Patofyziologie endokrinniho
systému I

HPA a HPT osy a chronobiologie
Cirkadianni rytmus
Nadledviny — kuira a dren
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Endokrinni systém

* sit specializovanych endokrinnich zlaz v téle, které
produkuji hormony

* CAVE mnoho dalSich organ(i/tkani produkuje
hormony

* diskrétni clustery bunék
* nachazime je v organech, které maji dominantné jiné funkce,
napf. pankreas, placenta, ledvina, jatra, ...
* DNES bunky (diffuse neuro-endocrine system, drive
APUD) ve strevé, srdci, kUzi, ...
* Amine Precursor Uptake

 reflektuje vysoky uptake amine prekursord vE. 5-hydroxytryptofan
(5-HTP) a dihydroxyfenylalanin (DOPA)

* Decarboxylase

 reflektuje vysoky obsah enzymu aminoaciddekarboxylazy (pro
konversi prekursorti amin)

Male Female

o Pineal gland
Pituitary gland

Thyroid gland

Adrenal gland
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Preziti organismu je urceno schopnosti:

v /’ B — J/-, J"’/ ‘#U‘/ a
* (1) udrzet homeostazu =73, T e
e = stabilni vnitrni 2 &7 - -

prostredi jako odpoved
na fluktuaci vnéjsich
podminek

* (2) a realizovat dulezité
jednorazové/periodické
aktivity béhem zivota
jako napr.

* rust, vyvoj, dospivani
* reprodukci

e obnovu tkani, hojeni,
remodelaci

* (migraci Ci hibernaci u
nékterych druht)




Neuro-endocrine-immune (NEI) network

* Neuro-endocrine-immune interactions
involve multi-directional crosstalk that is :
mediated by extrinsic (environmental, Environment
social factors) and intrinsic
(resistance/tolerance to disease,
homeostasis and allostatic load,

reproductive status, behaviour) factors ,
Homeostasis/ Behavior
* First-order interactions involve Allostasis Immune
* (1) direct interactions between the nervous System
and immune systems '
* e.g. sympathetic innervation of immune - @
tissue L @
* activation of microglia or specific nuclei in .
brain from cytokines Nervous Endocrine
* (2) endocrine-immune interactions . System System
* e.g. hormonal regulation of immunity == ; "\\ :
. : : — : esistance
gg’lclcglfme/ chemokine activation of endocrine Tolerance to \\‘_i)_ & Reproduction
Disease

* (3) classic interactions between the nervous
and endocrine systems

* e.g. activation and modulation of
hypothalamic-pituitary units

* neuromodulation by hormones

* (4) second-order interactions involve all
three systems interacting to produce a
physiological effect(s)

Social Factors

Horm Behav. 2017. Neuroendocrine-immune circuits, phenotypes, and interactions. Ashley NT, Demas GE. M U N I



Obecny mechanizmus vzniku endokrinopatii

* (1) deficit hormonu = hypofunkce

* hereditarni — porucha vyvoje zlazy nebo syntézy hormonu (¢i enzymu nutného k ¢
* geneticky defekt = mutace genu pro hormon nebo enzym nutny k jeho syntéze

* ziskany — destrukéni proces postihujici zlazu
* infekce
* infarkt ¢i hemoragie
* komprese tumorem
* autoimunita
» vétSinou hypersensitivita IlI. ¢i IV. typu

* (2) nadbytek hormonu = hyperfunkce

* autotopicka sekrece — ve Zlaze
* tumor (adenom)
* imunopatologicka
* hypersensitivita V. typu — stimulace anti-receptorovymi g
* ektopicka sekrece —jinde
e tumor

* exogenni (iatrogenni) — terapeuticka nutnost

* (3) rezistence k hormonu
e abnormalni hormon
* protilatky proti hormonu nebo receptoru
* receptorovy defekt
* post-receptorovy defekt
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Homeostaza — zpétnovazebné regulace — urovné

anterior pituitary:
(1) prolactin (PRL)

(2) growth hormone (GH) Endocrine System Subdivisions

(3) adrenocorticotropic hormone (ACTH)

(4) luteinizing hormone (LH)

(5) follicle-stimulating hormone (FSH)  ~._

(6) thyroid-stimulating hormone (TSH) e

SA

Neuroendocrine

Hypothalamus

~~._Nonapeptides l Releasing hormone(s)

Nonapeptide
Hormone(s)

posterior pituitary / neurohypophysis:
(1) oxytocin
(2) AVP/ADH

\4

Target organ(s)

S

Pituitary

l Tropic hormone(s)

Endocrine gland(s)

»
\
l Hormone(s) \\

Target organ(s) N

©

Endocrine (only)

Endocrine gland(s)

parathyroid glands:
parathormone (PTH)
adrenal medulla:
epinephrine,
norepinephrine, dopamine
endocrine pancreas:
insulin, glucagon

l Hormone(s)

Target organ(s)

adrenal cortex: glucocorticoids, mineralocorticoids, adrenal androgens

thyroid: 74/73

gonads: androgens/estrogens
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CHRONOBIOLOGIE

Biologické rytmy
Cirkadianni hodiny a jejich princip
Poruchy biologickych hodin
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Hypotalamus — misto integrace signalt z riiznych &asti CNS

Temparal loly

Hypothalamus

Nuclei of the Hypothalamus

Paraventricular Lateral Dorsal
hypothalamic
area

Posterio
Preoptic hypothalamic
nucleus ea
Anterior

hypothalamic
area

nucleus
Ventromedial
nucleus
Supra-optic
nucleus
\ / Mammillary
. [ y
Optic nerve / L 7
Optic chiasm /"" / Posterior <
/ pituitary
Anterior \
pituitary ) /
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Biologické rytmy

@ Melatonir» regladle

cyklus spanku

— L
a bdéni
GlandUIa produkce
pinealis liberind a statinl
v PVN

impulzy

ze sitnice ——— | Hypothalamus
(svétlo / tma) P

do SCN p V
’ "4

i, s
inhibuje \ (GH)

ACTH
& GH ACTH
\
' \/
cortizol> ,/'GF'1
DHEA &

Nadledvina

* vétSina procesll v organizmu ma néjaky charakteristicky ¢asovy (cyklicky) priibéh
* napt. cyklus spanek/bdéni, ptijem potravy, reprodukee, ...

» délka biologického cyklu je rlizna
* cirkadianni rytmus
*  produkce hormon( béhem dne a jimi regulované procesy
* ultradianni - kratsi neZ 24 hod.
*  napf. cykly apetit/sytost, respiracni regulace, ...
* infradidnni — del$i neZz 24 hod.
¢ lunarni, sezénni, ...

ﬁélijlgadni biologicky rytmus — cirkadianni — je generovan automaticky vnitfnimi “biologickymi”
odinami

* perioda bez synchronizace s vnéjSim prostifedim je delSi nez 24 hod. (cca 25 hod.)
* nucleus suprachiasmaticus (SCN) hypotalamu
* nucleus paraventricularis (PVN) hypotalamu ovliviiuje produkci hormont

* liberiny a statiny
* tractus hypothalamo-hypophysialis (oxytocin a ADH)
e orexiny

e glandula pinealis hypofyzy — ovliviiuje produkci melatoninu v kooperaci s SCN

* mediatory Fizené periodickou aktivitou biologickych hodin ovliviuji aktivitu perifernich endokrinnich
Zl3z a dalsich organ a takto zejména

e cyklus spanku a bdéni

*  aktivitu, pozornost a mentalni vykon

* energetickou homeostazu

* imunitni funkce, reparaci, rdst a hojeni, ...

