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Patofyziologie
muskuloskeletalniho systemu



Kostli

* Pevné — pri zatézi se neohybaiji.

* Pruzné — absorbuji energii zpusobenou
zatizenim jako potencialni energii elastickou a
poté plastickou deformaci.

e Pokud se kosti deformuiji prilis malo nebo pfilis
moc, muze dojit ke strukturalnimu zménam.

* \lysoka mira remodelace snizuje obsah mineralt v
kosti, coz vede ke ztraté tuhosti.
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Osteocyty

* terminalné diferencované
osteoblasty zanoreny v kostni

matrici
* predstavuji témer 95% vsech i
bunek ve zralé kostni tkani — .
tvofi sit v mineralizované kosti (l Z N
el  Osteocyte P A— T Sacaas
e ,mechanosensing” bunky - . A P !
detekuji mechanicke namahani .
a souvisejici kostni
m | k o p O§ kO en |, ’}ssue Deformation |
* reaguji zahajenim resorpce kosti - . S
a regulaci remodelace kosti of Bane Fiuid Deformation

(dendrite and/or cell body)
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Remodelace kosti
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Remodelace kosti

e vysoce koordinovany proces
* resorpce x modelace (novotvorba)

* vyZzaduje synchronizovanou aktivitu osteoklastd,
osteoblastu a osteocytu

* v mikroanatomicke strukture oddelene od dutiny
kostni drené, ale pristupné mikrokapilarami

Remodelacni cyklus

* Resorbcni faze-v dusledku aktivace osteoklastu-
kratka

* Reverzni faze-kostni povrch je pokryt
mononukleary, ale novotvorba kosti dosud
nezacala-kratka

* Formacni faze-produkce osteoblastu ve vinach v
kostni matrix-dlouha. Tyto bunky se postupné
seradi, proniknou do kosti jako osteocyty a
podlehnou apoptodze.

Bone Remodeling Cycle
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Jeden z nejdulezitéjsich regulatoru kostni
resorpce a prestavby.

RANK, ktery se nachazi na povrchu pre-
osteoklastu a jejich prekurzoru, a jeho ligand
RANKL jsou nezbytné pro tvorbu, diferenciaci,
aktivitu a preziti osteoklastu.

RANKL je produkovan bunkami osteoblastske
linie, stejné jako jinymi typy bunék v rozpustnych
i membranove vazanych formach.

Vazba RANKL na RANK ma za nasledek aktivaci
transkrip¢nich faktord NFkB a NFATC1 a expresi
osteokotogennich genu.

OPG, produkovany osteoblasty a nekolika dalsSimi
typy bunek, funguje jako inhibicni receptor
vazbou na RANKL, ¢imz zabranuje aktivaci RANK.

Inhibice RANKL vede k rychlému zastaveni
osteoklastické formace, aktivace a preziti, je
rozhodujici pro potlaceni kostni resorpce a
udrzeni kostni hmoty.

RANK/RANKL/OPG system
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Ostatni modulace systemu RANK/RANKL/OPG

osteoblasts
Prozanetlivé cytoki n\é vylucovane o
ruznymi imunitnimi bunkami activated T cells

B cells

vcetne aktivovanych T bunek, B bunek,

makroféiu, zirnych bunek a prirozenych IFNB  1L10 / Y

NK buné IFNy IL13 l L6 IL17
4 118 u sl
TNFa, IL1, IL6, IL8, IL11 a IL17/

- osteoklastogenni cytokiny podporujici / {M\‘) \
osteoclasts

diferenciaci a aktivitu osteoklastizatoru —
zprostredkovanych RANKL, /

IFNy, IL4, IL10, IL13 a IL18 \

- antiosteoklastogenni cytokiny IFN, i%!l—
inhibuji osteoklasty systémem [=

RA N K RA N K L/O P G . RANK/RANKL/OPG system.The RANK/RANKL/OPG system is essential for the formation and differentiation of

osteoclasts, their resorptive activity and survival. The binding of RANKL to RANK results in the recruitment of TRAF®6,

TNFa IL8

—&
\

which activates various protein kinase pathways and transcription factors like NFkB. The activated NFkB up-regulates

Nektere cytokiny mohou mit na e e e f xeocoge
osteoklasty opacne ucinky (napf. IL-23) e |



Tvorba kosti

zacCina diferenciaci osteoblastu a vystavenim
organického osteoidu, ktery se sklada
prevazne z kolagenu typu I.

postupneé se do osteoidu ukladaji mineralni

latky

ukoncena po osteoblastem zprostredkovaneé

preosteoblasts ®©
<

RUNX2
0OSX
WNT

osteoblasts ©

2

PU.1

MITF
myeloid
progenitors

CSF1R
C-FOS

RANK

mineralizaci organické matrice.

@ @ osteoclast
RUNX2 precursors
0sX { \
WNT

APOPTQOSIS l NFx8
NFATC1
T‘ m osteoclasts

RANKL

obnoven povech kosti

osteocytes
ot bone-lining cells

The osteoblast lineage derives from MSCs under the control of the transcriptional regulator
RUNX2. The multipotent differential capacity of MSCs can also give rise to chondrocyte,
adipocyte, myocyte and other cell lineages, utilizing lineage-specific transcription factors SOX9,
PPARy2 and MYOD/MYF5, respectively. RUNX2 is indispensible in all stages of osteoblast
differentiation. After reaching maturity, three different potential fates await osteoblasts. Cells
that become entombed within the bone matrix are called osteocytes, bone-lining cells cover all
bone surfaces while the remainder undergo apoptosis



Mineralni slozka

—

—

M &
O =



Kalcium-fosfatova rovnhovaha

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 rovnhovaha

 role FGF-23

* hormon predominatné produkovan
osteoblasty/osteocyty

* vysoké sérové hladiny fosfata stimuluji syntézu
FGF23

* hlavni funkce:

* inhibice renalni tubularni reabsorpce fosfatu ->
vyrovnava jejich koncentraci v krvi

* potlaceni cirkulaénich hladin 1,25(0OH),D, snizenim
tvorby Cyp27b1 a stimulaci katabolismu
1,25(0OH),D, zprostfedkované Cyp24 (inhibice
aktivity 1-a-hydroxylazy -> snizena aktivace
vitaminu D)

 Mutace v genu FGF23 -> hypofosfatemicka
krivice
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Kidney \ glands
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I Pi wasting T
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Bilance za den o 825

Dietary calcium

/ |_Calcaum supplements
[Complexed Ca ]
1 Gm/DAY Digestion , F
Solubilization
SOFT TISSUE [ lonized Ca ]
on Absorption Secretion
GASTRO 3000 mp BONE | l f
INTESTINAL T 1kg Transcellular Paracellular
ATERLARREAN T ARRRANRTRLA TR R AR e = : i Small Intestlne
TRACT y 0ew\ee\ele\e 08 mucosa
- 300 DAY
\ N\ mg/ »- ECFCa
150 mg/DAY | 900 mg ! ! 28|
Soft |l Extracellular 3 g © || Mineralized
tissues |------ »> space < & § bone
Cwm -
MRS

’
o

KIDNEY
\J
850 mg/DAY
Calcium balance = intake ~ urinary excretion — insensible losses - fecal excretion j
@ Al
150 mg/DAY Vascular ‘
calcification? density loss?
I 1 |
Morbidity and mortality

COMMENTARY| VOLUME 81, ISSUE 11, P1057-1059, JUNE 01, 2012



Homeostaza kalcia

T Resorpce kosti

Nizka hladina kalcia

T Absorpce ve stievé

Calcium
intake Cells
(350 mg/day) (13,000 mg)
i Bone
(1,000,000 mg)
(“7) Absorption Deposition (_; | . .
() @50 mgisay) g (500 moisay) || V Excrece ledvinami
. (i ——> m“ o —
| — ——
e J Secretion w00 M) Absorption | |
7 (250 mg/day) (500 mg/day)
l Filtration Reabsorption
(9980 mg/day)Y __ | (9880 mg/day)
Feces
(900 mg/day) Kidneys
Urine

(100 mg/day)

14



Homeostaza kalcia

Calcium regulation

Ppgthyroid glands

Increased
calciumgi

& + Calcium reabsorption
& Calciy G g emin g hydroxylation

15

Parathyroidni hormon

1,25 DHC - Vitamin D

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

Kontrola hladin Ca4*

Hormon Efekt Bone

vysuje

2+
PTH T Ca?* | Po4 Osteoclasty

Vitamin D3 | T Ca?* T Po4 Neprimy efekt

Inhibuje

. . 2+
Kalcitonin Y Ca** | Po4 Osteoclasty

16

Gut
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Vit. D

T Ca?* T Po4d
absorption

Neprimy efekt

Kidney

Ca reab.
Po4 exr.

