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Regulace tvorby osteoklasii a jejich aktivace
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Mistni a systémové ristové faktory

v Nerovnovdha v remodelaci, charakterizovand
zhorsenou tvorbou kosti je podstatnou sloZzkou
patgeneze osteopordzy.

v CThis may be due, in part, fo an age-related
decrease in the capacity of osteoblasts to
replicate and differentiate. However, it seems
likely that specific defects in the production or
activity of local and systemic growth factors will
also contribute to impaired bone formation.




A: Oestrogen replete state. Osteoclasts are formed by interaction between macrophagic,
monocytic precursor cells and cells of the osteoblast lineage, but might also be initiated by
inflammatory cells, especially T cells. Osteoclasts express receptor activator of NFkB (RANK). The
RANK ligand (RANKL) enhances each of these steps whereas osteoprotegerin, a decoy receptor,
blocks this interaction.
B: Oestrogen deficient state. Important bone sparing effects of oestrogen take place via
modulation of bone cell lifespan and reduced cytokine-driven osteoclastogenesis. In the absence of
oestrogen, the pool of T cells secreting tumour necrosis factor is expanded through a mechanism
involving reduced transforming growth factor p. Additionally, monocytes secrete increased amounts
of inferleukin-1. Tumour necrosis factor stimulates M-CSF (macrophage colony-stimulating factor)
and RANKL production and acts on osteoclast progenitors primed by RANKL, to heighten osteoclast
generation. RANKL and interleukin-1 also act fo increase osteoclast survival by preventing
apoptosis. As a result, in oestrogen deficiency, the number of functional basic multicellular units in
bone is substantially increased. This model is based predominantly on studies in ovariectomised
animals.
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Parathyroid Hormone Related
Peptide (PTHrP)
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v PTHrP byl objeven jako medidtor syndromu “humoral
hypercalcemia of malignancy” (HHM).

v PFi tomto syndromu dochdzi u riznych typl rakovin, obvykle
v nepritomnosti kostnich metastdz, k produkci ldtek
podobnych PTH, které mohou zplsobit biochemické
abnormality jako

v Hypercalcémie

v Hypofosfatémie

v Zvysend exkrece cAMP moci

v Tyto (cinky se podobaji d¢inku PTH, ale objevuji se v
nepritomnosti detekovatelnych cirkulujicich hladin PTH.
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Genetic fanilies of PTH and PTHrP: PTHrP, PTH and TIP39
are probably members of the same fgenetic family. Their
receptors PTH1R and PTH2R are 7 transmembrane G
protein-coupled receptors.
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Production of PTHrP regulated by grow‘rh factor (GF) in tumor states.
Tumor cells are able to be shmula‘reds at a distance (outside the bone)
by autocrine growth factors to gn increased production of PTHrP. It
reaches via circulation the bone A'nssue and supports bone resorption.
Metastatic tumor cells in the bone are able to secrete PTHrP supporting
bone resorption and paracrine growTh factors which further support
PTHrP production. h
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Produkce latek resorbujicich kost nadorem. Nadorové burky uvolfiuji proteazy, které
mohou podporovat progresi tumoru pfes nemineralizovanou matrix. Tyto bufiky mohou
uvolfiovat také PTHrP, cytokiny, eicosanoidy a rustové faktory ( EGF), které mohou
stimulovat osteoblastické stromalni burky k tvorbé cytokind jako M-CSF a RANKL.
RANKL se muze vazat na sv(j receptor RANK na osteoklastickych burikach a zvySovat
produkci a aktivaci mnohojadernych osteoklast, které jsou schopny resorbovat
mineralizovanou kost.
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Genetické rodiny PTH a PTHrP: PTHrP, PTH and TIP39 PTHrP, kdy PTHIP napodobuje dzinky PTH no kost
jsou zrejmé Cleny jedné genetické rodiny. Jejich a ledviny a rozvijejici se hyperkalcémie inhibuje
receptory PTHIR a PTH2R jsou 7 transmembrdnovymi G endogenni sekreci PTH.

protein-coupled receptory.

U&inky PTHrP ha

Tumor Cell

'-'-;?S.'.:r'.'f.-.
0 Sunecny rdst, diferenciaci a apoptozu v mnohych — i -lf"‘;*’v.{-*}
fetdlnich i dospélych tkdnich. Nejvétsi Gcinky md na RS ity

kost. Nejvetsi zmény na chrupavéitych rustovych
ploténkdch, kde v nepritomnosti PTHrP dochdzi k redukci
proliferace chondrocytli s akcentaci diferenciace a
apoptézy chondrocytt P S
Q Normdini vyvoj chrupavcité rdstové ploténky. Ve T -

CFU-M

fetdlnim obdobi PTH hraje dominantné anabolickou roli ve N iemGen ©  Progeniter  OcPrecursor E°"°“mm”°"3::{@ .

v?vo\ji trabekuldrni kosti. PTHrP reguluje vyvoj ristové S
plotenky. Postnatdlné PTHrP jako parakrinni/autokrinni

reguldtor prebird anabolickou r‘?" pro homeos'mzu kosti, Produkce ldtek resorbujicich kost nddorem. Nddorové buriky uvolfuji protedzy,
kdezto PTH pF‘edevéim UdPEUJe hladinu Ca++ v ECT které mohou podporovat progresi tumoru pres nemineralizovanou matrix. Tyto
pr‘os‘rF'ednic’rvim resorbce kosti. buriky mohou uvolfiovat také PTHrP, cytokiny, eicosanoidy a rlistové faktory ( EGF),

které mohou stimulovat osteoblastické stromdlni buriky k tvorbé cytokini jako M-
CSF a RANKL. RANKL se mliZe vdzat na sviij receptor RANK na osteoklastickych
bufikdch a zvySovat produkci a aktivaci mnohojadernych osteoklasti, které jsou
schopny resorbovat mineralizovanou kost.




