Rizeni metabolismu vapniku.
Endokrinni pankreas.



Calcium ions Phosphate ions

Extracellular

Concentration

- AZ 65 % hmotnosti total, in serum 2.5 %X 107 3M 1.00 X 1073 M
- Témér veskeré zasoby Ca a P, a polovina free 12X 107°M 0.85x 1072 M
Mg v “‘{'Sk}‘—m telev ,, Functions Bone mineral Bone mineral
- Zasadni vyznam téchto prvku ve Blood coagulation
fyziologickych procesech Membrane excitability
Kostni tkam Intracellular \
- 99 % celkového Ca, z toho 99 % v Concentration 107 M 1-2x10°3M
mcl)neralm sleree - , . . , Functions Signal for: * Structural role
cast (ICF - ECF) * Hormone secretion ¢ Regulation of proteins

\ * Muscle contraction by phosphorylation /




. / / / /
Extra- a intracelularni vapnik
Extracelularni vapnik
- Mineralizace chrupavek a kosti
- Kofaktor enzymu vcetné proteind

srazeci kaskady

- ,zdroj“ intracelularniho vapniku
- Excitabilni tkané

Intracelularni vapnik ' .

cca 100 nM

- Signalni vyznam VDAC/ _

- Kontraktilita Ll e
- Excitabilita

- Neurosekrece

- Endokrinni a exokrinni sekrece
- Bunécna diferenciace a proliferace
- Bunécné smrti a jejich regulace




Absorpce vapniku

25-60%
- Veék /%
- Stravovaci navyky a obsah : < 50% daily intake absorbed
Va?mku v pOtraV,e . ; » 2 fractions or pools
- Pozadavky kostni tkané Intestine  § » Readily exchangeable (<1%) Bone
- Vitamin D . * Bone <« ECF for [Ca?+] regulation
» Stable: bone remodeling
Zaludek |
- Zaludeéni §tava a vyznam HC |
- Signalizace spojena s produkci 850 mg/d “ /
HCl e —— Kidney
Constant intestinal loss

=99% filtered ca reabsorbed
40% PTH-regulated

Tenkeé strevo

- Duodenum a jejunum —90 %

- Adaptivni prijem — duodenum a
ileum

Minimal urinary loss




Vitamin D

Mechanismy absorpce vapniku

Paracelularni
Luminalni elektrochemicky gradient
Integrita mezibunécnych spojeni
Klaudiny a jejich role v paracelularnim

transportu

Transcelularni
TRPV6 a asociované proteiny

Glukokortikoidy

Recyklace TRPV6
Alternativni mechanismy?

Estradiol

Microvilli D l @\\hf/
| o
Tl 7]
Y O
Actin— (f !
Myosin-1— ) (f
i .
Calmodulin o s
v \
C%/—\s%%
i \ Calbindin-Ca?
: N complex
fre O S
Ca Calbindin- >\
Micro-  diffusion synthesis
vesicular \ ,
transport '.
i @ \\\" ‘4//0/‘\@
Exocytosis . ‘\O‘(

Calcitriol

N
_ é/ \@— 4
» e)i\zjzi/aiz;e Ca2* VCa-‘-ATPase ’

Ca®
Lamina propria



Adaptation to dietary calcium deprivation

Adaptation to dietary calcium loading
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filtrace ANO

arni

V 4

Glomerul

Endokrinni kontrola

Vapnik v krvi (kalcemie)

lonized calcium
(50%)

I

Complexed & ionized Ca** cross plasma membrane

* Acidosis | binding & T ionized

G aE-I-

_ Protein bound (40%)
* 80-90% albumin; pH dependent
‘ + Alkalosis T binding & . ionized

ml * 10-20% globulins

E aE-I-

—

Complexed (10%)
* Citrate & phosphate

IN 92e43|l} lule|niawo|s



98 % filtrovaného Ca podléha reabsorpci

70 % proximalni tubulus

20 % tlusté vzestupné raménko HK
5 % sbéraci kanalek

2 % moc

Distal tubule

Vitamin D <

Ca?+ channel

Luminal
membrane

[ —

o
L0 — 0

k ATP |ADP
Ca?+ ATPase [\_ <

Calbindin-Dst

o
o

3 Na*

\J
Ca2+

CaQ+

Interstitial space

\

Ca2+/Na+
exchanger

4

Basolateral
membrane




Ledviny
FOSfO I - Reabsorpce proximalni tubulus (85 %) — Npt1-3
Distribuce 1,25(0OH),D4
- Kosti cca 45 % - Ca,;4(PO,)s(OH), s l blood

