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Hormony regulujici Ca a fosfaty v krvi

— Parathormon
— Kalcitonin

—Vitamin D

—Je nutné myslet na to, Ze soucin (Ca**x PO,3> = K)....musi

zustat za vSech okolnosti konstantni
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Snizena hladina kalcia v krvi-regulace

Parathyroid
honmone
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Uginky PTH na ledvinu

4 Asi 20% filtrovaneho kalcia se reabsorbuje v kortikalnich tlustych Castech
vzestupnych ramének Henleovy kliCky

0 15% se reabsorbuje v distalnich tubulech, po vazbé PTH na PTHR,
prostrednictvim signalni transdukce pres cAMP.

d V tlustych cCastech vzestupnych ramének Henleovy kliCky se zvySuje
aktivita Na/K/2Cl kotransporteru, ktery ridi reabsorbci NaCl a stimuluje take

paracelularni reabsorbci kalcia a magneézia.

==
m e

4  Prof. Anna Vasku

=



Uginky PTH na ledvinu

O PTH ma maly vliv na modulaci kalciovych toku v proximalnim tubulu,
kde se reabsorbuje 65% filtrovaného kalcia v ramci celkového objemu
transportu solutu, jako je Na+ a voda.

APTH se vaze na svuj receptor, PTH/PTHrP receptor typu | (PTHR),
transmembranovy G protein-coupled protein, ktery uskutecCnuje
signalni transdukci jak cestou adenylat cyklazy (AC), tak cestou
fosfolipazy C. Stimulace AC s tvorbou cAMP je zfejmé& hlavnim
mechanismem, kterym PTH zpusobuje internalizaci kotransportéru

Na+/Pi- (anorganicky fosfat) typu Il, coz vede poklesu reabsorbce
fosfatu a k fosfaturii.
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Uginky PTH na ledvinu

APTH umi po vazbé na PTHR stimulovat také 25(OH)D3-lalfa
hydroxylazu, coz vede ke zvysSeni syntezy 1,25(0H)2D3.

dRedukce kalcia v ECF muze sama o sobé stimulovat produkci
1,25(0OH)2D3, ale neni v soucasnosti jasne, zda je to mozne pres
CaSR.

APTH muze také inhibovat reabsorbci Na+ a HCO03- v proximalnim
tubulu inhibici

v'Na+/H+ vyméniku apikalniho typu 3,

v'Na+/K+-ATPazy na bazolateralni membrané

v'Na+/Pi- kotransportu na apikalni strané proximalni tubularni buriky.
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Uginky PTH na ledvinu

. 'V distalnim tubulu PTH zase ovlivni transcelularni transport
kalcia. Tento proces zahrnuje nékolik kroku:

epresun luminalniho Ca+2 do renalni tubularni bunky kanalem
Jransient receptor potential channel” (TRPV5)

translokaci Ca++ pres tubularni bunku od apikalnino k
bazolateralnimu povrchu prostrednictvim proteinu jako kalbindin-

D28K
* aktivni vylouceni Ca++ z tubularni bunky do krve cestou (NCX1).

*PTH 2zjevne stimuluje reabsorbci Ca2+ v distalnim tubulu
zvysenim aktivity vymeéniku Na+t+/Ca++ (NCX1) mechanismem
zavislym na cAMP.
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,Calcium Sensing” Receptor (CaSR)

— Je povrchovy bunécny receptor, ktery nalezi k rodiné ,,G-protein coupled” receptoru.

— CaSR je hlavné exprimovan na burnikach parathyreoidey, ledvin, kosti, klize, tukové
tkane, streva, nervového systému a kardiovaskularniho systemu.

— Receptor je schopen vnimat fluktuace v hladinach kalcia v extracelularni matrix
kolem bunek, coz ma velky vliv na iontovou homeostazu.

— Kromé kalciovych iontu je tento receptor aktivovan také jinymi divalentnimi nebo
trivalentnimi kationty, polypeptidy, polyaminy, antibiotiky, kalcilytiky a kalcimimetiky,
které po vazbe na receptor indukuji intracelularni signalizacni cesty.

— CaSR ovliviiuje patologickeé procesy, jako je kalcifikace cev, ateroskleroza,
hypertenze, obezita a infarkt myokardu.
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(Obesity induced cvos)

* Upregulation of cell proliferation

* Release of inflammatory cytokines

* Autophagy stimulation &

+ Attenuated macropinocytosis

* Induction of inflammasome /
pathways in adipocytes

( Hypertension )

( Atherosclerosis )

* Release of inflammatory

* Upregulation of cell cytokines

proliferation * Vasoconstrictions and

* Release of inflammatory © vasorelaxations

cytokines ' ' * Influence on renin-angiotensin
* Mineralisation of smooth system

muscle cells

* Influence on blood pressure

* Release of ER related
stress hormones
* Excess collagen formation

(Vascular calciflcatiorD
(Myocardial ischemia)

* Induction of apoptosis

* Hypertrophy of cardiomyocytes

* Release of °NO

* Modulation of insulin secretion

« Upregulation of cell proliferation

« Activation of NLRP3 inflammasome

+ Calcium homeostasis

* Release of inflammatory
cytokines

* Increase in serum calcium

* Excess intracellular calcium
* Mineralisation of smooth
muscle cells

* Excess collagen formation
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Extracellular matrix

