Obecneé principy endokrinnich
funkci.




Jak spolu bunky
komunikuji?
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endokrinie

zdroj prostredi cilova bunka

parakrinie, autokrinie

O
v syntéza/sekrece - univerzalni prostfedi USRI Spec'vf'cl”OSt
v .y I . v . . - bunécna odpovéd
- zadné ovlivnéni specificnosti ucinku - diluce a interakce . .
- pocet receptoru
- signalni drahy
- dalsi ligandy
A - metabolizace ligandu/receptoru
matrix/intersticialni ‘
tekutina
- specificnost a senzitivita
- syntéza/sekrece _ difuze - difuzni bariéra
- hlavni determinant cilové bunky - vazebné proteiny - determinanty gradientu
(ddno lokalizaci) _ protedzy - inhibicni signalni drahy
c ulirni i - vliv dalsich ligandt
v - komponenty extracellularni matrix — _ .« I



Hormony

Starling 1905 - sekretin
Glandotropni hormony

Aglandotropni hormony
Cilové bunky

Limitovana doba pusobeni

Hypothalamus
Releasing hormones:

Pituitary gland
GHRH, CRH, TRH, GnRH Growth hormone,
Inhibitory hormones: i
e gt ' Prolactin,
somatostatin, dopamine, ACTH, MSH,
vasopressin TSH, FSH, & LH
oxytocin
Thyroid gland Parathyroid glands

T, T,, & calcitonin Parathyroid hormone

Adrenal glands

Cortisol
Aldosterone
Adrenal androgens
Epinephrine
Norepinephrine Pancrgas
Insulin
Glucagon
Somatostatin
Ovaries
Estrogens
Progesterone

Testes
Testosterone

Source: Molina PE: Endocrine Physiology, 4th Edition: www.accessmedicine.com
Copyright © The McGraw-Hill Companies, Inc. All rights reserved.



Chemicka povaha hormonu

ODVOZENE OD AMINOKYSELIN
-Adrenalin

-Noradrenalin H3¢—0
-Dopamin

-Melatonin

-T3/T4 [

HN

HN

CH;

STEROIDNI
-Kortizol
-Aldosteron
-Testosteron
-Progesteron
-Estradiol
-Kalcitriol

PEPTIDY A PROTEINY

-Hormony hypothalamu
-Hormony adenohypofyzy
-Inzulin, glukagon, somatostatin
-Gastrin, cholecystokinin, sekretin
-Natriuretické peptidy
-Erythropoietin, trombopoietin

"PTH, PHrP
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Chemicka povaha hormonu

Hormon - Peptidy - . Steroidni Tyreoidalni
. .. ! Katecholaminy

charakteristika proteiny hormony hormony
F-CH vlastnosti hydrofilni hydrofilni lipofilni lipofilni
syntéza proteosyntéza modifikace Tyr prekurzory CH modifikace Tyr
zasoba sekrecni granula sekrecni granula neni koloid
sekrece rizena exocytoza fizena exocytoza difuze difuze
transport volné volné/ slabé vazané vazané vazané

L y kratky velmi kratky stfedné dlouhy Dlouhy
eliminacni polocas . . s . )

(4—-40-170 min) (2 — 3 min) (az 180 min) (20 hod — 7 dni)

receptory membranové membranové cytosolové jaderné
ucinek kratkodoby velmi kratkodoby dlouhodoby dlouhodoby
bunécna odpovéd rychla velmi rychla pomala pomald

CHEMICKA STRUKTURA HORMONU URCUJE JEJICH BIOSYNTEZU, SKLADOVANi, UVOLNENI,
TRANSPORT, POLOCAS ELIMINACE, ZPUSOB ELIMINACE A MECHANISMUS UCINKU NA CiLOVE

BUNKY




Hormony /
!

Ledviny

* Pleiotropni ucinek

adrenalin

* Permisivni pusobeni \

’
noradrenalin — \ t
] -
- v
s - -
\

* Multiplicita

. ) lipolyza

Arteriola— a2 receptory



Endokrinni organy

specializovaneé bunky - specializované organy
(endokrinni)

e ,sekrecni” bunky — organy s endokrinni funkci

bunky bez specializované sekrecni funkce
bunky konvertujici prekurzory hormonu

Tukova tkan

Faktory ovliviujici
angiogenezi, cévni
sténu a srazeni

(PAI-1, VEGF) FRliery
komplementu

(adipsin)
Cytokiny '

(IL-6, TNF-au) _
Metabolismus

lipidd
, RBP,
CETP, )