Neprimy
efekt

Ca?t & Po4
excrece



Regulace Ca?* v ECT

VIV

* Pristitna teliska detekuji hladinu
kalcia v ECT pomoci calcium-
sensing receptoru - CaSR

e Clen rodiny G protein-coupled
receptor se sedmi hydrofilnimi
transmembranovymi helixy,
zakotvenymi v plasmatické
membrane.

Exocytosis

++ 1,25 Vitamin D
& CaSR_
G, + G,
Downstream
signaling
pathway
preCaSR
X > c
proPTH CaSR mRNA ‘ (_) =)
“" PTH gene

preproPTl—l
CaSR gene
PTH mRBNA
(+)

' s“a\O“N

Feedback

® calcium

@ PTH

® 9 ¢ Blood calciumI A 1,25-dihydroxyvitamin D3




CaSR

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

* v nekalcitropnich tkanich ovliviiuje CaSR biologické iz JJ =
procesy vcetne gastrointestinalniho, sekrece inzulinu a
enteroendokrinnich hormonu a hojeni ran [ |

 abnormalni exprese nebo funkce CaSR je spojena s ars Y o

primarni a sekundarni hyperparatyredzou,
kardiovaskularnim onemocnénim, imunitnimi reakcemi

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



Magnesium

e CaSR

* Magnesémie ovlivhuje
negativneé zpétnovazebné
sekreci PTH

* Mira aktivace sekrece je
vSak az 3x mensi nez v
pripade kalcia

1,25(0H),0,

‘ Ca?+

«@\

NaK-ATPase
3Na*

Klotho

FGFR1

N~ > CaSR gene

Parathyroid cell

Kidney International
Volume 82, Issue 11, 1 December 2012

PTH
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Parathormon (PTH)

zvysuje hladinu kalcia v krvi 3 hlavnimi zplisoby:

e Stimuluje produkeci biologicky aktivni formy vitaminu D
ledvinami.

* Podporuje mobilizaci kalcia a fosfatu z kosti. K zachovani
kalcium fosfatového soucinu podporuje vylucovani
fosfatu ledvinami (fosfaturicky efekt).

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

Calcium Homeostasis

[J, ECF [Ca™] ]

Parathyroid
Hormone

/

PTH, nephron

1\ CaZ+

reabsorption
\L Phosphate

reabsorption
Activates

VitaminD

ECF [Ca*] & [Phosphate]
&) (e




Hlavnim regulatorem sekrece PTH je obsah kalcia v ECT
(detekce pomoci CaSR).

Narust kalcia zvySuje degradaci PTH.

Pokles hladin kalcia v ECT povede k poklesu intracelularni
degradace PTH, takze dochazi k sekreci vice bioaktivnich
(nedegradovanych) molekul PTH.

Bioinaktivni fragmenty PTH, které se mohou tvorit i v
jatrech, jsou stepeny v ledvinach.

Nizké hladiny kalcia v ECT vedou ke zvyseni transkripce
genu pro PTH a ke zvyseni stability mRNA pro PTH.

Chronickd hypokalcémie muze vést k proliferaci

parathyreoidy a ke zvyseni jeji sekrecni kapacity.

Parathyroid chief cell

Systemic factors

—Reduced SCa
—Increased SPi
—Reduced 1a, 25(0CH),D

=2

-3 CaSR: reduced amounts
in PTG in CRF/ESRD

g - VDR reduced
& /in CRF/ESRD

PTH gene — Increased expression

/ RXR
| Qvor in CRF/ESRD
._ & (reduced repression)
Nucleus CaSR gene —» Reduced expression
’ in CRF/ESRD i
PTHmRBNA
|
a +
) AAAAAAAAE— © Active KSRP
Elf E2 E3 E4 ®
Stabilization Pin1
destabilization :
P
(ngnactlve KSR Altered

Ribosome

PTH RNA translation

/'// ‘\
WM‘““““‘A +Degradation
l N—— J

} RNA

O N TOAAMAAAAA | PTOCESSING

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 toku v proximalni tubulu,

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

PTH se vaze na svuj receptor, PTH/PTHrP receptor typu | (PTHR),

* transmembranovy G protein-coupled protein, ktery uskutecnuje signalni
transdukci jak cestou adenulatcyklazy (AC), tak cestou fosfolipazy C.

Stimulace AC s tvorbou cAMP je zrejme hlavnim mechanismem,

kterym PTH zpusobuje internalizaci kotransportéru  Na+/Pi-

I((afno?ganicky'/ fosfat) typu Il, coz vede poklesu reabsorbce fosfatu a
osfaturii.

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

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

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

Proximal Tubule

H:)POJ_ XN<':1+ '-1?P_OJ_ 3Na+

&/ N\ £ e
Luminal e N o ==
membrane ‘ ?’ \_Tyff"/’ \TYE I@ﬁ

(fype 1) €————1) PTH

ol @
* Internalization
* Destruction

(Typo i) lysosomes
Basolateral /l e

T
membrane \

Pi v Pi Na+
Y PiA
0

Interstitial space

Source: Molina PE: Endocrine Physiology, 4th Edition: www.accessmedicine.com
Copyright © The McGraw-Hill Companies, Inc. All rights reserved.



Parathyroid Hormone Relation Peptide (PTHrP)

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

PFi tomto syndromu dochazi u ruznych typu rakovin, obvykle v nepritomnosti
costnich metastaz, k produkci latek podobnych PTH, které mohou zpUsobit
viochemické abnormality jako

Hyperkalcémie
Hypofosfatémie
Zvysena exkrece cAMP moci

Tyto ucinky se podobaji ucinku PTH, ale objevuji se v nepritomnosti
detekovatelnych cirkulujicich hladin PTH.



1. U¢inky na ledvinu

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

pfesun lumindlniho Ca’* do rendlni tubularni

bunky kanalem ,transient receptor potential
channel” (TRPV5)

translokaci Ca?* pres tubuldrni bunku od
apikalniho K bazolateralnimu povrchu

prostrednictvim proteinu jako kalbindin-D28K

aktivni vylouceni Ca%* z tubuldrni bunky do krve
cestou vymeéniku Na* /Ca%* (NCX1).

PTH zjevné stimuluje reabsorbci Ca%* v distalnim
tubulu zvyseni aktivity NCX1 mechanismem
zavislym na cAMP.

2
PTHE —.

’/
/
|
r’;'?:-

25-hydroxy-D3
1a-hydroxylase

- 7,
Proximal Tubule

Distal Tubule



1. U¢inky na ledvinu

e PTH muze po vazbé na PTHR stimulovat také 25(OH)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 apikdlni strané proximalni tubuldrni
bunky.



