
* nucleus arcuatus.
e Stimulace sekrece rlistového hormonu
* GHRH receptor sprazen s G-proteinem (Gs)
» Aktivace kaskady cAMP/fosfolipazy C

fosforylace CREB (cAMP response element-binding protein) a zmény v
transkripci

* Pozn. Terapie hypotalamickeé sterility u zen (agonisté buserelin, leuprorelin)

* GHIH
* rovnéz neurotransmiterem v mise, kire a mozkovém kmeni
e syntetizovan i v GIT a pankreatu

* Vyskytuje se ve dvou formach, peptid ze 14 AMK (90 % v eminentia media)
a Jako peptid z 28 AMK

* 6 rozdilnych gen( + 5 receptort (G protein)
* Rozdily v UCincich = kvantitativni.
Inhibuje sekreci TSH a prolaktinu
Inhibuje sekreci inzulinu a glukagonu a vétsiny GIT hormont
Neprimo snizuje sekreci HCI
Pozn. Oktreotid/lanreotid (karcinoidni symptom)



GnRH (gonadoliberin)

» dekapeptid, prvni dvé AMK stejné jako TRH

* paraventrikularni oblast hypotalamu, nucleus arcuatus, a z medialni
preopticka oblast

* GNRH1 lokalizovan na chromozomu 8, tvofri se z preprohormonu (92 AMK)

* Receptory sprazené s G proteinem, aktivace fosfolipazy C, mobilizace Ca
iontu a protein kinazy C

* Reguluje FSH/LH syntézu a uvolnéni prislusnymi gonadotropnimi burikami
 V détstvi velmi nizka hladina, ktera stoupa behem puberty a dospivani

* Zvysena hladina prolaktinu inhibuje sekreci GnRH, naopak zvysena hladina
inzulinu zvysuje jeho tvorbu, stejné jako kisspeptin

* Regulace bunécné proliferace?



PIH (= prolactin-inhibiting hormone)

* Nucleus arcuatus, nucleus paraventricularis

* Dopaminergni tuberoinfundibularni draha

* Ovlivnéni sekrece prolaktinu — inhibicni ucinek

 Laktotropy bez pritomnosti PIH vytvari prolaktin kontinualné
e Pozn. bromokriptin — inhibice tvorby PIH



Hypotyza

* Hypophysis cerebri, glandula pituitaria

* ovalné rozsireni na konci infundibularniho vybézku
hypothalamu

* sella turcica kosti klinové

e Dvé casti — adenohypofyza a neurohypofyza, s
hypotalamem spojena stopkou, ktera prochazi pres
diaphragma sellae

e Adenohypofyza — plvod v ektodermé stropu
primitivni ustni dutiny
* rlstovy hormon (GH, somatotropin, STH)
» adrenokortikotropni hormon (ACTH)
* tyreotropni hormon (TSH)
e prolaktin (PRL)
 folikuly stimulujici hormon (FSH)
* |uteiniza¢ni hormon (LH)

* Neurohypofyza — nervovy puvod, tvofena pfevainé
axony hypotalamovych neuronu

* antidiureticky hormon (ADH, vazopresin)
* oxytocin (OXY)



Adenohypofyza

* Produkce hormoni AH je regulovana
hypothalamem

e Pét typl bunék produkujicich rozdilné hormony

* Jejich Cinnost je kontrolovana hypotalamem
(viz vyse)
e Parviceluldrni neurony z rdznych jader
hypotalamu

* Axonalni transport a terminalni zakonceni
v oblasti eminentia mediana

* Zde uvolnovany a transportovany to
ortalniho  obéhu (absence HEB,
enestrace)

* Krvi transportovany k_cilovym bunkam
aqlenohypofyz%, z nichz jsou uvolnovany
dale do krevniho obéhu

* Produkce hormont vykazuje
cyklickou/pulzni ¢innost

« Kvantitativni zastoupeni jednotlivych typ(
bunék se lisi v  zavislosti na
fyziologickych/patologickych podminkach

e Folikulostelarni buriky?



Preproopiomelanokortin

e Kortikotropy

* Velky prekurzorovy protein

* Po odstepeni signalniho
peptidu
proopiomelanokortin

 Také plice, GIT, placenta,
hypothalamus

* Kortikotropy:
* ACTH a [-lipotropin a malé
mnozstvi B-endorfinu
* Pars intermedia:
* CLIP, y-LPH a B-endorfin

* Pozn. Melanotropiny
* melanocyty

* Receptory pro melanotropin-1
* \Vlyznam ACTH!