Ligands:
*lons

* Polyamines

* Polypeptides
* Drugs

* Antibiotics

* Calcimimetics
: Calcilytics

Inactive state

Active state

VFT

o)
° @ domain |ECD 0 %o
® o0
. Q
Q
A
/ fi “\ CRD
Plasma - . Transmembrane
membrane domain
Intracellular
C-domain
v AR
Phospholipases
Cytoplasm AC
_ /
(RAS )
Cellular processes: . -
« Growth and mitogenesis +«—— < (MAPK . _I_
« Apoptosis ‘
+ Activation of stress l
« Cell differentiation CAMP
+ Cell proliferation ..JNK -«
+ Inflammatory response —
* Immune response RAS= protoonkogen, pusobi jako GTPaza NF-kB

* Cell survival

T
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MAPK = mitogenem aktivované protein kinazy
JNK= c-Jun N-terminalni kinazy




Struktura a funkce CaSR

— The CaSR is composed of three structural domains: the extracellular domain (ECD) consisting of a
Venus flytrap (VFT) domain and a cysteine rich domain (CRD); the transmembrane domain connected
by the CRD to the VFT; and an intracellular C-domain.

— The extracellular ligands of CaSR include various ions, polyamines, polypeptides, drugs, antibiotics,
calcimimetics and calcilytics. These ligands bind to the inactive receptor to initiate conformational
changes to the receptor resulting in receptor activation.

— The surface receptor, when activated by its ligands, can trigger numerous intracellular signaling
pathways, which in turn activate different cellular processes. The activation of CaSR couples G;, and
G, families of heterotrimeric G proteins. Along with phospholipases, G,;;; prompts inositol
triphosphate (IP;) and diacylglycerol (DAG) pathways. IP, controls calcium channels on the surface of
the cell, thereby regulating the efflux and influx of calcium ions.

— G,, interacts with adenylate cyclase (AC) to curb the production of cyclic adenosine monophosphate
(cCAMP). The receptor also upregulates the transcription factor nuclear factor kappa-light-chain-
enhancer of activated B cells (NF-kB), which is again associated with various cellular processes.
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Cat** v srdci

— Po elektrické stimulaci kardiomyocytu vstupuje do buriky Ca++
cestou voltage-dependentnich Ca++ kanalu typu L. Ca++
stimuluje ryanodinovy kanal k uvolneni Ca++ z intracelularni
zasobarny Ca - sarkoplazmatickeho retikula (kalciem indukovanée
uvolneni kalcia= C.I.C.R.).

— Po aktivaci kontrakce myofilament je potreba snizit
cytoplazmaticke hladiny Ca++ , aby mohlo dojit k iniciaci
myofilamentove relaxace.
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Beta-adrenergic
receptor stimulation

VMM LSt b

B PKA phosphorylation effects at sarcomere level

Myofilament force

Vbl bt N STV Whed  Nd T TRl WAl W

Ca?* concentration

FIGURE 6. A Stimulation of B,-AR acti-
vates protein kinase A-mediated phosphor-
ylation of L-type Ca®* channels and ryano-
dine receptors, which increases Ca®*-in-
duced Ca®* release (C.I.C.R.) phospho-
rylation of phospholamban (PLB) and car-
diac troponin | (cTnl) increases Ca®* uptake
via SR-Ca®* pump (SERCA] and Ca®" re-
lease from the sarcomeres, respectively. B:
The augmented release of Ca®' from the
thin filaments is mediated via the PKA-me-

diated reduction in myofilament Ca®" sensi-
tivity via phosphorylation of cTnl. In addition,

PKA-mediated phosphorylation of titin re-
duces passive stiffness of sarcomeres.



4 mechanismy, které se podileji na uvolneni
Ca++ z myofilament behem relaxace

—1.70% se vraci do SR (SERCAZ2a)
— 2. 28% opousti bunky pres sodiko-vapnikovy vymenik (NCX)
— 3. 1% pres Cat++ ATP-azu v sarkolemé

—4. malé mnozstvi Ca++ vychytano mitochondriemi.
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FIGURE 1. Schematic diagram of a cardiac muscle cell and the events during excitation-contraction (EC)
coupling. Human cardiac muscle cells (cardiomyocytes) in the wall of the ventricles have a rod shape of ~20 pm
in diameter and 100 um in length. They are surrounded by a surface membrane with tubular invaginations
(T-tubules) arranged in a network structure. The T-tubular network ensures that an action potential traveling
along the surface membrane is propagated into the interior of the cardiomyocyte. During the plateau phase of
the action potential (duration ~100 ms), calcium ions (Ca®*) enter into the cell via the L-type Ca®* channels.
This causes a rapid rise in Ca®* concentration in the narrow cleft between the T-tubular membrane and the
sarcoplasmic reticulum (SR). This local rise in Ca® " concentration triggers the release of Ca®' stored inside
the SR via the ryanodine receptor, a mechanism called Ca®‘-induced Ca®* release (C.I.C.R.; solid red line).
Ca®" activates regulatory proteins on the thin (actin) filament, which allows binding of myosin heads extending
from the thick (myosin) filament to the active sites on the thin filament, resulting in force generation and
filament sliding (sarcomere shortening) associated with ATP hydrolysis. Recent evidence suggests that a small
fraction of the Ca®* released in the cytosal is taken up by the mitochondria (dotted red line), which is involved
in the resynthesis of ATP. During the relaxation phase, the cytosolic Ca®* concentration declines because Ca®*
is actively transported back into the SR via the SR-Ca®* pump (SERCA) and out of the cell via the sodium-calcium
exchanger (NCX), located in the surface membrane (blue lines). Sarcomeres, mitochondria, and SR occupy
~B80%, 35%, and 5% of the cell volume, respectively.

