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Kalcium

Metabolismus, poruchy homeostazy



Patofyziologie kalcia

* 98% kalcia je deponovano v kostech

* 2% v cirkulaci —z toho polovina volné kalcium

(ionizované Ca %*)

Posledné zminéné aktivni

1% vazano na proteiny

Plasma calcium concentration

mg/dL meg/L mmolL % total
Free ionized 5.0 2.5 1.25 50
Protein-bound 4.2 2.1 1.05 44

Complexed 0.8 0.4 0.2 6
Total 10 5.0 2.50 100

1 Alkalosis:

oH 7. 45

Total body calcium

1.0-13 kg
] I ]
Body fluids Bone
1% 99 %

Extracellular fluid Intracellular fluid

0.1% 0.99 %
[
] |
Blood plasma o
wﬂg_ﬁg?ﬁ Interstitial
wm mﬁ;r]m fluid

8 % bound to globulin
(0.20 mmal)

10 % complexed
with anions
(0.25 mmaol}
50 % free 32 % bound
ionized to albumin

{conc. 1.25 mmolf) (conc. 0.8 mmol/l)

increased calcium binding to protein;
decreased ionised fraction

Each 0.1 decrease in pH increases
ionized calcium by 0.05 mmol/L

decreased calcium binding to protein;
increased ionised fraction

Guyton & Hall Textbook of Medical physiology, 11" ed.; J.E.Hall; Chapter 79




Mnohocetné biologické funkce kalcia

eBunécna signalizace

eNeuronalni transmise

eSvalové funkce

eKrevni srazeni

eEnzymaticky kofaktor

eMembranové a cytoskeletalni funkce
eSekrece

eBiomineralizace




Kalcium v krvi - 10mg/100 ml (2,5 mmol/l) Dieta

Nedifuzibilni— 3,5 mg /100 ml
Vazané na albumin — 2,8
Vazané na globuliny — 0,7
Difuzibilni — 6,5 mg/100 ml
lonizované — 5,3
Komplexné vazané — 1,2 mg/100 ml
s bikarbonatem — 0,6 mg/1000 ml
s citratem - 0,3 mg/100 ml
s fosfatem — 0,2 mg
jinak
Blizko k saturacnimu bodu
tkanova kacifikace
ledvinné kameny

Kalcium v potravé
Mléko a mlécné vyrobky
Dietni doplnky
Jiné potraviny
Jiné dietni faktory regulujici
absorpci kalcia
Laktoza




Kalcium v modi Regulace

Denné filtrované mnozstvi
10 g (difazibilni)
99% reabsorbovano
Dva hlavni mechanismy
Aktivni - transcelularni
Pasivni - paracelularni
Reabsorbce v proximalni tubulu a Henleové klicce
Vétsina filtrovaného mnozstvi
vétSinou pasivné
Reabsorbce v distalnim tubulu
10% filtrovaného mnozstvi
regulovand (homeostaticky)
stimulovana PTH
inhibovanda CT
maly stimulacni efekt vitaminu D
Exkrece moci
50 - 250 mg/den
0,5 - 1% filtrovaného mnozstvi

Hormonalni — reabsorbce v tubulech
PTH — snizuje exkreci
CT — zvysuje exkreci (kalciureticky ucinek)
1,25(0H)2D — snizuje exkreci
Dieta
Maly logaritmicky efekt
Jiné faktory
Sodik — zvysuje exkreci
Fosfaty — snizuji exkreci
Diuretika —podle typu snizuji nebo zvysuji exkreci




Calcium in urine

Hypocalciuria

drugs can decrease urine calcium, including
thiazide diuretics, benzothiadiazide diuretics
(like chlorthalidone), and estrogen.

hypoparathyroidism,
pseudohypoparathyroidism,

rickets,
hypothyroidism,
steatorrhea, and

nephrosis.

Hypercalciuria

hyperparathyroidism,

diseases include multiple myeloma (or any
osteolytic neoplasm),

osteoporosis,

vitamin D overdose,
renal tubular acidosis,
hyperthyroidism,
Paget’s disease,
Sarcoidosis, and

drugs containing calcium (such as some
antacids) and calcium supplements can lead
to direct increases in urine calcium.



Bilance za den
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Dietary calcium
/—{Cak:ium supplements
Complexed Ca
1 Gm/DAY =
gestion F
Solubilization
SOFT TISSUE lonized Ca
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~ .
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Morbidity and mortality
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Homeostaza kalcia

T Resorpce kosti

T Absorpce ve stieveé

Calcium

intake Cells
(350 mg/day) (13,000 mg)
Bone
(1,000,000 mg)
&2 7 { Absorption Deposition [, |
~ | (350 mg/day) (500 mg/day) | |

‘. ! Extracellula \l | [ °
tE— J Excrece ledvinami
) Secretion {1300mg) Abso i
‘ ) rption | |
. (250 mg/day) (500 mg/day) @ |
l Filtration Reabsorption { )

(9980 mg/day) {9880 mg/day)
Feces
(900 mg/day) Kidneys
Urine
(100 mg/day) ||




Homeostaza kalcia

Parathyroidni hormon

Calcium regulation

1,25 DHC - Vitamin D

ngthyroid glands

Kalcitonin



http://upload.wikimedia.org/wikipedia/commons/2/23/Calcium_regulation.png
http://upload.wikimedia.org/wikipedia/commons/2/23/Calcium_regulation.png

Kontrola hladin Ca%*

Hormon Efekt Bone Gut Kidney
Zvysuje Neprimo via | Careab.
2+
PTH U e et Osteoclasty Vit. D Po4 extr.
L v T Ca’* T Po4 | Neprimy
2+
Vitamin D3 | T Ca?* 1 Po4 Neprimy efekt absorption ofekt
ibuj ., 2+ & Po4
Kalcitonin ! Ca’* | Po4 Inisilstuje Neprimy efekt Ca™ & Po
Osteoclasty excrece

10




Exocytosis

R Ca§#
Parathyroid _ CaSR
=, I (i;\ﬁ——fAWNlﬂl;‘:::\:_;_ NS
4/\)") \

" cellmembrane
(

Regulace Ca?*v ECT

Downstream
signaling

* Pristitna teliska detekuji hladinu L T
kalcia v ECT pomoci kalcium- \\
sensing receptoru - CaSR (z

 Clen rodiny G protein-coupled P @

receptor se sedmi hydrofilnimi Feocbect I} ==
/ | e

transmembranovymi helixy,
zakotvenymi v plasmatickeé
membraneé.