-V organické i anorganické podobé v ICF a ECF VDR, -
- V&k, pohlavi, rast ﬂ\ |

l PR
Krev active (transcellular)
N\

- Koncentrace 1 mM (sérum)

- lonizovana forma (HPO,*, H,PO,’)

- 12 % komplexy s proteiny

- Intracelularni koncentrace je priblizné stejna

- Kotransport se sodikem High P dft

passive (paracellular)

)

Funkce ® .

- Strukturalni — NK, fosfolipidy |

- Modifikované sacharidy, fosfoproteiny,
kofaktory, G proteiny

- Makroergni slouceniny (ATP)

- Regulacni role — signalni kaskady, energetické

procesy Vitamin D PTH IGF-1 FGF23



Distribuce

Ledviny

Horcik '

1 mol - kosti cca 54 %, svaly a mékke
tkané cca 56 %
ECF—-0.5 mM

Krev

0.7-1mM

Cca 30 % v komplexech s proteiny
15 % v komplexech s fosfaty a
nizkomolekularnimi anionty

55 % volnych

Bunka

95 % v podobé ATP a dalsi podobné
molekuly

Koncentrace 0.5 mM

lontové kanaly?

95 % filtrovaného
mnozstvi reabsorbovano
15 % PT, 70 % kortikalni
TAHL, 10 % DT

Regulace — magnesémie,
kalcémie, objem ECF

Funkce

Kofaktor (glykolytické, kinazové
a fosfatazové systémy)
Stabilizacni funkce (DNA, RNA,
ribozomy)

Aktivator ATP transportér(
Neuromuskularni excitabilita

>
enterocyt
O —4 TRPM7F— O

*»Mg#*O ——{ B>

O —ETRPMEZ—> O° L ?
™ Na* O €— —0
»0—{f§ B >0
KO €—H F—¢

Na'/K'-ATPase



Fyziologie kostni tkane

Kompaktni (kortikalni) kost — cca 80 %

- Nizky pomeér povrchu k objemu,

klidovém stavu

osteocyty v

- Haversovy kanalky s koncentrickymi vrstvami
kolagenu — osteony (Haversovy systémy)
- Kolagenni matrix impregnovana kostnimi

mineralnimi krystaly

- 20 x 3-7 nm, vétsSinou hydroxyapatit

Trabekularni (houbovita) kost — cca 20 %
- Vysoky pomér povrchu k objemu

- Vysoka metabolicka aktivita

- Ziviny difunduji z ECT to trabekul

Lamella —_/~
/
Osteocyte —— -

Osteon
_ (Haversian system) —
. 3
' Circumferential |

lamellae v o J
. . ’
0 4

‘\ b=

([ Lamellae X 11—

il \ = \\ Lacuna
8 ‘ ' (b)\_"-— Canaliculus

— Central (Haversian) canal
| o ! Blood vessel continues
. v 2 —— into medullary cavity
7 containing marrow
‘ 2 p—. ¢ AN g Osteon
Perforating = -~ ——— Spongy bone
(Sharpey’s) - wa ™ B ® N
fibers 7 T g f":\?
Compact & D V3 i s
bone > L 25 w,'“
Periosteal ——— = ’; . Ly
blood vessel L central (H ‘ | N e ™
j entral (Haversian) cana Lacuna —y s’ R
Periosteum — - Perforating (Volkmann’s) canal '»\.*‘r“‘ i <7
(a) Blood vessel ~ N ST
Y
Central ~Interstitial

canal lamellae

Cepyright ® 2004 Pearsan Educalion, Inc,, publishing as Benjamin Cummings

www.creab.org - Human Body Anatomy - Online anatomy atlas. Viktoria
Ruppel. 14. 3 2015