* synchronizaci v zavislosti na vnéjsim prostredi zajistuji receptory a smyslové organy
*  svétlo/tma - signdly ze sitnice ale také klze
* pfijem potravy - hladina nutrient (via kortizol a leptin)
* teplota-sezéna
* u clovéka oslabeno
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Svétlo je nejsilnéjsi externi signal synchronizu
cirkadianni rytmus

* percepce svétla zahrnuje 3 typy fotoreceptor( v sitnici:

* klasické tycinky a Cipky

* aspecialni fotosenzitivni retinalni gangliové bb. (RGCs) produkujici fotopigment

melanopsin

* tento kontroluje produkci melatoninu neuronalnim okruhem pres a zpét k SCN
« efekt melatoninu je zprostredkovan trans membranovymi receptory
*  MT1 a MT2 — ubikvitérné exprimované - chronobiologicky efekt (synchronizace

perifernich hodin)
*  MT3 —antioxida¢ni efekt

Entrainment ]
| ]
RH tract | ]
|f> Eye 1 @ @ 1 Hindbrain

4 W | _—
Light ; |
1
)
R thalamus

eeeoo_.__Itypothalamus w Spinal cord
Tryptophan Preganglionic
fibres
Pinealocyte SCG
5-Hydroxytryptophan
p-Adrenergic
ATP __receptor NA
— |
5-Hydroxytryptamine
CAMP Postganglionic
NAT 4\_\_ Protein / C-Kinase fibres
synthesis NA
N-Acetylserotonin .
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HiomMT receptor
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Clrkadlénm’ ,yhodiny”

* generovani cirkadiannich rytmu spociva v koordinované
expresi specifickych ,,clock” gen

* podstatou je stupniovitd transkripcni regulace systému ,clock” gent
» vétsina produktl ,clock” genl funguje jako transkripéni faktory

* zmeny v koncentraci, subcelularni lokalizaci, post-translacnich
modifikacich (fosforylace acetylace, deacety ace, SUMOylace
aj. I)<Ia zpozdéni mezi transkrlpC| a translaci UStaVUJe ~24-h
cyklus

 spiSe vsSak delsi, k 24-hodinové synchronizaci dochazi vlivem vnéjsich
podnétl (svetlo tma)

e geny kodujici ,,clock” mechanismus zahrnuiji

 Circadian locomotor output cycles kaput (Clock)
* Brain and muscle-Arnt-like 1 (Bmal1)

* Periodl (Perl), Period2 (Per2), Period3 (Per3)

e Cryptochromel (Cry1) a Cryptochrome2 (Cry2)
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Molekularni podstata cirk. , hodin“

* podstatou rytmicity jsou negativni i pozitivni
zpetnovazebné smycky transkripce urcitych

genu (CGs), jejich translace, postransl.
modifikace a degradace, tyto slozi jako

transkr. faktory dalSich stovek genu (CCGs) v

n. suprachiasmaticus a periferné a

synchronizuji tak podle zevniho prostredi

organizmus

* hypotalamus

* hodinoveé geny (clock genes, CGs)
* Clock
* BMall (Mop3), BMal2
* Perl, Per2 (Period)
* Cryl, Cry2 (Cryptochrome)
* Rev-—Erb-a
* CK1€ CK16 (kaseinkinase)
. Eeny kontrolované

odinami (clock controled
genes, CCGs)

* Per3
e AVP (arginin vasopresin)

* Dbp (D-element binding
protein)

e periferni organy

Central and basal

forebrain molecular circadian clock

Light Glutamate

z: é o
|::> o
o
°®
Retino-hypothalamic tract

Suprachiasmatic nucleus

PER/CRY
BMAL1/CLOCK

Hypothalamus

Central circadian
clock

=) | Pineal gland

AVP

—_—
—

Melatonin
—r

B Ventral tegmental*

Nucleus Accumbens

. Dopamine
Substantia Nigra* Caudate-Putamen
b Lopamine i Per, Per2, TIM
k; Clock, Bmal1
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Molekularni mechanizmy cirkadianniho rytmu

a Circadian timing system
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Clock-regulated
pathways:

* Neurogenesis

e Cortical development
* Neurotransmission

e Synaptic homeostasis
¢ Inflammation

e Neuronal metabolism
* Mitochondrial function
¢ Redox signalling

* Oxidative stress

¢ Blood-brain barrier

Tissue-specific CCGs

Heart

Brain Liver

CCG acrophases and
amplitudes vary
between tissues

OO
-4 A4
AVAN \/\ RN

a | The circadian timing system synchronizes clocks across the entire bosto adapt
and optimize physiology to changes in our environment. Light is received by
SEeciaIized melanopsin-producing photoreceptive retinal ganglion cells (ipRGCs) in
the eye. These ipRGCs project through the retinohypothalamic tract to the
suprachiasmatic nucleus (SCN), among other brain regions. The SCN relays timing
information to other areas of the brain via direct projections (dark green boxes) and
indirect projections (light green boxes). Humoral signals and the peripheral nervous
system sthat is, the sympathetic nervous system (SNS) and parasympathetic nervous
system (PNS)) convey information from the SCN to orchestrate peripheral clocks.
Feeding schedules and exercise can also entrain central and peripheral clocks.
Circadian rhythms are key regulators of thermogenesis, immune function,
metabolism, reproduction and stem cell development. b | The mammalian
molecular clock is composed of transcriptional and translational feedback loops that
oscillate with a near-24-hour cycle. The positive loop is driven by the
heterodimerization of either circadian locomotor output cycles protein kaput
(CLOCK) or neuronal PAS domain-containing protein 2 (NPAS2) with brain and
muscle ARNT-like 1 (BMAL1) in the nucleus. The resulting heterodimers bind to
enhancer boxes (E-boxes) in gene promoters to regulate the transcription of clock-
controlled genes (CCGs), including those encoding period (PER) proteins and
cryptochrome (CRY) proteins. PER and CRY proteins accumulate in the cytoplasm
during the circadian cycle, eventually dimerizing and shuttling to the nucleus to
inhibit their own transcription, thus closing the negative-feedback loop. The
auxiliary loop includes the nuclear retinoic acid receptor-related orphan receptors
(RORa and RORP) and REV-ERBs (REV-ERBa and REV-ERBp), which are also
transcriptionally regulated by CLOCK—BMAL1 heterodimers. REV-ERBa (REV in the
fi%ure) and RORa repress and activate the transcription of Bmall, respectively, by
inhibiting and activating the ROR or REV-ERB response elements (RREs). CLOCK—
BMAL1 complexes also control the expression of nicotinamide
Bhosphoribosyltransferase (NAMPT), which is the rate-limiting enzyme of NAD*
iosynthesis from nicotinamide (NAM). NAM is modified by NAMPT to produce
nicotinamide mononucleotide (NMN), which in turn is converted to NAD* by several
adenyltransferases. Thus, NAMPT oscillations control circadian fluctuations in NAD*
levels, which in turn modulate sirtuin 1 (SIRT1) activity and signalling. High levels of
NAD* promote SIRT1 activation. SIRT1 interacts directly with CLOCK-BMAL1 to
deacetylate BMAL1 and inhibit CLOCK-driven transcription. Between tissues and cell
’éy]pes, CCGs and other molecular and cellular rhythms mac]/ be expressed with
ifferent acrophases (phase of peak expression), amplitudes and even periodicities.
ArcN, arcuate nucleus; DmH, dorsomedial hypothalamus; DR, dorsal raphe; IGL,
intergeniculate leaflet; LC, locus coeruleus; LH, lateral hypothalamus; LHb, lateral
habenula; MA, medial amygdala; mPOA, medial preoptic area; NAc, nucleus
accumbens; PVN, paraventricular nucleus of the hypothalamus; PVT,
paraventricular nucleus of the thalamus; RMTg, rostromedial tegmental nucleus;
Sptm, septum; SPZ, subparaventricular zone; VLPO, ventrolateral preoptic nucleus;
VTA, ventral tegmental area. M U N I
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Koordinace signall z centralnich a perifernich , hodin“