® calcium

@ PTH

Blood calcium I A 1,25-dihydroxyvitamin D3




Exprese kalciového senzoru

* Bunky parathyreoidey, C bunky ,
§titné zlazy - fizeni produkce PTH a {%3”

kalcitoninu. | e Liver
v : A -— O
* Bunky ledvin, osteoblasty, gore 1 A
hematopoetické bunky, sliznicni | e @ l
bUﬁky GIT i Izg CaL 'pg"'ECDF< % 'I(IT 1.25:OH);;D;.~'<A' 25(0H)D;
| \_J Low Ca* <oSE
* Vsechny tyto bunky tak reaguji na T el &= e | s
hladinu kalcia v krvi. ‘,oggaéhwoid
ST ol —

‘ s

Nature Clinical Practice Endocrinology & Metabolism volume 3, pages122-133(2007)



Funkéni souvislosti senzoru pro kalcium

e CaSR se nachazi v celém tubularnim systému

e CaSR v tlustych castech vzestupnych ramének Henleovy klicky muze
odpovidat na zvySenou hladinu kalcia v ECT aktivaci fosfolipazy A2, coz
povede k redukci aktivity kotransportéru Na/K/2Cl a aktivity apikalniho
kanalu pro K+ a k redukci paracelularni rebsorbce kalcia a magnézia.

e Narust kalcia v ECT antagonizuje efekt PTH na tento segment nefronu, takze
kalcium zde samo spolupracuje na udrzeni vlastni homeostazy. Inhibice
reabsorbce NaCl a ztrata NaCl do moci u zavazné hyperkalcem|e pak muze
vést k hypovolémii. .
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A @ A
ROMK NKCC2 ' *_)
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Journal of Translational Medicine volume 9, Article number: 201 (2011) " . PTH




Aktivace kalciového senzoru ma dva hlavni
signalne transdukcni efekty: e
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 Aktivaci fosfolipazy C, ktera vede
k aktivaci druhych poslu
diacylglycerolu a inositol
trisfosfatu.

* Inhibici adenylat cyklazy, ktera

vede ke snizeni intracelularni s
koncentrace cAMP.
* Senzor mUiZe aktivovat také .';"/ { \5¢++
mitogenem aktivované protein i o
kina,Zy (MAPK) Decreasad IT1'.‘;||"I'||ﬁf F{'ﬂlb‘llﬂﬂ&f MEK
::I:I;:Ijrl'lp; .ﬁctimn ERK 112

JASN February 2011, 22 (2) 216-224



CaSR

* reguluje metabolismus kosti a mineralt ovlivnénim
sekrece parathormonu, vylucovani Ca2+ moci, vyvoj
kostry a laktace.

. 7 / 7 . v . . . 7 PlC : rEenl?coupl{ﬁ iiiii
* VV nekalcitropnich tkanich ovlivhuje CaSR biologickeé ;J
procesy vcetnée gastrointestinalniho, sekrece inzulinu a
enteroendokrinnich hormondu a hojeni ran. | ]
* Abnormalni exprese nebo funkce CaSR je spojena s S

primarni a sekundarni hyperparatyreozou,
kardiovaskularnim onemocnénim, imunitnimi
reakcemi.

Nature Reviews Endocrinology volume 15, pages33-51 (2019)



Bunka a kalcium

NMDA R
C

Ca?* - permeable
AMPA-R
a<*- binding
proteins
o‘ ©
NCX

Nucleus

mGIuR

* neuron — koncentrace 50 — 100
nMv

* Kalciové pufry — sledovani
dynamiky volného kalcia
intracelularné

e parvalbumin, calbindin-D28k,
calretinin



Kalcium v bunce

Extracellular space
[Ca2+] PMCA
(1.3 mM}

Agonist-stimulated
NCX receptar
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Magnesium

* Magnesémie ovlivauje
negativné zpétnovazebne
sekreci PTH

* Mira aktivace sekrece je
vsak az 3x mensi nez v
pripadé kalcia

1,25(0H),0,

‘ Ca?+

FGF?G Klotho Q“K’OM

NaK-ATPase
3Na*

FGFR1

Parathyroid cell

Kidney International
Volume 82, Issue 11, 1 December 2012




vV v/

Klinicky relevantni nedostatek horciku se
vyskytuje u lidi s

* Velmi nizky prijem hofciku (<200-250 mg/den, dospéli) po delsi dobu (tydny)

* Nizky ptijem hofciku v potravé (<300 mg/den) v kombinaci s:

* Téhotenstvi nebo kojeni

» Zvysené ztraty potem (sportovci)

Nizky nebo normalni prijem horciku v kombinaci se zvySenymi ztratami moci v dasledku:
Genetické poruchy (Gitelmannuv, Bartterliv syndrom)

Diabetes

Alkohol

Léciva: diuretika, digitalis, aminoglykosidova antibiotika, cisplatina, cyklosporin

Nizky nebo normalni prijem horciku v kombinaci se sniZzenou strevni absorpci v disledku:
Malabsorpcni syndromy

Syndrom kratkého streva

ZneuZzivani laxativ

Crohnova nemoc

Hyperaldosteronismus, onemocnéni pristitnych télisek



Magnesium

* U¢inek na parathormon a 1,25(0OH)2-

vitamin D

* Abnormalni tvorba kostnich krystalu a

mineralizace

e Zvyseni zanétlivych cytokinu vyvolané

nedostatkem horciku

* \/ysSi prijem horciku je spojen s vyssi
mineralni hustotou kosti kycle a krcku

stehenni kosti.

Excitatory Amino Acid
(glutamine)

=_ =
X,

Mg++ L Mg++
v '
NMDA Receptor _p. T Sub P . Monocyte T Nitric Oxide
v v

TINFa, IL-1B T Oxy-radicals

v v

T Osteoclast Bone Resorption ‘

v

Abnormal Mineral Formation |—» Osteoporosis/Skeletal Fragility
A

\l (Osteoblast Bone I"m'm:uil.\nl
& A T

I Mg ++-» L PTH—» | 1,25(0H)»-Vit D

The Journal of Nutritional Biochemistry
Volume 15, Issue 12, December 2004
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Kalcium-fosfatova rovnovaha

Distribuce kalcia, fosforu a horciku

Celkovy obsah % %
v téle, g v kostech v mekkych
tkanich
Kalcium 1000 99 1
Fosfor 600 85 15
Horcik 25 65 35




Kalcium-fosfatova rovnovaha

 Role FGF-23

* Hormon predominatné produkovan
osteoblasty/osteocyty

* hlavni funkci

* inhibice renalni tubularni reabsorpce
fosfatl a

* potlaceni cirkulacnich hladin
1,25(0OH),D; sniZzenim tvorby Cyp27b1
a stimulaci katabolismu 1,25(0H),D,
zprostredkované Cyp24.

7-dehydrocholesterol

'l' CYP2R1 CYP27B1
Vitamin D, =) 25(0H)D, =——==3-1,25(CH),D,
CYP24
24,25(0H),D, 1,24,25(0H),D,






Parathormon (PTH)

Calcium Homeostasis

J, ECF [Ca™]

* zvysuje hladinu kacia v krvi 3 hlavnimi Myoid 5\ Parathyrold
Z p ﬁ S 0 by . Pal_ll‘gm)g‘ﬁéd PTi /fii forron
* Stimuluje produkci biologicky aktivni formy : | Frospte
vitaminu D ledvinami. \‘-,// C;Ef;%rpﬁon
* Podporuje mobilizaci kalcia a fosfatu z kosti. .
K zachovani kalcium fosfatového soucinu
podporuje vylucovani fosfatt ledvinami >
(fosfaturicky efekt). @) Tecr [ca1 0 rasphae]

* Maximalizuje tubularni reabsorbci kalcia v
ledvinach, coz vede k minimalnim ztratam
kalcia moci (u zdravych ledvin).