Rustovy hormon (somatotropni hormon,
somatotropin, STH)

e Chromozom 17

* hGH-N
,hormalni“, 75 % STH, Mr = 22000, 191 AMK
* hGH-V
* Zejména placenta, 191 AMK, od predchoziho se lisi v 13
AMK, v krvi témér vyhradné béhem téhotenstvi
* \lyrazna variabilita v STH u savcl

* STH —vazba na protein, ktery predstavuje fragment
extracelularni domény receptoru pro STH

* Cca 50 % ve vazané formé
* Polocas cca 6 — 20 min, denni vydej 0.2 — 1.0 mg/den
* Bazdlni hladina cca 3 ng/ml

* Receptor — GHR gen
* Vazba ligandu = dimerizace
* Mutace = Laronlv syndrom (nanismus)

* Pozn. JAK-STAT (signal transducers and activators of
transcription)



Rustovy hormon (somatotropni hormon,
somatotropin, STH)

* Aglandotropni

* Indukuje rust témér vsech tkani schopnych rustu (hypertrofie,
mitoza
e Zvysena depozice proteinu chondrocyty a osteogennimi bunkami
* Zmény konverze chondrocytu na osteogenni buriky = rist kosti

 Specifické ucinky metabolické
. ZVY( eni proteosyntézy témeér ve vsech somatickych burnkach (do
olika minut)

e Zvyseni transportu AMK pres biomembrany
* Zvyseni mRNA translace na ribozomech
e ZvysSena transkripce, a to dlouhodobé (24 — 48 h)
* Snizeni katabolismu aminokyselin, peptidl a protein(
» Zvysena exkrece 4-hydroxyprolinu

e Zvyseni absorpce vapenatych iontl v GIT a snizeni exkrece Na* a K*



eZvysSeni mobilizace mastnych kyselin z tukové
tkané (do nékolika hodin)

e Zvyseni koncentrace volnych MK v krvi a
soucasné zvyseni jejich utilizace jako
zdroj energie

e ZvysSena konverze MK na acetyl-CoA a
jeho nasledné vyuziti pro energeticky
metabolismus

. Preference pred proteiny a cukry
. Ketogenni efekt
eSnizeni utilizace glukdzy a sacharid(
. Snizeni uptake glukdzy, zejména v
kosternim svalu a tukové tkani
. Zvysena produkce glukdzy v jatrech
. Zvysena sekrece inzulinu

(diabetogenni efekt)
o= zvysSeni télesné hmotnosti; pro zvyseni
hmotnosti jsou nezbytné sacharidy spolu s
inzulinem



Somatomediny

e Zprostredkovavaji ucinek RH

* Jejich ucinek je Casto podobny inzulinu = inzuline-like
rowth factors (IGF), primarni struktura vysoce
omologni s inzulinem

* IGF-1 je produkovan jatry nasledkem stimulace
rustovym hormonem

Cirkuluje v krvi navazané na specifické transportéry (cca 6,
IGFBP1-6)

* Antiproliferativni ucinky?
Nejvyznamnéjsi, Mr = 7500, ,,sulfatacni faktor
IGF1 gen
Zmeény exprese prislusného genu nachazeny u rady
nadorovych onemocnéni

Vyznamna role v procesu bunécné proliferace a apoptozy
Pygmejové — vrozena geneticka vada, chybi IGF-1
Pozn. Synteticky analog mecasermin

* IGF-2 — vyznam zejména v ontogenetickém vyvoiji
(gravidita, vyvoj plodu)

Vazba na IGF-1/2 receptory
Zmény exprese u nékterych typl nadord



Regulace sekrece RH

Pulzni sekrece
Sekrece je stimulovana:

Proteinovou deficienci (nedostatecny prijem proteint v potravé)
Hypoglykémie (vyraznéjsi nez deficit proteint v potravé)

Nizka hladiny volnych MK v krvi

Cviceni, fyzicka zatéz

Emocni vlivy (rozruseni)

Trauma

Ghrelin — regulace distribuce a wvyuziti energie, produkovan
ghrelinovymi bunikami v GIT

Vliv katecholaminu, serotoninu, histaminu, GABA, cytokin(

Zvysena produkce je zaznamenana béhem prvnich dvou hodin
hlubokeho spanku

Fyziologicka hladina 1.6 — 3.0 ng.mL, u déti a adolescentl az 6.0 ng.mL?