Physiol Rev . VOL 99 . JANUARY 2019 . www.prv.org



Kostni remodelace jako reakce kosti na
mechanicke zatizeni

_ Aktivace osteoklastu

_ Resorbéni faze- v dUsledku aktivace osteoklastU- krdtkd

— Reverzni faze- kostni povrch je pokryt mononukledry,
ale novotvorba kosti dosud nezacala- kratkd

_ Formaéni faze- produkce osteblastu ve vindch v kostni
maftrix- dlouhd. Tyto bunky se postupné serad,
proniknou do kosti jako osteocyty a podlehnou
apoptoze.
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Receptor aktivator NF-kB (RANK), jeho ligand (RANKL) a
osteoprotegerin (OPG)

— Vyresena interakce mezi osteoklastickymi @
osteoblastickymi liniemi. U&astni se ji tfi Elenové rodiny TNF a
receptoru pro TNF. Osteoblasty produkuji RANKL, ligand
oro receptor aktivator pro NF- kB (RANK) na
hemopoetickych bunkdch. Tento receptor aktivuje jejich
diferenciaci a udrzuje jejich funkci.

— Osteoblasty produkuji a sekretuji osteoprotegerin (OPG),
receptor, ktery blokuje interakci RANKL/RANK.
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Molekularni charakteristiky triady
OPG/RANK/RANKL

— RANKL ndlezi k rodiné TNF. Tri izoformy (RANKL1, RANKL2 @
RANKL3-solubilni.
— Membrdanovée vazany RANK a solubilni OPG patfi do rodiny

receptoru pro TNF. OPG je ,|dkgijici" receptor pro zdbranu
vazby RANKL na RANK.
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RANK-RANKL signaini cesta, inhibice vazby RANK-RANKL
osteoprotegerinem (OPG)

TNFox RANKL -1

| - 1

- TNFR . RANK IL-1R .

Cell membrane
receptor- -associated
actor
v

TRAF 2 RAF-5 TRAF 6
v
Caspase-8
v
NF-k B, JNK Src
Apoptosis Osteoclast Osteoclast
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Receptor aktivator NF- B (RANK), jeho ligand (RANKL) a
osteoprotegerin (OPG)

— Stimuldtory resorbce kosti zvysuji expresi RANKL v
osteoblastech a néktere take snizuji expresi OPG. Kostni
bunky exprimuji membrdnove vazanou formu RANKL, @
proto musi osteoblasty vstupovat do fyzikalni interakce s
osteoklastickymi prekurzotry , aby doslo k aktivaci RANK.

— Solubilni RANKL mohou produkovo’r aktivované T-lymfocyty.

— Hladiny OPG rostou s vekem

— Polymorfismy v genu pro OPG byly asociovany s
osteoporotickymi frakturami a rozdily v kostni denzité.
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RANKL a osteoprotegrin (OPG) jako konecné efektorové cytokiny u malignich

nemoci skeletu (k predchozimu obrazkvu).

— 1) Interakce RANKL s RANK podporuje diferenciaci a
aktivaci osteoklastu

— 2) Aktivované osteoklasty zpUsobuji humordini hyperkalcémii
u malignit, osteolytickych metastdz, patologickych fraktur a
U bolesti spojenych s malignitou

— 3) OPG funguje jako receptor, ktery neutralizuje RANKL,
Cimz zabranuje jeho vazbé s RANK.
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RANKL a osteoprotegrin (OPG) jako konecné efektorové cytokiny u malignich

nemoci skeletu (k predchozimu obrdazkv).

— 4) Mnohé rUstové faktory, cytokiny a hormony konverguji na
urovni RANKL a OPG a reguluji diferenciaci a aktfivaci
osteoklastu. II-1 a TNF podporuji produkci RANKL a OPG,
zatimco PTH, PTHrP a glukokortikoidy podporuji produkci
RANKL, ale snizuji produkci OPG

— 5) Vmalém rozsahu jsou IL-1 a TNF schopny modulovat
diferenciaci a aktivitu osteoklastU nezdvisle na RANKL a RANK.
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Pomér RANKL k osteoprotegrinu (OPG) u pacientu s malignim
kostnim onemocnénim

— Normaini stromaini bunky zajistuji stabilni pomér RANKL/OPG, ktery je nutny pro
adekvatni kostni remodelaci.