* Narust kalcia

poklesu intracelularni

takze dochazi k sekreci vice bioaktivnich

zvysuje degradaci
pokles hladin kalcia v ECT povede Kk

PTH,

degradace PTH,

(nedegradovanych) molekul PTH.

* Bioinaktivni fragmenty PTH, které se
mohou tvorit i v jatrech, jsou stépeny v

ledvinach.

* Nizké hladiny kalcia v ECF vedou ke
zvyseni transkripce genu pro PTH a ke

zvyseni stability mRNA pro PTH.

* Chronicka hypokalcémie muze vést k
proliferaci parathyreoidey a ke zvyseni jeji

sekrecni kapacity.

Parathyroid chief cell

Systemic factors Ca2t
—Reduced SCa

—Increased SPi
—Reduced 10, 25(0H),D

=¥ CaSR; reduced amounts
in PTG in CRF/ESRD

. ~ VDR redruced

/ in CRF/ESRD

/ RXR PTH gene — Increased expression
Qvon in CRF/ESRD

(reduced repression)
Nucleus *\ CaSR gene —» Reduced expression
in CRF/ESRD

PTHmMRNA
|

®

I~ AAAAAAAAE— O Active KSRP
E1 E2 E3 E4 ®

Stabilizatiori Pin1
destabilization ;
Inactive KSRP
- gl Altered

{ } RNA

S O N T AMAMAA | PTOCESSING
WAA‘“““ A +Degradation

T
Ribosome

NN

PTH RNA translation ’
Exosome P-body

PTH RNA degradation

Cell membrane

JASN February 2011, 22 (2) 216-224



1. U&inky na ledvinu

PTH - maly vliv na modulaci kalciovych tok( v proximalni tubulu,

* kde se reabsorbuje 65% filtrovaného kalcia v ramci celkového objemu
transportu solutu, jako je Na+ a voda.

PTH se vazZe na svUj receptor, PTH/PTHrP receptor typu | (PTHR),

* transmembranovy G proteir]—coulpled protein, ktery uskutecnuje signalni
transdukci jak cestou adenulatcyklazy (AC), tak cestou fosfolipazy C.

Stimulace AC s tvorbou cAMP je zrejmé hlavnim mechanismem,

kterym PTH zplsobuje internalizaci kotransportéru  Na+/Pi-

I((afno:cganicky fosfat) typu Il, coz vede poklesu reabsorbce fosfatu a
osfaturii.

Asi 20% filtrovaného kalcia se reabsorbuje v kortikalnich tlustych
castech vzestupnych ramének Henleovy klicky

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

V tlustych castech vzestupnych ramének Henleovy klicky se
zvySuje aktivita Na/K/2Cl kotransportéru, ktery fidi reabsorbci NaCl
a stimuluje také paracelularni reabsorbci kalcia a magnézia.

Proximal Tubule
H,PO,~  xNa* H,PO,~  3Na*
L'ilﬁ \! ;:’/ \‘, :/ PTH
umina L - -~ B,
‘ r—Type lla)
membrane ‘ \Tylpfl/ YEI/ \
(Tve By e———=1) PTH
\\‘:// @
* Internalization
* Destruction
(fype i) lysosomes
4]
Basolateral ) I I_g
membrane \
Pi A Pi Na+
Pi A-

nterstitial space

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

Crin
Copyright © The McGraw-Hill Companies, Inc. righ



1. Uginky na ledvinu

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

kroku:

* presun
bunky

luminalniho Ca%?* do renalni tubularni

kanalem

channel” (TRPV5)

* translokaci

Ca2+

apikalniho k
prostrednictvim proteinl jako kalbindin-D28K

e aktivni vylouceni Ca?* z tubuldrni buriky do krve

Jtransient

pres

tubularni

receptor

bazolateralnimu

cestou vymeéniku Na* /Ca?* (NCX1).

PTH zjevné stimuluje reabsorbci Ca?* v distalnim
aktivity NCX1 mechanismem

tubulu

zavislym na cAMP.

zvyseni

bunku

potential

od
povrchu

=
PTHE —._

25-hydroxy-Dg
1a-hydroxylase

& )
Proximal Tubule

Distal Tubule

PTH

Ca2+



1. U¢inky na ledvinu

e PTH muze po vazbé na PTHR stimulovat také 25(0OH)D3-1-alfa
hydroxylazu, coz vede ke zvysSeni syntézy 1,25(0OH)2D3.

PTH muze také inhibovat reabsorbci Na* a HCO3" v proximalnim
tubulu inhibici

* Na*/H* vyméniku apikalniho typu 3,
* Na*/K*-ATPazy na bazolaterdlni membrané

* Na*/Pi-kotransportu na apikalni strané proximalni tubuldrni
bunky.



2. Ucinky na kost

* V kosti se vyskytuji PTHR na bunkach osteoblastického fenotypu, které jsou
mezenchymalniho plvodu, nevyskytuji se na osteoklastech plvodu
hematogenniho.

* V postnatalni dobé je hlavni fyziologickou roli PTH udrzovat normalni
kalciovou homeostazu podporou osteoklastické resorbce kosti a
uvolnovanim kalcia do ECT.

* Tento ucCinek PTH na zvysujici se osteoklastickou resorbci kosti je nepfimy,
prostrednictvim PTHR na pre-osteoblastickych stromalnich bunkach a
podporou produkce RANKL (receptor activator of NFkappaB ligand), coz
je Clen rodiny tumor necrosis factor.



2. U¢inky na kost

* Jako dusledek zvyseni kapacity pro RANKL P
vstupovat do interakce se svym receptorem (| maionantcels
(RANK) na burikach osteoklastického plUvodu ( \
se snizuji hladiny solubilniho ,decoy” e m
receptoru pro RANKL, tzv. osteoprotegerinu v

k rV I Hematopoietic Osteoclast P |
’ precursor progenitor reosteoclast

M-CSF RANKL

* Mnohojaderné  osteoklasty vznikaji z — —&—
hemotogennich prekurzoru J—oims —RANK
(monocyty/makrofagové linie) a proliferuji a o |
diferencuji se v monojaderné prekurzory, (e
nebo fuzuji a tvori mnohojaderné osteoklasty. - Gyines . Gl
Ty mohou byt aktivovany do podoby 00Xz | “ostoblast
osteoklasti resorbujicich kost.

