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A1919% 2. A7U8N17UAAI8INNARTN 3 JuuLaeentazaatenlal Carnitine

palmitoy! transferase Il (JH1919a70 Urtizberea JA LasANE A1N919819 Genes.

2023)
Lethal neonatal Severe infantile form Myopathic form in
lethal adulthood
onset Neonatal Infancy early childhood Early/late childhood
clinical Hypoglycemic Fasting induced hepatic Episodic
hyperammonemia failure, cardiomyopathy, rhabdomyolysis,
skeletal myopathy, muscle pain,
hypoketotic myoglobinuria, renal
hypoglycemia failure
Disease Dysplastic kidney - -
associated Cerebral
malformation
Precipitated - - Prolonged exercise or
fasting
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Direct phosphorylation

Coupled reaction of creatine
phosphate(CP) and ADP
Energy source: CP

@ @

Oxygen use: None
Products: 1 ATP per CP
Duration of energy provided: 15 sec

Anaerobic pathway

Glycolysis and lactic acid formation
Energy source: glucose

Glucase from glycogan breakdown or
delivered from blood

Y

Glycolysis in
cytosol
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[ lactic acid

Oxygen use: None
Products: 2 ATP per glucose, lactic acid
Duration of energy provided: 1 min

Aerobic pathway

Aerobic cellular respiration

Energy source: glucose, pyruvic acid; free
acids from adipose tissue; amino acids from
protein catabolism

Glucose from glycogen breakdown or
delivered from blood
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325 ATP
o2 H20 20N

Oxygen use: required
Products: 32 ATP per glucose, CO2, H20
Duration of energy provided: hours

5U9 2 neldwasnaeananillenuanndudusesfianssunienie (M

Betts JG et al: Anatomy and Physiology 2013)
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CoA, coenzyme A; ATP, adenosine triphosphate; AMP, adenosine
monophosphate; PPi, pyrophosphate; CPT, carnitine palmitoyl transferase; TCA,
tricarboxylic acid; CACT, carnitine-acylcarnitine translocase (AmauiUasgiann:

Castillo et al., 2023)
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m’l'a"Nﬁ 3 clinical red flag in lipid storage metabolic myopathy

PCD: primary carnitine deficiency; CPT II: carnitine palmitoyl transferase Il
deficiency; MADD: multiple; acyl-CoA dehydrogenase deficiency; NLSD: neutral
lipid storage disease; Lipin-1 Def: lipin 1 deficiency (lﬁlﬂﬁ‘wfﬂﬁﬂ Urtizberea JA

WATATLY A1N21941T Genes. 2023)

PCD CPT I MADD NLSD Lipin-1 Def
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Exercise intolerance J \/ \/ \/ \/
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cardiomyopathy v v
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Ha1nnnadlilaaaadiAmqungaiulsAnaNILeAINANNEALNFAYRY
WWLNUBATH BwazasAeAnuLeslswn Statin, Steroid, Antiretrovirals,
hydroxychloroquine, Alcohol, Immune checkpoint inhibitors LAL81N19A AL e

o

A a o 1 v dgl [ X A o
NEYALTNTAAITNIHANNAND mma‘ﬂa’mmmmmzmﬂiﬂ tardReNasdANAATY

o

o

wnlunisnadeuenlsm fatl
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® Statin induced myopathy mwulugz_gamq Nlsalszanmasanuasil
sedRsuilseniuen statin aziannisdamiesn unanuilonas
Futlszmnuenngu statin wazananun1aznaiiaaanals annnuls
1 . . . dl a dl o v
L1 atorvastatin, simvastatin @9 iuaiineNazane luledulan
(lipophilic statins) WnuLtiadumadnauLlaladne asazanlauanly
1% & ° P = [y o ' .