— Stromdalni bunky odvozene z obrovskych tumordznich bunéek zvysené exprimuji RANKL,
coz ma za ndsledek zvyseni pomeéry RANKL/OPG s naslednym excesivnim vyvojem
velkych polynukledrnich osteoklastu.

— Myelom a nektereé formy karcinomu prsu produkuji PTHrP, kfery indukuje RANKL @
inhibuje OPG, coz favorizuje osteolyzu a hyperkalcémii beéhem maligniho
onemocneéni.

— Opacny vyvoj u rakoviny prostaty, ktery favorizuje spiSe moznost rozvoje
osteoblastickeho potencidlu.
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OPG/RANK/RANKL jako spole¢ny efektor v kosti, imunitnim systému a v cévnim

systému

— OPG, RANK a RANKL jsou selektivné produkovany cetnymi
bunécnymi typy v rUznych tkdnich: lymfocyty, osteoblasty a
endoftelidinimi bunkami.

— RANKL funguje jako faktor preziti pro dendritické bunky a
jako osteoklastogeneticky faktor po vazbé na RANK.

— OPG inhibuje osteolyzu a blokuje interakci RANKL/RANK.

— OPG/RANKL/RANK tridda se povazuje za
osteoimmunomodulaéni komplex.
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K predchozimu obrazku:

— Schematic model how PTH causes bone catabolism. PTH-bound form of PTH1R activates protein kinase A (PKA)
via the Gas. PKA phosphorylates salt-induced kinase 2 (SIK2) and inhibits its ability to phosphorylate CRTC2.
Dephosphorylated cAMP-regulated transcriptional coactivator 2 (CRTC2) enters the nucleus and further
activates cAMP-response element binding protein (CREB). CREB promotes the expression of receptor activator of
nuclear factor-k B ligand (RANKL) gene and inhibits the expression of osteoprotegerin (OPG) gene. RANKL can
promote osteoclast precursors to differentiate into osteoclasts and enhance the activity of osteoclasts via
activating receptor activator of nuclear factor-k B (RANK). OPG is the decoy receptor for RANKL. PTH
inhibits Hypoxia inducible factor (HIF) signaling in osteoblasts and osteocytes. In osteoblasts, PTH promotes the
secretion of Monocyte chemotactic protein 1 (MCP-1) which can promote the differentiation of osteoclast
precursors. PTH induces vacuolar protein sorting 35 (VPS35) to compete with PTH1R for protein phosphatase
1 regulatory subunit 14C (PPP1R14C), so that PTH1R and PPP1R14C cannot inhibit the activity
of PP1 phosphatase. PP1 phosphatase dephosphorylate endosomal signaling proteins, including extracellular
regulated protein kinases (ERK) 1/2, protein kinase B (AKT), and CREB. N-cadherin inhibits the osteogenic effects
of PTH. RANKL induces secretion of Saa3 by preosteoclast cells in a cyclooxygenase-2 (COX-2)-dependent
manner and inhibits osteoblast differentiation. PTH promotes bone resorption via these signaling pathways.
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https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/osteoprotegerin
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/hypoxia-inducible-factor
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/monocyte-chemotactic-protein-1
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/phosphoprotein-phosphatase-1
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/4-amino-7-tert-butyl-5-4-methylphenyl-pyrazolo3-4-dpyrimidine
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/phosphatase
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/protein-kinase
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/protein-kinase-b

Gen

Mutace

Nemoc

18 bp duplication

Familial expansile
osteolysis

Early onset Paget’s

RANK 27 bp duplication disease
. Expansile skeletal
15 bp duplication hyperphosphatasia
Deletion of amino acids 145-177 Autosomall recessive
osteopetrosis
A single nucleotfide change (596T-A) in | Autosomal recessive
RANKL :
exon 8 of both alleles osteopetrosis
Deletion of two nucleotides Autosomal recessive
(828_829delCG) osteopetrosis
OPG Deletion making OPG inactive Juvenile Paget’s disease
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20 bp deletion resulting in premature
termination of OPG translation

Juvenile Paget’s disease




Kostni remodelace — konecna bilance

— Vyrovnana bilance osteklasticke a osteoblastické aktivity kosti
— Adekvatni remodelace v ¢case v zavislosti na mechanické nutnosti

remodelovat kost
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Poruchy kostni remodelace

— Metabolické kostni onemocneni:

— Osteoporoza (chronicka prevaha osteoklastické aktivity nad
osteoblastickou) — nesouvisi s hypokalcemii

— Osteodystrofie (zrychlena kostni remodelace)-souvisi s

nypokalcemii

— Krivice/osteomalacie (zpomalena kostni remodelace) — souvisi s

nypokalcemii

31 Prof. Anna Vaskl

Il
M

N1

U
ED



Osteoporoza

Etiopatogeneza: chronicky zvyseny podil mezi osteoklastickou a
32 Prof Annavaska  Osteoblastickou aktivitou v kosti
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Incidence
radiologickych
fraktur patere,
kyCle a distalniho
predlokti v zavislosti
na véku a pohlavi.

