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History of study on metabolic myopathy

YIN Jian, HOU Shi-fang, WANG Cui-di, GUO Hong, XU Xian-hao

- ff Bl A R -

A SO A AR BIF 1 8 P A J25 T 0 A0 UL 1) i ok A AT 17 . S B LR 5 Y

b o 90 F 42 5 4 5

Department of Neurology, Diagnostic and Therapeutic Center of Immunological and Muscular Disorders,

Beijing Hospital, Beying 100730, China

Corresponding author: XU Xian-hao (Email: xuxianhao99@aliyun.com)

[ Abstract]

from different classifications.

The developmental history of metabolic myopathy is reviewed both chronologically and

Searching the specific biomarkers of different metabolic myopathies, and

specific diagnostic and therapeutic measures targeting these specific biomarkers, are the main research foci

in future.
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GLUT4/1, glucose transporter 4/1, % % i 7% 32 1K 4/1; GS, glycogen synthase, # Ji &5 i ; BE, branching enzyme, 43 3 i} ;
PGM, phosphoglucomutase , 1 % 7 45§l 25 (. i ; GP, glycogen phosphorylase , i %5 § % 2 fk. 1 ; DE , debranching enzyme, i
T s HK , hexokinase , C B8 ; G6P, glucose-6-phosphate , i % W -6- 1 12 ; F6P , fructose-6-phosphate , R Wl -6- B 2 ; PFK,
phosphofructokinase , B 2 5 B # s F16bisP, fructose-1, 6-bisphosphate, -1, 6- 8§ ; LD, lactate dehydrogenase, %l
Fii I S 5 FFA-alb, free fatly acid-albumin, J# &5 5 Wi B2 - 4 2 4 FAT, fatty acid transporter, Ji Ui B2 §% 2 /K ; FABP, fauty
acid binding protein, Ji§ i BR 45 75 6 [1; FATP, fatty acid transport protein, A JJli i % 12 % 11 ; FACoA, fatty acyl-coenzyme A,
ARk IE R A s FABPeyt, FABPcytosine , BE N R 45 & 8 171 L W5 € s HSL, hormone sensitive lipase , ¥ 2 BB B 17 1§ ; IMCL,
intramyocellular lipid, JJLZH I N IG5 ; FAcarn , fatty acyl carnitine, JJ§ [ PA B ; CPT, carnitine palmitoyl transferase , P i, £ i
fik %% % W% ; TFP, mitochondrial trifunctional protein, £ i #4 = I §8 2 11 ; VLCAD, very long-chain acyl - coenzyme A
dehydrogenase , ti 1< £ fE 3% 6 i A 6 S0 ; FACAD, fatty acyl-coenzyme A dehydrogenase, g ik 3 4 g A It &0 ; ECH,
enoyl-coenzyme A hydratase , s [ 55 i i A 7K 5 T ; HAD, hydroxyacyl-coenzyme A dehydrogenase , 3 ik 5& 4 Tty A 100 &0 T 5
KT, ketothiolase, il B fi# ff ; TCA, tricarboxylic acid, = & B2 ; ETC, electron transport chain, i T & # % ; IMM, inner
mitochondrial membrane, Z& F7 & P Il ; OMM, outer mitochondrial membrane, £& ki /& b I ; BCOAD, branched chain 2-
oxoacid dehydrogenase , 2- 77 4 82 JIi &0 3 5%
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Figure 1 Schematic diagram of energy metabolism in skeletal muscle cells *
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Table 1. Causes of myalgia other than metabolic myopathy

(71

R 55% ~30% th B FH AL IR R
AT H s WL h 3% & F 3T 3% .
THRETEM, THEALALR. N

Differential diagnosis of metabolic myopathy

(1) Inflammatory myopathy (dermatomyositis, polymyositis, inclusion body myositis)

(2) Necrotizing, noninflammatory myopathies (paraneoplastic, anti-signal recognition

particle)
(3) Infection (viral)

(4) Toxin/drug-induced (ethanol, statins, cyclosporine, colchicine)

(5) Endocrinopathies (hypo/hyperthyroidism, hypo/hyperparathyroidism,

diabetes mellitus)
(6) Polymyalgia rheumatica
(7) Fibromyalgia
(8) Benign cramp-fasciculation syndrome