Type | collagen monomeric and fibrillar structure

Overlap zone

Endoplasmic reticulum

Trombospondin
Fibronektin
Matrixovy Gla protein
Osteokalcin

N

Biglykan
Dekorin »
Kostni sialoprotein

Osteopontin
Osteoadherin

ezoodojeway + 92} Jujeusis

4

Vitamin K-dependentni y
karboxylace a fosforylace

3

Afinita k Ca a
mineralizace



l Secretion

Procollagen

Procollagen Propeptide — Procollagen
N-proteinase cleavage C-proteinase

N-prOPGIgt;dﬁ; POOPOORE0R0ONO000000r <. g;’ggpep“des Syntéza kolagenu
Procollagen

N-telopeptides C-telopeptides

Fibril
formation
A =T NTA-T
Kathepsin K -~~~ N .
\ O Degradace kolagenu
ol ;
\ ol
QEc
o Kolagenazy — MMP
5 - MMP1 a MMP13 — osteoblasty
- Vliv hormon( a cytokint




I\/I | n e ra ‘ |Za Ce Vnéjsi mechanismus — alkalicka

fosfataza

= tvorba malych krystalu hydroxyapatitu (Ca, fosfaty,
uhlicitan, Mg, Na, K)

Endopeptidazy, PHEX — FGF23

|

Dostupnost Ca, P a AF \ Y J
Depozice vapniku
ﬁ =t Vezikularni dtvary (matrix) Sté&peni pyrofosfatu
Kolagen a jeho usporadani

SIEBLINGs = % ﬁ

- Osteopontin, DMP-1 (OC) ﬁ

- Kostni sialoprotein, MEPE Dostupnost fosfatu pro mineralizaci

Stav vyzivy, vdpnik v potravé, vapnik/fosfor v ECT



Modelling
versus remodelling
kostni tkané

REMODELACNI JEDNOTKA - BMU

| |

- osteoklasty  osteocyty

Kostni liniové (lining) bunky

Kostni resorpce Vystavba kostni tkané
< > < >

osteoklasty = mononuklearni bunky preosteoblasty -




Kostni tkan a jeji remodelace

Osteocyty (OC)

- Metabolicka aktivita

- Receptory pro PTH Liniové bunky

- Komunikace s kostnim povrchem Mineralized bone - Stimulace

- Mechanicky sensing diferenciace OB

Osteoclast

- Produkce RANKL -  Komunikace s OC
- Prima degradace kostni tkané Osteoblasts - Diferenciace do OB
(osteocyticka osteolyza) @Q‘ stimulovana PTH
? Q@

o O
QO
. 00
- Adaptivni remodelace \Q —
(93
\\Q o) Osteoklasty (OK)

- Resorpce kostni

Osteoblasty (OB)
- Produkce kostni matrix

(3
- Produkce kolagenu a o Q& i tkane
nekolagennich peptidd + jejich Q\"?\ﬂ’@ !

orientace %
- Regulace hormony, lokalnimi = S

faktory a cytokiny
- Diferenciace a jejich dalSi osud — Osteocyles NS
apotdza, osteocyty, liniové buriky
- ,nadbor“jinych bunék — IGF-1,
IGF-2, TGF-P3




Remodelacni jednotka - BMU

Stimulacni a inhibiéni signaly osteocytl
(Oncostatin M - OSM, sklerostin,
PTHrP)

Stimulaéni a inhibi¢ni signaly
osteoklastl k osteocytim (TGF-J3, IGF-
1, kardiotropin-1, Sema4D — semaforin
4D, sfingosin-1 fosfat)

Signalizace mezi osteoblasty (ephrinB2,

EphB4, Sema3a, PTHrP, OSM)

Stimulacni a inhibi¢ni signaly mezi
osteoblasty a osteoklasty a jejich
vyvojovymi derivaty (RANKL, Sema3B,
Wnt5a, osteoprotegerin - OPG)

Signalizace mezi hematopoietickymi
kmenovymi burfikkami a osteoblasty
(makrofagy produkovany OSM, IL
produkované T-bunkami, RANKL)

—

A Y

Osteoclast
*\ precursors
\

-
Osteoblast -
precursors ,/
! Pericyte




Pre-osteoclasts Osteoclast

Hematopoetic i
stem cells 0 > Q‘C > &
A
: O RANKL
M-CSF, IL-6 _C A

‘»\ OPG 1'