<I’:Z>_+® _ .9

Autonomic innervation,
Humoral factors

Metabolism
EAEE RHYTHM

o Locomotor activity,
Sleep-wake cycle,

Blood pressure

Adipose tissue Liver Muscle

Food, Feeding regimens \l /

Hormones, Metabolic pathways

Time-Restricted Feeding
Prevents Obesity

Froy O Endocrine Reviews 2010;31:1-24

ENDOCRINE
REVIEWS

©2010 by Endocrine Society
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Poruchy cirkadianni rytmicity

e poruchy cirkadianniho rytmu

* mutace clock genl
* polymorfismus v ,clock” genech — interindividualni variabilita — chronotyp
* extrém ,sovy“ vs. ,skfivani“
e starnuti

e externivlivy
* prace na smény
* jetlag
* expozice svétlu béhem vecera a noci
* zej. kratkovinné spektrum (modré svétlo — displeje)
socialni faktory — Zivotni styl
* infekce — sleeping sickness (Trypanozoma brucei)
* psychiatricka a neurologicka onemocnéni
* deprese
* neurodegenerace
* obezita a abnormalni prijem potravy
* slepota (Uplna)
* zachovaly rytmus (percepce svétla kizi resp. podkozim)
* u~50% ,free-running“non-24-hour sleep-wake disorder (N24SWD)

e dusledky

* T2DM, kardiovaskularni onem., imunologické poruchy, nadory
e koncept chrono-farmakologie
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Nadledviny
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Kortizol - profil & regulace

Circadian regulation

Liress:

o
—

L Physical stress

Emotional stress

Hypoglycemia
Cold exposure

N

Cortisol

Adrenal cortex

Anterior lobe
of pituitary gland

serum
cortisol
levels

normal
diurnal
rhythm

gam 9am 12;')m 35m 6;')m 9;')m 12am 2am 6am

CORTISOL CO-CH, OH

HO OH
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ie nadledvin

Anatomie a histolog
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Biosyntéza adrenalnich steroidu

Adrenal steroidogenesis pathway

Cholesterol Mineralocorticolds
Glucocorticoids
P450scc
StAR protein Sex hormones

Dehydroepiandrosterone sulfate
17a-hydroxylase 17,20 Lyase Dehyd,og' 178-HSD

Pregnenolone 17-OH pregnenolone == . drosterone ™ Androstenediol
3p-HSD 3p-HSD I 33-HSD 3pB-HSD
17a-hydroxylase 17,20 Lyase ~ 17p-HSD

Progesterone 17-OH progesterone === Androstenedione === Testosterone
21-Hydroxylase 21-Hydroxylase Aromatase Aromatase
: s ; 3-H
Deoxycorticosterone 11-Deoxycortisol Estrone 17p-HSD ool
11p-Hydroxylase I 11B-Hydroxylase

Corticosterone Cortisol

18-Hydroxylase

18-OH corticosterone
18-Oxidase l

Aldosterone

* fyziologicka role

hormonu kury
nadledvin

regulace bazalniho
metabolismu

kr. tlaku a dalSich funkci
v kooperaci s
katecholaminy

e permisivni uc€inek
zakl. soucast adaptace
na stres (GC)
udrzeni objemu a
rovnhovahy Na* a K* (MC)

acidobazicka rovnovaha
— exkrece H*a NH,* (MC)

MUNI
MED



Steroidni receptor

——

biologické efekty se do znacné miry prekryvaji
» efekt na gen. expresi prostrednictvim HRE
* sekvencni homologie

* afinita steroidnich receptorl (pro GK, aldosteron,
\ estradiol) neni specificka!!

\ * napft. GK se pohotove vazi MR v mozku, v ledvine ale
omezené (degradace, viz dale)

| * aktivace receptoru

* konformacni zmény a uvolnéni z inhibicniho
komplexu s Hsp90, 56, 70

* homodimerizace

e vazba na hormon- responsivni elementy (HREs)
» kratké specifické sekvence DNA v promotorech
» fosforylace

Glucocorticoid
receptor (GR)

[ QR
. r\o@g)“’ _

Cytoplasm

H 0 : .
H-AH ] -¢on * indukce transkripce
H 't:‘;ﬁ's?:fi‘;t;:*;;;:';; h?.:ffng *I'J?r'l'c';;;';ﬂ * vazba na HRE usnadnuje vazbu TF na TATA box
* komplex hormon-receptor-HRE tedy funquje jako
enhancer

MUNI
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Ucinek GK — genomické efekty

* (1) vétSina metabolickych ucinku GK je
realizovana genomicky

 aktivace receptoru

* po vazbé GK v cytoplasme nastava konformacni zmeéna a

uvolnéni z inhibiéniho komplexu s Hsp — translokace do
jadra a homodimerisace

» efekty:

* (1) transaktivace = vazba na GRE

» kratké specifické sekvence DNA promotory genud) —
transkripce [l]

* (2) transreprese = vazba na negativni GRE (nGRE) [[II]
Interakce s jinymi TF [Ill] nebo jejich koaktivatory [IV]

* represe transkrlpce nebo blokada plisobeni TF
(napft. AP-1, NFkB, .

* sled udalosti po vazbe GK na receptory trva min, 20
— 30 min — pozdni efekty ve srovnani s peptidovymi
hormony nebo non-genomickymi ucinky GK
* (2) ne-genomické efekty
* nespecifické interakce v ramci bunééné membrany
» specifické interakce s cytosolovymi GRs (cGRs)
* nebo membranovymi GRs (mGRs)

Genomic mechanisms

é Transcription
>

| cGCR [
[ | GREJ '

%

¢GCR

(o )

NO amomé

[[xBsite |

NO BINDING

1 aP1 site | ]
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M Eta bO I iC ké aj o Efe kty G K = zvySeny obrat volnych a skladovanych substratu

Tkan/organ

Fyziologické efekty

Dusledky nadprodukce

Jatra

Tiaterni glukoneogeneze (T Glc)

(stimulace kli¢. enzym0 — pyruvatkarboxylaza, PEPCK,
G6Paza)

porucha glukdzové tolerance/diabetes
mellitus

jaterni lipogeneze (T MK a VLDL)

(stimulace kli¢. enzym0 acetyl-CoA-karboxylaza a syntetaza
MK)

steatdza/steatohepatitida

Tukova tkan

Tlipol\'(za v subkutanni tuk. tkani (T VMK)
(aktivace HSL a inhibice LPL)

insulinova rezistence ve svalu (kompetice
VMK s Glc o oxidaci)

»Lvychyta’va’m’ Glc
(down-regulace IRS, inhibice PI3K, Glut4 translokce aj.)

insulinova rezistence v dusledku
interference s post-receptorovou
signalizaci v insulinu

Tdiferenciace adipocyti visceralni tuk. tkané

(exprese GR a 11BHSD1 je rozdilna v podkozni a visceralni
tuk. tkani)

trunkalni (abdominalni) obezita,
metabolicky syndrom

Kosterni sval »Lvychyta’va’m' Glc insulinova rezistence v dUsledku

(down-regulace IRS, inhibice PI3K, Glut4 translokce aj.) interference s post-receptorovou
signalizaci v insulinu

Tproteoh’/za, J proteosyntaza (T AK) svalova atrofie, slabost, steroidni
(protismérny efekt k IGF, aktivace ubiquitin/proteasom myopatie (totéz kost — osteopordza)
degradace, 0 myostatin a glutamin syntetaza)

Pankreas \l«sekrece insulinu porucha glukdzové tolerance/diabetes

(B bb.) (suprese GLUT2 a K* kanal(i, apoptdza) mellitus

gastrointestinalni trakt

« | vstfebavani kalcia, ¥ tvorba
zaludeéniho hlenu (¥ prostaglandiny)

* osteopordza, zaludecni vied

imunitni systém (protizanétlivé ucinky)

e cytokiny a lymfokiny, prostaglandiny,
histamin; ¥ po¢tu lymfocytd

* imunosuprese
« T granulocytl

obéhovy systém
« T srd. vydeje a perif rezistence
* hypertenze

ledviny
e 7 glom. filtrace, T retence Na

chovani

* nejasny mechanismus
* deprese, psychozy

embryonalni a neonatalni vyvoj
* surfaktant a dozravani plic fétu

* indukce jaternich a GIT enzym(
* nezralost plic novorozenct
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Mechanizmus pusobeni GK na imunitni systém

