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Svaly

—Srdeéni
— Kosterni-pricné pruhované
— Hladké (remodelace stény cév a dychacich cest uudrzuiji si

schopnost proliferace)
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Funkce kosterniho svalu

— Kosterni svalstvo je nejobvyklejsi orgdan lidského téla, zahrnujici 30-40% masy lidského
tela .

— K naplnéni zakladnich funkci svalstva, jako je pohyb, stabilizace postoje a dychani
potrebuje kosterni svalstvo extenzivni a kontinudini doddavku energie.

— Spoftreba kysliku ve svalech dosahuje béhem cviceni az 90% celkové télesné
spoftreby kysliku.

— Proto maji srdecni a kosterni sval maji zvysenou oxidativni kapacitu i vyssi obsah
mitochondridaini DNA ve srovnani s ostatnimi lidskymi tkanémi.

— Proto Ize ocekdvat excesivni produkci ROS béhem metabolismu svaloveé buriky.

— Svalovd tkdn slouzi spolecné s jatry jako velmi dilezitd tkdn regulujici metabolismus.
Proto potrebuje svalova tkan vykonnou regulacni masinerii, kterd zabranuje
bunécnému poskozeni.

— Svalovd tkdn obsahuje 50-75% viech télesnych proteinU a proto vyzaduje t&snou o
multimoddlni regulaci syntézy proteinU a adaptivni odpovéd na Spatné zavinuté
profeiny UCinné ve zdravi i pri poskozeni svalu.
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Structure of skeletal
muscle (From: Raven et al. ;
original in Sherwood)
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Tight binding in the rigor
state. The cross-bridge is
at a 45° angle relative to
the filaments.

on the myosin, Myosin then

\di:so:iatas Irom actin,

1 ATP binds o its binding site

At the end of tha The ATPase

power stroke, the activity of myosin
myosin head releases hydrolyzes the ATP.
ADP and resumes the ADP and P, remain

tightly bound rigor bound to myosin.

P e

The myosin head swings
over and binds weakly to
a new actin molecule.
The cross-bridge is now
at 907 relative 1o tha
filaments.

Release of P, initiates the
power stroke. The myosin
head rotates on its hinge,
pushing the actin filament
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Funkcni souvislosti kosterniho svalu

— Potrebné adaptace se projevuji zménami velikosti svalu, distribuce
svalovych vidken, rychlosti kontrakce, produkce sily, kapacity vydrze,
coz jsou vsechno vysledky adaptace na kontraktilni aktivitu.

— Tato plasticita muze zahrnovat krdtkodobé i dlouhodobé mechanismy,
coz vede ke zméndm v dostupnosti a aktivity proteinu. Tyto zmény jsou
fizeny aktivaci a represi specifickych intracelularnich signdlnich cest,
které ridi efektory metabolickych cest a tfranskripéné/translacné méni
geny odpovidajici na cviceni

— Tyto infraceluldrni signdlni mechanismy, které modifikuji funkci
kosternino svalstva v odpovédi na cviceni, jsou regulovany vykyvy v
homeostdze svalovych bunék a alteraci v tkanoveé perfizi, pO2, redox
stavu, dynamice (Ca?*)a obratu ATP.

—

FASEB J. 2018 Apr; 32(4): 1741-1777 |
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Funkcni souvislosti kosterniho svalu

— Obrat ATP se muze zvysit béhem cviceni vice nez 100x.

— Protoze se béhem cviceni zvysuje spotreba ATP, intraceluldrni AMP se zvysuje v
duUsledku akce adenyldt kindzy. To zvysuje pomér AMP/ATP v bunce a pomér
ADP/ATP, coz vede k aktivaci AMPK.

— Tato kindza je zrejmé centrdainim senzorem intraceluldrnino energetického stavu a
udrzuje energetické zasoby regulaci anabolickych a katabolickych cest, Cimz
udrzuje rovnovahu mezi potrebou a spotrebou energie

— Akutni farmakologickd aktivace AMPK vede v kosternim svalstvu k podpore
transportu glukdzy a oxidaci MK, zatimco syntetdza glykogenu je utlumena stejné
jako syntéza proteinu.

— Chronickd aktivace AMPK redukuje markery fragility skeletdalniho svalu a podporuje
oxidacni kapacitu svalovych vidken stimulaci mitochondridini biogenezy.

— Tyto procesy jsou iniciovdny fosforylaci klicovych metabolickych enzymu o
transkrip&nich faktord prostrednictvim AMPK.