" A/ Osteoblast

Chondrocyte ) C o U 8 ‘
muscle cell Pre-osteoblast b A \
fibroblast ASon ‘

S
o, W
MesenChymaI o LAcc ‘.Sbot Magn D(;fzwD l———‘——‘i 5||m. &X1

§ 00Ky 40" 4040, SE L2 G
stem cell N AR :
(MSC) e e

R

Osteocyt

: PPAR. Y .
2 4 - Zména metabolické aktivity
Pre-adipocyte - Vyvoj ,vybézk(“ — komunikace

- Komunikace s dalSimi osteocyty
(syncytium — OC + OB)



Prostaglandins, multiple
hormones, cytokines, ILs
and vitamin D

Glukokortikoidy — neprima
inhibice kostni resorpce

l @ 3

Stromal/

GCs @ J— -

Produkce smési pro- a — osteoblastic cells

antiklastogennich faktor(
(rdznd v case)

cytokiny OPG, RANKL, TNF, IL-1, IL-6,

RANKL
TNF

M-CSF IL-7, other ILs

Exprese rlznych receptort
v Case

iv raznvch stimulé ) | e c-Fms-+ c-Fms-+
(vliv rdznych stimulu) RANK— RANK - RANK +

M-CSF

v v

I

M-CSF

+
s RANKL
T
=) OPG



‘ﬁ’ o, B3 Integrin

.\ Lysosomes
CatK
ii cic7

® V-ATPase

Q RANK/RANKL

& Calcitonin and receptor

Sealing
zone

. . Lysosomal
e Enzymes
. . . Cathepsin K

Bone

Vyznam kompartmentalizace pro kostni
resorpci - podosomy

Resorpce a sekrece produktl kostni
resorpce - transcytdza

Zasadni vyznam pH pro resorpci kostni
tkané



Faktory ovlivnujici remodelaci kostni tkane

Resorpce trva cca 2 tydny
Mineralizace a formace cca 12 tydn(

Za patofyziologickych podminek je
narusena navaznost mezi resorpci a
formaci kostni tkané.

Systemické signaly =i Lokalni signaly

.

Remodelace kostni tkané

O

Osteoblasty
Liniové bunky

Osteoklasty

|

Okamzita potreba vapniku - homeostaza

Zajisténi mechanickych pozadavku

150y lule|nyaqel|



Endokrinni
regulace
kostni tkané

PTH

Vitamin D

Kalcitonin

Riastovy hormon
IGF-1

Glukokortikoidy

Hormony stitné
zlazy

Inzulin

Pohlavni hormony

Prolaktin

Stimulace resorpce (dlouhodobé plisobeni)
Stimulace kostni formace (pulzni pisobeni)
Stimulace lokalni sekrece IL-1 a IL-6

Stimulace resorpce (vyssi koncentrace)
Inhibice mineralizace (vys$si koncentrace)
Stimulace kostni formace (nizké koncentrace, spolu s PTH)

Inhibice resorpce
Regulace remodelace kostni tkané

Stimulace kostniho obratu
Stimulace proliferace a diferenciace osteoblastl
Zvysend syntéza kolagenu a dalSich proteint

Snizeni absorpce Ca v GIT

Indukce osteoklastogeneze

Zvyseni kostni resorpce (+ RANKL)
Potlac¢eni remodelace kostni tkané
Indukce apoptdzy osteoblastli a osteocytl
Inhibice syntézy IGF-1

Déti — stimulace mineralizace a epifyzealni maturace
Dospéli — zvySeni resorpce

Rust a proliferace chondrocytl (permisivni uc¢inek na ristovy
hormon)

Zvyseni transkripce kolagenazy a gelatinazy

Stimulace formace kostni tkané a mineralizace
Zvyseni syntézy kolagenu
Stimulace sekrece IGF-1

Uzavér epifyz (E)

Inhibice sekrece RANKL

Zmeény rychlosti kostni resorpce a formace (stimulace formace a
mineralizace)

Neprimy ucinek

Osteoblasty, liniové bunky,
osteocyty

Osteoblasty (primarné)

Osteoklasty

Osteoblasty — primarné GH
Osteioblasty i osteoklasty — IGF-
1

Osteoblasty, osteocyty,
osteoklasty

Osteoblasty, osteoklasty (i
neprimy pres TSH)