« RANKL mohou Fidit mnohé z téchto — osteodiast
Eroliferaéné/diferenciaéné/fdzné/aktivaén|'ch
rokd ve spolupraci s cytokiny a monocyte-
colony stimulating faktorem (M-CSF).

Inactive
osteoclast

—

J\“QSO




Hyperparathyreoidismus - primarni

TABLE 3

 Adenom pristitnych télisek — solitarni Lab Comparison
° 70 — 80% pnm a' rn"Ch Hyperparathyroidism | Calcium | PTH | Vitamin D | Phosphate
. . p . p , . Primary A N> N \’
e |di icka primarni h rplazie PT
diopaticka prima yperplazie secondary T ) .
e Karcinom PT — vzacny Tertiary v | ?

e Familiarni hyperparathyreoza
* Mnohocetné adenomy (MEN)
* Familiarni benigni hypokalciuricka hyperkalcemie

» Téezka novorozenecka primarni hyperparathyreoza
* Inaktivacni mutace pro CaSR - AR

Key: MElevated, Vdecreased, - normal.
Source: Brashers. Pathophysiology. 2015.%




Hyperparathyreoidismus - sekundarni

e Renalni insuficience
* Hypovitaminoza D

* Malasorpcni syndromy
e Celiakie
* Poruchy sekrece zZluci a pankreatické stavy

TABLE 3
Lab Comparison

Hyperparathyroidism | Calcium | PTH | Vitamin D | Phosphate
Primary A > ) 2
Secondary RS Gy \% Pord
Tertiary () %) \’ 4y

Key: MElevated, Vdecreased, - normal.

Source: Brashers. Pathophysiology. 2015.%




Hypoparathyreoidismus - primarni

VIV

* Poskozeni pristitnych telisek pfi operaci stitné
zlazy
* Radiace

* Poskozeni u metabolickych onemocnéni
* Wilsonova choroba — defekt metabolismu Cu
e hemochromatdza — defekt metabolismu Fe

e Autoimunitni hypoparathyreoidismus
e Postupny pokles funkce

* Kongenitalni familiarni hypoparathyreoidismus
* AD, AR a X-vazana porucha

e DiGeorguv syndrom
» aplazie pristitnych télisek

* Po odstranéni nadoru

TABLE 3

Lab Comparison
Hyperparathyroidism | Calcium | PTH | Vitamin D | Phosphate
Primary 4p N> A \/
Secondary NS N \/ Nor v
Tertiary () %) \’ 4y

Key: MElevated, Vdecreased, - normal.
Source: Brashers. Pathophysiology. 2015.%



Hypoparathyreoidismus - sekundarni

Vv/

* Deficit horciku/hypomagnesemie —
chornicky!

* Hypervitaminoza D

e zduvodu Utlumu PTH sekrece diky vysoké
hladiné Ca !

e Zvysena produkce PTHrP
* hladina samotného PTH je nizka!

TABLE 3
Lab Comparison

Hyperparathyroidism | Calcium | PTH | Vitamin D | Phosphate
Primary i) N> A \/
Secondary NS N \/ Nor v
Tertiary () %) \’ 4y

Key: MElevated, Vdecreased, - normal.

Source: Brashers. Pathophysiology. 2015.%




Hypoparathyreoididmus
* Snizeni PTH

- Hypokalcemie

- Vzestup nervosvalové drazdivosti
- Parestezie
- Spazmy a kontrakce

- hyperfosfatemie



PTH vs FGF 23
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Regulation produkce a pusobeni humoralnich
mediatoru na homeostazi kalcia

V regulaci sekrece PTH se ucastni také dalsi faktory jako
katecholaminy a jiné biogennni aminy, prostaglandiny, kationty
(napf. lithium a magnézum), fosfaty a transforming growth
factor alfa (TGFa).
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Solar UVB Dietary

radiation sources
Vitamin D
/ \ Macrophage * Maintenance of normal cell proliferation
in prostate, colon, breast, etc.

Increased / :
\c_o/ I M. tuberculosis
? Aeath

“VDR-RXR

Decreased
p21, p27, etc.

*25-0Hase E

25(0H)D » 1,25(0OH).D
. Increased. 1-OHase ‘

*1 -OHase
1,25(0OH),D ———» Q.—> Immune modulation
Activat:d T and
Holick, M. F. J. Clin. Invest. 2006;116:2062-2072 B lymphocytes

. Pancreas

Increased insulin
Copyright ©2006 American Society for Clinical Investigation



Nomenklatura

Vitamin D
25-hydroxyvitamin D [25(OH)D]

1,25-dihydroxyvitamin D [1,25(OH),D]

Vitamin D receptor agonist (synthetic
analogues)

Vitamin D receptor agonist prodrugs?

Ergocalciferol (vitamin D,)
Cholecalciferol (vitamin D,)
Ercalcidiol [25(0OH)D,]

Calcidiol [25(OH)D,]

Ercalcitriol [1,25(OH),D,]
Calcitriol [1,25(OH),D;,]
Paricalcitol [19nor,1,25(0OH),D,]
Maxacalcitol [220xa,1,25(OH),D,]
Doxercalciferol [1(OH)D,]
Alfacalcidol [1(OH)D,]

7-DHC Vitamiri D,/D,

Skin Intestine
Vitamin Dy — DBP e Vit D —[— Chylomicron e Vit D<-—|

Vitamin D-25-hydroxylase <
Liver |

Arterial supply

Mitochondrial CYP27A1

Microsomal CYP2R1

Glomerular DBP * 250HD DBP * 250HD

filtration 1L ﬂ

Free 250HD Free 250HD
uptake uptake

|

Megalin Tubuli Mitochondrial 1a-hydroxylase

250HD * DBP D= ¢ jin CYP2781

< ; —> VDR
Mitochondrial 1ct-hydroxylase Other

CYP27B1 —> | Membrane receptor tissues

DBP » 1,25(0H),0 1,25(0H),D

Auto- / Paracrine pathway

Free 1,25(0H),0 —l

Membrane receptor in caveolae

Uptake by diffusion
of free 1,25(0H),D

Calcitroic acid <— 1,24,25(0H),D <—1,25(0H),D

Mitochondrial
25R-hydroxylase

1,25(0H),0 * VDR ® RXR e coactivator Second signalling

« Chloride channel

« Calcium signallin
VDRE il

Gene Tx

Genomic pathway Non-genomic pathway

Endocrine pathway

October 2018. Endocrine Reviews 40(4)



Bunécny transport vapniku

* transcelularni  transport  vyvolan
interakci mezi rodinou proteinu,
které zahrnuji kalmodulin, kalbindin,
integralni membranovy protein a
alkalickou fosfatazu; posledni tri jsou
zavislé na vitaminu D.