—

FASEB J. 2018 Apr; 32(4): 1741-1777 |
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Sklatad muscie contraction

Conformational change
Thet72 7 Regulation of AMPK in skeletal muscle during contractile
activity. Exercise induces an energy imbalance in muscle,
which leads to a rise in intracellular AMP and ADP
concentrations. Binding of ADP and AMP at the Bateman
domains of the y subunit causes a conformational change
that activates AMPK by up to 10-fold via an allosteric
mechanism. This conformational change also triggers
Thr172 phosphorylation of the a catalytic subunit by the

Energy imbalance

'

PP1A upstream LKB1 and protects against dephosphorylation by
protein phosphatases, increasing the activity 100-fold.
R0 Together the allosteric effect and a-Thrl72 phosphorylation
PP2C lead to a >1000-fold activation. AMPK is also activated by
B a rise in the intracellular Ca?* concentration through o-
Thrl72 phosphorylation catalyzed by CaMKK}. After
P P exercise and energy repletion, AMPK is converted back to
i N ki ! an inactive form by dephosphorylation catalyzed by protein
i : . N Y A phosphatases (PPL1A, PP2A, and PP2C) and undergoes
. Enargy recavery * inhibition by glycogen via binding to the GBD of the f
k CamKKie
. !_ @ W CaMKKbeta-Ca2+/calmodulin dependent protein kinase kinase beta
Q‘E’P 2R GBD-g!ycoggn-binding domain (GBD)
LKB1-liver kinase B1
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Bunécny stres

— Je relevantni patogeneticky faktor mnoha onemocnéni.

— Svalové bunky jsou diky své primarni funkci prostrednictvim
kontraktility, metabolismu a syntézy proteinU vystaveny
stalym zméndm bunécné homeostdzy, které vyzaduji
oritomnost rychlych a koordinovanych adaptacnich
mechanismuU. U mnoha svalovych onemocnéni dochdzi k
deregulaci bunécné stresové odpovédi.

==
m e

Int J Mol Sci. 2020 Aug; 21(16): 5830.
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Celularni bunécna odpovéd

— Reakce bunék na externi i inferni zmény homeostdzy
porostrednictvim sladéné bunécné stresové odpovéedi je
klicovym aspektem bunécného preziti a udrzeni bunécné
integrity. V souladu s fimto predpokladem byla deregulace
bunécné stresové odpovéedi identifikovana jako relevantni
priznak v patogeneze cetnych lidskych onemocnéni.
Celularni stresova odpoved ma zdsadni roli v patogeneze
cetnych kardiovaskularnich, metabolickych a
neurodegenerativhich nemoci.

Int J Mol Sci. 2020 Aug; 21(16): 5830. MU
E
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Svalova tkan a oxidativni stres

— Je obecné akceptovdno, ze svalova tkan je ohrozena oxidativnim
stresem, protoze produkuje excesivni mnozstvi prooxidacnich faktoru.
Pro kontrakci je potrebnd vysokd energeticka spotreba. Za hlavni
zdroje ROS se povazuje oxidativni fosforylace a bunécné NAD(P)H-
oxiddazy. Pritom existuje pevné sepéeti mezi oxidativnim stresem a
stresem endoplasmatického retikula (ER).

— Zatimco slozité balancovany redox stav je nutny pro kvalitni ,,folding*
proteinU v ER, vlastni zavinovdni proteinu je asociovdno s vysokou
produkci ROS. Takze deregulace antioxidacniho systému nebo
zavinovani proteinU maji na sebe vzdjemné ziejmé velky vliv.

Int J Mol Sci. 2020 Aug; 21(16): 5830.
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19 S M SN Wy /"/_ K\g_\\ Oxidativni stres u Duchennovy muskularni
—— = &Y. dystrofie (DMD)
- Vzhledem k dysfunkci dystrophin-
‘ | @ = glykoproteinového komplexu dochazi ke
> g ztraté neuronalni NOS, ktera produkuje NO
gg | radikily vychytavajici ROS. V désledku toho
= accumulation of ROS _ dochazi k progresivni akumulaci ROS.
7 3:'%:'_ S & ﬁ%m ::L"::’:g&:‘:.‘::’%';‘:ﬂ: Chronicky zanét mize pouzit ROS cestou
\¥J i > T iy _— makrofagy indukovane ROS ovlivnéne
e “( “( a( celularni lyzy. To ma za nasledek aktivaci
Eos,m nékterych cest véetné ,,Nuclear factor-
o mﬁw | i erythroid 2-related factor 2 (Nrf2)-pathway* a
e e ,,NFxB-pathway*.
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consequence

primary pathogenic mechanism

1

cellular stress response

1

propagation of muscle disease
due to impaired/deregulated cellular stress response