Primdrné osteoblasty

Primdrné osteoblasty, ale i dalsi
kostni bunky



Insulin

Pancreas

4 Insulin sensitivity

B

Osteoblast Activated
osteoclast

Undercarboxylated .
osteocalcin Dekarboxylovany OCN

Mineralized bone Acidic resorption pit (Glu13-OCN)




Markery metabolismu kostni tkane

lonizovany vapnik
Plasmatické fosfaty
PTH

Vitamin D

8.5—-10.5 mg/dL
3-4.5mg/dL
10 — 65 pg/mL
30 —-100 ng/mL

Marker Tissue origin Analytical Roalytical
sample method
Hydroxyproline, total and dialyzable (OH-Pro, OHP); bone, skin, urine colorimetry,
specific for all fibrilar collagens and a part of collagen proteins, including cartilage, HPLC
Cig and elastin; present in newly synthesized and mature collagen soft tissues
Pyridinoline (PYD, Pyr); bone, tendon, urine HPLC, ELISA
high concentrations in cartilage and bone collagen: not present in skin; cartilage
present only in mature collagen
Deoxypyrindoline (DPD, d-Pyr); bone, dentine urine HPLC, ELISA
high concentrations only in bone collagen: not present in cartilage or in
skin; present only in mature collagen
Cross-linked C-terminal telopeptide of type | collagen (ICTP); bone, skin serum RIA
high proportion from bone collagen in type | collagen; can partly originate
from newly synthesized collagen
Cross-linked C-terminal telopeptide of type | collagen all tissue con- urine, serum ELISA, RIA,
(fragments alpha-CTX, beta-CTX); taining typel ECLIA
in type | collagen; probably high proportion from bone collagen collagen
Cross-linked N-terminal telopeptide of type | collagen (fragments allltlgsue il urihieta phai ELISA. Rl
NTX); in type | collagen; big proportion from bone titing Ypel Gk, serin e
. g collagen (only beta)
Hydroxylysine-glycosides (Hyl-Glyc); bone, skin, soft urine HPLC, ELISA
collagens and collagen proteins; glucogalactosy|- hydroxilysine is highly tissue, serum
represented in soft tissue collagens and Clq; galactosil-OHLys is highly rep- complement
resented in bone collagen
Bone sialoprotein (BSP); bone, dentine, serum RIA, ELISA
synthesized by active osteoblasts and lay in extracellular bone matrix; it hy pertrophic
seems to express osteoclast activity catrilage
Tartarat-resistant acid phosphatase (TR-ACP); bone, blood plasma/serum  colorimetry,
osteoclasts, thrombocytes, erythrocytes RIA, ELISA
Free gamma carboxyglutamin acid (GLA); blood, bone serum/urine HPLC

resulted from bone proteins (e.g. osteocalcin, matrix Gla protein) and from
coagulation factor

HPLC - high performance liquid chromatography; ELISA —enzyme-linked immunosorbent assay; RIA — radio immuno assay;
ECLIA — electrochemiluminiscence immunoassay; ICMA — immunochemiluminometric assay



Klinicky presah

e Osteogenesis imperfecta

* Osteopetroza

* Osteomalacie

* Rachitis

e Osteopenie — T skore -1 —-2.5
e Osteoporoza — T skore pod -2.5




Parathormon

Charakteristika
Pristitna téliska — hlavni bunky
- Syntéza a skladovani PTH
- Velmi rychla sekrece PTH
- Schopnost proliferace pri
dlouhodobé stimulaci

.

Rough ER

Golgi

Secretory
granule

Pre | 75—

“" Pro-

PTH é

v

Pro-PTH

< PTH

—

>

< PTH
‘

\

PTH

- Syntetizovan jako pre-pro-PTH

- Sekrecni granula nékolika typl (PTH; PTH+katepsin B a H)

- Velmi rychla metabolizace (70 % jatra, 20 % ledviny) — 2 min
- Pfitomnost nékolika typU fragment

- PTHR1, PTHR2, PTHR3 — G prot.