Vitamin D-sensitive processes
that prevent depression
Controls expression of calcium homeostasis

Increases expression of Calbindin, parvaloumin,
NCX1, PMCA

Decreases expression of CaV1.2

1,25(CH),D 3
(Vitamin D)
N

Controls expression of antioxidant genes:

Nrf2, G6PD, Gpx, TR, GSH, gamma-GT,
GCLC, GR

Controls formation of serotonin:
Increases expression of TPH2 and

o0
Go L YORE | represses TPH 1
Controls inflammation:
fo Reduces expression of inflammatory
00 I cytokines
Methyl
groups
Controls the epigenetic landscape by Controls expression of mitochondrial

expressing demethylases: proteins:
JmJDAIA, JMJD3, LSD1, LSD2 Maintains mitochondrial respiration

Vv oy

Pharmacological Reviews April 2017, 69 (2) 80-92;



/vyseni transportu Ca prostrednictvim

vitaminu D

OTRPVGC—’> Parvalbumin
=
Paracellular t
fo——
c— Claudins QZ*
= VAN
& PMCA
Vesicular transport Cg?* ) ====» / b
i//'\
zg CaZ‘ Free diffusion CaZ*
5 TRPV6 —, ~ SERCA__— ER_§
Ca*" s ~€)/‘ T
° ? RS Aﬂding 57
S TR
Apical _ Basolateral

----- » Transport of calcium (hypothetical) — Transport of potassium

~——3> Transport of sodium ——3» Transport of glucose (Glu)

Ca®* itself and some Ca®*-laden calcium-binding proteins
inactivate apical calcium channels, thereby restricting
calcium entry Calcium-binding proteins prevent

elevated intracellular calcium

Calcium-binding proteins facilitate
cytoplasmic calcium translocation

Calcium-binding proteins
stimulate PMCA activity,
leading to the enhanced
calcium extrusion

Ca?*-free calcium-binding proteins buffer
intracellular calcium, which delays calcium
channel inactivation and prolongs calcium
entry
Apical Basolateral

Vitamins & Hormones Volume 98, 2015



Genova transkripce iniciovana 1,25(0OH)2D

1,25(0OH)2D vstupuje do cilovych bunék a vaze se na jejich receptor VDR.

VDR vytvari heterodimery s RXR. Vazba zvysi afinitu heterodimeru k responznimu
elementu pro vitamin D, cozZ je specificka sekvence nukleotidi v promotoru genu
responzivnich na vitamin D.

Po vazbé na VDRE se do prislusné oblasti DNA stehuji koaktivatory tohoto komplexu.

Transkripce vede k produkci mRNA, ktera se prepise v prislusny protein.
it CYP27A1
7-dehydrocholesterol l CYP27B1

~——» Pre-vitamin D, —— 1,25 dihydroxy vitamin D, «——— Diet

/ :

—

Regulation of specific genes

l l v l

(Provitamin D;)

Keratinocytes Innate immune cells T cells Others
(Macrophage, DC)
1Differentiation |Th1/Th17 cell development Modulates angiogenesis
1 Cathelicidin production  Regulate maturation of 1Treg/Th2 generation & hair cycling

innate immune cells and

9 / B cells
production of cytokines

|1gG & IgM
|plasma cells Immunity and Inflammation in Health and Disease, 2018



Non-genomic actions of vit D

* Kromé aktivit regulace genl vykazuje
vitamin D take rychlé negenomicke ucinky Yy . Q)
prostfednictvim receptord na bunécném o o o e
povrchu. XY \
e [romemc | (SRRESS
* VDR je vyzadovan pro rychlé negenomické . N i | o]
G¢inky 1,25(0OH), D, na chloridové a el e
vapnikové kandly v osteoblastech. \ i

and proliferation

* VDR byl lokalizovan na plazmatickych \ \\\ e/
membranach strevnich, plicnich,
ledvinovych bunék a osteoblastu, kde se
ucinné vaze 1,25(0H), D,

BioMed Research International 2015:1-11



Degradace

* Probiha v ledvinach, jatrech, kostech a streve

* Konjugaci s kys. Glukuronovou, sulfataci a hydroxylaci (pozice 23, 24,
26)

* Produkty jsou vylouceny moci a zluci

e 1,24,25-(OH)3-D - Neaktivni metabolit

 24-hydroxylaza EEW
e 24,25-(OH)3-D — aktivni forma, v plazmé

1,25(0H),0,




Regulace 1-alfa hydroxylazy (CYP27B1)

* vyskytuje se hlavnev
roximalnich tubularnich

bunkach ledvin a jeji aktivita ror2s < ey

je pozitivné regulovana m

palratlzjormonem (P(TH), P'I;H- (+) " B N

related proteinem (PTHrP), %\ / c

kalcitoninem, rustovym (21

_horrlr)one[n (GOH) da CYP24A1 <«— 25(0H)D3 —>» CYP27B1 Ca P

Inzulinovym rustovym :

faktorem | (IGF- I) l +) (.|. (+) :

. v v . ’ VDR"

* negativne prostrednictvim 24,25(0H)2D3 1,25(0H)2D3

FGF23 a klotho nebo
mineraly - negativni regulace l
hladinami kalcia a fosfatu. 1,24,25(0H)3D3

Handbook of Clinical Neurology, 2014



Vitamin D a Imunita

* VDR i RXR jsou exprimovany v nekolika - ” d
v v . Chemotaxis Cvtokines /
typech bunék, napr. keratinocytech, S s LTI @
fibroblastech, monocytech, makrofagech, | 1
DC a T lymfocytech > @
* moduluji slozky vrozené imunity, jako je rd ‘

proliferace/vyvoj imunitnich bunék a @ j
produkce zanétlivych cytokinu

* vitamin D inhibuje diferenciaci a funkci
Th1 bunek, které se podileji na aktivaci
makr.c)fa’gl"J 3 Za'nétlivvch Odpovédl” 3 Innate Immune Response Adaptive Immune Response
Th 17 bunék Front. Immuno I., 12 October 2015




Hydroxylace — imunitni sytém

* The figure depicts
intracrine production
1,25(OH) 2 D from
circulating 250HD in
macrophages and DCs, as
well as the effects of
1,25(0OH) 2 D signaling on
expression of several
classes of proteins
implicated in innate
immune signhaling.
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Antimicrobial peptides:
CAMP, DEFB4/HBD2

Cell surface signaling:
PD-L1, PD-L2

IL-10

Treg cell

October 2018. Endocrine Reviews 40(4)