2. UCinky na kost

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

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

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



2. Ucinky na kost

* Jako dusledek zvyseni kapacity pro RANKL —
vstupovat do interakce se svym receptorem  ({ maianantcels

(RANK) na bunkach osteoklastického puvodu / \
se snizuji hladiny solubilniho ,decoy”
receptoru pro RANKL, tzv. osteoprotegerinu v oS e
Krvi. Homatopoietic  OStoodlast . oiocejasy
* Mnohojaderne  osteoklasty  vznikaji  z — — \
hemOtOgennICh pr6kur20ru |—cifms —RaNK e
(monocyty/makrofagové linie) a proliferuji PTH s L
diferencuji se v monojaderne prekurzory, nebo L.XF‘HTF'PDl . inacie
fuzuji a tvori mnohojaderné osteoklasty. Ty Nl | osteoclast
mohou byt aktivovany do podoby osteoklastu Bl s T e
resorbujicich kost. I v/ @20
* RANKL mohou fridit mnohé z téchto % solet

oroliferacné/diferenciacné/fuzné/aktivacnich
<roku ve spolupraci s cytokiny a monocyte-
colony stimulating faktorem (M-CSF).




PTH vs FGF 23
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Patofyziologie kosti

Microdamage and | Microarchitecturs Geometry (shape
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Skeletal fragility - Patologickeé traktury

* Tumory
* primarni

Pathologic/Fragility Fractures

y
Low Energy/No Exercise/Repeated Use
Always Check neurological and vascular status
one joint below the injury

* sekundarni (metastaticke) (nejcastejsi) |

* Metabolické
e osteoporoza (nejcastéjsi)
e osteomalacie
e Pagetova choroba
* hyperparathyroidismus

: ;

Tumours
See Bone Lesions Scheme

Metabolic Bone Disease

A 4 A h 4 A 4

0 - Paget’s Disease Renal Osteodystrophy Osteomalacia/Ricketts

steoporosis ¢ A ) 3 i g

Vertebrae/Hip/Distal Radius Skull/Spine/Pelvis Secondary to Chronic Renal Diffuse Pain/Proximal Muscle
P Positive Alkaline Phosphatase Failure Weakness

* Vitamin D Deficiency
* Mineralization Defect
* Phosphate Deficiency

A 4 h 4

Primary Secondary
* Post-Menopausal * Gastrointestinal Disease
* Elderly * Bone Marrow Disorder
* Endocrinopathy
* Malignancy

* Drugs (e.g. corticosteroids)
* Rheumatoid Disease

* Renal Disease

* Poor Nutrition

* Immobilization

Toronto Notes for Medical Students, Inc. (2009). Toronto Notes 209: Comprehensive
Medical Reference and Review for MCCQE | & USMLE II. McGraw-Hill: Toronto, Ontario.



Poruchy kostni remodelace

Metabolické kostni onemocnéni:

* Osteoporoza (chronicka prevaha osteoklastickeé aktivity nad
osteoblastickou)

* Osteodystrofie (zrychlena kostni remodelace)
* Krivice/osteomalacie (zpomalena kostni remodelace)

* Pagetova choroba



Poruchy kostni remodelace

Metabolické kostni onemocnéni:

* Osteoporoza (chronicka prevaha osteoklastickeé aktivity nad
osteoblastickou)



Metabolicka onemocnéeni kosti

« Osteoporoza je nejcastejsi metabolickou abnormalitou kosti. Je popisovano jako "ticha
epidemie” postihujici jednu ze dvou zen a jeden z péti muzu, starsi nez 50 let.

« Definovano jako systemove kosterni onemocnéeni charakterizované snizenou kostni
hmotou a mikro-architektonickym zhorsenim struktury kosti, coz vede k zlomeninam s
malym nebo bez traumatu.

Osteoporotic bone



Osteoporoza

« Kostni hmota jedince v pozdejsim zivote je vysledkem vrcholu kostni hmoty
nahromadené behem nitrodelozniho zivota, detstvi a puberty, stejne jako
nasledné miry ubytku kostni hmoty.

* ACkoli genetické faktory silne prispivaji k vrcholu kostni hmoty, faktory
zivotniho prostredi v nitrodeloznim zivote, detstvi a dospivani moduluji
geneticky determinovany vzorec rustu skeletu.

Osteoporosis Low Bone Mass Normal Bone Mass With treatment, you can Without treatment,
(-2.5 and lower) (-1.0 and -2.5) {-1.0 and above) maintain bon? mass. more bone can be lost.
3.5 3.0 -2.5-24 -20 -1.5 -1.1-1.0 0 #1.0... T \ g \
T-scores® I Peak ET
bone i
mass : Menopause
*T-scores are based on statistical measuramenis ::_all-ad standard deviations [EI}}_ . ) Age .
that reflect the difference between your bone density and the average bone density in the reference population st ot 530135 T30 | 351 a0t 25 50; s=teo [ est 701 55 8ol 851 90




/akladni patogenetické mechanismy
osteoporozy

Fragilita skeletu muze byt zpusobena

* (a) neschopnosti produkovat kostru optimalni masy a sily béhem rustu

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

* (c) neadekvatni novotvornou odpovedi kosti na zvysenou resorbci
béhem kostni remodelace.

* Kostni remodelace predstavuje u dospélé kosti hlavni aktivitu. Kostni
remodelace neboli BMU (=bone multicellular units).



Priciny osteoporozy

* Nedostatek estrogenu
* Nadbytek glukokortikoidu

with age

T ==
N (6))
(&) o
o o

/| ||| Peak bone mass Decreasing f
T bone mass

* Nedostatek vitaminu K2 g g 1000 0

. T v E ! A

* Nedostatek pohybu-imobilizace obecné §3 ™ Bone loss cue / Q‘eﬁ
o &0 ne loss due .

e~

to menopause

250

(total mass of skeletal calcium in grams)

0 10 20 30 40 50 60 70 80 90 100
Age (in years)

Anatomy & Physiology, Connexions Web site. http://cnx.org/content/col11496/1.6/, Jun 19, 2013.



Estrogeny a kost

Estrogeny jsou kritické pro uzavirani epifyzalnich 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
organu proestrogeny (prsni Zzlaza a déloha). Tato vyssi
senzitivita kostry na estrogeny zrejme souvisi s vékem.

Osteopordza u starych muzu je vice asociovana s
nizkymi hladinami estrogenu nez androgend.

Béhem menopauzy dochazi v dusledku poklesu
estrogenu k akceleraci jak markeru destrukce, tak
novotvorby kosti.

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

LéCeni estrogeny zvysuje kostni masu i u 80 letych zen.
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Proges-| - -« - ..
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75% reduction
from age 35-50
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estrogen level compared
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Remodelling of bones. Estrogen action
places (i)

Hematopoietic Mesenchymal
stem cell stem cell

T lymphocyte |
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Osteoporoza indukovana kortikoidy

ileptin
ietic Mesenchymal T3rtisol
* Modifikuji proliferativnia o i
metabolické aktivity kostnich e b / e
v amylin >
bu HEk, W estrogens DIFFERENTIATION \ Ja
* Inhibuji osteoblastogenezi 33 e EZ"&ZZO.
e/ Ve , v Pre-osteoclasts Precottantioet amylin
* Redukuji zivotni polocas e
osteoblastu, coz vede ke snizene L T
novotvorbeé kosti. Y eripgens 5400 prrerons < o
* U chronicky vysoke hladine R L /ml —
glukokortikoidu (Cushinguvsy, lécba ) % - .
glukokortikoidy) metabolicky N {& S, et s
Bone

¢ estrogens

pouzita jako substrat pro
glukoneogenezu!