00
(o o/

ECF Ca




Maximalni
sekrece
(rezervni
kapacita)

Minimalni
sekrece

—

=)

Bunécna proliferace hlavnich bunék je vyznamnym adaptacnim mechanismem na:
- Hypokalcémii

- Nizké hladiny vitaminu D (1,25(OH),D;)

- Hyperfosfatémii (urémii)

- Neoplasticky rist ‘
10 2.0 \
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6 1728 100
- 19
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A Plasma calcium mg/dL ) v C Plasma PTH (arbitrary units)
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Calcium sensing receptors — CaSR — a sekrece PTH

QC‘Calm + aminokyseliny, peptidy, Mg CaSR — receptor sprazeny s G proteinem
© - Aktivace PLC

- Inhibice tvorby cAMP

RGzna distribuce v tkanich — vSechny
tkané podilejici se na udrzovani

L Kinase phosphorylation homeOSta, Zy Va’pnl’ku
Inhibition of VIV, s V4 Vs
collgrowty " . \ - Pfidtitna téliska

’ - Ledviny

,25(0OH)2-D 2 Calcium (\ - 17
=" O y - Epitel GIT, enterocyty

- G bunky zaludku
Q) ©0© Y
7! - CNS
@& B | & I Cpa e e AA
O st e IO Increases VDR expression K||n|Cké aspekty
o t - Mutace inaktivacni a aktivacni
Inhibits PTH H HE4 r 1 1 2
A od i - familiarni hypokalciuricka
| 7 . .
et P o hyperkalcémie (in.)
o .\ i 7 - Familiarni hypoparathyroidismus s
Parathyroid gland <><> : . g
s hyperkalciurii (ak.)

O PTH - Kalcimimetika — inhibice sekrece PTH



Hlavni

(+) resorpce vapniku

- CcTAHL, DT

- transcelularni i paracelularni transport
- TRPV5 a TRPV6 —inhibice Ca?*

- Kalbindin-D28K

- NCX1 a PMCA

1cinky PTH

(+) exkrece fosfatu

- PTiDT

- Inhibice resorpce

- NaPi kotransportéry — internalizace, degradace
(+) aktivita 1a-hydroxylazy - PT

(-) resorpce Na, vody a hydrogenuhlic¢itanu — PT
(-) Na*/K*-APTaza (bazolateralni membrana)

(+) glukoneogeneze — PT

(-) GFR - podocyty

Proximal Tubule

(Type la) lysosomes

Type ||ajﬁ
i

7 PTH

@

J

H.PO,~ xMNa+t H.PO,~ 3Na+
N/ N\ /
Luminal —
membrane T?ffl
‘éﬁ‘i S
* Internalization
* Destruction
[ |
Basolateral ,.-"I ] T _
membrane
=] ¥ Fi Mat
Y Pi A-
[ ]

Interstitial space



I
Intermittent |, Chronic

+ sekrece | (-) apoptdza

parakrinné a <> PTH

autokrinné N PTHIR (+) ostvec3cyty -

pUsobicich \/ uvolnéni Ca,
OPG osteocyticka

faktora (IGF-1) I
osteolyza

+ diferenciace
prekurzort
osteoblastu

..o Osteoclast
differentiation

proliferation

H+

|
|
|
|
|
Osteoblast :
|
: Osteoclast
|
|

| V-ATPase

Klinicka aplikace — terapie osteoporoézy




Parathormonu pribuzny peptid - PTHrP

Charakteristika

Zprvu jako nadory produkovany peptid — endokrinni

plUsobeni — ledviny + kosti

Puasobeni i parakrinni — lokalni zvySeni koncentrace Ca

Poté nalezen v radeé tkani

Funkce

Kalciotropni hormon

Vyvoj plodu - proliferace a diferenciace bunék
Laktace — (+) resorpce kostni tkané bez moznosti
ovlivnéni suplementaci Ca

Kiaze — proliferace a diferenciace

GIT, mocCovy méchyr, uterus— (+) relaxace hladké
svaloviny

CNS - neuroprotekce

Para-/auto-/intrakrinni plsobeni

Regulates
keratinocytes
differentiation

Facilities
tooth
eruption
/4

Mamhawgbnd

Regulates
beta cell
0 proliferation

and insulin
production

N
Skin/hair
Promotes
branching
morphogenesis

Regulates
vascular
smooth
muscle

Blood vessel

Pancreas

Promotes [ /2
calcium

transport Regulates

chondrocyte
maturation

Placenta

Cartilage

Promotes
bone
formation
resorption

Bone



Kalcitonin

Charakteristika
C bunky stitné zlazy
Rodina peptidt (amylin, CGRPs, adrenomedulin)