Dendritic
dCD1a  cell

L Plasma cell differentiation
- Th2 polarizing factor

IgM ' a Y 4
119G, IgM production TMR\?\ !:\J;‘;J,I';__/:{:/”,}//’,j; ML-10

. . d Proliferation /< Beell -
Acq u I re d I m m u n e SySte m & /- ﬂx\ j ié:rullngolarizing factor
4 y, = \//w\\ 1!1“1_ _gglarizing factor
4N ZANANS
co4 (@
Th
* |n antigenpresenting cells (including DCs), 1,25(0H) 2 D 3 wo M :
inhibits the surface expression of major histocompatibility v
complex Il (MHC-1l)-complexed antigen and of YL-21 on
costimulatory molecules, in addition to production of the 7N s
cytokines IL-12 and IL-23, thereby indirectly shifting the gt " Treg ‘f,.,fi«..,,’,‘,“{"»P“age
polarization of T cells from a Th1l and Th17 phenotype oz [‘; f1on
toward a Th2 phenotype. T j\ /J; "Galrlidn
* Additionally, 1,25(OH) 2 D 3 directly affects T cell
responses by inhibiting the production of Th1 cytokines @\
(IL-2 and IFN-g) and Th17 cytokines (IL-17 and IL-21), as /' 1CCR10
well as by stimulating Th2 cytokine production (IL-4). @) cor7 " Secondary lymphoid organs
Moreover, 1,25(0OH) 2 D 3 favors Treg cell development & — Sl
via modulation of DCs and by directly targeting T cells. i imegrm\> T WL —
Finally, 1,25(OH) 2 D 3 blocks plasma-cell differentiation, é—csg;ectin\ R
0 adB7 integrin gyt

lgG and IgM production, and B cell proliferation.

CCR9

October 2018. Endocrine Reviews 40(4)
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—
/ ACE 2

SARS-Co-V-2

lood vessel Amplified
host

response

\ Macrophage
0,00
04%,0 ¢

Type Il Alveolar
pheumocyte
apoptosis

Cytokine storm J

( Vitamin D : an immunomodaulator
uv-B —
IR
subcutaneous <Vit D VitD)
Sources production o VitD
wor | vor
Diet [ VDR

Mod

Dimer
translocates
to nucleus

VDRE

ulates gene

Dual
action

‘ Augmented innate ‘
immune response

l

— immune response

1

Lower acquired

+ } NOrelease Anti
. 1 Lysosomalenzyme | Infective

5 Humoral,
*  Th1 — Th2shift

« | Tcell proliferation | Lower
cytotoxic

+ 1 TLRexpression innate «  Th17— Treg responses
_— immune )
1 cathelicidin e tNFK_B Anti
+ 1 B—defensin Viricidal | * }Proinflammatory  inflammatory|
cytokine effects

PLOS: September 18, 2020



Efekt na respiracni systém

Actions of Vitamin D 2 AMPs

LL37/hBDs

7-dehydrocholesterol

JTH1 / TH7 CD4+ Teell
! TNF-a, IFN-
JVB (290315 nm)  Skin 2 , IFN-y
PreDs3

. ” J» Parenchymal cell
Vitamin D3 inflammatory

cytokines/chemokines

DBP

Liver Lung eSOl D MAutophagy in

iy —> Local 1 a-Hydroxilation ——> Ctive 1, 2 Macrophages

25(OH)Vitamin D by (CYP27B1)
Lung protection VDR l
Modulation MMP-9
Vitamin D ili
{ Vascular permeability 1 Ang-2/MLCK
4 Cell apoptosis < J RAS
Tolerogenic DC

Oral O LIL12,1 110
J Antigen

Effects on the
Respiratory System

4 ARTI

J Inflammatory
Process

{ Asthma/COPD
(exacerbation)

T Lung Function

Arch. Endocrinol. Metab. vol.64 no.5 S3o Paulo
Sept./Oct. 2020 Epub Aug 28, 2020



Vitamin D a RAAS?

Renin-angiotensin system

Anglotensinogen

Angiotensin I

/,_
[ % mnammation AT 1 Receptor

——

t Fibrosis Angiotensin IT

1 acez 1

Angilotensin-(1-7)

Apoptosis
\f pop

Mas Receptor

4 N\ g \ {

‘ ‘ Fibrosis

- - > L

‘ Inflammation

- l ,\csf. l_ _____

§ Apoptosis ‘

/‘

SARS.CoV-2

t scEacE2

} ACE/Ang IVAT 1 axis

$ ACE2/Ang-(1-7)Mas asis

SARS-CoV-2

Rev Med Virol. 2020 Jun 25 : 10.1002/rmv.2119.



Mechanisms of Vitamin D

Tumor Suppression

Outcome

Toal cancers

Total cancers

Colorectal adenomas

Totl cancers (exchxbing
skin cancers)

Colorectal cancer

Colorectal breast totl
nvasive cancers

Location, Trial Reference

Oxford, United Kingdom,
Triuvedi et @l (91)

Nebraska, Lappe
et al (314)

WHI, United States
Brunner et al. (315)

Unied States, Lappe
et al (316)

Nebraska, Lappe
et al (317)

WHI, United States,
Wactawski-Wende
et al (318)

WHI, United States
Prentice et al (319)

Population
2686 Men and women,

age 65-85 y, living in
the general population

1179 Healthy
postmenopausl
women, mean age 67 y

36282 Postmenopausal
women, age 50-79 y

2259 Men and women,
age 45-75 y, with at least
one cokvectal adenoma
removed within 120 d
before enroliment and
no remaining polyps

2303 Healthy
postmencpausal women,
mean age 65 y

36282 Postmenopausal
women, age 50-79 y

WHI 23561 women not
taking caldum or
vitamin D at baseline

Baseline
250HD

(ng/mL)  Intervention

Mean 214 Dy 100000 IU every 4

mo vs placebo

Mean 288 D, 100 UK + Q3
Versus placebo

Versus calcium

- D; 40 +CavsCa 7

alkcne
Median Dy 1000 W/d vs
232 placebo
Ca vs placebo

D, 000 IU + Ca
daily vs placebo

Mean 328 Dy 20001U + Ca daifyvs 4

phacebo

Mean 19
alone

Mean 19
akne

D400 Wd+ CavsCa 7

D400 Ud + CavsCa 7

RR (95% C1)

109 (086-136)

042 (021-083) (P = 0013)
076 (0:38-155) (NS)

098 (050-105)

099 (089-109)

095 (085-106)

093 (9080-1.08)

070 (047-102)

108 (083-1.34) (NS)

Comment: no effect on imasive
cancers

Colorectak

081 (058-1.13) (NS)

Effect

Antiproliferative

Apoptosis

DNA Repair

Prostaglandin
metabolism

Angiogenesis

Metastasis

Mechanism

1. Arrest of cell cycle: Go/G, and G4/S

2. Dephosphorylation of FOXO

3. | Levels of myg, fos, and jun

4. ) Activity of growth factors: IGF-1, IHH, and EGF
5. 1 Activity of TGF-8

6. | Activity wnt/B-catenin signaling

1. 1 Expression COS-2 and Bax, | expression Bc12 and Bcl-x
2. 1 Expression DAP-3, CFKAR, and FADD, | caspases
3. 1 Expression PTEN

4. 1 Autophagy

1. 1 Clearance of cyclobutane pyrimidine dimers and pyrimidine-(6,4)-
pyrimidone photoproducts (in UV-B-irradiated skin)

N

. | Oxidative DNA damage by T expression antioxidant enzymes
3. T Expression of DNA repair enzymes XPC and DDB2