Homeostaza
glukdzy

Adipokiny



Klinické aspekty

* Produkce hormon® nadory — PARANEOPLASTICKE SYNDROMY

Nadory plic Nadory jater a ledvin Nadory GIT

— ADH (hyponatrémie) — erythropoietin — ACTH (Cushinglv syndrom)
— ACTH (Cushinglv syndrom) (polycytémie)

— PTHrP (hyperkalcémie)



Sekrece hormonu a jeji regulace

* Neuralni kontrola
* hypothalamus
* sympatikus, parasympatikus

* Hormonalni kontrola

* Regulace sekrece |onty nebo substraty (Glu AMK)
AMK

sym patikus
@
O O
parasympatikus /

somatostatin

INZULIN



Sekrece hormonu je regulovana zpétnovazebne

biologicka odpovéd

®

hormon i
, kalcemie
l @ tropni hormon ==
- Zpétna vazba
l Negativni X Pozitivni
hormon cilové Zlazy Jednoducha X Slozita

l

! SR A Pfevzato. Kittnar et al. Lékarska
biologicky ucinek

fyziologie. 1. vydani. Grada 2011.



SCN:

Cyk“Cké Zmény Sekrece hOI’mOﬂLOJ Aference — sitnice

Eference — jadra
External 24 h light-dark cycle Endogenous circadian rhythm hypothalamu

SCN (Master clock) Melatonin
ADH

ACTH — kortisol
Inzulin

Ghrelin
Adiponektin
Leptin

Entrainment

Photic Zeitgeber
SynchronizationT l

Nervové/hormonalni
= SNC-dependentni

4 7
Nonphotic Zeitgeber . Peripheral g @
= Sleep-wake cycle — oscillators '@

= Physical activity
= Social time

= Meals Cell.ular
oscillators

Sytost/hlad

Télesna teplota



Transport hormonu

eProtekce
eRezervoar

eUbikvitarni distribuce
eTransport pres
plasmatickou membranu
(SHBG — megalin)

Chemicka povaha hormonu

Vazba na transportni protein(y) a jeji vyznam
* Albumin
* Globuliny
» Specifické proteiny — TBG, SHBG, CBG

Sila vazby
,Alternativnost” vazby — TBG versus transtyretin

MEZI HORMONEM A TRANSPORTNIM PROTEINEM SE USTAVUJE DYNAMICKA ROVNOVAHA




Eliminace hormonu

* Odlisna doba setrvani v cirkulaci

* Metabolizace
e Cilovymi bunkami
* Enzymovymi systémy v krvi
e Organy — zejména jatra
* Eliminace
 Jatra
e Ledviny

FAZE |

Hydroxylace, dekarboxylace
Oxidace, redukce

FAZE Il

Glukuronidace

Sulfatace

Methylace

Konjugace s glutathionem

metabolizace

&

Cévni reciste

(¢]
O
©
=
£
K9]




Hormony a bunecna odpoved
* Cilové bunky

hormon
e Specifiénost L~
T % OOO BUNECNA
* Vysoka afinita @ OO o © ODPOVED
» Selektivita
MECHANISMY
Konfforrracnldzrper;y | b vazba na receptor amplifikace a transdukce signalu
Fos on.’yoace/ efosforylace + nabor efektorové molekuly
proteinu
Vazba GTP (G proteiny) ’ . % obsazenych receptort synergie
Vazba cAMP (efektorove proteiny) konformaéni zména antagonismus
Generovani molekul s prekurzory v PM moZna ztrata citlivosti
Nekovalentni vazba Ca?* regulace zpétnovazebnymi systémy

BUNECNA ODPOVED JE ZPROSTREDKOVANA PRISLUSNYMI RECEPTORY




Regulace bunecne odpovedi na urovni
re Ce ptO rlj Active Desensitized Receptor

receptor receptor protein Agonist

* Downregulace T T e e

* Upregulace

Uncoupling
Signaling  from signaling
cascade cascade

* Homologni desensitizace

* Heterologni desensitizace Endosome
Fosforylace (specifické kinazy)
Defosforylace (specifické fosfatazy)
Modifikace proteiny inhibované signalni drahy
(a) Receptor inactivation (b) Receptor internalization (c) Receptor down-regulation

Figure 13.10. Major mechanisms for the termination of receptor-dependent signal transduction.

Textbook of Biochemistry With Clinical Correlations, Sixth Edition, Edited by Thomas M. Devlin. Copyright © 2006 John Wiley & Sons, Inc.