Zvy%éenj az na 50.0 ng.mL!béhem nedostatku protein nebo sacharidd v
potrave

S vékem klesa



Pozn. Poruchy sekrece rustovéeho hormonu

* Hypofyzarni gigantismus (u déti, neuzavrené epifyzarni stérbiny — rlst kosti)
» Akromegalie (u dospélych, zvétsSeni akralnich ¢asti, zesileni kosti, sklon k hyperglykémii az diabetu)

* Poruchy hypofyzy (nedostatek rdstového hormonu) — u déti zejména zaostavani v rdstu, hromadeéni
abdominalniho tuku, regrese svalové tkane, zvysené riziko kardiovaskularnich chorob a aterosklerdzy

* Larondv nanismus (areaktivni nebo chybéjici receptory pro rlstovy hormon)
» Defekt tvorby IGF-1/2



Plasma Level of IGF-1 as a Measure of Growth Hormone Secretion

The plasma concentration of IGF-1 1s a valuable measure of GH secretion. The wide swings mn plasma [GH |
that result from the pulsatile secretion of this hormone have confounded efforts to use GH measurements to
diagnose disorders of GH deficiency or excess. However, an increased circulating concentration of IGF-1 1s
one of the most useful chnical measures of the excess GH secretion that occurs m acromegaly (1.e., GH
excess m adults) and gigantism (1.e., GH excess i children). Measurement of plasma [IGF-1] has also helped
to explain the genesis of a particular type of dwarfism known as Laron dwarfism. These patients were
mitially identified as persons with growth failure mmicking that of typical pituttary dwarfism; however,
plasma [GH] s normal or elevated, and treatment with GH 1s meffective i reversing the growth failure. It
was subsequently demonstrated that these mdividuals have mutations of their GH receptors that make the
receptors nonfunctional. Thus, the mutant GH receptors cannot trigger the production of IGFs. With the
availability of recombmant IGF-1, it 1s possible that effective treatment of these children will restore growth.

Despite the structural similarity of therr receptors, IGF-1 and msulin exert different actions on tissues.
IGF-1 has a more marked effect on growth, and msulin has a more significant effect on glucose and lipid
metabolism. However, the differences in the postreceptor signaling pathways triggered by the two hormones
have not been well defined.




Anabolic- Androgenic Steroids

We are all unfortunately familiar with the potential for abuse of anabolic-androgenic steroids by bodybuilders
and competitive athletes. Illicit use of these agents appears to be widespread in sports, where strength is
closely Iinked to overall performance. In addition to naturally occurring androgens such as testosterone,
dihydrotestosterone, androstenedione, and dehydroepiandrosterone, many different synthetic androgenic
steroids—as well as GH—serve as performance enhancers. In addition to the sought after “beneficial”
effects of mcreasing muscle mass and strength, each of these agents carries with it a plethora of adverse
side effects. Some—such as oily skin, acne, and hair growth—are principally cosmetic. Others—including
liver function abnormalities, mood changes with aggressive behavior, and hepatocellular carcmoma—are
much more serious. Illicit use of these agents by younger athletes, especially teenagers, is also problematic
with regard to alterations mn growth and sexual maturation.




Prolaktin (PRL)

199 AMK s tremi disulfidickymi muastky, Mr = 22 500, laktotropni bunky
adenohypofyzy

- vliv hypotalamu na syntézu PRL / + vliv tyreoliberinu a VIP peptidu, ale také
estrogenu

Vyplavuje se pfri ,sRénku (témér kontinuyalné béhem celé doby spanku), ale
rovnéz za stresovych podminek, mirné i pri fyzické namaze

Vyplavuje se pfi orgasmu (Umérné uspokojeni a vede ke kratkodobému poklesu
sexualniho apetltUF
Laktotropni ucinek

* Stimulace diferenciace prsni zlazy v puberté

e Gravidita - 20x vyssi hladina

* kojeni - vliv drazdéni bradavek

V gravidité spolu s estrogeny a progesteronem stimuluje zvétSovani a
rozsirovani alveol a kanalku prsni zlazy

e Stimuluje syntézu kaseinu a laktalbuminu

U muzd gl’ibliiné1 polovi¢ni hladina ve srovnani se Zzenami (muzi cca 5 ng.ml,
zeny cca 8 ng.ml™)

U muzl ovlivihuje metabolismus testosteronu a tvorbu receptorl pro androgeny

Vysok

a hladina PRP = amenorea, anovulace spojena s galaktoreou (u Zzen), u
muzU pokle

in
kles libida, impotence, oligospermie, snizena produkce testosteronu



ACTH — adrenokortikotropni hormon

* Linearni polypeptid, 39 AMK, POMC
* Inaktivace in vitro 10 min, misto inaktivace neznamé

e ZvySeni sekrece glukokortikoidu
e ACTH receptory (G protein)
* Také osteoblasty, mechanismus ucinku pres VEGF, prezivani osteoblasti?

