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The Clinical and Genetic Characteristics of Three Korean Patients
with Glycogen Storage Disease Type V (McArdle Disease)

Sunghee Lee', Eungu Kang', Yoonmyung Kim', Beom Hee Lee'
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Department of Pediatrics!, Medical Genetics Center?, Asan Medical Center Children’s Hospital,
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Purpose: McArdle disease, glycogen storage disease type V (GSD V), is one of the most common
adolescent-onset glycogen storage diseases, It is caused by recessive mutations in PYGM encoding
myophosphorylase, which is critical to glycogen metabolism, Since only a few korean patients have
been reported, we will observe the clinical and genetic features of three korean patients with McArdle
disease,

Methods: We retrospectively reviewed the medical records of three patients with genetically confirmed
McArdle disease, including the results of forearm ischemic exercise test, electromyogram, nerve cond-
uction velocity, muscle biopsy, and PYGM analysis in peripheral leukocytes.

Results: All three cases were males and their age of symptom onset was 12, 5, 14 years old, respec-
tively. A high basal level of serum creatine kinase was noted in all three patients, They experienced the
recurrent episodes of rhabdomyolysis, but second wind phenomenon was not definite, In muscle biopsy,
subsarcolemmal space vacuoles including periodic acid schiff stained materials were found in two pati-
ents, while no evidence of glycogen storage disease was found in the other, A total of five different
mutations, p.Argb0*, p.Trp798Arg, p.Argb0*, p.Glu779del, p.Asp511Thrfs*28 and p.Phe710del, were
found in three patients, Avoidance of isometric exercise, aerobic exercise and glucose intake before
each exercise were recommended for all patients,

Conclusion: The three Korean patients with McArdle disease showed the typical manifestations of the
condition, The most mutations were private, Therefore, identification of more cases with long-term
follow-up will be required to understand the clinical and genetic features of this disease among Korean
population,
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g tAbgefdgte s, Al Ve 4524 (Glycogen
storage disease V). 2% oA gy,

L5 HE S| @A (muscle isoform of glycogen
phosphorylase) 715l FHolA glucose—1-
phosphate 28] A%ks wol Adgt oUA] 35
Ao 24, McArdle Wl 54421 % %7
et &5 A4 9 75, JEdesles st
714 g% Azela 7oA (creatine kinase) &%=
EO)1L &5 & 5 FeolRy|vetA €4S FA43)
Al F7FA171H, wlo] @ 227 %5 (myoglobinuria), U}
FA7A olo1d 4= QIrp,
HE A 11q139] $IX8k= PYGM -
Azte] oo g wAste] A A HH WAS
w=m? A7k 1509719 541 Ho)7h A 9l
th(http://databases.lovd.nl/shared/variants/PYGM).

olof & =2 d= 3ol WHE PYGM =94
Hol Bl QS-S HEoZA digils Aol i
McArdle Hell tigh Xk 9 X 5o tjst o]l & o]
I, shlelAl Yeh= PYGM E<1Riolo] tiste] 1
2R A} it

o
)

CHAM 3 H
1. 2K}

379 A= s 2484,
3] McArdle Ho.2 2
WHY 2011974 3202 Aldargion, A9+
At o HfEl AEohEd A9l
3] (International Review Board) 2] %1 &}ofl 28]
Atk Tl 2 o el B vk i,

e

2. PGYM XX} £91840| A (Mutational an-
alysis of the PGYM)1} Z=EIHE[SHX A
(histopathologic findings)

1) DNA % 49 PCR
DNAE Zxgdoq QIAmp DNA blood kit
(Qiagen, Hilden, Germany) & ©]£3] Genomic DNA

= B3t 3 207 primerE ©]8-3F PCRZ PYGM Y]
207) exon¥ intronic flanking &S F=3Z35F3

(Table 1).