Hormony — proteiny a peptidy



Jak vznikaji a jaky je mechanismus e s w -

Pfehled |ékarské fyziologie.

pfjsoben I'f? 20. vydéni. Galén 2005.

pocet pocet
aminokyselin aminokyselin
v prekurzoru prekurzorovy peptid v hormonu
prepropresofyzin
166 [ 1] l 9
AVP
prepro TRH
Nucleus 242 | g1 11 | 3

Capillary lumen TRH TRH TRH TRH TRH TRH

Cisternae Transition elements Secretory vesicles
4 preproenkefalin A

267 | [ [TTTHE T1 57.8

D Met-enk - Leu-enk *Met-enk oktapeptid

A © - ) 2] )
e © ©
i . *Met-enk heptapeptid
—> O =—>O=—>Cy, b
e Immature secretory granules (4 eproopiomelanokortin
Q) =={)(2) %} ® @ 3 = | N i | 'i N 39 ACTH
’ O # => =.> [ 31B-endorfin
. O Q - MSH ACTH MSH konec ;
RER

Mature secretory granules

1 Plasma membrane
=.>O ~

SER/Golgi

preprodynorfin (preproenkefalin B)

236 I . . .j 17 dynorfin

. Vil N-konec Dyn

Obr. 1-22. Priklady velkych prekurzort (preprohormond) malych peptidovych hormond. Viz také obr. 14-12. TRH — hormon
uvolnujici thyrotropin; AVP — argininvazopresin, Met-enk — met-enkefalin, Leu-enk — leu-enkefalin, MSH — hormon stimulujici
melanocyty, ACTH — adrenokortikotropni hormon, konec — B-endorfin, Dyn — dynorfin, N-konec — neoendorfin

Lysosome

preprohormon — prohormon — hormon (+ fragmenty)




Receptory sprazene s G proteinem (GPCR)
G~ G, Gyy—aktivace AC

Peptide and protein:
Glucagon, Angiotensin, GnRH, SS,
GHRH, FSH, LH, TSH, ACTH

Amino acid derived:
Epinephrine, norepinephrine

G; — inhibice AC
*G, (2, mozek)
G, (2, fotorec. — cAMP-PDE)
G, (inhibice K* kanalu)

\

A 7 Erer—r—

s \*PlsKy, PLC'B;
é denylat I
adenyiate cyclases [Biological responseS]

@O G & p

GTP GTP GTP . GTP e, Gene exprpssion
Adenylate  PLC-§  Adenylate  RhoGEFs . regulation
cyclase DAG cyclase Rho S~ /E
Transcription Nuoleus

/
,’ factors



Receptory sprazene s G proteinem (GPCR)

[Cardiac Myocyte ]

Cell Proliferation/
Cardiac Hypertrophy-Associated
Gene Expression

Sarcoplasmic Reticulum

Calcineurin
Sarcomere —

IP3+rDA€ PIP, ” .
P C// @MM

RERCRIRCRCR2CRE2E2824 S2SR52525¢ RSS2 8252525¢ MRS RELSLELS2E2E2525252525258

................

,,,,,,

https://www.ahajournals.org/doi/full/10.1161/circresaha.113.300308



https://www.ahajournals.org/doi/full/10.1161/circresaha.113.300308

Receptorove tyrosinkinazy

Glucose Exercise

Q Insulin YT * Po vazbe ligandu obvykle
- W u} nastava dimerizace

Insulin-receptor
p 3R 6 * ATP jako zdroj P pro

MAFK
fosforylaci intracelularnich

Ca™ AMP:ATP signalling
(Camk ]  [AMPK] (cascace ' . )
domén/asociovanych

i
Y
3
9
[

= 3 : o
£ ) ) — L2
STETT ' B SbaEE> proteinu
~ Glycogen, protein ?
and lipid synthesis; GLUT4 Fuel utilization 1
gene regulatioln. Fuel storage .
ctin remodelling etc. Gene regulation etc. ® |nzu I N
5160
— e |IGF-1/2
https://www.researchgate.net/figure/Insulin-and-exercise- e EGF

signalling-in-skeletal-muscle-control-pathways-governing-
fuel fig2 6653953 * PDFG



https://www.researchgate.net/figure/Insulin-and-exercise-signalling-in-skeletal-muscle-control-pathways-governing-fuel_fig2_6653953

Receptory asociované s cytosolickymi TK

* GH, prolaktin, leptin, [ Homonelookn
e ryt h ro po I etl n Hormone/cytokine receptor