Casté nezadouci uginky glukokortikoidni terapie - osteopordza indukovana
glukokortikoidy

¢ OSteOporéza VyVOIané glUkOkort|kO|dy Je a Glucocorticoids b Glucocorticoids
nejCastejsim typem iatrogenni osteoporozy a l / \
castou pricinou sekundarni osteoporozy. | | 1PPARY2 ~ "
t RANKL +Wnt signaling Activation of
| t M-CSF l . Activation of caspase 3 caspase 3

« Odhaduje se, ze 50% pacientu uzivajicich l l l
glukokortikoidy po dobu delSi nez 6 mésicu i

se bude vyvijet sekundarni osteopordza. N
A @) Sk
. , —

» Absolutni riziko osteoporozy vyvolané

gIUkOkortikOidy je Vyéél’ u paCienth ve Véku | ’ Osteoclasts . | | Osteoblasts ' Osteocytes
65 let nebo starSich vzhledem k jejich | R |yl | b Apoptosis

zakladnimu riziku zlomenin souvisejiciho s | L /
veékem, ackoli relativni riziko zlomenin y
souvisejici s uzivanim glukokortikoidu muze
byt jeSté vySSi u pacientu mladSich 65 let.

Increased bone resorptionI
(early, transient) ’

Decreased bone formation
(long-term)

Nature Reviews Rheumatology volume 6, pages82—-88 (2010)



Vitamin K a kosti

Vitamin K2 je podstatnym kofaktorem pro y-karboxylazu,
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 Glaprotein) a
osteokalcin.

Nekompletni y-karboxylace osteokalcinu a MGP vede k pri
nedostatku vitaminu K osteoporoze a zvysenému riziku
fraktur. Vitamin K, stimuluje syntézu osteoblastickych
markeru a depozici kosti.

Vitamin K, snizuje resorbci kosti inhibici tvorby osteoklastut
a jejich resorbcni aktivity.

LéCeni vitaminem K, indukuje apoptdozu osteoklast, ale
inhibuje apoptozu osteoblastl, coz vede ke zvysené tvorbé
kosti.

Vitamin K2 podporuje expresi osteocalcinu (zvysuje jeho
MRNA), coz je mozno dale modulovat podavanim 1a,25-
(OH),vitaminu D,.

Vascular endothelial cell,
VSMC, macrophage

Chondrocyte,
osteoclast

ALK1

Dp-ucMGP

X
 — SSC I Carboxylation of 5
v glutamic acids residues

Vitamin K

Glu

Gla
Dp-cMGP

Phosphorylation of 3 serine residues
(3, 6, 9 position)

Feutin-mineralization complex
(gla 2%, feuin-A 80%, calcium |< - BMP-2
and phosphorus ions 18%) s

Calcium and
\ phosphorus e

3 ions
. l
- Matrix
vesicle Phagocyte Osteocalcin

Vo' el

. Pathological
Epidemic focus of :
calcification Apé)gctj(;tuc «—— Osteoblast-like cell € VSMCs |[€==2  condition (eg:

long-term

ﬂ warfarin)

Blood vessel
calcification



Deficit vitaminu K

* Nedostatek vznika pri poruse resorpce tuku
ve strevech, jaternim selhani.

* Poruchy srazlivosti krve —nebezpeci u
kojencu, zivot ohrozujici krvaceni

(hemoragie).

* Ridnuti kosti —osteopordza —$patna
karboxylace osteokalcinu a snizena aktivita

osteoblastu.

e Za normalnich okolnosti nedochazi k
nedostatku, je v potrave hojné zastoupen.

Vitamin K
(e.g. menaquinones)

i N

Matrix GLA Protein Osteocalcin
ucMGP — cMGP ucOc — cOc
’ Calcium { | Calcium ﬂ
' Inhibition of vascular Promotion of bone
calcification mineralization

Dermato-endocrinology, 01 Jan 2014, 6(1):e968490



Multipotent
mesenchymal RUNX2

stem cell, @

PPARY

* MCSF — Osteoclast precursor
Qs:eodastogenk:
~ 7\ RANKL
Pre-osteoclast /

Monocyte or
macrophage

Qsteoggnic

* Catabolic to bone and muscle

* Pro-adipogenic

* Accrues peripheral and marrow
adiposity

* Releases TGFP and Ca®™

* Promotes abnormal glucose
metabolism or hyperglycaemia

* Pro-inflammatory

TGFB ‘ (T NOX4 and ROS)

Nature Reviews Endocrinology volume 15, pages339-355(2019)
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Poruchy kostni remodelace

Metabolické kostni onemocnéni:

* Osteodystrofie (zrychlena kostni remodelace)



Osteodystrofie

e Primarni
hyperparathyreoidismus je
nasledkem onemocnéni

VIV

pristitnych télisek, nejcastéji

adenomu.

* Priznaky: chronicka
hypekalcémie,
nefrokalcinoza,
osteodystrofie jako projev

excesivni kostni remodelace.

Blood Parathyroid Hormone (PTH) Level
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Chronic kidney disease
11

Osteodystrofie TR [ e

el ) e |
| e.g. Calcitriol
7 7 . . Mechanism ‘rici)::ralization | gfifvctz:e: )
* Sekundarni hyperparathyreoidismus— et T
obvykle u chronického onemocnéni seum | JAPCa @ m o
ledvin s tendenci k rozviji chronického ﬂ tPTH ﬂ
IedVinnéhO SEIha,nI, V dGSIEd kU [Osteomalacia] [Adynamic bne disease] [Osteoporosis}
neschopnosti ledvin resorbovat S
k I . _ ,I ’ d f. . k Disease : 7 .
alcium-renalni osteodystrofie jako oty
. . , , l hyperparathyroidism
projev excesivni kostni remodelace. l Jongtem)
A\ A ] ‘ “ J
* Jiné priciny-obvykle nutricni: deficit | S ]
kalcia a fosfatu ve stravé, nadbytek Radlogn (s | (St s
signs | (Looser's zones epperpot sku

Rugger jersey spine
(Adenomas (brown tumours))

fosfatu ve strave.

Renal osteodystrophy: Pathogenesis and
radiological features of renal bone disease. ALP, alkaline
phosphatase.



Renalni osteodystrofie

* Metabolické kostni onemocnéni jako komplikace chronického onemocnéni ledvin

* V progresivni stadii klesa glomerularni filtrace (GFR) -> exkrece kalcia a zadrzovani fosfatu

Mexkrece kalcia

/ (hypokalcemie)

M zadrzovani fosfatd

VGFR (hyperfosfatemie)

——  “sekrece PTH

Jéinek PTH:

Zvyseni resorpce kalcia
Zvyseni vylucovani fosfatu
Resorpce kosti

J kalcitriolu

-> mobilizace kalcia a fosfatu do
cirkulace




Poruchy kostni remodelace

Metabolické kostni onemocnéni:

* Krivice/osteomalacie (zpomalena kostni remodelace)



Osteomalacie a krivice

 Klasicky, nedostatek vitaminu D, nezbytny pro
vstrebavani vapniku, byl hlavni pricinou krivice u
ditete a osteomalacie u dospelych

» coz vede K inhibici nebo zpozdeni v mineralizace

rustove chrupavky nebo nove vytvoreného
kostniho kolagenu.




Deficit vitaminu D

* U deéti krivice-deformace dlouhych kosti v dusledku zvysené meékkosti
kosti.

* U dospélych osteomalacie.

* Geneticke defekty ve VDR (syndromy hereditarni resistence na vitamin D).
* V\azna onemocneni jater a ledvin.
* Nedostatecna expozice slunecnimu zareni.