2) DNA A &4
PCR A#£9] 2 (Y 54 Adoif) & g%
% AzAR A3 e wgl PCRof| AFH-¥ primer 9} Big
Dye Terminator V3.0 Cycle Sequencing Ready

reaction kit (Applied Biosystems, Foster city, CA,
USA) & ©]&3ll DNA 97119 483l 17199
%2 ABI 3130x1 Genetic Analyzer (Applied Bio-

systems) & AH-SF3ITE

1. 33 edvls

D SE 1

174 Az Soldgh gl F-EeAM 19 24 & |

Table 1. Sequences of Primers using PCR Reaction

Sense (5'-to—3")

Antisense (5’'—to—3")

Exon 1
Exon 2
Exon 3
Exon 4
Exon 5
Exon 6
Exon 7
Exon 8
Exon 9
Exon 10
Exon 11
Exon 12
Exon 13
Exon 14
Exon 15
Exon 16
Exon 17
Exon 18
Exon 19
Exon 20

ctggggagctccactectt
gaaacaaattggggacaggg
ctaccaggtgtgtgtggggt
taagaagacagggccgtgag
ccacctcagagctcectgacttat
acaaggacaagagcctgggt
gtgagttcatccactggtagece
acacccaccgcagctttag
ccacagcccagtcacagaac
agagggaccgtcctggaac
agagctctgggggtgtgg
agcaagacaccagggtaggg
gaaatggccccttetgtgtt
atcctcetggggctgactg
gttcgagtcaggectacggt
cccagctgagttgcaggata
gggccagcectaatctgagag
ggcatgggacttctcagett
tctaggtceccggcetgte
gttggcagggctttggtg

gccacttaagtcaagatcgec
caatttcctccagcetectee
atagcgaatcccgtagecat
gaccacctgtttcaggggc
acactgggtcctgcttecte
actgagggacaaaagtgggg
gatgcacaaggccagcaata
aactgaccctceccacactee
cctcaggctctgateectte
gactcccaggeccagact
agagtggtcggtgaagggc
aggagggatttcagecttca
cttcccaccacagactccag
aaaggagatgttggttgggc
ggctgtgacgagtctgatga
gcattgccectctccagatte
tggaccagtctttccagacg
tggctccaactaccaggacc
agaacttgccagaggtggct
ctccagtaccccaccctcetg

Primers were designed with primer3 cgi v.2.0 served
from Whitehead Institute (Untergasser A, Cutcutache I,
Koressaar T, Ye J, Faircloth BC, Remm M. Rosen SG.
Priemr3— New capabilities and interface. Nucleic Acid
Research 2012;40:e115.) using sequences from GenBank
accession number of NT_167190.1.
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Uz E45to] 10410 CE 1H Aol AE#HE &5
R = 2 WEo] Slglth 124178 &Es & wivt
oF Fuke gk AR 144, 154100 28 vk
ARl Al 1745 oA 5 F, 3 AY
HE Uehd A5 weke] eolgly] fe e 2F
T ZETES S AE 2HE FARE s
o AlRYEE A} A WA, 25915

oy} @, 7}E3F (gower sign), 713 Mt (pseudo-
hypertrophy), EFIZ-%717%¢% (percussion myotonia)
UL, 7, s A= A, ] (hepatosp-
lenomegaly) Stk A2 7] 509R-94= A5 10—
o5MB o=z AAlo] 9T}
Ank ol AL 2l Agsl AxF A3 ol
o}A] (creatine kinase) 4,193 IU/L (349 50—

el g Al ve FE52H 5 (McArdle W) #2459 438
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250 IU/L), mo]l 22 &R (myoglobin) 1,326 ng/mL

(47H$ <110 ng/mL), ¥EYo} 97 umol/L (%

H2 10-35 umol/L) 2 4% 27 B, idi7s

AL, dAS AL AHAAF D tjatol Y MEAAL B

5+ Aatolict.
ofel s 885

cise test) oA EEAIZ

2%, £7h A iis—w, LENL 12

FEUel 332 umol/L, 24t 2.5

0.9-1.7 mmol/L)E A5 i?ﬂ% E‘f\i‘ﬂr. +HAE

(electromyogram) %

Hak 74/\]'(forearm ischemic exer-

duction velocity) A3} =4 E“jé%(focal myopathy)
274 Ba, 257385249 (motor evoked po-

tential) Y= AFoIIcH(Table 2).