Stavy spojené s
hyperparathyreoidismem-
V¥ osteodystrofie

v Primdrni hyperparathyreoidismus je
ndsledkem onemocnéni pristitnych
télisek, nejcastéji adenomu.

v Priznaky: chronicka hypekalcémie,
nefrokalcindza, osteodystrofie jako
projev excesivni kostni remodelace.

Stavy spojené s
hyperparathyreoidismem-
¥ osteodystrofie

v Sekunddrni hyperparathyreoidismusis -
obvykle u chronického onemocnéni ledvin s
tendenci k rozviji chronického ledvinného
selhdni v disledku neschopnosti ledvin
resorbovat kalcium- rendlni osteodystrofie
jako projev excesivni kostni remodelace. .

v Jiné priciny-obvykle nutri¢ni: deficit kalcia a
fosfatl ve stravé, nadbytek fosfatu ve stravé.

Stavy spojené s
v  hypoparathyreoidismem

v Hypoparathyreoidismus - vede k poklesu hladin
kalcia a vzestupu fosfdtl v krvi.

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

v PFiznaky: tetanické krece v disledku poklesu
hladiny ionizovaného kalcia v krvi

Deficit vitaminu D
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v U déti krivice-deformace dlouhych
||:os‘r£ v dusledku zvysené mékkosti
ostil.

v U dospélych osteomaldcie.

v Genetické defekty ve VDR (syndromy
hereditdarni resistence na vitamin D).

v VdzZnd onemocneéni jater a ledvin,

v Nedostatecnd expozice slunecnimu
zdreni
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Osteoporé

Osteoporotic bone

v Béhem menopauzy dochdzi k v disledku poklesu estrogent
k akceleraci jak markert destrukce, tak novotvorby kosti.

v Deficit estrogenli naruduje novoivorby béhem kostni
remodelace reagujici na mechanické zatizeni, coz vede v
letech po menopauze k progresivni ztrdté denzity kosti.

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

v Hladiny estrogentl udrzujicich kostni hmotu jsou nizsi nez
hladiny pro udrZeni funkce klasickych cilovych organu pro
estrogeny (prsni zldza aq déloha. Tato vyssi senzitivita
kostry na estrogeny zrejmé souvisi s vékem.

v Estro gnyd’,sou kritické pro uzavirani epifyzdlnich $térbin v
puberté u divek i u hochu

v Estrogeny reguluji kostni obrat u Zen i u muzd

v Osteoporéza u starych muzi je vice asociovdna s nizkymi
hladinami estrogent nez androgend.




Age-specific and
sex-specific
incidence of
radiographic 2 a0
vertebral, hip, and
distal forearm
fractures

Data derived from
European
Prospective
Osteoporosis
Study and General
Practice Research
Database.
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Zakladni patogenetické
v  mechanismy osteopordzy

v Fragilita skeletu maZe byt zplisobena

v (a) neschopnosti produkovat kostru optimdlni masy
a sily béhem ristu

v (b) zvysenou kostni resorbci, ktera ma za ndsledek
snizeni kostni masy a poruseni mikroarchitektury
kosti

v (c) neadekvdtni novotvornou odpovédi kosti na
zvySenou resorbci béhem kostni remodelace.

v Kostni remodelace predstavuje u dospélé kosti
hlavni aktivitu. Kostni remodelace neboli BMU
(=bone multicellular units).
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Osteoporoza indukovana
v kortikoidy

v Modifikuji proliferativni a metabolické
aktivity kostnich bunék.

v Inhibuji osteoblastogenezi

v Redukuji zivotni polocas osteoblastili, coz
vede ke snizené novotvorbé kosti.




Articular degenerative diseases

v The irreversible destruction of the cartilage, fendon, and bone that comprise synovial
joints is the hallmark of both rheumatoid arthritis (RA) and osteoarthritis (OA{

v While cartilage is made up of proteoglycans and type II collagen, tendon and bone are
composed primarily of type I collagen.

v RA is an autoimmune disease af flicting numerous joints throughout the body: in
contrast, OA develops in a small number of joints, usually resulting from chronic
overuse or injury.

v Inboth diseases, inﬂamma‘rormlz'rokines such as interleukin-1 beta éIL—l beta) and
tumor necrosis foc‘ror‘-ug)ha ( -alpha) stimulate the production of matrix
metalloproteinases (MMPs), enzymes that can degrade all components of the
extracellular matrix.

v The collagenases, MMP-1 and MMP-13, have predominant roles in RA and OA because
they are rate limiting in the process of collagen degradation.

v MMP-1is produced primarily b% the synovial cells that line the joints, and MMP-13 is a
E:roduc'r of the chondrocytes that reside in the cartilage. In addition to collagen, MMP-

3 also degrades the proteoglycan molecule, aggrecan, giving it a dual role in matrix
destruction.

v Expression of other MMPs such as MMP-2, MMP-3 and MMP-9, is also elevated in
arthritis and these enzymes degrade non-collagen matrix components of the joints.

v To date, however, no effective clinical inhibitors of MMPs exist.
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Articular degenerative diseases
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