RUzna distribuce ve tkanich

Sekrece je determinovana hladinou ionizovaného
vapniku (CaSR)
Stimulace sekrece:

Inhibice sekrece - somatostatin

Glukokortikoidy
CGRP

Glukagon
Enteroglukagon
Gastrin

Pentagastrin
Pankreozymin
B-sympatomimetika

—

Funkce nejasna

Funkce
Kostni tkan
- inhibice motility a diferenciace osteoklastt
- Inhibice sekrece osteoklast(
- Inhibice ATPaz
Ledviny
- Zvyseni exkrece Ca — inhibice resorpce (Ca?* iontové
kanaly — LS, Na*/Ca?* - BM)
Vyvoj skeletu?
Protekce skeletu béhem téhotenstvi?

Klinicky vyznam

- Terapie osteopordzy

- Terapie Pagetovy choroby

- Lécba bolesti (kostni metastazy)

- 1 ZvySené riziko nadorovych onemocnéni
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Periferni senzorické nervy ==m) Vazodilatace

Locally

Thermal, mechanical and chemical stimuli

Increased blood flow,
potentially long lasting
Promotes wound healing
Modulates inflammation

A ’.‘,‘_v/

Systemically
Released in response to endogenous stresses

Heart

Protection against
hypertension, hypertrophy and
inflammation

Russell FA, King R, Smillie SJ, Kodji X, Brain SD: CALCITONIN GENE-RELATED PEPTIDE: PHYSIOLOGY AND PATHOPHYSIOLOGY. Physiol Rev

2014, 94(4):1099-1142.



Vazodilatace indukovana
rdznymi mechanismy
- G prot.
- eNOS/NO

" “ bl

OCGRPo S

o ©

Post-junctional
neuron

Endothelial cell

Russell FA, King R, Smillie SJ, Kodji X, Brain SD: CALCITONIN GENE-RELATED PEPTIDE: PHYSIOLOGY AND
PATHOPHYSIOLOGY. Physiol Rev 2014, 94(4):1099-1142.



Charakteristika

- Pfijiman v potrave nebo syntéza (UV)

-V krvi vazba na VDBP a albumin
- Velmi mala volna frakce 1,25(OH),D —cca 0,4 %

lo-hydroxylaza

- Exprese v rGiznych tkanich

- Keratinocyty
- Placenta
- Makrofagy

UV light

Cholecalciferol —»

Provitamin D
7-dehydrocholesterol in skin

PTH, prolaktin, kalcitonin, GH (+)
T3/T4, metabolickd aciddza (-)
Ca, fosfaty, 1,25(0OH),D, FGF23 (-)
Ketokonazol

Ergocalciferol

(Vitamin D) in diet

Liver u o
25OH)vitamin D | S 3
S o
S
Kidney 7<¢
&
- 1 Ca o
PTH p- > ez 24.-hydroxylase ¢ =
1a-hydroxylase , ®-
24, 25 (OH), vitamin D
VDBP B

Estrogeny (+)

Rlznd mira
zpétnovazebné
regulace

—

Rozdilna exprese 1la-hydroxylazy = lokalni tkanova

homeostaza

1, 25 (OH), vitamin D

(Inactive form)

/ (Actire form) \A\‘

Bone resorption
& formation

Ca absorption  Ca reabsorption

t Plasma Ca?+ concentrations

| PTH synthesis



Fyziologicke ucinky vitaminu D

VDR Pristitna téliska

- Vysoka afinita k 1,25(0OH),D - Regulace genové exprese

- Hladina cirkulujiciho 1,25(0OH),D - Regulace bunécné proliferace

- Heterotrimer s RXR — koaktivatory a korepresory - (-) transkripce PTH genu

Negenomické ucinky Kosti a kostni tkan

- Rychlé zvyseni koncentrace intracelularniho Ca - (-) syntézy kolagenu

- Aktivace PLC - (+) syntézy osteokalcinu

- Otevreni nékterych Ca iontovych kanalu - (+) diferenciace osteoklastl — osteoklastogeneze
- Nutna pritomnost VDR - (+) RANKL

- Hlavni funkce — zajisténi stability kostniho
mikroprostredi pro mineralizaci normalizovanym
prijmem a dostupnosti Ca a fosfatd