Table 2. Clinical Characteristics of Patients with McArdle Disease

Patient number Case 1 Case 2 Case 3
Age (at onset) 12 yr 5 yr 14 yr
Age (at diagnosis) 17 yr 16 yr 19 yr
Gender Male Male Male

Chief complaints Recurrent muscle cramps
and rhabdomyolysis with
muscle pain
Serum total 4,193 IU/L
creatine kinase
(normal range
50-250 IU/L)
Myoglobin 1,326 ng/mL
(normal range
<110 ng/mL)
Ammonia 97 umol/L
(normal range
10—35 umol/L)

Forearm ischemic Positive
exercise test
Focal myopathy

Focal myopathy

Electromyogram
Nerve conduction
velocity

Muscle biopsy Normal

(red fiber necrosis and
glycogen deposit in

Recurrent rhabdomyolysis

4,748 TU/L

Positive

Glycogen storage disease

Recurrent rhabdomyolysis

and muscle weakness

1,809 IU/L

- 155 ng/mL

- 34 umol/L

Positive

- Normal
- Normal

Glycogen storage disease
(vacuoles including PAS
stained materials)

subsarcolemmal space)

PYGM analysis exon 1, 20
c.[148C>T1;[2392T>C]

(p.[Argb0#]; [Trp798Arg])

exon 1, 19
c.[148C>T];[2337_2339del]
(p.[Arg50#]; [Glu779dell) (p.[Asp511Thrfs*28]; [Phe710del])

exon 13, 17
c.[1531dell;[2128_2130del]

Abbreviation: PAS,: periodic acid schiff stained.
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2) % 2
164 EAFE 5AIHE 2 5 e WEsARl &
S Sorto R Az shd &, Unk e 9l s}
St AAL A3}, Aeobd 7oAl 4,748 TU/L, okAvt=
HO|E ofn|i=xo] g4 54 [U/L (449 <40 U/
gapd ofniol A 55 UL (A <40
IU/L), oFfas|di-sFskaAr A3t Fdelqla, st
Staagi 43 dF JAkstas F55 0.1 nmol
of substrate utilized/min/mg protein® 2 /4H <]
33.3—89.3 nmol of substrate utilized/min/mg pro-
teinel] H]3) @AE] & FAZ AT (Table 2).

3 543

194 FolZ 144, 174 w] Z}z} 138 &% 3 4t
gt A9l FHETel el FEgEle At
I AF ol & FolZ 194wl Yd $H F A
A dAYsto] Alsish Ak Fof 1l Aslel Hal A} 3
glotel7IvobA 1,809 IU/L, who] 2224 155 ng/
mg O & A5l olo, thAbd el thate] fatty acid
oxidation defect®} FE&HHF 7 FJ& 29 52
(AHFH 16A17H ¥ A sl 744@4 Aot
okAl 1,086 TU/L, ¥4y}l 34 umol/L, A+ 1.7
mmol/L, 24+ 1.1 mg/dL (FAE$ 0.3-0.7
mg/dL), & AL 34, 29 AE 3+, &9 npole
=24 39 &4 gRleigity. EF opvAt 2 2 f
714k giateld A AR BT Adolqlth HEe-F
AL A EAIE 3w & GEYolE )4 32
umol/LelA] 3,533 umol/LZ Z71gl o, dAake 714
3.3 mmol/LelA 3.4 mmol/L, MFHALES 7| AFE
1.7 mg/dLell A 1.6 mg/dLZ 2 W3} 91, 24 %
W NAHAELEEAAL A MRI (magnetic reso-

A 253 A B eI

off
e
l-

nance imaging),
(Table 2).
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7R A o] Be] ghFATS AEE 5 93l

t}(Fig. 1, 2) (Table 2).

3. PGYM |TX} 24 A5t

Fig. 1. presence of vacuoles in myocytes. Hematoxylin
and eosin (H&E) staining of muscle biopsy of
case number 3.

P AN §
\ \tﬁ’\g\ \ AR

Fig. 2. Positive PAS stain suggesting accumulation of
glycogen. Periodic acid—Schiff (PAS) stain of
muscle biopsy of case number 3.
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207l exon Y exon—intron boundary @71 4<
Aot 8 12 CPT2 A3E 73] 98, &
oo A £2]3 DNAR CPT2 34+ BE exond}
exon—intron boundary @71AEE& Aste] CPT2
ZdHo| 5 HlAS 3 PYGM 9714 LS B3 4
7, exon 1, 20014 247t ¢.[148C>T];[2392T>C]
(p.[Argb0+]; [Trp798Arg]) olFHTAAT Ko, 7]
Z McArdle W9 8 B0l 2 427 p.Arg50+”
9} p. Trp798Arg” ©1B 3l 23 McArdle .o
2 At & Fd 28 exon 1, 19904 22} c.
[148C>T];[2337_2339del]l (p.[Arg50#];[Glu779
dell) WolE 2A]lslo] 7]Eo] Al p.Arg50+" o
p.Glu779del” o187 EA Eolo] 23 McArdle
Hele #lE 4 31%l3, S8l 32 exon 13, 17914
77k 71E BAFAY Ve FAWolZ ¢RI p.Asp
511Thrfs*28”, p.Phe710del” 7} €<l¥o] ¢.[1531
dell;[2128_2130del]l (p.[Asp511Thrfs*28];[Phe
710del]) Egolgx g Aol 93 McArdle
HoR e 4 AIrh(Table 2)°7.
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4. UAAT U x| =22} of|=(clinical outcome,
management, and prognosis)