Data derived from
European
Prospective
Osteoporosis Study
and General
Practice Research
Database.
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Remodelace kosti. Mista pro akci estrogenu
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Osteoporoza indukovana kortikoidy

— Modifikuji proliferativni a metabolické aktivity kostnich bunék.
— Inhibuji osteoblastogenezi
— Redukuiji zivotni poloCas osteoblastyu, coz vede ke snizené

novotvorbé kosti.
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Osteoporoza

— Estrogeny jsou kritické pro uzavirani epifyzdlnich stérbin v puberté u
divek i u hochu

— Estrogeny reguluji kostni obrat u zen i u muzu

— Hladiny estrogenu udrzujicich  kostni hmotu jsou nizsi nez hladiny pro
udrzeni funkce klasickych cilovych orgdnu pro estrogeny (prsni zZlaza o
déloha). Tato vyssi senzitivita kostry na estrogeny ziejme souvisi s vékem.

— Osteoporoza u starych muzU je vice asociovdna s nizkymi hladinami
esfrogenu nez androgenu.

— Béhem menopauzy dochdzi k v dusledku poklesu estrogenu k
akceleraci jok markeru destrukce, tak novotvorby kosti.

— Deficit estrogenu narusuje novotvorbu béhem kostni remodelace
reagujici na mechanické zafizeni, coz vede v letech po menopauze k
progresivni ztraté denzity kosti.

— LéCeni estrogeny zvysuje kostni masu i u 80letych zen.

37 Prof. Anna VaskU
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Vitamin K a kosti

o Vitamin K, je podstatnym kofaktorem pro y-karboxyldzu, enzym, ktery katalyzuje

©)

konverzi specifickych rezidui kyseliny glutamové kyseliny na rezidua Gla.

Vitamin K, je potfebny pro y-karboxylaci proteinU kostni matrix obsahujicich Gla, jako je
MGP (= matrix Gla protein) a osteokalcin.

Nekompletni y-karboxylace osteokalcinu a MGP vede k pri nedostatku vitaminu K
osteopordze a zvysenemu riziku fraktur. Vitamin K, stimuluje syntézu osteoblastickych
markery a depozici kosti.

Vitamin K, snizuje resorbci kosti inhibici tvorby osteoklasty a jejich resorb&ni akfivity.
LéCeni vitaminem K, indukuje apoptdzu osteoklastu, ale inhibuje apoptdzu osteoblastu,
coz vede ke zvysené tvorbé kosti.

Vitamin K, podporuje expresi osteocalcinu (zvysuje jeho mRNA), coz je mozno ddle
modulovat poddavanim 1a,25-(OH), vitamin Dy
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Vitamin K - nedostatek

— Nedostatek vznikd pri poruse resorpce tuku ve strevech,

jaternim selhdni.

— Poruchy srdzlivosti krve — nebezpedi u kojencu, Zivot
ohrozujici krvaceni (hemoragie).

— Ridnuti kosti — osteopordza — patnd karboxylace
osteokalcinu a snizend aktivita osteoblastu.

— Za normadlnich okolnosti u Nas nedochdzi k nedostatku, je v
potrave hojne zastoupen. Pozor na warfarin!
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Pancreatic islets

Insulin

+)
ucOCN
¢ ucOCN <
Insulin ucOCN

Insulin

Glukokortikoidy
obecné pusobi
jako antagonisté
inzulinu ...

Leptin

Adipose Tissue Sympathetic nervous system

Predpokladana reciproka endokrinni regulace funkci kosti a tukové tkané: Karboxylovany osteoKalcin (OCN) je
produkovan osteoblasty a je nasledné vazan na hydroxyapatitovy mineral vyzralé kosti.

Béhem resorbce kosti fizené osteoklasty se uvolfiuje do cirkulace nekarboxylovany osteokalcin (ucOCN), odkud
vyznamneé podporuje produkci inzulinu pankreatem. Inzulin zvysuje expresi OCN osteoblasty a zaroven podporuje
jeho dekarboxylaci pisobenou osteoklasty. Inzulin ma také pozitivni vliv na sekreci leptinu adipocyty, coZ vede k
inhibici kostni produkce i resorbce hypotalamickym vlivem leptinu. Produkce ucOCN je tak snizena a dochazi k
modulaci orexigennich efektd ucOCN na produkci inzulinu pankreatem.
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SXR a mechanismus pusobeni

DBD LBD

hSXR ]
mPXR 95% _ 431 aa
hCARo 0 2 B

hVDR >0 =

Fig. 1. Schematic comparisons among the nuclear receptor steroid and
xenobiotic receptor (SXR) and its related receptors. All the receptors
belong to nuclear receptor subfamily 1, group I (NR1I), and form het-
erodimers with their common partner retinoid X receptor (RXR). The
similarity between SXR and other receptors is expressed as percent
amino acid identity [1]. DBD, DNA-binding domain; LBD, ligand-
binding domain; ASXR, human SXR; mPXR, mouse pregnane X recep-
tor; hCARo, human constitutive androstane receptor-o; VDR, human
vitamin D receptor

Fig. 2. Transcriptional regulatory mechanism of SXR. The ligand-
activated SXR forms heterodimers with RXR and regulates the tran-
scription of adjacent target genes by binding to SXR response elements
SXREs) in the genome

DNA SXRE
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of Target Genes
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MGP

!