* (A) genomickeé efekty [I]
* transaktivace a transreprese celé rady
proteinu zdcastnenych v imunitnich
reakcich

* (B) ne-genomickeé efekty — cela rada
efektl je tak rychlych, Zze se nedd vysvétlit
genomickymi efekty

» sekvestrace proteinl cGR [ll]

* napr. kindz (MAPK) — blokada jejich plsobeni
* mGR [lll] - multi-proteinové komplexy s

jinymi membranovymi receptory —
lokada plsobeni

* napf. rastové faktory

* alternativné indukce apoptozy
* prima interakce GK s bunéénymi

membranami [IV] — interkalace do
membrany — stabilizace

* inhibice Na/Ca vyméniku
* “proton leak” v mitochondriich — pokles ATP

« LATP-dependentnich procesd v imunitnim
systému (cytokineze, migrace, fagocytdza,
prezentace antigenu, syntéza protilatek,
cytotoxicita, ...)

g Glucocorticoid

Genomic mechanisms

I Nongenomic mechanisms

Cytosol
i
cGCR-mediated
. NONGENOMIC m
Nucl - \ ,
ucleus Antiinflammatory,
NN immunomodulatory
. _ — and other (including
CGCR-medisted unwanted adverse)
genomic m
\ effects
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Shrnuti GK a imunitni systém

Efekt GK na buriky imunitniho systému

Monocyty / { pocet cirkulujicich bb. ({, myelopoéza, | uvolfovani)
makrofagy
{ exprese MHC-II molekul a Fc receptort
{ syntéza pro-zanétlivych cytokinl (napf. IL-1, -2, -6, TNFa)
a prostaglandint
T lymfocyty J pocet cirkulujicich bb. (apoptdza, redistribuce)

J produkce a ucinek IL-2

Granulocyty

N pocet cirkulujicich neutrofild

' pocet cirkulujicich bazofil( a eosinofilt

Endotelové bb.

J cévni permeabilita

{ exprese of adhesivnich molekul

{ produkce IL-1 a prostaglandin

Fibroblasty

{ proliferace

{ produkce fibronektinu a prostaglandint

Inflammatory response

Production of Phosphatidyl choline
3

m: m"w Phospholipase NS

Platelet- Nitri Y

Gg;iue,mg o;;g; Arachidonic acid

factor

Cyclooxygenase Lipooxygenase
Prostaglandins Leukotrienes
Thromboxanes N N
Y

Neutrophil function

——> Vasodilation Phagocytosis

_ Permeability Bacterial killing
" Leukocyte trapping

Inhibition by Cortisol

Immune response

Macrophage €<——— Antigen

NN

Y

Interleukin-1 Fever
T cells
NN I Y
Y v
Interleukin-2 and 6 Tumor
necrosis
@W factor «

T-cell proliferation

B-cell proliferation

Antibody production
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Periferni modulace dOdéka GK - prostfednictvim enzymu katalyzujicich

konverzi aktivni a neaktivni formy GK

. Ve L0\
* (a) 11B hydroxysteroid dehydrogenaza typu 1 (11fHSD1 ? o° con®
o 00"“
* plsobi jako reduktdza, regeneruje kortisol z kortisonu — T intracelularni koncentraci £ . /\
kortisolu S corts®” 11BHSD1
Cortisone orhsol
* zejm.v jatrech a tukové tkani D NADP( g)
* exprese 11BHSD1 je vyssi v ve viscerdlnim nez podkoznim tuku — visceralni tuk je tedy flexibilnéjsSim poolem o
energie, ale zase je citlivéji suprimovatelna (coz hraje roli v rozvoji abdominalni obezity u Cushingova - 2,
Cortisone HSPD %
syndromu) . \Nucleuy 27 %

* ko-lokalizovdna s GR (v jatrech a tuk. tkani) a tak lokalné amplifikuje efekt kortizolu 5 B S e

* 11BHSD1 overexprese u mysi vede k obezité, zatimco 11BHSD1 knock-out mysi jsou rezistentni k obezité i pri Ortiso Cortiso|

prejidani e
. tkanoveé-specifické inhibitory 11BHSD1 by mohly byt terapeuticky vyuzitelné u metabolického syndromu a obesity? 11BHSD2 f Aldostorons

* patologie spojené s 11BHSD1 e 7—>C°“'S°"e

e Cushingliv syndrom — vyssi exprese 11BHSD1 ve visc. tuku vede k adipogenezi visc. bb. a prevaze lipolyzy v NAD* \

podkoznim tuku a jeho kumulaci ve viscerdlnim \ ‘ Aldcsteroiie
N i MR 7
*  kongenitalni deficit 11BHSD1 (apparent cortison reductase deficiency) - kompenzatorni aktivace HPA osy — cor\\S°‘ N \NucleuB

nadbytek adrenalnich androgen — oligomenorhea, hirsutismus u Zzen
e overexprese 11BHSD1 v subkutannim tuku (kongenitalni nebo ziskana) vede k lipodystrofii
* deficit 11BHSD1 hraje roli v patogenezi syndromu polycystickych ovarii (PCOS) — kompenzatorni aktivace HPA Hp.qHon

osy — hyperandrogenizmus — oligomenorhea, hirsutismue, cysticka ovaria 0~ HC ¢=0 1x

* regulace: hladoveéni, kortisol, dal$i hormony

(¢}
. , 10
* (b) 11B hydroxysteroid dehydrogenaza typu 2 (11BHSD2) Gl . /_ >]<
« pusobi jako dehydrogenaza, degraduje kortisol na kortison— { intracel. koncentraci ?"’°“ no  MPH e
kortisolu A o oH
* zejm. v ledviné = degradaci kortisolu umozZiiuje tkariové specificky preferencni plisobeni aldosteronu na MR i
presto, ze konc. plazm. kortisolu >>> aldosteronu COmsoI %" Cortisone
_ ) 118HSD2
 patologie spojené s 11BHSD2 / . 1
e kongenitalni deficit 11BHSD2 (apparent mineralocorticoid excess) — monogenni forma hypertenze DHF 5aDHF DHE
e 11BHSD2 je exprimovana v placenté (udrzuje nizsi hladiny kortizolu ve fetalni cirkulaci) — deficit napomaha ‘ l ‘ M u N I
nékterym téhotenskym komplikacim (preeclampsie, IUGR, ...) a moZna hraje roli pfi tzv. “fetalnim ci THF 5aTHF THE (Urine)
metabolickém programovani” S M E D
— 2 ,70-1.50

THE



Poruchy funkce kury nadledvin

* hyperfunkce (hyperkortikalismus)
* obvykle selektivni
e primarnivs. sekundarni
e Cushinguv syndrom
* primarni, sekundarni popr. tercialni
* hyperaldosteronismus (Connlv syndrom)

* adrenalni hyperandrogenismus chofectoro T Mhvdrolase
er s s amm— eta hydroxylase
* DHEA produkujici adrenalni adenom OIS ere 17 alpha hydroxylase
* hypofunkce (hypokortikalismus) e e
° obvykIe generanzovany Pregnenolone — 17-OH-Pregnenclone — DHEA
 perif. insuficience (Addisontv syndrom) _I_sg laa _l_se
¢ porUCha prOdUkce ACTH Progesterone = 17-OH-Progesterone ﬂ Androstenedione
* hypopituitarismus (napfr. Sheehan(v syndrom) ” ‘21 | VTR
* rezistence ‘l— v
* disociace adrenalnich funkci v disledku enzymového Pecxyeorticosterone 11-deoxycortisol Testosterone
defektu syntézy kortizolu — |11g _lﬂL 50R
° abnoCrArT:'a(hty syn;celzy;sterf);]du asia Corticosterone Cortisol Dihydrotestosterone
. congenital adrenal hyperlasia l
18
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Poruchy funkce adenohypofyzy jako etiologie
hypo- nebo hyperfunkci ktiry nadledvin

* 5 typu endokrinné aktivnich bb.
* TSH
* FSH + LH
* ACTH + MSH + B-endorfin (z proopiomelanokortinu)
e rustovy hormon (STH)
e prolaktin (PRL)

e Hyperfunkcni stavy (hyperpituitarismus) m—

* nejc. benigni nadory (adenomy) ST ot noes
* prolaktinom
e STH nebo ACTH produkujici adenom
e ostatni vzacnée e TR

* Hypofunkcni stavy (hypopituitarismus)

* Casto postihuje nespecificky vsSechny typy bb.
* Urazem, hemoragii, ischemii (napf. pfi porodu) Pormons (ACTH).
* Sheehanuv syndrom

* v téhotenstvi adenohypofyza hypertrofuje, je citliva k
ischemii

* pfivelkych poporodnich ztratach krve maze dojit k ischemii
a akutni nekroze

Muscle

Somatotropic cells secrete
growth hormone (GH).