Krivice z deficitu vitaminu D

* Nedostatek vitaminu D ve strave
e Nedostatecné vstrebavani vitaminu D v GIT

* Nedostatecna tvorba vitaminu D v kuzi



Deficit vitaminu D

e Sunscreeny (SPF vice nez 8) efektivnée 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.

* nevolnost, zvraceni, malatnost
* nadmerné vstrebavani kalcia, vysoké hladiny v cirkulaci



Priciny krivice/osteomalacie
* Nedostatek vapniku a/nebo fosfatu

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

» ZvySené ztraty vapniku a/nebo fosfatl v ledvinach

* Porucha procesu mineralizace



Osteomalacie a krivice - fosfaty

* Dusledek nizké hladiny fosfatu v séru a normalniho vapniku v séru.

* Dvé takové podminky jsou x-vazané hypofosfatové kfrivice /
osteomalacie a onkogenni osteomalacie.

* Pokud jsou pritomny, priznaky krivice a osteomalacie v nizkych
stavech fosfatu v séru jsou k nerozeznani od klasickych
hypokalcemickych stavu.



Krivice ze ztraty fosfatu

* Familiarni hypofosfatemicka krivice
o Ztraty fosfatu moci

* Vitamin D rezistentni rachitis — neodpovidaji na lecbu
vitaminem D

e X-vazana hypofosfatemicka krivice — mutace v PHEX vede k
hromadéni FGF23

Normal Tissues

 FGF-23

[ (PHEX)
R
Regulation of
FGF-23 Levels
Through Enzymatic
M Cleavage

FGF-23

Normal Circulating
FGF-23 Levels

Y

Y
P, Homeostasis

Y
Normal P, Level

Tumor-Induced
Osteomalacia

Overproduction
of FGF-23
and Other

Phosphatonins

Y
FGF-23

Y

Decreased Expression of
NaP,|lla Cotransporters

lnhibition'of Tubular
Reabsorption of P,

¥
Phosphaturia

Autosomal Dominant
Hypophosphatemic
Rickets

Mutation in
FGF-23 Gene

Resistance to
Enzymatic
Cleavage

- Increased Circulating

FGF-23 Levels

X-Linked
Hypophosphatemic
Rickets

Mutation in
PHEX Gene

\
FGF-23 | y

Impaired 'PHEX
Enzymatic
Cleavage
Y
FGF-23

) |

Down-Regulation of
Renal 1u-Hydroxylase

Y
Low to Normal

1, 25-(OH), Vitamin D

(No Compensatory Increase)

» Hypophosphatemia =

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

* AD hypofosfatemicka krivice — mutace v genu pro FGF23

* AR hypofosfatemicka krivice — mutace v genu pro DMP1
(nuklearni protein zubni a kostni tkane) — postizeni mineralizace
osteoidu, hromadeéni FGF23

* Tubulopatie s hyperfosfaturii
e Ziskané stavy
* Diuretika

 Hyperparathyreoza
e PTHrP



Onkogenni osteomalacie

» Onkogenni osteomalacie je paraneoplasticky syndrom, pri kterem
nador kosti nebo mekkych tkani nebo nadorova leze indukuje
hypofosfatemii (humoralni faktory narusujici fosfatovy
metabolismus) a nizke hladiny vitaminu D, které se pfi resekci
léze navrati do normalu.

* Fosfotonin — inhibuje reabsorbce fosfatl v proximalnich ledvinnych
tubulech

« FGF-23



Poruchy kostni remodelace

Metabolické kostni onemocnéni:

* Pagetova choroba



Pagetova choroba

e abnormalni kostni remodelace
e aktivni souhra mezi nadmernou resorpci kosti a abnormalni
novou tvorbou kosti (tvorba dezorganizované/neplnohodnotné
tkané)

e Patofyziologie zpUsobuje

e geneticka predispozice

e pomala virova infekce (intra-nuclear nucleocapsid-like structure)
®paramyxovirus
erespiratory syncytial virus

eEpidemiologie

* nejvyssi vyskyt v paté dekadé Zivota
e bézné u Kavkazské populace
* bez vazby na pohlavi
e umisténi
e monostotické nebo polyostotické
* mezi béZna mista patri stehenni femur > pelvis > tibie > lebka > pater

* Symptomy
* VeétSina asymptomaticka

* Lebka: deformita s zvétsenim, ztrata sluchu, zavraté

Laboratory findings
elevated serum ALP
elevated urinary collagen cross-links
elevated urinary hydroxyproline
(collagen breakdown marker)
sincreased urinary N-telopeptide,
alpha-C-telopeptide,
and deoxypyridinoline
*normal calcium levels

«  Patef a panev: bolest kosti, spindlni stendza, komprese nerv Nature Reviews Rheumatology volume 5, pages483-489(2009)

* Dlouhé kosti: deformity se zvySenym rizikem zlomenin




/anét kosti (osteomyelitida)

*plvod:
*hematogenni
*primeé sSireni z okoli (abscesy, otevrené fraktury)

Pribéh:
ezanét kostni drené -> sireni na povrch kosti ->
odtrzeni periostu (okostice) od kosti ->
porucha cévniho zasobeni kosti ->
nekrdoza kosti = kostni sekvestr
e event. protrzeni periostu -> provaleni hnisu na povrch (pistéle)
*Spatny prinik ATB, Casto prechod do chronicity -> sekundarni amyloiddza
*sireni
ezanét sousedniho kloubu
eporucha rustové chrupavky (malé déti) -> poruchy rustu

*TBC osteomyelitis
*nejcasteji obratle



Klouby
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Kloubni onemocneni

* nevratné zniceni chrupavky, slachy a kosti,
které tvori synovialni klouby

* revmatoidni artritidy (RA) a osteoartrozou
(OA)

e zatimco chrupavka se sklada z proteoglykanu
a kolagenu typu Il, slachy a kosti se skladaji
predevsim z kolagenu typu |

Arucular
carilage

Collateral
hoament

NMeniscus



Zanéty kloubu

(1) infekcni — pricina:

- trauma a nasledna infekce kloubu

» Staphylococcus aureus

« v souvislosti s osteomyelitidou v okoli
- hematogenni rozsev pri systémoveém

onemocnéeni
» kapavka, TBC

(2) sterilni — pricina:

- degenerativni

« z pretizeni a mikrotraumatizace
kloubu

- parainfekéni
» virova onemocneéni, borelioza
bakterialni (revmaticka horecka)
- metabolicka
« krystalické artropatie (dna,
chondroklacin6za)
« jiné (amyloidoza)
« autoimunni

« systémove nemoci pojiva (SLE, RA, ..