General principles of stress
response-related pathogenesis
In muscular disorders

While there are some muscular
disorders that emerge from
defects in key factors or
mechanisms of the cellular
stress response (‘cause’), in
most muscle diseases, the
deregulation of cellular stress
response pathways arises as
result of another pathogenic
mechanism (‘consequence’).
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(4) altered membrane

composition

(6) misfolding
due to mutation

Schematic representation of relevant
sources and mechanisms of
endoplasmic reticulum (ER)-stress in
muscular disorders

A variety of conditions result in
the accumulation of misfolded
proteins. HSPAS dissociates from
PERK, inositol-requiring protein 1
(IRE1), and activating
transcription factor-6 (ATF6) In
order to bind to the misfolded
proteins, leading to the activation
of several downstream

pathways. ROS — Reactive Oxygen
Species.
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ER-stress u muskularnich dystrofii

Svalové dystrofie jsou fenotypicky i genotypicky heterogenni skupinou vrozenych

muskuldarnich nemoci, které maji podobné histopatologické rysy véetné
degenerace/nekrdzy, regenerace a fibrozy a vyssino obsahu fukove tkané ve svalech.
Pricinné genové mutace zahrnuji Siroké spekirum celularnich funkci, zahrnuijici proteiny
extracelularni matrix, Cleny dystrofin-glykoproteinového komplexu, proteiny jaderné
obdlky a proteiny mitochondridlni membrany.

Jako dalsi relevantni zdroj svalového poskozeni u cetnych muskularni dystrofii byl
identifikovdn ER-stress. Diskutuje se o akumulaci nezavinutych proteinU v dusledku
somatickych mutaci strukturdinich proteinU a narusené kapacité pro zavinuti proteinu

v dUsledku oxidativniho stresu a produkce ROS stejné jako o zméndch v kalciové
homeostaze.
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Dystrofinopatie

— Dystrofinopatie jsou prevaletnimi formami svalovych dystrofii.

— Duchennova muskularni dystrofie (DMD) je devastujici svalové onemocnéni, které vede k
rychlé progresi svaloveé slabosti az predcasné smrti .

— Kauzdini jsou mutace v genu pro dystrofin, komponenty dystrofin-glykoproteinového komplexu,
ktery upevnuje svalovou bunku do extracelularni matrix. To vede k disintegraci struktury svalu a
k redukci rezistence na mechanickou zatéz. Jako relevantni faktor se u dystrofinopatii zrejmé
uplatnuje také ER-stress a UPR (,,unfolded protein response”). Na stavu onemocnéni se zrejmé
podili faké nedokonald interakce mezi ER a mitochondriemi v€etné dysregulace kalciové
homeostdzy.

— Beckerova muskularni dystrofie (BMD) md obvykle leh&i pribén.

==
m e
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ER —stress u metabolickych myopatii

— Metabolické myopatie jsou heterogenni skupinou dédicnych
svalovych chorob, které vznikaji v dUsledku mutaci v klicovych
enzymech svalového metabolismu. Potencidlné poskozené
metabolické cesty zahrnuji glykolyzu, glykogenolyzu, transport
mastnych kyselin, oxidaci a produkci energie v mitochondriich.

— Prikladem je Glycogen storage disease type Il (Pompe disease),
autosomalné recesivni svalové onemocnéni charakterizované
abnormadlnim skladovdanim glykogenu v dusledku deficitu lysozomdini
kyselé alfa-glukoziddzy (GAA). Typickymi pfiznaky jsou progresivni
proximalni svalova slabost, postizeni myokardu a restrikéni poruchy
dychani.

=
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ER-Stress u myasthenia gravis

— Myasthenia gravis je ziskané autoimunni onemocnéni charakteristické
svalovou slabosti, kterd se zhorsuje pri pohybu.

— Primarni pricinou jsou autoprotilatky proti slozkam neuromuskularnino
spojeni (napr. protilatky proti acetylcholinovému receptoru,
autoprotilatky proti svalové specifickym kindzdm), které zpUsobuiji
podporu excitace a tak redukovanou svalovou kontrakci.