Gonadotropic cells secrete
follicle-stimulating hormone (FSH)
and luteinizing hormone (LH).

Pars intermedia cells secrete
melanocyte-stimulating hormone
(MSH).
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GC exces - Cushinguv syndrom - etiologie

Thinning of hoir Acne
* primarni = ACTH independentni i g
«r 7 o . Buffolo hum —f ;
* GC produkujici tumor kiry nadledvin (adenom nebo -
karcinom) e ey b
. . s > Increcsed bedy
* typicky unilateralni Bronze skin " and fociol hoir
* GC produkce ektopicky (embryonalné spolecné, nejc. — Weight goin
ovarium nebo varle)
e sekundarni = ACTH dependentni o S N
s, , , . ”"".;""""’A'I'"” N = * Pandulous obdomen
* ACTH-produkujici hypofyzarni tumor (= Cushingova oberentlib \\M -
nem OC) resultEg from
* ACTH produkujici adenom hypofyzy ACTH Independent ACTH Dependen Al
 ektopicka produkce ACTH 3 adenoms Thle ki oncd \
e typicky v mediastinu, nejc. malobunécény karcinom plic ks o
* terciarni = ACTH dependentni

* CRH-produkujici tumoru hypotalamu

raritni etiologie
* mikro- nebo makronodularni hyperplazie kary

* typicky bilateralni
* nizky CBG

iatrogenni

Ectopic ACTH

—
/ Pituitary
]
'
/
f ' \ fumor
| '
'
'
'
) '
Adrenal glanc
|
\
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Genetic and molecular mechanisms implicated

in Cushing's syndrome

Cushing’s disease:

« Gene mutations
USP8, MEN1, CDKIs, CDKN1B/p27Kip1,
AlP, SDHx(?), DICER1, others

« Abnormal protein expression
Brgl, HDAC2, TR4, PTTG, EGFR, others

Ectopic ACTH secretion:
« Gene mutations
RET, MEN1, others

LV

GEP-NETs

Adrenal Cushing’s syndome:

m ag PDEs
GPCR Gsa AF FEEA
i PDESB

\Ad 4vYy vy

BMAH: Adrenal adenoma: PPNAD:

« Gene mutations + Gene mutations » Gene mutations
ARMCS5, MEN1, FH, GNAS1, PRKACA, CTNNB1, PRKAR1A, PDE11A,
PDE11A, PDESB, MC2R, PRKACA, GNAS1, PRKAR1A PDE8B, PRKACA
DOTL1(?), HDACS(?), PRUNE2(?)

« Protein expression « Protein expression » Protein expression
GPCR, POMC/ACTH, PRKAR1A, GPCR, PRKAR1A, PRKACA,
others others glucocorticoid receptor
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Cushinguv syndrom jako priklad redistribuce podkozniho tuku
do visceralniho

* (1) regionalni rozdily v intenzite lipogeneze vs.
lipolyzy mezi s.c. a v. tuk. tkani
* suprese LPL v s.c.

 aktivace ATGL/HSL v obou, zejména vsSak ve visceralni

i kdyz vysledky studii velmi kontroverzni (akutni vs.
dlouhodobé, zvireci vs. humanni, prispévek
hyperinzulinemie, ...)

* (2) preferencni diferenciace adipocytu ve
visceralni tuk. tkani

* vetsSi dostupnost kortizolu diky 113HSD1
* (3) nizSi centralni efekt na kontrolu apetitu

* vysledkem je centralni obezita se vSemi
komponentami metabolického syndromu

MU N
MED



Dexamethasone suppression test - CS dg.

00

(RH

CRH CRH (RH
IS &v 4 &v & 83 &
\ é umour é umour umour

Cortisol ACTH Comsol ACT H Comsol omsol

\&&,‘/ JM& A JM\&
00 00 0.0 00

CRH \Dexamethasone CRH \Dexamethasone CRH Dexamethasone CRH
A v v v

h Tumour

. ﬂ' ‘\

Ao . . A
! ) A} .
P ) ) )
l' ) . Al

Cortlsol Ac_'TH Cortisol ACTH Cortisol ACTH Cortisol ACTH

“AAX \z/&. &,‘/ \& &‘/ \&&‘/

Normal Cushing’s Ectopic ACTH syndrome Ectopic ACTH syndrome

Table 1. Aeticlogy of Cushing's syndrome. disease (small cell lung carcinoma) (benign lung carcinoid)
Cause of Cushing’s syndrome %o F:m
ACTH-dependent

Cushing’s disease T0% 3.5:1

Ectaopic ACTH syndrome 10% 1:1

Unknown source of ACTH* 5% Bl
ACTH-independent

Adrenal adenoma 10% 4:1

Adrenal carcinoma 5% 1:1

Macronodular hyperplasia (AIMAH) < 2%

Primary pigmented nodular adrenal disease (PPNAD) < 2%

MecCune Albright syndrome < 2%

* Patients may ultimately prove to have Cushing's disease.

Dexamethasone

é‘( ;@,TU"‘OUT é/\ g Tumour

CRH

& %Z&

Comsol Comsol ACTH

Tumourﬁ& 'y @cm

GPCR ligand

CRH Dexamethasone CRH Dexamethasone
v v
Cortnsol ACTH Cortisol ACTH
\ ACTH »
Tumour/g&‘ ’@ok?s
‘Q(,P(_eranﬂ

Unilateral adrenal Bilateral macronodular
tumour adrenal hyperplasia
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Mineralokortikoidy — efekty a regulace

({.-'
yd
|'r:
@L"
Angigtensin ||
3
- O Angiotensin-

convarting
enzyme

Angiotensin |
@

=+——— [Ranin
"

Angiotensinogen |

Blood
pressune
rises

Biood

pressune
falls

T o
-..H_‘_Sall re1en||¢n_.f,

/
[ densa '
Juxtaglomerular %
cells

- = capillary
N Afterent Bowman's
uxtaglomerular » \ arteriole capsule

apparatus

adrenals

——————p

angiotensine I1I
K+

v
ALDOSTERONE--

3 Na+*

intersticium

cells of distal tubule
and collecting duct

— Na+*

lumen
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Hyperaldosteronismus

Primary aldosteronism

* Etiologie %

e primarni hyperaldosteronismus
* unilaterdlni adenom (ConnUv syndrom)
* 70%, benigni tumor T Na# 1 Revnin
* bilateralni adrenalni hyperplazie 4a — —
* sekundarni hyperaldosteronismus
» TRAAS —= 7 Aldosterone* Kiemd
« T ACTH *Initiating event
* terciarni hyperaldosteronismus
* snizené odbouravani aldosteronu — jaterni onemocnéni Secondary aldosteronism

* Projevy %

* retence Na* (hypernatremie)

* hypertenze T Nat S
o ztraty K* (hypokalemie) —— (SliRenivg

* Unava, malatnost

* metab. alkaldza :{ T Aldosterone A\;’

*Initiating event
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Nedostatecna funkce kury nadledvin — etiologie

¢ destruktivni proces zpravidla v celém rozsahu kortexu = tj. snizena produkce
kortizolu, aldosteronu a adrenalnich androgent

*  pfi postupné destrukci kiiry nadledvin zpocatku sniZzena tolerance stresu
* adrenalni insuficience se manifestuje az v okamziku zni¢eno ~90% Zzlazy

* (1) primarni generalizovana (= Addisonova nemoc)
* chronicka nebo akutni manifestace (= akutni adrenalni / Addisonska krize) - tézky Zivot

ohroZujici stav
«  kompensatorné T ACTH
*  pficiny
* autoimunni destrukce
e TBC

* ischemie pfi hypotenzi/Soku
*  masivni hemoragickd nekrdza pfi meningokokové sepsi (Waterhouse-Friderichsen)

*  vzacné: vrozeny defekt, hemochromatdza, adrenalektomie, X-linked
adrenoleukodystrophy (X-ALD), amyloiddza, trombdza, ...