nanNLie M IFNANNIAEIN A NIHEBRULINNINNGNYN pravastatin LAY

oA H val . ; v
rosuvastatin Naza18luun LA (hydrophilic statins) 110 mlden

dé’ 7 = . o Y a . . .
ANIFATATU BINLIUNTIL statin NN 1ALAR immune mediated necrotizing
myopathy (IMNM) azf79aWL anti-HMG-CoA reductase antibody Lay
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® Steroid induced myopathy {n1snseFuLAIENaln AAANNIaATE
Tdsmulunanniile dudinisasallsin denasanasiilalnansa an
AUIULATANAULUULRINAHLLE type |l (fast-twitch) BINTTUEAS
¥ L a | ¥ ' ¥ &
nanNiledeuwsauTiodrusueealauwrunazan lddaananuiie
ATAs19NIENaNtieAaaz liaauunss (spare neck muscle) LHa1ann
nanuilamaldlunimesdalesAdsznaunanity slow-twitch fiber
d” BJa; Yo al o al 1 a a a o
(type 1) naziinu luarldnlasuainasas Mnauwingny 10 Raaninaed
a 1 % a 1 o 1 o e A 1 o I o
WeaRlE AUl AAFANUNINNGN 4 dUa9 vizaludag 2 dUaniuag
Tensatilalauaungandn 40-60 Haaniusadu’ llansan creatine
kinase WUSEALAYLNAYTAEITWANTRE 1INATIANINNENBINE1TD
NANLLE AENLANEUL type |l fiber atrophy wazlidnLigasaniay
® |mmune Checkpoint Inhibitors (ICI) 111 nivolumab, pembrolizumab
(anti-PD 1) atezolizumab (Anti-PDL 1) & ¥ ipilimumab (anti-CTLA-4)
nalnuaniinann anilanissugaues T cells (PD-1, CTLA-4) 1 l4iin
al a v o b d’j a 6 v o
n9gryiAs AN uIesRANTunaNile Jlalalainszdunisdniay
a . 1 5 < o Y dy
LNA cross reaction TEUAWLLARANSLINNULTAANATNNLUD, CD8+ T cell
o % d’lj v a o e o al 1
Nananauielagngg srazanininaniglu 4-12 duanviaasuld
7 v v dgj 1 a o v dall 1
ICI” 81NN9AZHIAENAINUDBAUBINRELNAL tAELBNIZNANTIDEIW
L% ] v 1 = v dgj
F ananuennistaami naannnllla unesanudnlainisnanuiie
o o ¥ dg/ 1o a U
Frladnigy waznansiiennglaluninmuiianinzssuumialaduman
paNsn e luninzliazwuen creatine kinase g4 LA 10,000 1U/L K&

ATIANIINLNBANENLRINAINLUE WLANBUZNA 1N UALUN AN
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(necrotizing myopathy) WazN CD8+ T cell 42 ANATNITARNAHLILS
Snunlaenisugaen uaratsoun aRsseasfaunge wnlinauaues
] = & Aa a a A dl 1
padAesans Wansua13eNyTuinayau wren1nasudianatann
atislafinnanasdasuaniungulsa paraneoplastic syndrome uae
primary inflammatory myopathy
TsAna1nLdaanauaINNIEUN)RAULAY 11 dermatomyositis %78
polymyositis 81N13NANNLHe 8 ULINAIUAYL WUFINALRWIY dermatomyositis 111
Heliotrope, Gottron’s papules WAZAINITUAAIAINATEZEU “|FINAE L1 WINAT
Uan ndnuiidarialadniay wuan creatine kinase 44 a9ngaananliiINA1NLLe
o [ v o . L aa % X
wuanuuzidlan Y inflammatory myositis nangnsine1ainnaniidany
inflammatory cell gzanluTaanaNUen2e LazdinsaadlsladiiuBNny anti-

Mi-2, anti-MDAS5 ius eainisaadlsaiiasldladunusiunisaanniaanie 1iza

NM1TAINIT

o

A15199 4 A1919a7laRadauanTsnreenIozndNladanisy (Fanlagann

Barohn RJ, Amato AA 2014)

s ANHUSLAUNWARLN NAMTIARULAYY
CPT Il deficiency Uaandnuiiie geuuseionsn CK genauianis

iaaiziduvaseaniay/anauig Acylcarnitine C16, C18:1

fusviRaseuatiindiiiesen g
LL?\T%’Jﬂ?WQ
McArdle disease thandaiatausnaadniseen CK ganasaanuas PYGM
(GSD V) ﬁﬁﬁ/ﬂmmmzﬁ%umﬂwﬁd (second  gene mutation, muscle
wind) biopsy: glycogen deposit
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VLCAD deficiency AAULIFIUALAN WLTAINL Acylcarnitine Hawng,