Vitamin K, je transkripcnim

Upregulation of
Extracellular Matrix Proteins
TSK, MATN2

reguldtorem genu specifickych
pro kost, které plUsobi

!

Increase in
Collagen Accumulation
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Improvement of
Bone Quality?

prostrednictvim SXR zvyseni
exprese osteoblastickych
markerd.

Pdvodné SXR znam jako
xenobioticky senzor...

Fig. 3. SXR- and vitamin K,-dependent regulatory mechanisms of
bone metabolism in osteoblastic cells. SXR promotes collagen accumu-
lation in osteoblastic cells by regulating the transcription of its target
genes including those encode extracellular matrix proteins. Vitamin K,
plays a role in the posttranslational modification of Gla proteins by
functioning as a coenzyme of y-glutamyl carboxylase (GGCX) and also
acts as a potent SXR ligand in bone metabolism



Stressors Biood-Brain

‘k
SNS

11 Bartier
- I}
| Gpreba
= ° R
,. Cholinergic
® OCN ® 1 newrons PNS Y
Behaviour Acute Stress Response
4\ Cognition Energy expenditure
Fear response 4\ Oxygen consumption
Temperature
Heart rate
£

Fig. 3.
An endocrine system that promotes survival in response to danger. Schematic depicting the

release of osteocalcin (OCN) during acute stress and its effect on parasympathetic neuron
activity. Glu indicates glutamate, gluOCN indicated bioactive osteocalcin, glaOCN indicates
inactive osteocalcin, PNS indicates parasympathetic nervous system and SNS indicates

sympathetic nervous system.

GGCX=y-glutamyl karboxylaza

43 Prof. Anna Vaska FEBS Lett. 2022; 596 (5): 665-680
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Uncarboxylated y-carboxylated
osteocalcin (GluOC) osteocalcin (GlaOC)

y-glutamyl carboxylase

Glu Glu Glu

: Acidic environment |
ﬁCH, (approximately pH 4.5) 50}12

Circulation Bone matrix

Fig. 1. Post-translational modification of osteocalcin. Post-translational carboxylation at three glutamic acid residues (E13, 17, and 21) occurs by y-glutamyl carboxylase
(GGCX) in the endoplasmic reticulum. Because conversion of uncarboxylated osteocalcin (GluOC) to y-carboxylated osteocalcin (GlaOC) increases the affinity of osteocalcin
for the mineral components of the bone matrix, the vast majority of osteocalcin becomes trapped in bone after secretion. Conversely, the low pH of the bone resorption niche
allows decarboxylation of GlaOC in the bone matrix. The resulting GluOC enters the general circulation.

Biochemical Pharmacology 132 (2017) 1-8
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Osteokalcin a steroidy

— Glukokortikoidy snizuji expresi osteokalcinu v kosti
— Osteokalcin sam zvySuje biosyntézu steroidu (glukokortikoidu i

mineralokortikoidu) v kufe nadledvin

Nature Reviews Endocrinology 18, 135 (2022)
MUNI
MED
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Osteodystrofie

—Primarni hyperparathyreoidismus je

nasledkem onemocnéni pristitnych

felisek, nejCasteji adenomu.

Priznaky: chronickd hypekalcémie,
nefrokalcindza, osteodystrofie jako

projev excesivni kostni remodelace.

46 Prof. Anna Vasku
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Osteodystrofie

— Sekundarni hyperparathyreoidismusis — obvykle u
chronického onemocnéni ledvin s fendenci k rozviji
chronického ledvinného selhdni v dusledku neschopnosti
ledvin resorbovat kalcium- rendlni osteodystrofie jako projev
excesivni kostni remodelace.

— Jiné priciny-obvykle nutricni: deficit kalcia a fosfatu ve strave,
nadbytek fosfdtu ve strave.
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Stavy spojené s hypoparatyreoidismem

—Hypoparathyreoidismus — vede k poklesu hladin
kalcia a vzestupu fosfatu v krvi.

—Priciny: chirurgické odstranéni pristitnych télisek,
resp. thyreoidey.

_Priznaky: tetanické kfece v dusledku poklesu
hladiny ionizovaneho kalcia v krvi

==
m e
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Deficit vitaminu D

— U déti krivice-deformace dlouhych kosti v dusledku zvysené
méekkosti kosti.

— U dospélych osteomalacie. Kosti jsou krehke!l!

— Genetické defekty ve VDR (syndromy hereditdrni resistence
na vitamin D).

— Vaind onemocneni jater a ledvin.

—NedostateCna expozice sluneCnimu zareni

— Kosti jsou kfehké — patologické fraktury
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Stratum corneum

Vitamin D- syntéza

Stratum lucidum | & .'-"_"'

Stratum granulosum | Fom

Stratum spincsum | T

UV zareni 270 — 300 nm ==

Stratum basale

Fotolyza
tepelna |zomerace
UV zafeni Cholecalciferol
HO (calciol;vitamin D)
CH,
7-Dehydrocholesterol Prevutamln D

HO

Neenzymatické reakce v kUzi

Transport do jater
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Jatra Ledvin

OH

Calciol-25-hydroxylase

Calcidiol-1-hydfoxylase
CH, ]
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(1,25-hydroxycholecalcifergl)

OH

Calcidiol '
HO Cholecalciferol HO (25-hydroxycholecalcifer

HO
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Calcidiol-24-hydroxylase Calcidiol-24-hydroxylase

OH OH

Calcidiol-1-hydroxylase

CH,
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Solar UVB Dietary
radiation sources

J

Vitamin D

* Maintenance of normal cell proliferation
in prostate, colon, breast, etc.