1. J COX2 expression

N

. | Prostaglandin receptors
3. 115-PDCH expression

1. | Proliferation of endothelial cells

N

. | VEGF expression
1. | Cell migration and invasion capacity
2. | Expression of laminin and its receptors

3. 1 Expression of E-cadherin

S

. | Expression of CEACAMI
October 2018. Endocrine Reviews 40(4)



Country (health
authority)

DRV/DRI

Target 25(OH)D in
nmol/L

Age group

0—6 months

7-12 months

1-3 years

4—6 years

7—-8 years

9-10 years

11-14 years
15-17 years
18-69 years
70-74 years

75 years and older

Pregnancy
Lactation

United States and Canada (IOM)

EAR
40

10 (400)
10 (400)

10 (400)
10 (400)
10 (400)
10 (400)
10 (400)
10 (400)
10 (400)
10 (400)
10 (400)

10 (400)
10 (400)

RDA
50

Europe (EFSA)
Al
50

Germany, Austria
and Switzerland
(DACH)

Al
50

UK (SACN)
RNI
25

Vitamin D intakes in pg (international units, IU) per day (1 pug = 40 IU)

15 (600)
15 (600)
15 (600)
15 (600)
15 (600)
15 (600)
15 (600)
20 (600)
20 (600)

15 (600)
15 (600)

0 (400)

15 (600)
15 (600)
15 (600)
15 (600)
15 (600)
15 (600)
15 (600)
15 (600)
15 (600)

15 (600)
15 (600)

10 (400)
10 (400)

20 (800)
20 (800)
20 (800)
20 (800)
20 (800)
20 (800)
20 (800)
20 (800)
20 (800)

20 (800)
20 (800)

8.5-10 (300—400)
8.5-10 (300-400)

0 (400)
0 (400)
0 (400)
10 (400)
10 (400)
10(400)
10 (400)
10 (400)
10 (400)
0 (400)
0 (400)

Dietary reference values (DRV)/dietary reference intakes (DRI) for vitamin D (reproduced from Pilz et al. (81) under the terms of the CC Attribution 4.0 International (CC BY 4.0) licence).
I10M, Institute of Medicine; EFSA, European Food Safety Authority; DACH, Germany, Austria and Switzerland; SACN, Scientific Advisory Committee on Nutrition; EAR, Estimated Average Requirement; RDA,
Recommended Dietary Allowance; Al, Adequate Intake; RNI, Reference; Nutrient Intake; RI, Recommended Intake; 25(0OH)D, 25-hydroxyvitamin D.

Nordic European
countries (NORDEN)

RI
50

10 (400)

0 (400)
0 (400)
0 (400)
10 (400)
10 (400)
10(400)
10 (400)
10 (400)
20 (800)
0 (400)
0 (400)



Deficit vitaminu D

* U déti krivice-deformace dlouhych kosti v dusledkt zvySené meéekkosti
kosti.

* U dospélych osteomalacie.

* Genetickeé defekty ve VDR (syndromy hereditarni resistence na
vitamin D).

* Vazna onemocnéni jater a ledvin.
* Nedostatecna expozice slunecnimu zareni



Deficit vitaminu D

* Sunscreeny (SPF vice nez 8) efektivné blokuji syntézu
vitaminu D v kuzi. Obvykle vyrovnano kvalitni vyzivou.

* Toxicita vitaminu D: ani excesivni expozice slunci
nevede k nadmeérné produkci vitaminu D. Je vsak
mozno se predavkovat suplementaci.



Priciny krivice/osteomalacie
* Nedostatek vapniku a/nebo fosfatl

* Malabsorpce vapniku a/nebo fosfatl v GIT
* Celiakie, Crohnova choroba
 Latky branici vstrebavani (pr. vazba na vlakninu)

e Zvysené ztraty vapniku a/nebo fosfatl v ledvinach
* Porucha procesu mineralizace



Krivice z deficitu vitaminu D

* Nedostatek vitaminu D ve straveé
* Nedostatecné vstrebavani vitaminu D v GIT
 Nedostatecna tvorba vitaminu D v kUzi



Krivice z poruch aktivace a UCinku vitaminu D

e Jaterni nebo renalni selhani
* Mutace genu pro 25-hydroxylazu (CYP2R1) - raritni

* Vitamin D dependentni krivice typu |
 Mutace v genu pro 1-alfa-hydroxylazu (CYP27B1) - AR
* NedostateCna premeéna kalcidiolu na kalcitriol
* Vitamin D dependentni krivice typu Il
* Tkané neodpovidaji na vitamin D
* AR defekt receptoru pro vitamin D



Krivice ze ztraty fosfatu

* Familiarni hypofosfatemicka krivice
e Ztraty fosfatl moci
* Vitamin D rezistentni rachitis — neodpovidaji na lécbu vitaminem D
e X-vazana hypofosfatemicka krivice — mutace v PHEX vede k hromadéni FGF23

* AD hypofosfatemicka krivice — mutace v genu pro FGF23

* AR hypofosfatemicka kfivice — mutace v genu pro DMP1 (nukledrni protein zubni a kostni
tkané) — postizeni mineralizace osteoidu, hromadéni FGF23

* Tubulopatie s hyperfosfaturii
e Ziskané stavy
* Diuretika

* Hyperparathyreoza
 PTHrP



X-linked hypophosphatemic osteomalacia

* The condition is characterized by

. : merincicad Autosomal Domina}nt X-Linked )
low tubular reabsorption of R Osteomalacia  FYPoRpEsRlatemic  Fyporzougeme
phosphate in the absence pf. Feras Mutatonin Mutationin
secondary hyperparathyroidism. C ‘ —

. _ Overproduction FGF-23 E Y
* X-linked hypophosphatemia occurs FOP2s Lovls ard trr M || | o
. . . Through Enzymatic Phosphatonins Cleavage Cleavage
in about 1 in 25,000 and is y  Cleavage v i
. FGF-23 FGF-23 FGF-23 FGF-23
considered the most common form
of genetically induced rickets. Normal Girculating e e tating
FGF-23 Levels ! FGF-23 Levels
. Decreased'Expression of Down-Reg'uIation of
Y NaP/lla Cotransporters Renal 1o-Hydroxylase

Y Inhibition‘of Tubular
P, Homeostasis Reabsorption of P, Low to Normal
Y 1, 25-(OH), Vitamin D
Y Phosphaturia (No Compensatory Increase)

Normal P, Level » Hypophosphatemia -

Jan de Beur, S. M. JAMA 2005;294:1260-1267. With Permission.



Parathyroid Hormone Relation Peptide (PTHrP)

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

Pfi tomto syndromu dochdzi u rlznych typU rakovin, obvykle v
nepritomnosti kostnich metastaz, k produkci latek podobnych PTH, které
mohou zpUsobit biochemické abnormality jako

Hypercalcémie
Hypofosfatémie
Zvysena exkrece cAMP moci

* Tyto ucCinky se podobaji ucinku PTH, ale objevuji se v nepfitomnosti

detekovatelnych cirkulujicich hladin PTH.