(9) Restless leg syndrome

(10) Muscular dystrophy (dystrophinopathy, limb girdle muscular dystrophy)
(11) Myotonic disorder (myotonic dystrophy type 2, myotonia congenita)

(12) Motor neuron disease (amyotrophic lateral sclerosis, spinal muscular atrophy)
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and the clinical manifestations were summarized.
proposed glycogen storage disease type V in 1951.

i 22955 P27 58 Pompe ( 32 5 M2 LR A BS 2235 45 2 WF50) T 1932 48 & BLp
JEIEC R A IR R LI B3 McArdle T 1951 48 % BUR IR U V 2

Figure 2  Glycogen storage disease was described in 1932 by Netherlandish
pathologist Pompe, who was mainly engaged in pediatrics and medical genetics,

Figure 3  McArdle first
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Table 2. Chromosomal assignment of human genes encoding
glycogenolytic and glycolytic enzymes '

i Genetic Chromosomal
nzyme . Reference
pattern location

Acid maltase AR 17q25.22q25.3 Engel and Hirschhorn
(GSD ) (1994)
Debranching enzyme AR 1p21 Yang-Feng, et al (1992)
(GSD I
Branching enzyme AR 3pl2 Thon, et al (1993)
(GSDIV)
Phosphorylase AR 11q13 Lebo, et al (1984)
(GSDV)

AR 14q21-q22 Newgard, et al (1986);

Billingsley, et al (1994)
AR 20p11.2-11.1  Newgard, et al (1988);
Rao, et al (1992)

Phosphofructokinase AR 12q13.3 Howard, et al (1996)
(GSDVI

AR 10p15.3-p15.2  Vora, et al (1983h)

AR 21¢22.3 Van Keuren, et al (1986)
Phosphorylase B XR Xql2—ql3  Francke, et al (1989)

kinase (GSDVII)

XR Xp22.2-p22.1  Davidson, et al (1992)

AR 16q12—q13  Francke, et al(1989)
AR Tpl2-q21 Jones, et al (1990)
Phosphoglycerate XR Xql3 Meera Khan, et al (1971)
kinase (GSDIX)
Phosphoglycerate AR Tpl13-p12.3  Edwards, et al (1989)
mutase (GSD X)
10q25.3 Junien, et al (1982)
Lactate dehydrogenase AR 11pl5.4 Boone, et al (1972);
(GSDXI) Scrable, et al (1990)
12p12.2-p12.1  Chen, et al (1973)
Aldolase A AR 16q22-q24, Kukita, et al (1987);
(GSDXID 16pll1.2 Amberger (2008)

G50, glycogen storage disease, B ERTFIH AR, autosomal recessive,
B AR RS XR X link recessive X ¥ Sl BRYE R AE
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ALyR B PAS %435 2 M R R, {2 R A BLE A
T RREARERLR, 2> L 8EFEERXBL2>HBEMK.
() FEFE®EARREVEGSDV A )« X8k B B
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Table 3. Genetic, laboratory and biochemical features of typical lipid storage myopathies '™