 ZvysSeni citlivosti nadledvin vicéi dalSim davkam ACTH

e Sekrece v nepravidelnych pulzech = diurnalni rytmus (suprachiasmaticka
jadra hypothalamu)

e 25 pg/ml

* Pri stresu se rapidné zvysuje mnozstvi secernovaného ACTH cestou sekrece
CRH



Neurohypofyza - ADH

Peptid z 9 AMK
velkobunécna ¢ast nucleus paraventricularis a nucleus supraopticus

Prekurzorova molekula obsahuje signalni peptid, ADH, neurofyzin Il a
glykoprotein

ADH se vaze na neurofyzin Il a transportuje se axonalnim transportem
do neurohypofyzy, kde se oba paptidy secérnuji do krve

Syntéza ADH je regulovana:
* osmolaritou krevni plazmy

e Zmény osmolarity — osmoreceptory v predni_sténé treti
mozkové komory, dale do n.” supraopticus a n.
paraventricularis

 Zmény osmolarity vSak ovlivhuji. sekreci pfimo na urovni
magnocelularnich'neuronu téchto jader
* Hypoosmoticka stimulace
e zménami objemu cirkulujici krve a zménami krevniho tlaku

. Zme;:ny)krevnl'ho tlaku — baroreceptory (sinus caroticus a arcus
aortae

* ADH:
e ZvySuje zpétné vstrebdvani vody ze sbérnych kandlk( ledvin
prostrednictvim akvaporinu 2

* Vazokgnstrikcni ucinek — redistribuce krve z kozni, svalové a
strevni oblasti do mozku a jater

* Vliv na pamét, podporuje tvorbu a vybavovani pamétové stopy



Neurohypotyza - Oxytocin

* Oxytocin
* 9 AMK, od ADH se odliSuje 3. a 8. AMK

Prekurzorova molekula se syntetizuje ve stejnych castech jakou v pripadé ADH
Podnétem pro sekreci:

* je dilatace porodnich cest tlakem plodu a podrazdéni prsnich bradavek

* Reflexné se vyplavuje pfi kojeni, ale také pri orgasmu
Hlavni ucinky ma na reprodukcni systém:

» Uterokinetické ucinky (pouZiti oxytocinu na indukci porodu), vyvolava kontrakce délohy i stahy myoepitelidlnich
bunék prsni zlazy

e U muzl pravdépodobné zvysuje kontrakce hladké svaloviny ductus deferens

Dalsi ucinky:
* Regulace hospodareni s vodou a mineraly — zesiluje antidiureticky u¢inek ADH a pUsobi natriureticky
* Inhibuje tvorbu a vybavovani pamétové stopy

Pozn. Melanocyty inhibujici faktor — vznika z oxytocinu, modulace nékterych typu receptord,
potencuje ucinek melatoninu (melatonin — epifyza, spolu s glomerulotrofinem a DMT,
cirkadianni/cirkanualni biorytmy, fizena hypotalamem, informace ze sitnice).



MISH — melanocyty stimulujici hormon

Pars intermedia hypofyzy
Tvori ho bazofilni melanotropni bunky
Protein, formy — alfa/beta/gama?

* a-MSH:  Ac-Ser-Tyr-Ser-Met-Glu-His-Phe-Arg-Trp-Gly-Lys-Pro-Val

* B-MSH:  Ala-Glu-Lys-Lys-Asp-Glu-Gly-Pro-Tyr-Arg-Met-Glu-His-Phe-Arg-Trp-Gly-Ser-Pro-Pro-
Lys-Asp

 yv-MSH:  Tyr-Val-Met-Gly-His-Phe-Arg-Trp-Asp-Arg-Phe-Gly
Spolecné sekvence s kortikotropinem = spolecny puvod v pro-opiomelanokortinu

Vzestup hladiny behem tehotenstvi = spolecné s estrogeny zodpovedny za
pigmentaci kuze téhotnych

Regulace pigmentace klze v pripadé nedostatku hormona klry nadledvin?

Pozn. Synteticka analoga (afamelanotid — fotoprotekce; Melanotan Il — zvyseni
libida, Bremelanotid — afrodisiakalni efekt, oba zprostredkované neurony
hypotalamu exprimujici melanokortinové receptory MC3R a MC4R)



)4 / / \V4 /

Stitna zlaza

* Glandula thyroidea, hmotnost cca 20 g, ulozena na predni
strané prudusnice pod sStitnou chrupavkou

Tvorena dvéma navzajem spojenymi laloky thyroidalnim
istmem, nékdy lobus pyramidalis

Silna vaskularizace

Sklada se z mnoha kruhovych folikull (acini) s jednou
vrstvou folikularnich bunék, vnéjsi stranu tvori bazalni
membrana a na apikalni strané je dutina vyplnéna
koloidem. Z apex thyroidalnich bunék do koloid pronikaji
mikroklky a Sifi se do nich mikrokanalky

Mezi folikuly je tkan s kapilarami (fenestrace), nervy a
parafolikularnimi (C-) bunkami