— Destrukce postsynaptické neuromuskularni junkce rizend
komplementem se povazuje za klicovy patogeneticky mechanismus u
myastenia gravis s pozitivnimi autoprotildtkami proti acetylcholinovému
receptoru, stres ER muze byt dalsim mechanismem zpusobujicim
svalovou slabost. ER-stress zrejmé podporuje endocytdzu

acetylcholinového receptoru a prispiva tak k progresi onemocnéniIVI

19 Prof. Anna Vaskd
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Nemoci kosterniho svalstva

— Syntéza a odbourdvani svalove sriruktury jsou dany siti regulacnich
cest vedoucich k regulaci transkripce.

— Dve zdkladni patologie: sarkopenie a kachexie.

— Zvy3end exprese genu (geny ubiquitin—proteasomového systému,
myostatin, faktory indukujici apoptozu),

— Down regulace jinych faktoru (insulin-like growth factor 1).

— Fyzickda aktivita a cviceni jako léCebnd opatreni velkého vyznamu.

==
m e
O =

20 Prof. Anna Vaskd

=



DEFINICE SARKOPENIE DLE EWGSOP

— ,oarcopenia is a progressive and generalised skeletal muscle
disorder that is associated with increased likelihood of
adverse outcomes including falls, fractures, physical disability

and mortality”.
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Kritéria pro diagnozu - operativni definice

2018

Probable sarcopenia is identified by Criterion 1.
Diagnosis is confirmed by additional documentation of Criterion 2.
If Criteria 1, 2 and 3 are all met, sarcopenia is considered severe.

1.Low muscle strength
2.Low muscle quantity or quality
3.Low physical performance

=
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Vyvoj sarkopenie — casovy prubéh

— Svalovd hmota a sila se v prObéhu zZivota méni — zvysuje se v
orubéhu ristu a vyvoje a béhem casné dospélosti, udrzuje
se ve strednim véku a klesd v prubéhu starnuti.
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Grip strength (kg)
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— Interestingly, there is a positive association between birth weight and
muscle strength, which is maintained across the life course.

— In the initial stages of sarcopenia development, an individual may be
above the threshold of low physical performance and is very likely to
be above the threshold of disability. While genetic and lifestyle factors
can hasten muscle weakening and progression toward functional
Impairment and disabllity, interventions including nutrition and exercise
fraining seem to slow or reverse these processes. Therefore, to prevent
or delay sarcopeniq, the aim is to maximise muscle in youth and young
adulthood, maintain muscle in middle age and minimise loss in older
age.
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Sarkopenie

— Sarkopenia je degenerativni kosterni svalové hmoty a sily
svalstva spojend s vekem.

— Itrata 5% svalové hmoty za 10 let od 4. dekady, s
potencidinim ndrdstem po 65. roku véku.

— Histologicky je sarkopenie charakterizovand poklesem poctu

a velikosti svalovych vidken.
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Sarkopenie

— Sarkopenie byla dlouho asociovana se starnutim a s vyssim vékem, ale ukdazalo se, ze
vznikd v casnéjsim véku. Sarkopenicky fenotyp mda mnoho prispivajicich pricin. Jde o
prevenci nebo odddleni vzniku sarkopenie.

— Povazuje se za nemoc svalt s malou svalovou silou spojenou zejména s malou
hmotou svalu.

— Prestoze je sarkopenie asociovdna s nizkou kvantitou i kvalitou svaly, tyto parametry
se v soucasne dobé spise zkoumaji nez pouzivaji v klinické praxi. Je totiz obtizné
presné merit svalovou masu a kvalitu svalu.

— Sarkopenie je prehlizena a podlécena v klinické praxi, zievné kvUli komplexité
diagnostiky. Neni zcela jasné, které parametry mérit a které z nich pouzit jako
nejpresvedcivejsi markery pro diagnostiku i ferapii.
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Primary and secondary sarcopenia

— In some individuals, sarcopenia is largely attributable to ageing; in many cases, other
causes can be identified. Thus, the categories of primary sarcopenia and secondary
sarcopenia may be useful in clinical practice.

— Sarcopenia is considered ‘primary’ (or age-related) when no other specific cause is
evident, while sarcopenia is considered ‘secondary’ when causal factors other than
(or in addition to) ageing are evident.