* (2) primarni disociace adrendlni funkce
* see further

* (3) sekundarni v dusledku nizké sekrece ACTH
*  hypopituitarismus
*  Sheehan(v syndrom
e vdusledku zdvazné postpartalni hemoragie nebo jiné ischemie hypofyzy (napt. Sok)

symptomy
«  slabost (TK)
«  anorexie, hypotenze (YNa)
+  nausea, zvraceni, prijem nebo konstipace (TCa)
*  hypoglykemie
*  bolest bficha (lymfocytéza)
e ztrata vahy
*  hyperpigmentace
e uprimarnich (POMC — MSH — melanocyty)




Addisonova nemoc

Pro-opiomelanocortin (POMC)

&
§ 6 7
B-Lipotropin
-MSH: - - y-Lipotropin B-Endorphin
o-MSH CLIP
(1-13) (18-39) i ‘L
B-MSH | y-Endorphin
o-Endorphin
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Congenital adrenal hyperplasia (CAH)

Cholesterol

Cholesterol
desmolase

Pregnenolone

Progesterone

21-hydroxylase

\ 17-0H pregnenolone J

3B-hydroxysteroid dehydrogenase

[ 17-0H progesterone ‘

| 1-deoxycorticosterone ‘

11B-hydroxylase

Corticosterone

Aldosterane
synthase

Aldosterone

|

1-deoxycortisol ‘

|

Cortisol

17a = 17-alpha-hydroxylase

| Dehydroepiandrosterone

Androstenedione

Testosterone

17,20 = 17 20-lyase

synonymum adrenogenitalni syndrom

vrozeny (AR) defekt,enzymU metabolizmu glukokortikoid(
s kompenzatornim T ACTH zpGsobujicim hyperplasii kary
* v 95% pripada deficit 21-hydroxylazy
* v 5% deficit 11-hydroxylazy a dalSich enzym
* 11-Beta hydroxylase deficiency
* 17a-hydroxylase deficiency
* 3-Beta-hydroxysteroid dehydrogenase deficiency
* congenital lipoid adrenal hyperplasia
* p450 oxidoreductase deficiency

frekvence 1/8000 — 10000 novorozencu

klinicky dusledky kolisaji od mirnych po velmi zavainé
(,,salt wasting”) v zavislosti na mire enzymového deficitu

* u klasické CAH typicky abnormality vyvoje a rlstu (pohlavni
diferenciace)

for 21-hydroxylase deficiency:

* kompenzatorni zvySeni ACTH vede k hyperplazii kiry a )
stimuluje produkci androgenu (DHEA a androstendionu), které
jsou v periferii konvertovany na testosteron

* malformace zevniho genitélu a virilizace u divek (vnitfni genital
pfi norm. karyotypu 46XX beze zmén)

* nadmérna maskulinizace a infertilita u chlapct
* u obou pohlavi rychlejsi ale ve vysledku mensi vzrist

vvvvvv

* pritézsich formach hrozi elektrolytova dysbalance a adrenal
Addisonska) krize M UNI
MED



Embryologie - organogeneze zevniho genitalu

o AL BTl
i ﬂu ®®® & O

@7 Ao - i

A
\ @ * Praderova klasifikace intersexudlnich malformaci
O pro pseudohermafroditismus femininus
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Dren nadledvin a jeji poruchy

(a) Sympathetic Paragangliomas

Posterior mediastinal
Paraganglioma

Paravertebral
Sympathetic Chain™\__

Retroperitoneal
Sympathetic Nerve
Fibers

Retroperitoneal
Paraganglioma

Paraganglioma
arising in Organ
of Zuckerkandl!

Organ of
Zuckerkand|

Sympathetic Nerve
Fibers in Pelvic Organs

Urinary Bladder
Paraganglioma

Veakat

(b) Parasympathetic Paragangliomas

Middle Ear /

Glomus Tympanicum
Glomus Jugulare

Glomus Vagale

Carotid Body

Paraganglioma

Aortico-pulmonaty
Paraganglioma

produkce katecholamind
* adrenalin (90%)
* noradrenalin (10%)
* dopamin

hyperfunkce — v disledku hormon
produkujiciho nddoru (feochromocytom)
* projevy:

* hypertenze (€asto zachvatovita)

* tachykardie (typicky zachvatovitd)

* bolesti hlavy

* hyperglykemie

* flush

feochromocytom je typem nadoru
vychazejicich z nervove tkané
sympatickych a parasympatickych ganglii
mimo dren jsou nazyvany jako
paragangliomy

e Casto blizko kr. cév

mohou byt benigni ¢i maligni
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Anatomie a histologie stitné zlazy, HPT osa

—@_. TRH Hypothalamus

| Pituitary

Target

tissues
“ | Heart
Nerves

Bone
Liver
Muscle
Glands
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Anatomie, histologie, fyziologie

/

. 1 Follicles

;;iﬂ?;?.lmn'ldal secreting thyroxin
/i
2 Blood
vessels and loose
connective tissue )
- Capillary
(@ 3 Connective
Full thyroid follicle roid follicle T tissue capsule
thy Thyroid | SN
— - follicle 7 S
1 Follicles 1 Follicles
secreting secreting
thyroxine thyroxine Follicular
cells
1b Calloid 1a Cuboidal Colloid in
epithelium follicle

cavities
3 Parafollicular 74
C-cells secreting 4/ | Coel
calcitonin - sou&ast APUD systému (kalcitonin)

- / Ve . v . 7 ’ .
'|!_“E13U|Pmdal 1 Foll - pfi maligni transformaci medularni karcinom
epithelium i . L .

P secreting Jﬁﬂ;ﬁg - deficit/odstranéni nema klinicky projev
1b Colloid 2 Blood

vessels and loose
connective tissue
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Syntéza hormontu folikularni bunkou

jodid (dietniho puvodu) je pfijat thyreocyty prostfednictvim
sodium-iodidového symportéru (NIS) a transportovan do
folikularniho lumen

omoci apikalné membranového enzymu thyreoperoxiddza s peonidase Jﬁﬁl?éise
TPO, na strané koloidu) jsou tvoreny hormony

. TPO katalyzuje dva postupné kroky/reakce: r ) "°'©I ; uob b

jodidace tyrosin( na thyroglobulinu (TG), krok zvany jako "organifikace , .
jodidu,,, za vzniku mono- a di-jodtyrosint (MIT a DIT) tyrosine d“°°’°‘5"°3'“e thyroxine

* syntéza tyroxinu (T4) a trijodothyroninu (T3) z dvou jodotyrosin(

* molekula thyroglobulinu obsahuje 134 tyrosind, ale pouze malé mnozstvi
z nich jsou vyuzity k syntéze T4 a T3