. Carnitine i e
Deficiency Gene (AhlroTo'somal Acyl-carnitine Ln‘lc.[ule Olrrs.lpeclflc Organic acid
ocation Total Free acyl-glycine
0CTN2 SLC22A5 5q33.1 Verylow  Low NR NR NR
TRANS SLC25A20 3p21.31 Low Very low Long-chain NR NR
CPT I CPT2 1p32 Low Very low Long-chain NR NR (severe+)
VLCAD/ ACADVL/ 17p11.2-p.11.1/  Low Low Long-chain NR Adjpic acid, suberic acid, sebacic acid
LCAD ACADL 2q34-q35
ACADY — — Normal/low Low Long-chain unsaturated and ~ Normal Unsaturated species,
saturated C18:1, C18:2 acetyl- 3-OH-adjpic acid, 3-OH-suberic acid,
carnitine 3-OH-sebacic acid
Trifunctional/  HADHB/ 2p23 Low Low Long-chain NR Adjpic acid, suberic acid, sebacic acid;
LCHAD HADHA 3-hydroxy intermediate
Dienoyl CoA  DECRI 8q21.3 Low Low Decadienoyl NR NR
reductase
MCAD ACADM 1p31 Low Low Octanoyl Suberyl, hexanoyl, Adjpic acid, suberic acid, sebacic acid
phenylpropyl
SCAD ACADS 12q22-qter Low Low Butyryl Butyryl Adjpic acid, suberic acid, sebacic acid;
ethylmalonic acid; methylsuccinic acid
SCHAD HADHSC 4q22-q26 Low Low NR NR Adjpic acid, suberic acid, sebacic acid;
3-hydroxy intermediate
ETF and ETFA/ETFB/  15q23-q25/ Low Low Octanoyl, glutaryl, butyryl, Suberyl, hexanoyl, Adjpic acid, suberic acid, sebacic acid;
ETF/Qo ETFDH 19q13.3/4q32.qter isovaleryl butyryl, isovaleryl glutaric acid; ethylmalonic acid
MAD ETFA/ETFDH —~— — Low Low All Tength NR NR
NLSDI ABHDS5 — Normal Normal  Normal NR NR
NLSDM PNPLA2 — Normal Normal ~ Normal NR NR

OCTN2, organic cation transporter 2, 4 HLFH & F %% i2 14 2; TRANS, carnitine acylcarnitine translocase , A i Bt & 1A 8 % {3 # ; CPT, carnitine
palmitoyl transferase , P B8 5 A [BE %% B2 i ; VLCAD, very long-chain acyl-coenzyme A dehydrogenase , M 1< 58 [t 56 55 i A I &0 ; LCAD, long-
chain acyl-coenzyme A dehydrogenase , £ 5% [k 3& 4 iF A i 200 ; ACADO, acyl-coenzyme A dehydrogenase 9, Tt 5 fili filf A L &0 9; LCHAD,
long-chain L-3-hydroxyacyl-coenzyme A dehydrogenase , 1 4if 3- % Bt S 4fi il A J %0/ ; MCAD , medium-chain acyl-coenzyme A dehydrogenase,
rb 4 Tk L S T A B2 SCAD, short-chain acyl-coenzyme A dehydrogenase , %5 5% Bt 5 4 B A Jii %0 ; SCHAD, short-chain L-3-hydroxyacyl-
coenzyme A dehydrogenase, £ 5% 3 - 5% [t £ 4l # A Jii & BF ; ETF, electron transfer flavoprotein, ML T % # # R & 1 ; Qo, coenzyme Q
oxidoreductase, ffi it Q & 1k i JL i ; MAD, multiple acyl-coenzyme A dehydrogenase, 2 Ff Tk 5L 4l i A Jiit &0 ; NLSDI, neutral lipid storage +
ichthyosis, "M g J5T A7 fif + 4 85 %6% ; NLSDM, neutral lipid storage + myopathy , 1 ¥4 & J A7 & + LA s —, not reported , K W AR IE . NR, no
case yet reported, i1 LA T B4 IE . The same as Table 4

R4 SR U WU 9 15 PR 2 B AL A 9 I 27 5
Table 4. Clinical and pathological features of typical lipid storage myopathies "

e Tissue involved Sudden infant  Hypoketotic ~ Reye-like ~ Muscle histology

death syndrome hypoglycemia  syndrome (lipid)
OCTN2 Heart, muscle NR + + +++ Type 1
TRANS Heart, muscle, (myoglobinuria) + + + —
CPT II Heart, muscle, myoglobinuria, liver NR (severe+) NR (severe+) NR (severe+) +/-
VLCAD/LCAD Heart, muscle, myoglobinuria, liver + + + +/-
ACAD9 Brain, heart, liver, muscle, myoglobinuria NR + + NR
Trifunctional/ Heart, muscle, myoglobinuria, liver, neuropathy, + + + +/-
LCHAD pancrealitis, retinopathy
Dienoyl CoA reductase Muscle, dysmorphic features, brain, (heart) NR NR NR NR
MCAD (Myoglobinuria) 1 + + +/-
SCAD Muscle, brain, dysmorphic features, heart, ophthalmoplegia + - NR —
SCHAD Heart, muscle, myoglobinuria, liver + + NR —
ETF and ETF/Qo Muscle, heart, kidney, brain, dysmorphic features + +/- NR —
MAD Muscle, fixed weakness, CoQ10 deficiency, vomiting NR NR NR + Type 1
NLSDI Fixed weakness, muscle, heart NR NR NR +++ Type 1,2