— Sarcopenia can occur secondary to a systemic disease, especially one that may
invoke inflammatory processes, e.g. malignancy or organ failure. Physical inactivity
also contributes to development of sarcopenia, whether due to a sedentary lifestyle
or to disease-related immobility or disability. Further, sarcopenia can develop as a
result of inadequate intake of energy or protein, which may be due to anorexia,
malabsorption, limited access to healthy foods or limited ability to eat.
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Aging

» Age-associated muscle loss

Disease

* Inflammatory conditions (e.g., organ failure,
malignancy)

* Osteoarthritis

* Neurological disorders

Inactivity

» Sedentary behavior (e.g., limited mobility
or bedrest)

* Physical inactivity

Malnutrition

* Under-nutrition or malabsorption
» Medication-related anorexia
» Over-nutrition/obesity
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Acute and chronic sarcopenia

— EWGSOP2 newly identifies subcategories of sarcopenia as acute and
chronic. Sarcopenia that has lasted less than 6 months is considered
an acute condition, while sarcopenia lasting 26 months is considered a
chronic condition. Acute sarcopenia is usually related to an acute
iliness or injury, while chronic sarcopenia is likely to be associated with
chronic and progressive conditions and increases the risk of mortality.
This distinction is intended to underscore the need to conduct periodic
sarcopenia assessments in individuals who may be aft risk for
sarcopenia in order to determine how quickly the condition is
developing or worsening. Such observations are expected to facilitate
early intervention with freatments that can help prevent or delay
sarcopenia progression and poor outcomes.

31 Prof. Anna Vaskd
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Sarkopenie a obezita

—Sarcopenic obesity is a condifion of reduced lean
body mass In the context of excess adiposity
Sarcopenic obesity iIs most often reported in older
people, as both risk and prevalence increase with
age

— Obesity exacerbates sarcopenia, increases the
iInfiltration of fat into muscle, lowers physical function
and increases risk of mortality
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Krehkost (frailty)

Kfehkost je multidimenziondlni geriatricky syndrom, ktery je

charakterizovan kumulativnim poklesem mnohocetnych

télesnych systému a funkci. Zvysuje vulnerabilitu vzhledem ke

Spatnym zdravotnim vystupUm, jako je neschopnost se o sebe

starat, nutnost hospitalizace, redukovand kvalita zivota a

dokonce smrt.

_ Fyzicky fenotyp krehkosti ma velky prinik se sarkopenii v
diagnostice i lECbé.

— Krehkost je syndrom a sarkopenie je nemoc.
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Malnutrition-associated sarcopenia

— The sarcopenia phenotype is also associated with malnutrition,
regardless of whether the malnourished condition is rooted in low
dietary intake (starvation, inability to eat), reduced nutrient
bioavailabllity (e.g. with diarrhea, vomiting) or high nutrient
requirements (e.g. with inflammatory diseases such as cancer or organ
failure with cachexia)

— Low muscle mass has recently been proposed as part of the definition
of malnutrition. Also in malnuftrition, low fat mass is usually present,
which is not necessarily the case in sarcopenia.
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Kachexie

— Kachexie je komplexni metabolicky syndrom spojeny se zakladnim
onemocnenim, charakterizovany ztratou svalové hmoty se zfratou o
nebo bez ziraty tukove tkane.

— Typicky se manifestuje u chronickych nemoci jako je rakovina,
COPD, chronicke srdecni selhdani, chronické selhani ledvin.

— Klinickym priznakem je zfrata hmotnosti u dospéelych, korigovand na
retenci vody nebo zastaveni rustu u déti (pfi vylouceni
endokrinopatii).

— Nedietni zirata alespon 5% hmotnosti (bez edému) béhem 12 nebo
méné poslednich mésicu.
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COPD Cancer :
CHF Ageing
others \ I / CKD I
Exercise

Etiologické faktory, které vedou ke kachexii nebo sarkopenii a ziraté svalové
hmoty
Cviceni jako intervence je schopno modifikovat tento pribéh.
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Ubytek svalové hmoty

— Nerovnovdha mezi katabolismem a anabolismem proteiny.

— Prinejmensim 4 velké proteolytické cesty (lysosomalni, Ca2+-
dependentni, caspase-dependentni a ubiquitin—proteasome-
dependentni) mohou byt alterovany u kachexie a sarkopenie.

— Autofagickd/lysosomalni cesta navic: ¢asti cytoplasmy o
bunécnych organel jsou sekvestrovdany do autofagosomu, které
ndasledné fuzuji s lysozomy —proteiny jsou rozlozeny.
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Kachexie

—Ubiquitin—proteasome-
dependentni (UPS) cesta je
systematicky akfivovana.