5

po stimulaci TSH se castice jodinizovaneho thyroglobulinu i
vraci do folikularnich bb. endocytézou . T l
endocytické vacky fuzuji s lysozomy za vzniku endozomu Og /'9 Th)'roglobuTlin Poraxidase T
=[] 5 R precursor (1) + lodinatson
proteazy lysozomu stepi peptidove vazby mezi éu’ g ﬁ]\i_;—. — ) »T  and
jodinizovanymi rezidui a thyroglobulinem za vzniku T3, T4, o\ s Peroxidase | coupling
MIT a DIT &\l ER  Gow {
<'/
voln?/ T3 a T4 prestupuje membranou a je uvolnén do MIT, o -
kapilarni mikrocirkulace N OIT
Saecretic \ . ) -
» T4 &aste¢né dejodovan ; e Ty ) PRI g e Ty
4 ! lnC':)".OSIS 4

* vazba na TBG (75%), transthyretin (15%) a albumin (10%)

MIT a DIT uvolnény do cytoplazmy, jod uvolnén
deiodinazami a znovu pouzit

4 Proteases Co]ro'd
dr0p|81



Natrium-iodid symporteér

e symport s Na* proti velkému konc.
gradientu iodidu vyzaduje rovnéez
velky gradient Na*

* aktivni transport !!! (Na*/K* ATP-3za)

HzN
Froposed structure of the Na/l symporter
showing 13 membrane spanning domains
and 3 extracellular glycosylation sites,

\_.-"—""-.\\_
lodide ion Sodium ion
Mal P *
syrnporkers
I

High extracellular Ha+

Low intracelular Ma+
maintained by
zodium pUmps

¥ ¥

Cut of cell into colloid Ot of cell via Ma pumps

Thyroid follicle

Blood Vessel ;
T4‘,T3’:_:_T,B_Gr — Pituitary
/'T Site of action of LATS protein
TaT3

Target (TG). 2
Tissues
—
\ Exocytosis (?)

Iodotyrosines oot Todide PKA
I \ Vo Trapping
Mechanism
(Recycle) .
Sec i Lysosome ( lodlde Pump)

Lysosome O
] Nucleus P-CREB

Peroxide
Generating

System
. z’/\
Uzoz

Peroxidase

Peroxisomes

@ mRNA _,T,hygqlobulm
ATG) Synthesis
Colloid Droplet /

Reabsorption

Lacunce Thyroglobulin Tl

oIT oIT M\"T /O'T (Oxidative Coupling)
T. T:

< 3 Follicular Lumen
(Colloid Space)
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Periferni modulace hladin T4 aT3 enzymatickou konverzi dejodazami

 tkanova a organova specifita (jatra,
ledviny, ostatni)

* biologicky efekt: T3 10x >>T4 > rT3

* rizné dejodazy
e aktivace (D1aD2): T4 —> T3
* inaktivace (D3):T4 — rT3 (— T2)

T4
Type | delodinase Type | deiodinase
Type Il deicdinase?, Type lll deiodinase

T3 =——> T3

Type |l deiodinase*
Type |l delodinase*

T2

*present in placenta

H H H
H o U = U P Py 0 zie
@ - 0 = o 0 = 0
9 age eie e
HOOC~G~NH
cos H z H-C-H H-C-H H-C-H
HODC/E\NHZ HODC’E\NHZ HDOC’g\NHZ

Tyrosine

Thyroxine (T4) Triodothyronine  “Reverse T3"
(inactive)
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Kvantitativne

Circadian
Acute  hythm Severe
DsychOiS + l 7 stress
Cold Q
Hypothalamus —
+ M TRH
Corticosteroids
_Dopamme
! I . Eo! '! a E ! —
(Peripheral tissue
metabolism of
+1TSH T, 0T
Thyroid

el

(~80% T,4: 20% T,)

) +
Low lodide =—p

High lodide =
“Wolff-Chaikoff effect”

>99% of circulating T, & T, are protein-bound,
primarily to Thyroid-Binding-Globulin.

et

T
80% i 4 v’
M=) 1% 45% D3

—

20% 13 ™ T,

Thyroid

Brain & Pituitary:

eripheral Tissues/

Other
degradative
pathways

15%

- \ Inactiv

Negative feedback
on TRH & TSH

T4 02 > T3 B

D2 catalyzes production of T3 for negative feedback
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Sumarne ...

Follicle colloid

o
(4

J

Thyroglobulin

L m—
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Kontrola T3/T4 produkce

Major Regulatory Step
TSH Release

Hypothalamus

1 TRH

+
Anterior Pituitary

1TSH

-+

Thyroid Gland

l T4, 13

+

Target Tissues

TT3

* hypotalamus:

* TRH
* somatostatin & &
T * hypofyza: I, G
* TSH
* vazba TSH na TSH-R stimuluje:

Negative * syntézu iodidového transportéru
Feedback * thyroiddlni peroxidazy
Control

* preména iodidu na atom iodu
* syntézu thyroglobulinu
* rychlost endocytdzy koloidu

lodinase

—> w1313 e gutoregulace
e vychytavani a transport jodu
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Molekularni podstata pusobeni tyreoidalnich hormonu

* (1) genomicke efekty

* komplexy hormon/hormon-aktivovany
nuklearni receptor funguje jako trankcripcni Ty
faktor

e po vazbé T3 zména represorového komplexu (bez

T3) na aktivatorovy komplex (s T3) T, =

* exprese genu (enzymu) s velmi Sirokym spektrem
ucinku
* na rozdil od steroid( vazi receptory tyroid. hormont

DNA i v nepritomnosti hormonu a v tomto stavu
funguji jako represory transkripce

* (2) kromé pozdnich (genomovych) efektl se
predpokladaji i akutni (negenomickeé) ucinky
vazbou na

* mitochondrie
* membranoveé proteiny

> Ty > rTs \"-\:\

3
By
<3

> Ts > T,

T3 Effects

Tl Protin

Cytoplasm
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Receptory tyroidalnich hormonu

* funguji jako hormony-aktivované

transkripcni faktory ovlivnujici i T T
genovou exp resi ﬂ %tnr | ransactration " Binding " I3and-oinding and dimenzation |
e kodovany 2 geny oznacovanymi jako =t o1 | | COOH
alfa a beta a2 — | —
R : - Bl — |
primarni transkripty obou genu jsou 2 |

navic alternativne sestfihovany do 4 1 T =l
isoforem: a-1, a-2, B-1 a B-2
* tkanove a Casoveé (stadia vyvoje) specificka
exprese isoforem

* THR se vaze na repetitivni sekvenci

DNA - therId (T3 response elements - - -ALETCAMMMNE (ETCA- - - --- AGGTCANMMGGT A -~  —-- AT C AN G T A - -
(TR ES) - - -TCLAGTHMMNTCCAGT---  --- TCCAGTHMMNTE C&GT---  —-- TT C&GTHINTT CAGT- - -
* THR se vaze na TRE jako mono-, homo- b anarmner Harmadimer Heterodimer
nebo hetero-dimer s retinoid X . i it/ FF
receptorem (RXR) ; E:,'g A/ RR

* heterodimer ma nejvyssi afinitu k vazbe —
hl. funkcni forma receptoru
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T3

ucinek na transkripci genu

RXR [ |l
receptor TR
(for 9-cis-— —receptor
retinoic B 3 (for
acid) trilodothyronine)
Dlmerlzatlon
9-cis-
Retlr]glc E L Triiodothyronine
aci

| | | iy
Hormone— Genetlc
response transcription

element - mRNA
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Fyziologické efekty T3/T4

* (1) vyvoj
e zasadni efekt na terminalni stadium diferenciace mozku, tvorbu
synapsi, rust dendritl a axonU a myelinizaci (zejm. pyramidové
a Purkynovy bb., bazalni ganglia)