* Dimerni receptory BEZ vlastni
TK aktivity

e Asociace s JAK kinazou

* Po vazbeé ligandu — dimerizace,
transfosforylace, aktivace

SOCS proteiny

> sm dimer

J | (
\/ Nucleus
STAT regulation of
gene expression V\

signal transducers and activators of transcription 0\



Receptorove serin/threonin kinazy

* Antimulleriansky hormon, inhibitin

* Forma disociovaného
heterodimeru

* SMAD =, latent transcription
factors”

TGF-B-related RII/RI dimer
hormones
— R

\ Cytoplasm
{,

Actlve SMAD J
Nucleus
Regulation of

N

‘—é

specific gene expression

gamma-activated sequence-like elements (GLEs,
promotorova oblast nékterych genti)



Receptorové guanylat cyklazy

* Natriuretickeé peptidy @ tlatriwoic peptide

* ANP, BNP, CNP
* NO
.

GTP cGMP

H PDE
PKG{: » GMP
cGMP Q

®<
©

v

Protein
phosphorylation

Cellular response




Prenos signalu — systém druhych poslu - prehled

HORMON = PRVNI POSEL

INTRACELULARNI SIGNALNi MOLEKULA GENEROVANA PO VAZBE HORMON-RECEPTOR = DRUHY POSEL

* CAMP * cGMP * DAG a |P;
e TSH, glukagon, ACTH, « ANP, BNP, CNP * PIP, —fosfolipaza C systém
hormvc,)ny hypothalamu, ADH NO jako signalni
a dalsi . Ca2+
* Proteinkinaza A el ;
* Proteinkinaza G * Ca?*/Ca®*-kalmodulin

* Modulace signalnich drah
kompartmentalizaci (A-kinase anchoring
proteins (AKAPs))

EXTRACELULARNI SIGNAL MUSI BYT PREVEDEN DO INTRACELULARNI ODPOVEDI




System AC - cAMP

" 5

ATP cAMP

| (e.g., K")
i PDE |

BXR) <
X ® AMP

- GTP

Activation of
effector proteins

@_
= @4&

Protein phosphorylation
(membrane, cytosolic,
& nuclear proteins)

L

Cellular
response |«

lonic current

System PLC — IP3/DAG

oH-c-cc DAG ,
— PKC 8 Protein
phosphorylation

|
z.z\m{/
Ca?*—>»Ca’"- CaM—> Effector
I proteins
: \ l

Cellular response




System cGMP - NO jako signalni molekula

N Os cGMP
signalling \

9 Arginine - N

2 FeNOJ (he* (  s6C

NO/ROS
eNOS Protein Modification il CYStE'"E ¢ i
. ' Gene Expression mer, A cGMP —g B-I'IitrD-CGMP\‘
o/ Oxidation  Reduction PKG
\ (Norm om] {va oxia) S-Guanylation
sGC ETC
/‘\ Mitochondrial Respiration / Physiological

Cytoprotection I - effect 4

GTP cGMP —> cGMP (ONOO ] -++> . NOZ

PDE l©
y

Protein
phosphorylation

GMP =

e eNOS
* NnNOS

Cellular response -
(¥ smooth muscle tone) INOS

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.



Systém Ca<* - kalmodulin

(a) Structure of Ca?*-calmodulin complex

@ Calmodulin binds a2+
four calcium ions

Calmodulin

Calcium-
calmodulin
complex

€©) Calmodulin changes [
conformation, resulting | §
in an active complex

Target
protein

€ The two globular
hands" of the complex

wrap around a binding

site on a target protein

Calmodulin-
binding site

(b) Function of Ca?*-calmodulin complex

Copyright © 2009 Pearson Education, Inc.

) lujuapuadap-uijnpow|ey

Azeu

Extracellular

fuld Q— Messenger

closed Calcium enters cell
through open channel

A

As second
messenger

Change in Muscle Secretion Calmodulin
electrical contraction
properties
o el . ‘ Ca-calmodulin
Activates
Ca% ‘ ‘ lenzymes
, . Protein kinase
Protein- P

Cytosol | |

Extraceluldarni signaly
(hormony, neurotransmitery)

:

Response in cell
(muscle contraction,
altered metabolism,

altered transport)



Shrnuti — membranoveé receptory a asociovaneé syst

proteinové substraty

dalsi fosfolipazy

é

my



Klinicke aspekty




Hormony pusobici pres jaderné receptory



Hormony pusobici pres jaderné receptory

HORMONY

-Hormony $titné zlazy — TRa/ <:I

-Estrogeny — ERa./[3
-Testosteron - AR
-Progesteron - PR
-Aldosteron - MR
-Kortizol - GR

homodimery

heterodimery

PRODUKTY METABOLISMU A XENOBIOTIKA
-Mastné kyselina — PPAR a,f3,y
-Oxysteroly — jaterni X receptor LXR a,f3
-Zlu¢ové kyseliny - BAR
-Hem — RevErb a3
-Fosfolipidy — homolog jaterniho receptoru LRH-1, SF-1
-Xenobiotika — pregnanovy X receptor PXR
- konstitutivni androstanovy receptor CAR