38 B ol e FAR EUE EAY A
g ee MEY] %9,] EH SHA $E

A} fAR OEEEq

Aot o

Aok =l 1 = o 2t
& A iL-?]iL Tog Tadte] 71 /3ol s
TS AR o 3t 71 At whEh Al
b4 99kal, 3kA}= Vitamin B6, B12 5% 4 &%
A% stel] Ay} B otk S 2 A 7 73
FAEE AR sk, Ak 5 9 9 A
T 52 3HY 2% 89, &5 A G AHE d5st
o Ay FF FoR A 69 % FEIsdTel
o5t s HAGle] A Folvth T3S T
A TAY L5399 5 A FEAFAE AlSE 5
WO FA3E 7|17 9k, o A AR =& TEA &
T 5 JEeelT Bt FAXE W e o]g]
Eo] &4 glo] gld A¥ #F Folth(Table 2)

W (McArdle W) @459 frgs 8 944 54 21 -

& F=24 (glycogen storage
FAAHE8)] &4 (myophsophory -
lase) 9] A} FAA AW R 22 L] @551 ]
A &E 24 ARl gdlabsH (oA glucose—1—
phosphate © 29| #3f)) 7} #4] -2 Asfjw]o] el o]
S57} oAl TCA (tricarboxylic acid) cyclef)
A57F 5= acetyl CoA AAte] Aoz AlE U
FE G Ao Eddo] A7)E Aot

Phosphorylase, glycogen, muscle, Z2Fa}o]
PYGM S t1¥ +dAk(both copies of PYGM) &
AMA AN AL [L}au%lm’ HFEoido|= F49
A At T 2AAA A op|eh?,

o5 AE ol FEE olgst e 4
ATP ¥5< AsA71aL ADP, Pi 545 of7]sto

&Y Agfgl 2] ¥ %
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ah Aol VIIY, IXE, X3, X1 Fg=52re
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nomenon®| McArdle €] 541 S4o7]= skt
W, ARkt G R g wbe 0w v 9
Fo7FE frE A i AR vhE S glem, A
27 BuE $-2uUgt McArdle ¥ $Hx19] 7-9-0fA]
=, 204", 23A4)'9 6l Z42E AL AL Qo] Ak 8
N AXE T Y 2 287 AHE McArdle
e Avhighd oz wat #21='9 Amet second
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[1531delG];[2128_2130delTTC] (p.[Asp510fs];
[Phe710del] H3rol@ A Al Wolel 2%k McArdle
WL Agk w2 oz $="" E4249) second wind
phenomenons 2o, T#™ second wind pheno-
menon W@ F57F T2 a0 Shel elr} <lF
o] ME T FHEC] e T USS AASIGITh

MeArdie " A%k A7HA QP olehasd

SEFAAN, A, AFAESE, T8 287
5 gaAE FHste] Algslod, HTes
TR S8l 287 Slole gl o] 211 Qltk
PYGM #22 20719 exong E5 Adslo] Aleys}t
S, 54 T Awke] A T Beldo), o 5o

2 9xdow g

caucasian®] 3%, p.Argb0+ %=
Qlake] 418t kel o]2 31 it
A A AAZG R Rud PYGM EdHol:= &
1509702" (http://databases.lovd.ml/shared/ vari-
ants PYGM), ¥}2E<1Ho] (missense mutation) 7k
50.3%, AAo] (deletion mutation) 7} 17.7%, 52
n]E5<1¥ o] (nonsense mutation) 7} 12.9%, RNA spli-
cing Wol7} 10.9%, duplication ¥ missing start”}
A S 213, 20709) exon &, oFAlokl S A
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