PTHrP PTH TIP39
DTS i
. - e, - .\
. P % V.
. s 75N /
‘.- rn'\ P 3 \‘.‘ s
- N, 2 \ /
A /' N s
S "
a4 4 »F
ARAARANAA AAARANA
VY YUU YUY YYULPU Y
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Genetické rodiny PTH a PTHrP: PTHrP, PTH a TIP39 jsou zrejmeé
cleny jedné genetické rodiny. Jejich receptory PTH1R a PTH2R jsou
7 transmembranovymi G protein-coupled receptory.



Uéinky PTHrP

PTHrP plsobi na
lontovou homeostazu

Relaxaci hladkych svalu

Bunécny rust, diferenciaci a apoptozu.
* Normalni kalciovou homeostazu ve fetalnim obdobi
 VétsSina fyziologickych efektli se déje zptisobem parakrinnim/autokrinnim.

* V dospélosti je homeostaza Ca a P pod vlivem PTH, zatimco hladiny PTHrP jsou u
zdravych dospélych velmi nizké az nedetekovatelné. To se méni pri vzniku
neoplasmat konstitutivné produkujicich PTHrP, kdy PTHrP napodobuje ucinky
PTH na kost a ledviny a rozvijejici se hyperkalcémie inhibuje endogenni sekreci
PTH.




U&inky PTHrP na

* Bunécny rust, diferenciaci a apoptozu v mnohych fetalnich i dospélych
tkanich. Nejvétsi uCinky ma na kost. Nejvetsi zmeny na chrupavcitych
rastovych ploténkach, kde v nepfitomnosti PTHrP dochazi k redukci
proliferace chondrocytU s akcentaci diferenciace a apoptdzy chondrocytu

 Normalni vyvoj chrupavcité ristové ploténky. Ve fetdlnim obdobi PTH
hraje dominantné anabolickou roli ve vyvoji trabekularni kosti. PTHrP
reguluje  vyvoj rastové  ploténky. Postnatalné  PTHrP  jako
parakrinni/autokrinni regulator prebird anabolickou roli pro homeostazu
kosti, kdezto PTH predevsim udrzuje hladinu Ca++ v ECT prostrednictvim

resorbce kosti.
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Osteoclast

Nature Reviews | Cancer

Produkce latek resorbujicich kost nadorem. Nadorové bunky uvoliuji proteazy, které mohou
podporovat progresi tumoru pres nemineralizovanou matrix. Tyto burfiky mohou uvolfovat také
PTHrP, cytokiny, eicosanoidy a rustové faktory ( EGF), které mohou stimulovat osteoblastické
stromdlni bunky k tvorbé cytokinl jako M-CSF a RANKL. RANKL se mizZe vdzat na svij receptor
RANK na osteoklastickych burikdch a zvySovat produkci a aktivaci mnohojadernych osteoklastu,
které jsou schopny resorbovat mineralizovanou kost.



Kalcitonin

Hlavnim zdrojem u savcu jsou parafolikularni (C) bunky Stitné zlazy.
Dale jiné tkane-plice, GIT.

Peptid o 32 AK.

Alternativni sestrih vede k produkci ,,calcitonin-gene-related peptide®,
ktery ma funkce v nervovém systému av cirkulaci.

Receptor pro kalcitonin opét ¢lenem rodiny 7-transmembranovych G
protein-coupled receptord

Nejdulezitéjsim fidicim stimulem je extracelularni hladina ionizovaného kalcia.



Hypo/hyperkalcemie shrnuti



Hyperkalcemické nemoci

A. Endokrinni nemoci asociované s hypekalcémii
1.Endokrinni nemoci s naprodukci PTH
ePrimarni sporadickyc hyperparathyroidismus
ePrimary familiarni hyperparathyroidism
*MEN | (multiple endocrinal neoplasma)
*MEN IIA
eFamilial hypocalciuric hypercalcemia (FHH)
eNeonatal severe hyperparathyroidism (NSHPT)
eHyperparathyroidism - Jaw Tumor Syndrome
eFamiliarni izolovany hyperparathyroidism
2.Endokrinni nemoci bez nadprodukce PTH
eHyperthyreoidism
eHypoadrenalism
eJansenlv syndrome




Hyperkalcemické nemoci

B. Malignancy-Associated Hypercalcemia (MAH)
1.MAH se zvysenym PTHrP
eHumoralni hypekalcémie pri malignité
eSolidni tumory s metastazami do kosti
eHematologické malignity
2.MAH se jinymi zvySenymi systémovymi faktory
*MAH se zvysenym 1,25(0OH)2D3
e MAH se zvysenymi cytokiny
eEktopicky hyperparathyroidism
eMnohonasobny myelom



Hyperkalcemické nemoci

C. Zanétlivé nemoci zpusobujici hyperkalcémii
1.Granulomatdézni nemoci
2.AIDS
D. Nemoci neznamé etiologie
1.Williams Syndrome
2.ldiopathic Infantile Hypercalcemia
E. Léky indukované

Thiazidy
2.Lithium
3.Vitamin D
4. Vitamin A
5.Estrogeny a antiestrogeny
6.Intoxikace aluminiem
7.Milk-Alkali Syndrome




Manifestace Hyperkalcémie

Akutni

Chronicka

Gastrointestinalni

Anorexie, nausea, zvraceni

Dyspepsie, obstipace,
pancreatitis

Renalni

Polyurie, polydypsie

Nefrolitiaza, nefrokalcindza

Neuromuskularni Deprese, zmatenost, Slabost
poruchy védomi
Srdecni Bradykardie, AV-blok 1. Hypertenze

stupné

blok, zvysena citlivost na
digitalis




Klinické priznaky pri hypokalcémii

Neuromuskularni postizeni
eChvostkuv priznak
eTrousseauulv priznak
eParestezie

eTetanie

eKrece (loziskové, petit mal, grand mal)
eUnava

eUzkost

eSvalové zaskuby
ePolymyositis

eLaryngealni spasmus
eBronchialni spasmy



e Zmatenost * Sucha kuze

e Zhrubélé vlasy

* Stépivé nehty

* Alopecie

* Psychoneuroza * Hypoplazie skloviny
e Zkracené koreny premolaru
* Opozdéné prorezavani zubu
e ZvySena kazivost zubu
e Atopicky ekzém
 Exfoliativni dermatitis
* Psoriasis
* Impetigo herpetiformis

e Dezorientace
* Psychoza



Postizeni hladké svaloviny

e Dysfagie
* Bolest bricha
* Biliarni kolika
* Dyspnoe



Oftalmologické manifestace hypokalcémie

* Subkapsularni katarakty
* Edém papily

Srdecni manifestace hypokalcémie
* Prodlouzeny interval QT

e Kongestivni srdecni selhani

* Kardiomyopatie



Dékuji vam za pozornost