Vitamin D a absorpce/reabsorpce Ca
- (+) CBP, AP, Ca2*/Mg2*-ATP4aza
- (+) TRPV6 — absorpce (GIT)

- (+/-) TRPV5 — reabsorpce (ledviny) Svalova tkan
- Kalbindin-9K - (+) uptake Aas
- 1,25(0OH),D-inducibilni ATP-dependentni Ca?* - (+) troponin C
pumpa - Metabolismus fosfolipidu

- Na*/Ca?* exchanger



Vitamin D a imunitni systém

Klinicky vyznam

- Analoga vitaminu D bez
schopnosti vyvolat hyperkalcémii

- Antiproliferativni ucinky — [éCba
nadorovych onemocnéni?

- Synergie s cyklosporinem B —
rejekce transplantatd

- Potlaceni syntézy PTH — 22-
oxakalcitriol
(hyperparathyroidismus)

- Psoriaza (jen klinické testy)

Makrofagy
Dendritické bunky
T bunky

(Circulating 25(OH)D)

Macrophage

\

25(0H)D N
l/cvpzm

1,25(0H);D

Autocrine Effect

s N
4 TNFa/IL-1/IL-6/1L-23
4 TLRs 2/4/9
t PGE2
{ Antigen Presentation
t CYP24A1
\. J

N\

Modulation of
Inflammatory and
Innate Immune Response

}\ CYP27BI~>1

1,25(0H),D «

>

(Circulating 1,25(0H),D)

Dendiritic Cell

{
L/ J
25(0H)D

_/

/ .
/

f

&

>

AL

f]
/

Endocrine
Effect

\ VDR
Local \;
1,25(0H);D
Paracrine Effect

4 IL-12/IL-23/TLRs
$iL-10
} Maturation/Proliferation

Y

¥ T41 Proliferation

f 7,42 or Tpe Phenotypes
4 INFY/IL-2/IL-17

4 1L-4/1L-5/1L-10/TGF-B

NS

Tolerogenic Adaptive
Immune Response




FGF23 —fibroblast growth factor 23

Charakteristika

Novy hormon?

Overexprese = hypofosfatemie a naruseni — snizeni

- hydroxylace 1o 25(OH)D

Funkce

udrzovani normofosfatémie a regulace
metabolismu vitaminu D

Snizeni exprese lla, llb, a llc (NPT) — transport
fosfatu

Zvyseni exprese 24-hydroxylazy — neaktivni forma
Klotho = koreceptor

Regulace

Dostupnost fosforu v potravé (-)
Sérovy fosfor

1,25(0OH),D

zelezo

Klinicky vyznam:

Autosomalné dominantni hypofosfatemicka
krivice (ADHR)

Tumorem indukovana osteomalacie (TIO)
Mutace Klotho

Predikce progndzy chronického selhani ledvin

FGF23 e ,
Klotho
» ;
Membrane 3 o / Secreted
Klotho 2 Klotho
D
o
=]
l Calcitriol Pi T
synthesis excretion
Kidney
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FGF23

JUUT

lins

Heart
Pars convoluta PT — \ pet ) (( or

Na N Distal to proximal ;

| feedback? :

o 0 o s o F-=- :

Inhibice '

25(0H)D 1,25(0H),D '

FGF23
Bone
Klotho \
Cyp271b Npt2a Y

_ - Zpétnovazebny mechanismus mezi DT a PCT endokrinie, parakrinie




| lmrau-)
ROBuel

. PTH(i-)
F%"  ROB(+)
3." (o \d%.-&\

Extracellular
Fluid

- |

C’(* :
%) lactive, passive

(Calcitriol (+) ™

Q.
%o,@

F ) Ca, PO4 excretion

[ Effects: (+) stimulatory (-)inhibitory (+/) bidirectional) — fluxes = = = binding effects [#]differential equation number
LCascaldum. ECF Ca = extracellular fluid Ca, OC = osteoclast, OC_ =OC precursor, OB = osteoblast,

= Osteoprotegerin, PO, = phosphate, PTH = parathyroid hormone, RANK = receptor of NF-Kappa B, RANKL = RANK
Ligand, ROB = responding 63. TGFp = transforming growth factor beta, 1-a-OH = 1 alpha hydroxylase