* v tehotenstvi jsou zvyseny naroky na st. zlazu

* u zen se subklinickym hypotyroidismem muze téhotenstvi manifestovat
poruchu

* metamorfdza obojzivelnikd jako model efektu T3/T4

* (2) rust
* rustova retardace

* UCinek hormonu st. zZlazy na rist je nerozlu¢né propojen s
ristovym hormonem

* (3) reprodukce

CRETINISM
AGES:
CHRONOLOGICAL 48 38
BONF A 5 YEARS
MENTAL A 4



Axolotl mexicky — T3 efekty a regenerace
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Fyziologické efekty T3/T4

* (4) metabolizmus a termogeneze

 zvySeni bazalniho metabolismu
. R-'i-%dUkce tepla pfi zvys. spotrebé 02 a snizené tvorbé

“rozpojeni” oxidativni fosforylace

e tukovy metabolismus

mobilizace tukd — zvys. konc. FFA v plazmé
oxidace FFA

cholesterol a triglyceridy v plazmé inverzné koreluji s
hladinami tyreoidalnich hormon

* hypotyredza — komb. dyslipidemie
wxlel-elgriglyceridemie, hypercholesterolemie),

* sacharidovy metabolismus

stimulace mnoha krok( v sacharidovém metabolismu v¢.

insulin-dependentniho vychytavani glukozy, zvys.
glukoneogeneze a glykogenolyzy

* hypertyredza — zhorseni kompenzace DM nebo az

T2DM

* proteinovy metabolismus

* (5) ostatni efekty
* kardiovaskularni, CNS — kognitivni fce, imunita, ...

Substrates ADP + P Heat Vital functions

GT, T ATP consumption |

co o}
, + Hy Heat ATP Vital needs

.| [ATP synthesis
Heat] TN
<&
| ;4 ATP synthesis efficiency |

Lipogenesis

Lipolysis
(Lipophagy,
lipases)

B-Oxidation

Bile acid
synthesis
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Onemocneéeni a poruchy stitné zlazy

=5
me
o=



Endokrinopatie stitné zlazy

e poruchy stitné zlazy jsou vibec nejcastéjsimi endokrinopatiemi !!!!

e funkcni klasifikace

* hyperthyroidismus
» toxicka difuzni struma (Graves-Basedovova nemoc)
e autoimunni etiologie
toxicka nodularni struma (Plummer-Vinsonova nemoc)
* toxicky adenom
thyroiditis (deQuervain)
e primarni nebo metastaticky folikularni karcinom
TSH-produkujici tumor hypofyzy
* hypothyroidismus
* hypotalamicky nebo hypofyzarni insuficience
e autoimunni thyroiditis (Hashimotova)

* morfologicka klasifikace

* struma
» zvétsSeni st. ZIazy, ale r(izné funkénil!

MU N
MED




Vysetreni funkce stitné zlazy

* jodurie
e sérové hladiny
* hormony
* TSH, celk. T4/T3, fT4, fT3, rT3
e protilatky
 anti-thyroglobulin (anti-TG)
* anti-thyroid peroxidase (anti-TPO)

* kalkulované indexy  scintigramy (marker 99Tc)
o fT4/fT3, fT3/rT3 .

A) normalni zlaza

e ultrazvuk * B) Graves-Basedowova nemoc, difuzné zvysené
vychytavani jodu v obou lalocich

* radionuklidovy scan * C) Plummer-Vinson sy (TMNG, toxic

* jod (*#°l) nebo pertechnetat (Tc-99) multinodular goitre)
* detekce nodull a zhodnoceni funkce * D) adenom
 tenkojehlova biopsie/aspirace Zlazy * E) thyroiditis
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Struma

* abnormalni zvétseni stitné zlazy, které muze byt
Spojeno s
* normalni produkci hormonu = netoxicka (euthyroidni)
* priciny
* endemicka

» v dUsledku deficitu jodu v dieté (vnitrozemni oblasti vSech
kontinent()

» sporadicka

* “strumigeny” v potravé (napf. kapusta, soja, orechy, Spenat,
fedkev)

e forma zpravidla difuzni

* hyperfunkci = toxicka (vede k hyperthyroidismu,
thyreotoxikoze)

 deficitem hormonu (hypothyroidismus)

e struma tedy znaci problém, ale nerika jaky




Endemicka struma

* typicka pro vnitrozemi, hornaté oblasti
e postihuje ~¥13% populace
» dalSich ~¥30% v riziku manifestniho
deficitu

* Himal3aje (Pakistan, Indie, Nepal, Cina),
Thajsko, Vietnam, Indoneésie, N. Zéland,
centr. Evropa (Alpy a ost. hory), Andy,
centr. Afrika

* profylaxe!!!




Kretenismus

 vznikd v dusledku vrozeného deficitu hormon st. zlazy

* (A) neurologicka forma

* mentalni retardace, hluchota, spasticka obrna
* prenatdlni deficit T3 (kriticky zejm. mezi 12. — 18. tydnem gestace)

* (B) myxedematdzni forma

* téZka rustova retardace, malformace obliceje, myxedém,
hypogonadismus, sterilita
* postnatalni deficit T3

* Casto atrofie 3t. Zlazy, proto se uvazuje o dalSich etiol.
faktorech jako jsou toxiny (kasava, technecium atd.)

© MARY EVANS PICTURE LI
MEV-10068602 - agefotostock

=5
me



Toxicka struma

A\Var}

e pricina hyperthyreodzy (thyreotoxikozy)

* nodularni (Plummer-Vinson)
* autonomni funkce jednoho nebo vice adenom
ve zlaze
* difuzni (Graves-Basedow)

 stimulace anti-TSH protilatkami (typ V
hypersenzitivita) [LATS = long-acting thyroid
stimulators]

e prevaha zen, stredni vek

STIMULATING AUTO-ANTIBODIES (Graves' disease)

Auto-antibody —

Pituitary gland to receptor

\ O/TSH

Negative
feedback
control

Thyroid cell

L ° | ®
0. .®© %o
® o %0 0,0 o
[ o L. )
Regulated production of Unregulated overproduction
thyvroid hormones of thvroid hormones
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Graves-Basedowova nemoc

* hyperthyreoidismus | Q\J
* infiltrativni opftalmopatie Qj
* ~1/2 pfipadl, nezavislana T colt oy \Qﬁ\\
hormonech Y
. . . oy 7 ’ ’ v v s $§ TSH produce
* postihuje periorbitalni tkan, ocni svaly 7 e g
a tuk ”

e infiltrativni dermopatie
e ~1/5 of pripadi
 pretibialni myxedém

4 13and T4

Clinical presentation
of hyperthyroidism

Ophthalmopathy
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Oftalmopatie u G-B

Normal Anatomy

Horeonts secton of the sl

Advanced Graves' Ophthalmopathy

Protrusion of the eyeballs caused by increased water coment of retro-ocular
orbital tissues; assoclated with thyrodd disease, usually hyperthyrosdism
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Hypothyreoidismus

* nejcastejsi endokrinologicka porucha
* cca 2-5% populace, u zen stredniho véku az 20%
* vola po populacnim screeningu
* zpravidla dusledek (auto)imunni destrukce

e de Quervainova thyroiditis
* navazuje na virovou infekci, recidivuje

* Hashimotova thyroiditis

e primarné autoimunitni
* porucha centrdlni autotolerance (geneticka dispozice vazana na HLA), spoustéci faktory

v akutni fazi Casto transitorni hyperthyreoidismus, poté pokles funkce
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A. During Hashimoto's thyroiditis, self-reactive CD4*
T lymphocytes recruit B cells and CD8* T cells into
the thyroid. Disease progression leads to the death
of thyroid cells and hypothyroidism. Both
autoantibodies and thyroid-specific cytotoxic T
lymphocytes (CTLs) have been proposed to be
responsible for autoimmune thyrocyte depletion.

b Graves' disease

BN -
@

Nature Reviews | Immunology

B. In Graves' disease, activated CD4* T cells
induce B cells to secrete thyroid-stimulating
immunoglobulins (TSI) against the thyroid-
stimulating hormone receptor (TSHR),
resulting in unrestrained thyroid hormone
production and hyperthyroidism.
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