VITAMINY
-1,25-[OH]2D3 - VDR

-All-trans-retinova kyselina — RA receptory a3,y
-9-cis-retinova kyselina — retinoid X receptor RXR a3,y

-Orphan ,sirotci“ receptory
-Variantni receptory

Vysvétleni nékterych ucinku a patologii




Obecny mechanismus
ucinku hormonu
pusobicich pres jaderné
receptory

-Vysoka afinita vazby ligandu = dano strukturou R
-Rozeznani specifické promotorové oblasti
-Dimerizace receptorlt (homodimery, heterodimery)
-Remodelace chromatinu pro genovou expresi (HDAC)
-Genova exprese ve vysledku snizena, nebo zvysena

PROC POUZE JADERNE RECEPTORY?
-Syntéza v cytoplasmeé
-Zde setrvavaji do vazby ligandu, nebo transport do J

. Prohormone
(ligand precursor)

Hormone
O (ligand)

Phenotypic change
(hormone effect)

1

Transcription=>mRNA === Protein
—

\ = HRE

Hormone-responsive gene

Nucleus

-Regulaéni mechanismus — modifikace a pocet receptoru

-Vyznamny parametr — selektivita cilovych bunék
-Tkanoveé specifické faktory, koaktivatory a korepresory




Priklad — steroidni hormony a hormony

stitné zlazy

Pathway 1 (Steroid hormones)

(-=) Hormone /

GTFs

— HRE

Gene

l

Basal transcription
(+) Hormone Recruitment of co-activators
/ Recruitment and activation of
Co-act )<, / general transcription factor

HR | HR GTFs

>

— HRE

Gene
Chromatin

structure l

Stimulated transcription

Pathway 2 (Thyroid hormones, vitamin D, PPARs)
(=) Hormone

Co-repress )/ Blocking general transcription factor

—>

| Gene
Chromatin '

structure ‘

¥

Repressed transcription

(+) Hormone Dlssomatlon of co-repressors

o - _,

Gene

zakladni transripce

(+) Hormone
hormon
- >
RA

Basal transcription

Recrunment of co-activators

Recrunmem of activation of

general transcription factors
_ S \@~

Gene
Chromatin

structure l
stimulovana transripce

Stimulated transcription



Ukonceni ucinku hormonu

Receptorem
zprostredkovana
endocytoza a nasledna
degradace v lysozomu

Fosforylace/defosfo-
rylace receptoru nebo
proteinu signalni drahy

Ubikvitinace a
proteosomalni
degradace

Vazba regulacniho
faktoru na prislusny
protein (enzym)

Vnitrni enzymova
aktivita a jeji regulace




Klinické aspekty

* Nadprodukce hormont

* Nedostatecna produkce hormont

» Zmény citlivosti cilovych tkani a/nebo zména bunécné odpovédi
e Zvysena inaktivace nebo degradace hormonu

* Nedostatecna produkce nebo zvysena degradace transportnich
proteinu

* Zmeény produkce transportnich hormonu pri fyziologickych stavech
(tehotenstvi)



Klinické aspekty

A. Decreased hormone responsiveness B. Decreased hormone sensitivity
A A

2 Maximal response —l >

= 100 s 100 -

=) —

O @ Hormone

ﬂl QD concentration

§ 50 R - ici

= = required to elicit half-

S 5 maximal response.

T T

0 > 0 -

Log [hormone] Log [hormone]

Source: Molina PE: Endocrine Physiology, 4th Edition: www.accessmedicine.com. Source: Molina PE: Endocrine Fhysiology, 4th Edition: www. accessmedicine. com

Copyright © The McGraw-Hill Companies, Inc. all rights reserved. Copyright © The MoGraw-Hill Companies, Inc. All rights reserved.

- SniZeni poctu receptort - Snizeni afinity hormonu k receptoru

Snizeni koncentrace enzymu aktivujiciho hormon SniZeni poctu receptort

Zvyseni koncentrace nekompetitivniho inhibitoru Zvysena rychlost degradace hormonu

Snizeni poctu cilovych bunék - Zvysena koncentrace antagonistti/competitivnich
inhibitort