Produkce tyroxinu_(T4) a _trijodtyroninu (T3), v
patrafolikularnich bunkach se tvori kalcitonin



Tvorba hormonu stitné Zlazy - poznamky

* Pendrin
* sodium-independent chloride/iodide transporter
* Preferovany anion = jodid, i za vysoké koncentrace CI
* SLC26A4 gen

* Mutace Vv genu = DFNB4
nesymptomaticky)/Pendrediv syndrom
symptomaticky, vrozena porucha sluchu, porucha
unkce Stitné zlazy)

* Pozn. Také vnitfni ucho (udrzovani iontové rovnovahy
endolymfy) + ledviny + dalsi tkané

* Pozn. Dalsi role pendrinu v bunécném transportu
jodidu

* Pozn. Pravdépodobna_ pritomnost dalsich
transportnich mechanismu

Pozn. Elektrochemicky gradient (-50 mV versus
koloid)

T4 -80%, T3 —cca20%

T4 je prohormon, vznika z néj T3 ¢astecnou dejodaci
Timto procesem muze vznikat neaktivni rT3 (reverzni)
Béhem hladovéni se zvysuje tvorba rT3



Tyreoglobulin

Glykoprotein (10 % sacharidové slozky), Mr =
660 000

Dvé podjednotky
123 tyrosinovych zbytkd

Pouze 4 — 8 je dale zapojeno do tyreoidalnich
hormonu

*V krevnim séru 6 ng/ml, zvySena pfi
hypertyreéze/nékterych formdach karcinomu
(marker)

e Half-life 65 hodin



Regulace syntezy T3 a T4

TSH (TRH — stimulace biosyntézy a vylu€ovani, TSH - inhibice)
negativni zpétna vazba

TSH se vaze na membranové receptory folikularnich bunek, coz ma za nasledek vzestup koncentrace
vapenatych iontu a aktivaci adenylyl cyklazového systému

Nasledne se z,vYéuje, vychytavani jodidu z krve, stimuluje se syntéze tyreoglobulinu a soucasne i jeho
proteolyza s naslednym uvolnovanim hormonu stitné zlazy do krve

Trvala stimulace TSH — hyperplazie folikularnich bunék, ubytek koloidu
Pokles stimulace — atrofie folikularnich bunék, hromadéni koloidu

Sekrece TSH je regulovana negativni zpétnou vazbou hormony stitné zlazy, soucCasne je hladina TSH
kontrolovana hypotalamem

pozn. propylthiouracyl, methimazol, karbimazol
* inhibice syntézy T3 a T4 pres inhibici peroxidazy
* Propylthiouracyl inhibuje konverzi T4 na T3 v extratyreoidalnich tkanich
* Inhibice/zména struktury tyreoglobulinu

Pozn. Chloristan — inhibice transportu jodu
Pozn. Jod ve vysoké davce (vice jak 6000 pg/den) = prechodny tyreostaticky efekt pti hypertyredze
Pozn. lonty lithia — inhibice uvolfiovani tyroxinu



TSH (adenohypoftyza)

Glykoprotein s Mr = 28 000
Receptor prp TSH — Gs/PLC

Specifické vlivy na stitnou zlazu:
» ZvysSena proteolyza tyreoglobulinu
e ZvysSena aktivita jodidové pumpy

e Zvyseny eflux iodidu do koloidu (vyrazna akcelerace
procesu)

e Zvysena jodace tyrosinu

* ZvetSeni a zvySeni sekrecni aktivity tyroidalnich
bunék

e Zvyseni poctu téchto bunék

Kontrola prostrednictvim TRH (thyrotropin-releasing
hormone)

TRH uvolnovan také nasledkem dalSich stimuld, napf.
chladu excitace  hypotalamickych  center  pro
termoregulaci)

Sekreci TSH inhibuiji
* Glukokortikoidy
* Dopamin, somatostatin (Uroven hypofyzy)



Transport T3 a T4 a ucinky

e T3 a T4 cirkuluji v krvi navazané na vhodné transportni proteiny = depo
* Hladina T4 v krevni plazmé 80 pg.L %, T3 80 pg.L?
* Inhibice degradace a rovhomeérna distribuce
* 99.98 % T4 ve vazané forme
* Polocas pro T4 je 6-7 dni
* 0.2 % T3 ve volné forme, zbytek ve vazané, z toho 46 % na TBG
* INDEX VOLNEHO THYROXINU + INDEX VOLNEHO TRIJODTYRONINU