- spondylitidy (Bechtérev, Reiteriv
syndrom)
» doprovedné (psoniaza, Crohn, ...)

prubéh a komplikace
» bolest
- Sserozni vypotek

- hojeni granulacni tkani =>
znehybnéni (ankyloza) kloubu

Osteoarthritis

Rheumatoid
arthritis

Spondyloarthritis

Viral arthritis
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O =



Metabolické zanéty kloubu

®arthritis uratica (dna)

eukladani soli kyseliny mocove v kloubu a jeho okoli

(ulozeniny kyseliny = dnavé tofy)
eprudké bolesti postizeného
nohy, ale i jiné klouby)

epricina:

kloubu (bazalni kloub palce

primarni: metabolicka porucha (geneticka predispozice +

strava)

sekundarni: cytostaticka lécba (vznik kyseliny mocové z

rozpadlych nadorovych buné

®podrobnéji viz Poruchy metabo

k), poruchy ledvin...

izmu nukleotidU (puriny)
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E D
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Parainfekcni zanéty kloubu

® febris rheumatica (revmaticka horecka)

* je celkové zanétlivé autoimunitni onemocnéni postihuijici
pojivovou tk., ruznych organu hlavneé kloubu, srdce, cév a
nervoveho syst.

nejzavaznejsi je postizeni srdce - pricina vzniku chlopennich
vad

klinicky nejnapadnéjsi je postizeni kloubU arthritis
rheumatica (kloubni revmatismus)

°klasicka ataka RH se projevuje, jako prudka, stehujici se

polyartritida s priznaky horecnatého onemocnéni

muze postihnout také ledviny, periferni cévy, mozek

—vznika po nedolécené streptokokové anginé nebo spale (beta —

hemolyticky streptokok ze skupiny A)

e u precitlivélych jedincu vznikaji autoprotilatky proti vlastnim
tkani

MU T
E D

—




Revmatoidni artritida

Prevalence revmatoidni artritidy u vétsiny Kavkazskych populaci - 1% u dospélych
od 18 let a zvysuje se s vekem

e ve véku 65 let dosahuje 2% u muzu a 5% u Zen

Incidence vzrusta s vékem, vrcholi mezi 4. a 6. dekadou

Jak prevalence, tak incidence jsou u zZen 2-3krat vyssi nez u muzu

Monozygoticka dvojcata 13,5% vs. dvojcata dizygoticka 3,5%



Revmatoidni artritida

Revmatoidni artritida je autoimunitni
onemocneéni postihujici klouby, slachy a
kosti.

RF - Protilatka namirena proti Fc Casti
lgG/citrulinové peptidy

* VVede ke vzniku zdnétu a poskozeni/zniceni
téchto tkani

* Synovitida

Termin "artritida" se pouziva k oznaceni klinicky
patrného otoku meéekké tkaneé nebo tekutiny.
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Macrophage
—Dendritic cell

& — ‘ Osteoclast
# ————Fibroblast

i ]
Synovium I\\ p—
) S 1 \A — T cell
Neutrophil . D o @ ‘
P N : @ SO S Plasma cell
i AN ‘
/ ) . D Y © — B cell
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Klinicka prezentace RA

Zavazna RA

Casna RA Intermediarni RA

Latinis KM, et al. The Washington Manual™ Rheumatology
Subspecialty Consult. Philadelphia, Pa: Lippincott Williams
& Wilkins; 2004.



RA progrese

e Casny Panus

* @Granulace, zanét na
synovialni membrané,
napada kloub, zmeékcuje a
nici chrupavku




RA progrese

Pokrocily panus
Kloubni chrupavka mizi, kost
pod chrupavkou je znicena

Fibrozni ankyloza
Fibrozni pojivo nahrazuje
panus

Kostni ankyloza
Mozna kalcifikace tkani a
kloubil




Klouby u SLE (Systemovy lupus erythematodes)

e Témer vsichni pacienti se SLE trpi bolesti
nebo zanétem kloubu.

 Jakykoli kloub muze byt ovlivnén, ale
nejcastejsimi misty jsou ruce, zapesti a
kolena.
* Obvykle jsou postizeny stejné klouby po
obou stranach téla.

Cartilage

Bone

* Meéekké tkané kolem kloubu jsou casto
oteklé, ale v kloubu obvykle neni
nadbytecna tekutina.

 Mnoho pacientu s SLE popisuje bolest a
slabost svald.




Psoriaticka artritida

NI e

* Pricinou bolesti a otoku v nékterych kloubech
a koznich symptomu v nékterych oblastech
téla.

* Priznaky jsou:

* Asi 95% pacientu s psoriatickou artritidou
ma otoky v kloubech mimo pater

e Bolest a otok v jednom nebo vice kloubech

e Otok prstt rukou/prstl nohou, se
"salamovym" vzhledem.

* Erozivni zmény na kloubech.




Degenerativhi onemocnéni kloubu
Osteoartroza (Osteoarthritis)

* Je charakterizovana progresivni
ztratou chrupavky a reaktivnimi
zmenami na okraji kloubu a v

subchondralni kosti

* Onemocnheéni obvykle zacina ve 4.
dekadé

* Prevalence se s vékem zvysuje a
ohnemocnéni se u osob ve veku 65 let
a starsich stava , univerzalni”

* Primarné postihuje klouby nesouci
vahu, jako jsou kolena, kycle a
lumbrosakralni pater



Rizikové tfaktory pro osteoartrozu

* Biomechanika kloubu je diktovana anatomickymi a funkénimi faktory
* Anatomické faktory zahrnuji morfologii kloubu
e S ohledem na funkéni faktory, Spatna funkce kvadricepsu
* Sport
* Vek
* snizeni regeneracni kapacity a akumulace rizikovych faktoru

e Zraneni

 Obezita

e zatizeni nosnych kloubd,
e zvysena citlivost kloubu prostrednictvim zanétlivych adipokinu

e Genetika
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Chrupavka, subchondralni kosti a synovium pravdepodobné vsechny
hraji klicovou roli v patogenezi onemocnéni a muze byt pritomna
také souvislost se systémovym zanétem.



Synovium

* Synovitis je béznym rysem osteoartrozy, atoi u
casného onemocneéni. V progresi osteoartrozy
je pozorovana proliferace synoviocytu a vt |~ 3
tkariova hypertrofie se zvy$enou vaskularitou. :%"He:: |

* Synoviocyty syntetizuji lubrikanty, jako je
kyselina hyaluronova a lubricin.
e Ty prispivaji k optimalni funkci kloubu, ale vykazuji
snizenou lubrikacni kapacitu u osteoartrozy.

o SynOViOcyty, Stejné ja ko Chondrocyty a ;SlESLANCET,VOLUME386,ISSUE9991,P376-387,JULY25,
osteoblasty, také uvolnuji v pripadé aktivace
zanetlivé mediatory a degradacni enzymy.



Chrupavka

* Hlavni strukturni protein - kolagen typu Il, ktery poskytuje sit pro
stabilizaci pomoci kolagenu jinych typu a nekolagennich proteinu a

poskytuje chrupavce pevnost v tahu.

* Agrekan a dalsi proteoglykany jsou ukotveny v této siti a Cerpaji vodu do
chrupavky, coz poskytuje tlakovou odolnost.

* Architektura chrupavky a biochemické slozeni jsou prisné regulovany

chondrocyty v reakci na zmeény
* produkuji proteiny zanétlivé odpovedi, jako jsou cytokiny, v€etnée interleukinu 18,
interleukinu 6 a tumour necrosis factor (TNF) a, a enzymy degradujici matrix,
vcetné metaloproteinaz a a disintegrin and metalloproteinase with
thrombospondin-like motifs (ADAMTS).



Subchondralni kost

 Subchondralni kortikalni kost tvori rozhrani mezi kalcifikovanou
chrupavkou a trabekularni kosti.

* U osteoartrozy - vyrazné zmény od normalu jsou vidét ve strukture a
slozeni kortikalni i trabekularni kosti.

* Znamky enchondralni osifikace s vaskularni penetraci jsou u
osteoartrozy obnoven. Tento proces je doprovazen tvorbou osteofytu a
subchondralnich cyst.