TsavilalazFu wun1aztinag ACAVDL mutation

a s

uAZA AN
Mitochondrial B0ULINE0N Aannsuanessuy Muscle biopsy: ragged red
myopathy BN 9] ANBN LU N WTaymuan fibers, mtDNA mutation
Statin induced a9 undsld Statin A2 aIN"TRTUHENE AL BNy
myopathy UAIaINUEA I (8nidu IMNM) ngx IMNM
Steroid induced aauLNnAuiadowsu nanaila  CK Univisetwantias,
myopathy AannRlaUnR muscle biopsy: type Il fiber

atrophy
ICl induced BOULTIRLUNAU 4-12 dilansd CK > 10,000 IU/L, muscle
o v o = £ td’l/ . .

myopathy naganlaen IC1 Shwulnanuiile biopsy: necrotizing, CD8+

melanaziinlasnigusin anany T cell a&zanlunanuiie

= 1 U
an13Uaemnvizanaanmn bl

Dermatomyositis or  881LINNANLEBdIUA NEuN CK g4, EMG: inflammatory
polymyositis AN LU Heliotrope, Gottron’s myositis, positive
papules 81ANUATNITUR R TELL autoantibody, muscle

, &4 o v & o . .
uRIRANen nauLiaala biopsy: inflammatory cell

ANLAL

nsAInsTIaNIenalisnng
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1 £ dsj v [~3 1 dl
wANduHedn 5y WulsaTRaUnRredluALUSRY TINLAMNEIN1TNINLITEN
1 v 1 v a o/, dl 1 aa o/ v 1
Fansng NedamsaniaiesiiRnisivedaeitiade Taun
) . & S = @
® Creatine kinase (CK): ingeliulutaeianis issidandnisuiaduang
.
NANNLTA
® Liver function test (LFT): Ineilanny AST singeaiundn ALT T9aziia

o

a v dy 1 dld
NFNANNENANLHBAANY NINNINALRNTYMN
. . al A ] 1 & & A
® Urinalysis: 81amsanuiiaan luilagnqzusas ldnuisagidniaanung
lunsnsasandasqanssal asuieladn n19e myoglobinuria a1n
rhabdomyolysis
® | actate LAY ammonia: TANAY TEUINUATUAINTRANNIAINY 114
da
nazlsanininfnesluinaaussadnny ammonia luiaangs
® Serum Acylcamnitine profile: N@AANTAINNIERAUNRTRINITLHNANEY
lasiuanaena wiw n1azarmeultsd CPT Il ise VLCAD
® Mitochondrial DNA testing: mmmmmmaﬁui"nm mitochondria
o . .
DNA 7iwu'lélu mitochondrial myopathy
® Whole exome sequencing: WiaasapuRalnfssautiu Tnalaniz

dl 1 1 dgl g’/ dg’ =3 s
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5U% 4 wunukunIdIRIIaLazatade lsandnuiiea nANIaLnALe U LR

gy (lEnwann Urtizberea JA LWAZATUY A1N913813 Genes. 2023)

sduvuuaznsulananIINuEnsTy

CPT Il gene agjuulastulaugn 1 p32.3, Single-gene sequencing A3IA1
mutation gl CPT II TaeIR39, mutation p.Ser113Leu ﬁ@ﬂﬁzgmslugmmu myopathic
form (Uszantu 60%) p.Lys414ThrfsTer7, p.Pro227Leu Wil neonatal lethal form o
nsutlanadniulsm faswy biallelic pathogenic variants® Aaf 2 AundsAnLN# Ty
= I~ o aa [ % = o 1 % %’ v Qdd‘ 1
211 CPT Il el UN1T9UAREY UANWLLENEN 1 ALULN A1AABANRATIRTIAILIGDU LT

deletion/duplication analysis ANANWUEIAS genotype LAZAINITUAAEIN AN

|
=

PAINUAIY U19T1N mutation LALIAULADINITFAIAU a1l Tadsausan 111
. . A o QI ¥ 1 < rQ/AdI
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A19199 5 n1sulanan1aiugnasunfazaeulas CPT Il (Aaudadain Wieser

T, GeneReviews® 2019)

NAMS29 wilana
Wi 2 pathogenic variants (biallelic) gudunnsinagy nnazanaewlad CPT Il
Wil 1 pathogenic variant unve vieenaazdednmnaLiy
laiwu mutation Tignunsodnlsaiield daeldannimag
ARLINTIH
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