* Do tkani se dostava pouze volna frakce, tj. asi 0.03 % T4 a2 0.3 % T3
* | Pouze volna frakce ma vliv na TSH
* Hlavnim transportnim proteinem je TBG (thyroxine binding protein), prealbumin (TBPA
— transtyretin, polocas 2 dny) a albumin (nejvétsi kapacita pro T4, polocas 13 dni)
* | Nejvetsi afinita pro T4 = TBG
e ZMENA FRAKCE PRISLUSNYCH TRANSPORTNICH PROTEINU?
* Tehotenstvi — zvaseni hladiny TBG (estrogeny)
* Glukokortikoidy, androgeny, L-asparaginaza — snizeni hladiny TBG
e Salicylaty, fenytoin, 5-fluorouracyl — inhibice vazby T4 a T3 na TBG



Transport T3 a T4 a ucinky

* Po vstupu do bunky se T4 dejéduje na T3 a T3 se vaze s jadernymi receptory TR:
e 3 druhy dejodaz
* Mikrosomy jater a ledvin, typ | (AMK selenocystein ve strukture)
Mozek, hypofyza, hnédy tuk —typ I
Placenta, mozek — typ Il
Kolisdni dejodace v prubéhu zZivota (béhem fetalniho Zivota prevlada T3)

Dejodace je zavisla na radé dalsich faktord (deficit selenu, jaterni cirhdza, renalni selhani, atd.) +
VLIV DIETY

* Dva lidské TR geny:
 alfa-receptorovy gen na chromozomu 17 a beta-receptorovy gen na chromozomu 3
ALTERNATIVNI SESTRIH ZA VZNIKU DVOU RUZNYCH RECEPTOROVYCH PROTEINU
TRB2 pouze v mozku
TRal a TRa2, stejné jako TRPB1 v celé radé tkani
Nejasna funkce TRa2 — nevaze T3
Mutace genu pro TR = rezistence k hormonUm stitné zlazy na periferii a v adenohypofyze (pozn. Syndrom
hyperaktivity)

* Komplex (monomery, homodimery, heterodimery s jinymi jadernymi receptory, zejména s retinoidnimi
receptory X) se pak pomoci zinkovych prstu dale vaze k DNA = genomické ucinky

* Hormony stitné zlazy maji i ,negenomické” ucinky



U&inky thyroidalnich hormond

* Stimulace, pfipadné inhibice exprese celé rady proteinu (enzymy,
membranové proteiny, hormony)

e podpora rustu a morfogenetické maturace mladého organizmu
* stimulace metabolizmu (zvySeni tvorby tepla za zvyseni potreby kysliku)

* U déti vyznam pro normalni vyvoj nervové soustavy, rust, ale i maturaci
kosti

e Vliv na CNS

« ZvySeni mnozstvi proteind v mozkomisnim moku

e ZvysSena reaktivity na katecholaminy (vliv na retikularni aktivacni systém)
* Vliv na vyvoj mozku (mozkova klra, bazalni ganglia)

e Zména reflexu

* Ovlivnéni aktivity chondrocytu v rustovych destickach kosti
* U hypotyreiodalnich déti se opozduje rlst kosti i uzavirani epifyzarnich stérbin



U&inky thyroidalnich hormont

* Pozitivné chronotropni a inotropni ucinek
» prakticky bez vlivu na TK, zvyseni minutového srde¢niho vydeje
* zvySeni pocCtu beta-adrenergnich receptori v srdci (pozn. betablokatory pfi projevech
hypertyredzy)
e Zvysena GIT motilita
 Stimulace syntézy enzymu:
* pro glukoneogenezi (zvyseni resorpce cukrd z traviciho Ustroji),

* lipolyzu a proteolyzu (pozn. tyreotoxicka myopatie) - vyrazna proteolyza proteinu
kosterniho svalu, svalovy tres

* Rovnéz zmeéna v expresi gent pro MHC
* Snizeni hladiny cholesterolu v krvi nezavisle na zvyseni spotreby
kysliku
 Kalorigenni ucinek (stimulace metabolismu MK a jejich mobilizaci)

* T3 a T4 zvysuji spotrebu kysliku témér ve vsech tkanich s vyjimkou mozku, testes,
lympafickych uzlin, uteru, sleziny a adenohypofyzy (zde T4 ano, T3 ne)

» Zvyseni vylucovani dusiku (negativni dusikova bilance, pokles télesné hmotnosti)
e Zvysena potreba vSech vitaminl (pozn. karotenémie)