NLSDM Muscle, heart NR NR NR +++ Type 1, 2
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Hr 3% 3zt BR & 3A 3R (—)

JEWRPTE  carcinoembryonic antigen(CEA)
MRS ETEIE  excessive daytime sleepiness(EDS)
Rosai-Dorfman#§  Rosai-Dorfman disease( RDD)
BB EN
W FL 3l Y R A A R

mammalian target of rapamycin(mTOR)
e
AP LT superoxide dismutase(SOD)
WA & tidal volume(TV)

WAL LU BRI 5 1 25 4
dentatorubral-pallidoluysian atrophy(DRPLA)

B Z A single nucleotide polymorphism(SNP)
B-TEMEEE M amyloid-B protein(AR)
B-TE A R HT M
EH R I A 2 B A BT DT -1
B-site amyloid precursor protein cleaving enzyme 1
(BACE-1)
Bk MM FE  arterial oxygen saturation(Sa0.)
SNk S arterial partial pressure of oxygen(Pa0,)
55 %3 RNA  short hairpin RNA(shRNA)
Z B R ENLEK T BERT dopa-responsive dystonia(DRD)
ZRB AWM polyglutamine(PolyQ)
ZRINELEAAE  polycystic ovary syndrome(PCOS)
AR K partial pressure of carbon dioxide(PaCO)
ZR-EAMIKRS  ubiquitin-proteasome system(UPS)
JEiZ EEIR non-motor symptoms(NMS)
k12 g AE AR 1) 4
Non-Motor Symptoms Questionnaire( NMSQuest)
Jits ok A
SFAEBN R AW chaperone-mediated autophagy(CMA)
MK Gomori =% modified Gomori trichrome(MGT)
B 505 8 1O R 1R T

calcium/calmodulin-dependent protein kinase Il (CaMK1I)
RNA T4 RNA interference(RNAi)

vimentin(Vim)

long-term potentiation( LTP)

amyloid B-protein precursor( APP)

total lung capacity(TLC)

<IN Al

SR A hepatolenticular degeneration( HLD)
[Wilson % Wilson’s disease( WD) ]
FLER-25 K periodic acid-Schiff(PAS)
FIEBREBEEI 1 high-mobility group box 1(HMGB1)
e 5P 4 St

National Science and Technology Library(NSTL)
W R4 JE f 3% Hamilton Anxiety Rating Scale(HAMA)
DU R IR k%

Hamilton Depression Rating Scale(HAMD)
BATm YIRS nucleotide excision repair(NER)
BN MIA  intranuclear inclusions(INIs)
BEHMR I A succinodehydrogenase(SDH)
HA 5 Clock Drawing Test(CDT)
WLZE % M R L E  amyotrophic lateral sclerosis(ALS)
W4 % BTAR  fibromuscular dysplasia( FMD)
WIEFEARAE  muscular dystrophy(MD)
HHE/MK LTI spinocerebellar ataxia(SCA)
BHEVENIZESRIE  spinal muscular atrophy(SMA)
N-FE-D- KL %L  N-methyl-D-aspartate(NMDA)
] 2 8 AR S A A kR

Mini-Mental State Examination( MMSE )
A& SN B 9 ) ot

cross-reactive immunological material(CRIM)
Beck fEJE 3R  Beck Anxiety Inventory(BAT)
T K R L A5

jugular bulb venous oxygen saturation(Sjv0.)
JR BN  regional cerebral oxygen saturation(rScO.)
A Tl 51 S - PR P e B I 2 25

polymerase chain reaction-restriction fragment length
polymorphism(PCR-RFLP)

PP anti-nuclear antibody(ANA)

PUMEE DNA HL A
anti-double stranded DNA antibody(dsDNA)

POLBENE PR  anti-cardiolipin antibody(ACA)