—V atrofujicich svalech pacientu
(hapr. u kachexie indukovanée
rakovinou) prokdzana up-
regulace degradacnich proteinu
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Sarkopenie a zanét

— Vy33i hladiny prozdnétlivych markeru jsou asociovany s poklesem
fyzickych schopnosti, moznd diky katabolickym efektum prozanétlivych
markeru ve svalu.

— INF-a - prokdzdna asociace s poklesem svalové masy a sily.

— Ztrata svalove hmoty pri zanetu nizkého stupné (low-grade
inflammation) je moznd dana zirdtou stimulace syntézy proteinu jidlem
(insulin€) prfi nezménéné proteinove degradaci.
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Kachexie a zanét

— TNF-q, interleukin-1 (IL-1), IL-6 a IFN-y se UCastni v indukci ztraty svalové
hmoty v prubéhu rakoviny.

— Akcelerovand proteolyza svalu béhem rustu maligniho tumoru je fizeno
aktivaci non-lysosomalni ATP-dependentni ubiquitin proteasomove
cesty.

— Prozdnétlivé cytokiny ovliviuji expresi funk&nich enzymu u srdecni
kachexie. TNF-q, IFN-y a IL1-B, jejichz hladiny byvaiji u kachektickych
pacientu zvyseny, jsou mocnymi aktivatory exprese iNOS. To vede k
produkci foxickych hladin NO schopnych inhibovat klicové enzymy
oxidativni fosforylace. NO je schopen in vitro snizit kontraktilitu
kosternich svalu.
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Sarkopenie a anabolické hormony

— Primarni pro ztratu svalové hmoty je je deficit anabolickych
hormonu v dusledku véku, coz je prostredi katabolické.

—E2 u zen

—Te u muzu

— dihydroepiandrosteron (DHEA) a rUstovy hormon u obou
oohlavi
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Kachexie a anabolické hormony

— Relativni nedostatek nebo rezistence na anabolické hormony

— AZ 50% muzu s metastatickym tumorem pred chemoterapii md nizké
koncentrace testosteronu. To muze vést k redukci kostni hutnosti,
svaloveé sily i sexudlni funkce.

— Hlavnimi prispévateli ke kachexii vedouci ke ztraté kosterniho
svalstva jsou nizké koncentrace testosteronu a dalsich anabolickych
hormono.
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Ruzné patofyziologické mechanismy vedouci k

nadorové kachexii (TNFa ?)
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Klicovy mechanismus

Anorexie

Malnutrice

Ztrata hmotnosti

Ztrata kosterniho svalstva, ztrdta
tfuku

Metabolické abnormality (C, T, B)

Glukoneogeneze, proteolyza,
lipolyza

Insulinova resistence

Degradace svalovych protein’ a
Ubytek svall

Systémovy zdnét

Reakce akutni faze

Hetal J et al., 2016
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Molekuldrné biologické efekty cviceni

— Anabolicke efekty cviCenijsou zrejme ovlivnény cytokiny, zejména IL-6.
IL-6 je uvolnovan pri svalove kontrakci zdravych i nemocnych. CviCeni
zrejme zvysuje i kapacitu enzymu, které vychytdvaji ROS.

— Zvysend svalova aktivita indukuje produkci PGC-1a (=peroxisome
proliferator-activated receptor gagmma coactivator 1-alphal), ktery ochranuje
kosterni sval pred atrofii tim, ze suprimuje akci FoxO3 a genovou
franskripci specifickou pro atrofi. Progresivni izotonicky trénink vede ke
zv;asseénke syntéze svalovych proteinU zvysenim fosforylace mTOR o
o/

— Cviceni u kachektickych a nekachektickych pacientu s COPD vede ke
zvysené tvorbeé IGF (insulin-like growth factor) a ke zvysené
koncentraci MyoD (protein regulujici diferenciaci svalu).
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Fig. 1 Outline of the two major mitochondrial signaling pathways. (A) Anterograde signaling is transmitted by activated nuclear
transcription factors and cytoplasmic proteins essential for mitochondrial biogenesis. (B) Retrograde signaling originates in dy...

Manti Guha , Narayan G. Avadhani

Mitochondrial retrograde signaling at the crossroads of tumor bioenergetics, genetics and epigenetics

Mitochondrion Volume 13, Issue 6 2013 577 - 591

http://dx.doi.org/10.1016/j.mit0.2013.08.007
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