Degenerativni onemocneéni kloubu - OA

U Casne fazi onemocnéni dochazi k BT E S
bolesti po namahani kloubu a s
ulevou po odpocinku

* S progresi nemoci dochazi k bolest L e ¢ catponemmns
« e ’ ’ 3. Thinning of cartibige
u minimalniho pohybu nebo
dokonce v klidu

* Nocni bolesti jsou obvykle
spojovany se zavaznym
onemochénim

Healthy knee joint Hypertrophy and spurring
of bone and erasion of cartilage

Image of the knee joint with
arthritis clearly present



Familial Acquired

Pre-junctional (peripheral ~ Pre-junctional:

neuropathies): - Motor neurone disease
Charcot-Marie-Tooth - Multiple sclerosis
Fredrich's ataxia »  Guillain-Barré syndrome

Spinal muscular atrophy ~ +  Peripheral neuropathies
e.g. diabetes mellitus

Junctional: Junctional:
Congenital myasthenia - Myasthenia gravis
gravis . Eaton-Lambert
SV a ‘ syndrome
y Post-junctional: Post-junctional:
Dystrophies: - Inflammatory
Duchenne myopathies
Becker's - Critical illness
. polyneuropathy and
Myotonias: myopathy
Myotonic
dystrophy
Myotonia
congenital

Hyper, hypokalaemic
periodic paralysis
Congenital myopathies
Metabolic/
mitochondrial disorders
Malignant
hyperthermia
susceptibility



Disease Models
& Mechanisms

Jennifer Morgan and Terence Partridge

Satellite cell differentiation

Skeletal muscle in health and disease

Skeletal muncle Nibres are multinucleated cells that are speciatined 1o perform muncle contraction, Growth and repair of mascle
fibres ocours by funion of precurir cells dertved from satefiite cells, Thewe, in normal uninjured muscte, e in a dormant state
betweon the plasepiemma of the muscle fitee and the overlying basement membrane, but a0 rapidly activated by injury of the
hest fidee and, 10 40me extont, nedrty bres, Adtely njured muiche ks efficlently ropained by this proceds but falls peogrotsively in
the context of Ihe repeatod chronke injury that characterizes muscular Systrophies such 235 Duchenne musular dystrophy.

A variety of environmental factons contridute to increasos (hypertrophy) or decreases in muscle sine (atrophy). Mypertrophy is
wpperted by mechanial exerciie and nutrition (particularly theough the intake of aming acidi, which nduce the mTOR pathway).
Conversely, atrophy f the comsequence of & lack of exerciie, inadequate mtrithon o 3 lods of Bormanal signals prometing muicle

fetention, & process that occurs with ncroasing age.
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Activation of satellite cells

Activation and differentiation of satelite cells occurs through regulation of their cell cycle, I resting adult musches, sateltite colls
are not actively dhviding (donmant or G, state), Howover, mitogenic tignals celeanad upon mencle injury can caue quiescent
tetine colls 80 re-enter the <ol Cycle and 12art 8o divide,
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Better models to study muscular dystrophies
are required. Although the mdx mouse s a

the long-term fallure that
OCCurs In Systrophic
muscle, and () for
neuromesciar diseases in
which there &5 myofitee
necrosss, such as (MO,

useful model for many purposes, it does not
adequately reproduce the limited muscle
regeneration or extensive fibrosis that occur in
DND patients.

using the regenerative
process to introduce
therapeutic agents

(0.3, wild-type coples of
genes mutated In patients)
inte the mucie.

The muitifactorial influences on skeletal
mascle regeneration in vive portray the
complexity of the system; this shoutd be borne
in mind when designing experiments and
analysing data.

Jennifer Morgan, and Terence Partridge Dis. Model. Mech.

2020;13:dmm042192
© 2020. Published by The Company of Biologists Ltd

Disease Models
& Mechanisms




Osteocyty a kosterni sval

* cross talk mezi kosti a svaly

* osteocyty indukuiji akceleraci
a inhibici myogeneze

e Osteokiny vyluCované osteoblasty (OB)
a osteocyty (jako je sklerostin,
osteokalcin, prostaglandin E2,
transformuijici rastovy faktor-f3 a
aktivator receptoru pro jaderny faktor-k
B ligand) ovlivnuji svalovy metabolismus

Sclerostin

 Myokiny vyluCované svalem zahrnuiji
interleukiny a myostatin. IL-6 reguluje
OB a osteocyty vazbou na IL-6 receptor
gp130. Myostatiny (jako je musclin,
irisin, inzulinu podobny rustovy faktor-1
a fibroblastovy rlstovy faktor 2) také
ovliviuji osteocyty, OB a osteoklasty.

Bone
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DUCHENNOVA SVALOVA DYSTROFIE

e X-linked recesivni porucha, nekdy také nazyvana pseudohypertroficka svalova dystrofie
e vyskyt ~1 na 5200 zivych muzu
* ve veku 5-6 let je svalova slabost zrejma svalovym testovanim

* svalova biopsie ukazuje svalova vlakna ruzné velikosti, stejné jako malé skupiny
nekrotickych a regeneracnich vlaken

* pojivova tkan a tuk nahrazuji ztracena svalova vlakna -> az uplné omezeni pohybu
kolem 12. roku zivota

* nebezpeci dilatacni kardiomyopatie

e zpusobené mutaci genu, ktery kdduje dystrofin



Dystrophin

Extracellular * a427-kDa protein localized to the inner surface
Merosi e l of the sarcolemma of the muscle fiber
S ome ”_ * dystrophin gene is >2000 kb in size and thus is

Bla7

! | one of the largest identified human genes
4 R N 4 e localized to the short arm of the X

Dystrophin '..;A‘:‘.."‘J Calpain sferlin complex
L @y e o chromosome at Xp21.
& Golgi
= ) * the most common gene mutation is a deletion
POMT1
racelit pOMGT * the size varies but does not correlate with

Fukutin

disease severity

Fukutin-related
protein

Source: D. L. Kasper, A. S. Fauci, S. L. Hauser, D. L. Longo, J. L. Jameson, J. Loscalzo: Harrison's Principles of Internal Medicine, 19th Edition.
www.accessmedicine.com
Copyright © McGraw-Hill Education. All rights reserved.



BECKER MUSCULAR DYSTROPHY

* méneé zavazna forma recesivni svalové dystrofie spojena s chromozomem X je
vysledkem alelickych defektu stejného genu zodpovédného za Duchennovu
dystrofii

* Genetické testovani odhalilo delece nebo duplikace genu dystrofinu u 65%
pacientu s Beckerovou dystrofii

* u~95% pacientu s Beckerovou dystrofii nejde o zménu cteciho ramce DNA.
Tyto mutace "in-frame" umoznuji produkci nékterych dystrofinu

* Beckerova svalova dystrofie je ~¥10krat méneée casta nez u Duchennovy
e proximalni svaly, zejména dolnich koncetin

* jak nemoc progreduje, slabost je vyraznejsi

* mentalni retardace se muze objevit i u Beckerova dystrofie, ale neni tak Casta
jako u Duchennovy



Proteiny spojené se svalovou dystrofii

he

T Exracelur * emerin a lamin A/C jsou slozky vnitrni
jaderné membrany. V sarkomere je
- zastoupeno nekolik proteinu

ystrophin

. ——

TR Vel © Nebuin Actin™\ spojenych s dystrofii, vcetne titinu,
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Nuclear
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Contractile proteins
in sarcomere

Lamin A/C

Source: D. L. Kasper, A. S. Fauci, S. L. Hauser, D. L. Longo, J. L. Jameson, J. Loscalzo: Hamson's Principles of Internal Medicine, 19th Edition.
www.accessmedicine.com

Copynght © McGraw-Hill Education. All rights reserved.