/ e

Negenomicke ucinky ty

e Regulace iontovych kanal(
* Regulace oxidativni fosforylace

e Zprostredkovany cAMP
proteinkinazami
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Fig. 1. Mechanism of action of the thyroid hormone receptors. Thyroxine (T4) and triiodothyronine (T3) enter the cell through transporter proteins such as MCTS and 10 or OATPs.
Inside the cells, deiodinases (DI01,2) convert T4, the major form of thyroid hormone in the blood, to the more active form T3. DIO3 produces rT3 and T2 from T4 and T3, respec-
tively. T3 binds to nuclear thyroid hormone receptors (TRs) that activate transcription by binding, generally as heterodimers with the retinoid X receptor (RXR). to thyroid hormone
response elements (TREs) located in regulatory regions of target genes. Activity is regulated by an exchange of corepressor (CoR) and coactivator (CoA) complexes. Negative TREs
(nTRE) can mediate ligand-dependent transcriptional repression, although in this case the role of coactivators and corepressors is not well defined. TRs can also regulate the activity
of genes that do not contain a TRE through “cross-talk™ with other transcription factors (TF) that stimulate target gene expression. Both receptors and coregulators are targets for
phosphorylation (P) by signal transduction pathways stimulated by hormones and growth factors. Binding of T3 to a subpopulation of receptors located outside the nuclei can also
cause rapid "non-genomic” effects through interaction with adaptor proteins, leading to stimulation of signaling pathways. T4 can also bind to putative membrane receptors such as
integrin aV}33 inducing mitogen activated protein kinase (MAPK) activity.

1830(7):3908-3916.

roidalnich hormonu

Table 1
Role of thyroid hormone receptors on proliferation and differentiation of selected cell types.
Cell type Proliferation Main receptor Genes/pathways in d Modulated biological response Refs.
Hepatocytes 1 TRp Cyclin D1 Liver hyperplasia® 17-27
Liver regeneration®
Regression of neoplastic nodules®
Hepatocarcinoma cells 1 TRe, TR PTTG1 Cellular invasion®# 28-30
Metastatic genes
Pancreatic i -cells ] Tha, TRP Cyclin D1/CDK/Rb[E2F Cell proliferation and survival** 31-33
PI3K/AKT
Intestinal epithelial cells 1 TRa Whnit/B-catenin Intestinal maturation and renewal® 34-39
Notch, BMP
Cardiomyocytes t TRa MHC-ce, ANF, SERCAZ, Contractility® 40-57
P1-adrenergic receptors, Heart rate®
K* channels PI3K/AKT Cardiac hypertrophy*
Cardiomyocyte maturation®
Skeletal muscle cells il TRa MyoD and contractile genes Contraction/relaxation® 58-64
Myoblast differentiation®
Keratinocytes 1 TRa, TRE Cyclin D1/CKls Epidermal proliferation and 65-73
p65/NF-xB, STAT3 differentiation™*
Keratins Skin carcinogenesis®
Oligodendrocyte precursors 1 Cyclin D1, c-Myc, CKls Oligodendrocyte maturation® 75-82
Neuroblastoma cells 1 TRE Cyclin D1, c-Myc, CKls Morphological differentiation® 83-87
Photoreceptors TRp Opsins Retinal development® 96-98
Color vision®
Cochlear cells Tha, TRP Auditory function® 99-103
Late differentiation of auditory cells**
Chondrocytes Il TR, TR CKls Endochondral ossification®
Wnit/B-catenin, BMP Bone maturation®® 104-117

Ihh, PTHIP, FGFR3

Mineralization®

TR action observed in vivo ['} or in cultured cells (*). Smaller letter size indicates less essential TR type.

Pascual A, Aranda A: Thyroid hormone receptors, cell growth and differentiation. Biochimica Et Biophysica Acta-General Subjects 2013,



Hypertyredza (tyreotoxikdza):

Zvysena tvorba tepla, snizovani télesné hmotnosti pri vysokém prijmu potravy, neklid, tachykardie,
zvysena ventilace

Priciny?

Pozn. Gravesova nemoc, exoftalmus (edematozni zmeény retro-orbitalnich tkani, degenerativni
zmeny extraokularnich svalll, pravdépodobné autoimunni proces)

Hypotyreodza:
- Poruchy stitné Zlazy/hypofyzarni selhani/hypotalamické selhani

- Citlivost na chlad, sucha chladnd pokozka, zpomaleni pohybu, pomald tichd rec¢, bradykardie,
retence vody, u déti psychomotoricka retardace

- Hypotyredza u dospélych = myxedém (hromadéni komplext proteint, polysacharidt, hyaluronové
kyseliny a kyseliny chondroitinsirové v kazi)
- Hypotyredza od narozeni = kretenismus

- Priciny?



Clinical Assessment of Thyroid Function

Plasma thyrotropin levels. Direct measurements of T4/T3 provide a measure of fozal circulating hormone
(Le., the sum of free T4 and T3, as well as T4 and T3 bound to TBG, TTR, and albumin). However, these
direct measurements do not allow one to distinguish between bound and free T4/T5. The sensitive response

of TSH to changes in thyroid hormone levels provides an extremely valuable tool for assessing whether the
free T4/T3 levels in the circulation are deficient, sufficient, or excessive. Indeed, the level of TSH reflects the

amount of free, biologically active thyroid hormone in the target tissue. As a result, in recent years,
measurements of plasma TSH using very sensitive immune assay methods have come to be regarded as the
single best determinants of thyroid hormone status. Obviously, this approach is valid only if the thyrotrophs
themselves are able to respond to T3/T4—that is, if patients have no evidence of pituitary dysfunction.