/\ Macrophage

VA V/A WV
VDR-RXR—® Decreased

*25-0Hase t ‘_*/ p21, p27, etc.

25(0OH)D 1,25(0OH).D
(RH) 1-0Hase> (Oh),
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S CB ) ; M. tuberculosis
f ,beath

"VDR-RXR
. Increased.
VDR mRNA,

+1 -OHase

1,25(0H),D —» o —® Immune modulation

+ Activated T and
Holick, M. F. J. Clin. Invest. 2006:116:2062-2072 B lymphocytes

j Pancreas
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Regulation exprese genu prostiednictvim VDR

VDR Agonist
® » Non-genomic
Genomic 7
RXR ! ! ! VDR RXR w VDR
—{ ke = (Anti-NF-AT, Anti-AP1, Anti-NF-kB etc.)
+ —
. Anti- Anti-
Osteocalcin Bone remodeling Inflammation Proliferation
Osteopontin Bone remodeling
Calbindin-9k  Calcemic action IL-2 EGF-R
24-hydroxylase  Metabolism IL-6 c-myc
B3 integrin Adhesion “"8’ Ki-67
IL-10 receptor  Anti-inflammation IL-12 K16
p21 Anti-proliferation TNF-a
IFN-y
GMCSF
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Regulation exprese genu prostrednictvim VDR

VDR Agonist
® » Non-genomic
Genomic ?
RXR ‘ ! ! VDR RXR w VDR
— 1>
YDRE (Anti-NF-AT, Anti-AP1, Anti-NF-KB etc.)
+ —
. Anti- Anti-
Osteocalcin Bone remodeling Inflammation Proliferation
Osteopontin Bone remodeling
Calbindin-9k  Calcemic action IL-2 EGF-R
24-hydroxylase  Metabolism IL-6 c-myc
B3 integrin Adhesion “"8, Ki-67
IL-10 receptor  Anti-inflammation IL-12 K16
p21 Anti-proliferation TNF-a
IFN-y
GMCSF
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~Parathyroid Hormone Relation Peptide" (PTHrP) jako
paraneoplasticky faktor

— PTHrP byl objeven jako medidtor syndromu "humoral hypercalcemia of
malignancy” (HHM).

_Pfi tfomto syndromu dochdzi u ruznych typu rakovin, obvykle v
nepritomnosti kostnich metastdz, k produkci latek podobnych PTH, které
mohou zpusobit biochemické abnormality jako

— Hyperkalcémie

— Hypofosfatémie

— Zvysenda exkrece cAMP moéi

— Tyto UCinky se podobagji ulinku PTH, ale objevuji se v nepritomnosti
detekovatelnych cirkulujicich hladin PTH.

N1
D
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Genetickeé rodiny PTH a PTHrP: PTHrP, PTH and TIP39 jsou

zfrejme Cleny jedné geneticke

rodiny. Jejich

receptory

PTH1IR a PTH2R jsou 7 transmembranovymi G protein-

coupled receptory.



4

U&inky PTHrP

Q PTHrP pUsobi na

" lonfovou homeostdzu

= Relaxaci hladkych svalt

»Buné&cny rust, diferenciaci a apoptdzu.

= Normalni kalciovou homeostdzu ve fetdalnim olbdobi )

Vétsina  fyziologickych  efektu se deje  zpusobem
parakrinnim/autokrinnim.

V dospélosti je homeostdza Ca a P pod vivem PTH, zatimco
hladiny PTHrP jsou u zdravych dospélych velmi nizké az
nedetekovatelne. To se méni pri vzniku neoplasmat konstitutivhe
produkujicich PTHrP, kdy PTHrP napodobuje ucinky PTH na kost o
IPeTlo_I|vmy a rozvijejici se hyperkalcémie inhibuje endogenni sekreci
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y 4

UCinky PTHrP na

QdBunéény rust, diferenciaci a apopfozu v mnohych fetdlnich i dospélych tkdanich.
Nejvetsi uCinky ma na kost. Nejvetsi zmeny na chrupavitych rus’rovych ploténkdach,
kde v nepritomnosti PTHrP dochdzi k redukci proliferace chondrocytu s akcentaci
diferenciace a apoptdzy chondrocytu

QdNormalni vyvoj chrupavéité rustové ploténky. Ve fetdlnim obdobi PTH hraje
dominantné anabolickou roli ve vyvoji trabekuldrni kosti. PTHrP reguluje vyvoj
rostové ploténky.

dPostnatdainé PTHrP jako parakrinni/autokrinni reguldator prebird anabolickou roli pro
homeostdzu kosti, kdezto PTH predevsim udrzuie hladinu Ca++ v ECT

prostrednictvim mechanismu kostni remodelace.
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Tumor Cell