Table 2. Defects caused by the different muscular dystrophies

Where protein is
expressed in

Cellular phenotype of

Muscular dystrophy Gene Protein skeletal muscle disease Therapeutic targels

Duchenne and Becker OMD Dystrophin Myofibre Myofibre Dystrophin restoration by
muscular dystrophy sarcolemma; degeneration; gene therapy (Aguti
(DMD and BMD) satellite cells satellite cell etal., 2018) or exon

exhaustion; skipping (Cirak et al.,
impaired satellite 2011) in animal models
cell self-renewal and clinical trials

Laminin alpha-2 LAMAZ Laminin alpha-2 Extracellular Myofibre Expression of linker
deficiency (MDC1A) matrix degeneration; proteins (mini-agrin) in

impaired mice (Reinhard et al,

regeneration 2017); anti-apoptotic
agents (Meinen et al.,
2011) in mice

Collagen Vi-deficient COL6AT Collagen VI Extracellular Myofibre Reactivation of autophagy
congenital muscular COL6AZ matrix degeneration; in clinical trial
dystrophy (CMD) COLB6A3 defective (Castagnaro et al.,

autophagy; 2016); anti-apoptotic
impaired satellite agents in mice (Palma
cell seli-renewal et al., 2009)
Dystroglycanopathy POMTT Protein-O-mannosyl-transferase 1; Myofibre Impaired satellite cell  Restore glycosylation in
POMT2 protein-O-mannosyl-transferase 2; sarcolemma proliferation mice (Cataldi et al.,
FKTN fukutin; fukutin-related protein; like- 2018); FKRP gene
FKRP acetylglucosaminyltransferase; therapy in mice (Vannoy
LARGE O-linked mannose beta-1,2-N- etal., 2018)
POMGNTT acetyl-glucosaminyl-transferase;
1SPD isoprenoid synthase domain-
containing protein

SEPN1 (also known as SEPN1 Selenoprotein N Endoplasmic Reduced satellite cell  Antioxidants in vitro
SELENON)-related reticulum number; impaired (Arbogast et al., 2009)
myopathy muscle

regeneration
LMNA-related CMD LMNA Lamin A/C Muclear envelope  Skeletal muscle Trans-splicing gene
(L-CMD) atrophy: impaired therapy to reduce
satellite cell mutated transcript,
differentialion in vitro and mouse
maodel (Azibani et al.,
2018)

Emery-Dreifuss EMD Emerin Nuclear envelope  Impaired satellite cell  mTOR inhibitors (reviewed
muscular dystrophy proliferation in Chiarini et al., 2019)
(EDMD)

Sarcoglycanopathy SGCA Alpha-sarcoglycan; beta-sarcoglycan;  Myofibre Reduced salelite cell  Gene therapy to restore
LGMDZD SGCB gamma-sarcoglycan; delta- sarcolemma number beta-sarcoglycan in
LGMDZE SGCG sarcoglycan mice (Pozsgai et al.,
LGMD2C SGCD 2017); endoplasmic
LGMD2ZF reticulum quality control

in vitro (Soheili et al.,
2012)

Calpainopathy CAPN3 Calpain 3 Myofibrils; Impaired satellite cell  Genome editing in vitro
LGMD2A differentiating proliferation and (Selvaraj et al., 2019)

myoblasts differentiation

Dysferlinopathy DYSF Dysferlin Myofibre Impaired satellite cell  Exon skipping in mouse
LGMD2B sarcolemma differentiation model (Malcher et al.,

2018); membrane
stabilization in mouse
model (Sreetama et al.,
2018)

Facioscapulo-humeral DUX4 Double homeobox 4 Mucleus: hypo- Myoblast apoptosis Silencing DUX4 by gene

muscular dystrophy methylation of therapy to deliver
the D474 targeted microRNA in
region of mouse model (Wallace
chromosome 4 etal, 2018);
scapulothoracic
arthrodesis (Eren et al.,
2019)

Myotonic dystrophy DMPK Dystrophia myotonica protein kinase; Nucleus: Reduced satellite cell  DMPK mRNA knockdown
Type 1 CNBP CCHC-type zinc finger nucleic acid- expansion of number; impaired in vitro (Seow et al.,
Type 2 binding protein CTGin satellite cell 2012; reviewed in

untranslated proliferation; Overby et al., 2018);
region myoblast Mexiletine (Nguyen and
senescence Campbell, 2016);
adding muscleblind-like
protein 1 (reviewed in
Konieczny et al., 2017)

Oculopharyngeal PABPN1 Poly(A)-binding protein nuclear 1 Nucleus Impaired satellite cell  Myoblast transplantation
muscular dystrophy proliferation and clinical trial (Perié et al.,
(OPMD) differentiation; 2014); modulation of

increased number endoplasmic reticulum
of satellite cells in stress in a mouse model
affected muscles (Malerba et al., 2019);
knockdown of protein
in vitro (Abu-Baker et al.,
2019)

Carey-Fineman-Ziter MYMK/! Myomaker Cell membrane; Defect in myoblast None as yet
syndrome TMEMBC Golgi fusion

apparatus

Early-onset myopathy, MEGF10 Multiple epidermal growth factor-like Cell membrane Dysregulation of serotonin
areflexia, respiratory domains protein 10 myogenesis; reuptake inhibitors
distress and impaired satellite in vitro and in Drosophila
dysphagia cell proliferation, and zebrafish models
(EMARDD) self-renewal and (Saha et al., 2019)

quiescence

POGLUT1 muscular POGLUT1 Protein O-glucosyl-transferase 1 Endoplasmic Reduced satellite cell  None as yet
dystrophy reticulum number

X-linked myotubular MTM1 Myotubularin Cytoplasm Reduced satellite cell ~ Gene therapy to deliver
myopathy number short hairpin RNA to

knock down dynamin
2 in a mouse model
(Tasfaout et al., 2018)
PAX7-related myopathy ~ PAX7 Paired box 7 Satellite cell Satellite cell None as yet
nucleus exhaustion

Table 2. Defects caused by the different muscular dystrophies

Muscular dystrophy

Gene

Frotein

Where protein is
expressed in
skeletal muscle

Cellular phenotype of
disease

Therapeultic targets

Duchenne and Becker
muscular dystrophy
(DMD and BMD)

Laminin alpha-2
deficiency (MDC1A)

Collagen Vi-deficient
congenital muscular
dystrophy (CMD)

Dystroglycanopathy

DOMD

LAMAZ

COLGAT
COLE6AZ
COL6A3

POMT1
POMTZ
FKTN
FKRP
LARGE
POMGNT1
ISPD

Dystrophin

Laminin alpha-2

Collagen VI

Protein-O-mannosyl-transferase 1;
protein-O-mannosyl-transferase 2;
fukutin; fukutin-related protein; like-
acetylglucosaminyltransferase;
O-linked mannose beta-1,2-M-
acetyl-glucosaminyl-transferase;
isoprenoid synthase domain-
containing protein

Myofibre
sarcolemma;
satellite cells

Extracellular
matrix

Extracellular
matrix

Myofibre
sarcolemma

Myofibre
degeneration;
satellite cell
exhaustion:
impaired satellite
cell self-renewal

Myofibre
degenearation;
impaired
regeneration

Myofibre
degeneration;
defective
autophagy;
impaired satellite
cell self-renewal

Impaired satellite cell
proliferation

Dystrophin restoration by
gene therapy (Aguti
et al., 2018) or exon
skipping (Cirak et al.,
2011} in animal models
and clinical trials

Expression of linker
proteins (mini-agrin) in
mice (Reinhard et al.,
2017); anti-apoptotic
agents (Meinen et al.,
2011) in mice

Reactivation of autophagy
in clinical trial
(Castagnaro et al.,
2016); anti-apoptotic
agents in mice (Palma
et al., 2009)

Restore glycosylation in
mice (Cataldi et al.,
2018); FKRP gene
therapy in mice (Vannoy
et al., 2018)



Deékuji za pozornost

SORe KNee, HUH ?
HAVE YOU TRIED