The health of the thyrotrophs themselves can be tested by mjecting a bolus of synthetic TRH and
monitoring changes in plasma [TSH]. In hypothyroid patients, the subsequent rise in plasma [TSH] is more
dramatic than n physiologically normal individuals. This test was of great value in confirming the diagnosis of
hypothyroidism before the advent of today’s sensitive assays, but it has largely been abandoned.

Radioactive iodine uptake. Measuring the amount of a standard bolus of radioactive iodine that the
thyroid can take up was also once widespread as a measure of thyroid function. A hyperactive gland would
take up increased amounts of the tracer, whereas an underactive gland would take up subnormal amounts.
Today, the test is mostly used for three other purposes. First, radioactive iodine uptake can show whether a
solitary thyroid nodule, detected on physical examination, is “hot™ (functioning) or “cold” (nonfunctioning).
Cold nodules are more likely than hot ones to harbor a malignancy. Second, radioactive iodine uptake can
show whether hyperthyroidism is the result of thyroid inflammation (i.e., thyroiditis), in which tracer uptake is
minimal, or Graves disease, n which tracer uptake is increased. Third, high doses of radioactive iodine are
commonly used to treat patients with hyperthyroidism.
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Vlyznam jodu
Adekvatni prijem jodu je nezbytny pro spravnou funkci stitné zlazy
Denni potrfeba jodu:

* Prvni rok zivota 50 pg/den
e 2—6let 90 pg/den
e 7-12let 120 pg/den
e 12 avice let 150 pg/den
* Téhotné a kojici 250 pg/den

V USA denni ptijem az 500 pg/den
* Plasmaticka hladina cca 3 pg.L?
« Stitna Zlaza (cca 120 pg/den, secernuje cca 80 pug/den)/ledviny
* Do ECT difunduje denné cca 40 pg
e Zdrojjodu také T3 a T4 — metabolizace v jatrech, denné 60 pg do ECT
 Ztrata jodu ve stolici 20 pg/den
* Celkové mnoizstvi jodu vstupujiciho do ECT je 600 pg/den, 120 pg/den Stitnd zlaza a 480 pg/den
vylouceno moci

Nedostatek jodu vede ke kompenza¢nimu zvétSeni Stitné Zldzy (struma) / Nadbytek jodu — sniZeni
vychytavani jodidu, zmenseni

Profylaxe — pridavani Kl do kuchynské soli

Pozn. Strumigenni latky, zejména brukvovité - glukosinolaty hydrolyzujici na thiokyanaty

* Goitrin vznikajici konverzi glukosinolatu progoitrinu nebo 2-hydroxy-3-butenyl glukosinolatu — cyklicky
thiokarbamat — interakce s metabolismem jodu



lodine Deficiency

In areas where solil is relatively iodine deficient, human iodine deficiency is common. Because seawater and
seafood contain large amounts of iodide, iodine deficiency is more common in inland areas, particularly in
locales that rely on locally grown foods. For example, in mland areas of South America along the Andes
Mountains, in central Africa, and in highland regions of Southeast Asia, iodine deficiency is common. In the
early 1900s, investigators first recognized that iodide was present in high concentrations in the thyroid and
that iodine deficiency promoted goiter formation. These observations led to efforts to supplement dietary
iodine. Todine deficiency causes thyroid hormone deficiency. The pituitary responds to this deficit by
mcreasing the synthesis of thyrotropin (or TSH), which, in turn, increases the activity of the iodine-trapping
mechanism in the follicular cell in an effort to overcome the deficiency. The increased TSH also exerts a
trophic effect that increases the size of the thyroid gland. If this trophic effect persists for sufficient time, the
result is an iodine-deficient goiter. The word goiter is simply a generic term for an enlarged thyroid. If this
effort at compensation is not successful (i.e., if insufficient thyroid hormone levels persist), the person will
develop signs and symptoms of goitrous hypothyroidism. When iodine deficiency occurs at critical
developmental times in infancy, the effects on the CNS are particularly devastating and produce the
syndrome known as cretinism. Persons so affected have a characteristic facial appearance and body
habitus, as well as severe mental retardation. Dietary supplementation of iodine in salt and bread has all but
eliminated iodine deficiency from North America. In many nations, especially in mountainous and landlocked
regions of developing nations, iodine deficiency remains a major cause of preventable illness.