Osteoblastic
Stromal Cells

P

Hematopoistic
Stem Cell

Produkce |atek resorbujicich kost nddorem. Nadorové bunky uvolnuji protedzy,
které mohou podporovat progresi fumoru pres nemineralizovanou matrix. Tyto
buriky mohou uvolnovat také PTHrP, cytokiny, eikosanoidy a rUstové faktory |
EGF), které mohou stimulovat osteoblastické stromadlni bunky k tvorbé cytokinG
joko M-CSF a RANKL. RANKL se muUze vdzat na svUj receptor RANK na
osteoklastickych bunkdch a zvySovat produkci a aktfivaci mnohojadernych
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Produkce PTHrP regulovand rUstovym faktorem (GF) v tumordznich
stavech. Tumordzni bunky jsou schopny byt na vzddlenost (mimo kost)
stimulovdny autokrinnimi rOstovymi faktory ke zvysené produkci PTHrP.
Ten se dostava cirkulaci do kosti a podporuje resorbci kosti.
Metastatické tumorove bunky v kosti jsou schopny sekretovat PTHrP,
podporujici resorbci kosti a sekreci parakrinnich rUstovych faktory,
které ddle udrzuji produkci PTHrP.
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PTH, vitamin D a slozeni téla

— PTH suprimuje aktivitu lipoproteinove lipazy v adipocytech

— PTH podporuje fosforylaci GLUT4—pokles lipolyzy a takumulace tuk

— Pokles s25(0OH)D3 v dusledku akumulace tuki muze vést k poruse
homeostazy kalcia a zvySené produkci PTH

— PTH koreluje s aldosteronem (vyssi tlak u obéznich). Mechanismus neznam.

— Vyssi hladiny PTH u obéznich

— VyS8Si PTH prokazan u diabetikd 1. i 2. typu
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282 Curr Nutr Rep (2019) 8:281-294
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Fig. 1 Dysregulation of bone metabolism markers and effect on carboxy-terminal cross-linked telopeptides of type 1 collagen, HDL

cardiometabolic health. 25OHD 25 hydroxxy vitamin D, PTH high-density lipoprotein, LDL low-density lipoprotein, TNF-alpha

parathyroid hormone, OC osteocalcin, BAP bone-specific alkaline tumor necrosis factor alpha, IL-6 interleukin-6, IL-1B interleukin 1 IVI U I\I I
64 Prof. Anna Vasku phosphatase, PINP N-terminal propeptide of type I collagen, CTX beta, CRP C-reactive protein I\/l E D
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FIGURE 1 Schematic of osteoblasts in glucose regulation. Osteoblasts express the insulin receptor (InsR) which is activated upon insulin
stimulation. In addition, the glucose transporter GLUT1 is also expressed in osteoblasts, which takes up glucose independent of insulin. Both InsR
and GLUT1 favour synthesis of uncarboxylated osteocalcin (Glu-OC), the metabolically active form of OCN. Glu-OC is then metabolically
activated during bone resorption and functions by stimulating insulin secretion from p-cells, facilitating insulin sensitivity in adipocytes, promoting
release of glucagon-like peptide-1 (GLP-1) in intestinal epithelial cells and favouring glucose and fatty acid uptake and utilization by muscle.
Osteoblasts also express and secrete lipocalin 2 (LCN2), which binds to the melanocortin 4 receptor (MC4R) in the hypothalamus and exerts
anorexigenic functions. Additionally, LCN2 can directly stimulate insulin secretion in primary pancreatic islets. Furthermore, LCN2 can promote
the expression of Glut1 in osteoblasts

Diabetes Obes Metab. 2018; 20:1817-1828
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N Exercise capacity7|
Bone @ Osteoblast
resorption > o ® Myofibers

Fig. 2.
An endocrine loop between bone and muscle that increases exercise capacity. Schematic

depicting the effect of osteocalcin (OCN) on myofibers and the effect of muscle-derived
[L-6 (orange teardrops) on OCN (red circles) release from bone. During exercise, 1L-6

acts on osteoblasts to increase the expression of RankL, the primary regulator of osteoclast
differentiation and thus bone resorption. IL-6R (IL-6 receptor) and OCN receptor (Gprcb6a)
are schematically depicted. ATP indicates adenosine triphosphate.

6o prot Amnavasia FEBS Lett. 2022; 596 (5): 665-680M E '[\]' 1



A. Mizokami et al. / Biochemical Pharmacology 132 (2017) 1-8 3
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Fig. 2. Regulation of glucose homeostasis by bone. GluOC affects B-cell function directly, by binding its receptor, GPRC6A; or indirectly, by stimulating glucagon-like peptide-
1 (GLP-1) secretion from the small intestine. GluOC improves insulin sensitivity by decreasing fat accumulation in steatotic liver and increasing adiponectin expression in
white adipose tissue. Conversely, testosterone production stimulated by GluOC suppresses adiponectin secretion. GluOC also improves energy expenditure in skeletal muscle
by regulating mitochondrial biogenesis, glucose and fatty acid uptake, and expression of genes implicated in energy consumption.

Biochemical Pharmacology 132 (2017) 1-8
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Diky za pozornost
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Dekuji vam za pozornost



