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Diagnosis and Therapy of Limb Girdle Muscular Dystrophy

Hyung Jun Park, MD, Julie Jeong, MD, Young-Chul Choi, MD, PhD
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KEYWORDS The limb girdle muscular dystrophy (LGMD) is an inherited myopathy with characteristic feature of
Limb girdle muscular muscular weakness predominantly affecting shoulder and pelvic girdles. Since the 1990s its
dystrophy, classification has been completely revised because of the progress of molecular diagnosis and protein
Diagnosis, analysis. To diagnose a particular subtype of LGMD may be difficult and requires a comprehensive
Treatment appraoch due to wide clinical and genetic heterogeneity. To reach a precise diagnose, the following
steps generally are needed. The first step is to analyse the clinical presentation and serum creatine
kinase level. The second step is a protein analysis such as immunohistochemistry and Western
blotting in the muscle biopsy. The third step is a mutational analysis of defective protein to confirm the
final diagnosis. However, advances in molecular technologies make mutational analysis the golden
standard of LGMD diagnosis. Current treatment of LGMD remains palliative and supportive. However,
the uderstanding of novel pathogenic mechanisms wll suggest therpeutic approaches and future

clinical trials. This articel summarizes current diagnostic and therapeutic approcahes of LGMD.
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1. ZIEH HId 3, LGMD®] o}g& 514513 4= 9ltt. Table 12 342l
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Table 1. Clinicial characteristics of the limb girdle muscular dystrophies

el Locus Protein Typlca;I Progress Cardiomyopathy® — fegtures » Prevalence
form onset from history level
Autosomoal dominant
LGMD1A 531 Myotilin Adult Slow Not observed  Dysarthria (or nasal voice) 3-4X Common
Distal weakness mutation in all
Contracture of Achilles tendon populations
LGMD1B 1qg11-g21  Lamin A/C Any age Slow Often observed Contracture 1-6X Present
Cadiac disease worldwide
LGMD1C 3p25 Caveolin 3 Any age Slow/ Frequent Rippling muscle disease 10X Present
moderate worldwide at
low frequency
Autosomal recessive
LGMD2A 15q15.1 Calpain-3 1st-2nd decade Moderate/ Rarely observed Winged scapula 3-20X The Most
(2-40years) rapid Contracture of Achilles tendon common forms
worldwide
LGMD2B  2p13 Dysferlin 2nd-3rd decade  Slow Possible Difficulty standing on tiptoe 5-40X Present
(10-73 years) worldwide
LGMD2C 13912  y-sarcoglycan 1st-2nd decade Rapid Often severe,  Clinically may resemble 10-70X Present
LGMD2D  17g21  a-sarcoglycan  (3-20 years) rare in 2D DMD/BMD worldwide
LGMD2E  4q12  pB-sarcoglycan Winged scapula
LGMD2F 5033  ¢-sarcoglycan Hypertrophy of calves
LGMD2G 17912 Telethonin 2nd decade Slow Yes Distal weakness and wasting 10X Rarely in Brazil
may be present
LGMD2H 9g31-q34 TRIM32 2nd decade Slow Not observed  Possible mild facial weakness 5-15X Hutterite
populations of
Canadian
LGMD2I  19q13.3 FKRP 1st-2nd decade Moderate Yes Clinically may resemble 10-20X  Northern
(3-20 years) DMD/BMD European
LGMD2J 2qg31 Titin 1st decade Severe Not observed  History of distal weakness in  10-40X Only in Finland
heterozygotes
LGMD2K 9q34 POMT1 Birth-6 years Slow Not observed  Upper lim weakness may be 10-40X Few cases
worse than lower weakness
LGMD2L 11p13-p12 ANOS5 3rd decade Slow Not observed 1-15X  In Nothern
Europe
LGMD2M  9g31 Fukutin <1 yeat Moderate Sometimes Calf hypertrophy 10-70X Japan
LGMD2N 14924 POMT2 Early child Slow Rare 5-15X  Few cases
@Also indicates mild signs of cardiac involvement.
®Indicates the range of serum creatine kinase (CK) levels that is observed in about 80% of patients.
Abbreviation: DMD/BMD, Duchenne/Becker muscular dystrophy.
Korean Journal of Neuromuscular Disorders 2012 17



Korean Journal of Neuromuscular Disorders Vol, 4, 2012

EAvho e Ark 4 QA 154 RS olge Y Aol 9Jad Bsio] Wasith Welzgsisiae 2
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2 Q311 LGMD2A 2] ¢l thal el calpain 33} & &4
2. HOICIEHE M chal o] A4S BRRIsLY] flsiAl= flAE E5lo] Fasitt

AT g At WA TSN 3 QEKIZEA

§ DESEINE), 9SHTSY 5S T S At SRR 282N Y 5Kl Uiy
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Figure 1. lllustration of different capture methods. Light blue represent desired sequence (exon), red bars represent unwanted
sequence (intron). (A) Solid-phase hybridization. Bait probes (light blue and black) complementary to the desired sequence are
synthesized on a microarray. Fragmented genomic DNA is applied, and the desired fragments hybridize. The array is washed, and
desired fragments are eluted. (B) Liquid-phase hybridization. Bait probes (light blue and black) complementary to the desired
regions(exons) are synthesized, often using microarray technology. The probes are generally biotinylated (asterisk). The bait probes
are mixed with fragmented genomic DNA, and the desired fragments hybridize to baits in solution. Streptavidin beads (black circles) are
added to allow physical seperation. The bead-bait complexes are washed, and desired DNA is eluted. (C) Molecular Inversion Probes
(MIP). Single-stranded probes composed of a univeral linker backbone (black line) and arms complementary to the sequence flanking
desired regions (red and white) are synthesized, often using microarray or microfluidics technology. The probes are added to genomic
DNA and hybridize in an inverted manner. A polymerase (yellow oval) fills in the gap between the two arms. A ligase (yellow star) seals
the nick, resulting in a closed single-strand circle. Genomic DNA is digested with exonucleases, and the capture DNA is amplified using
sequences in the universal backbone. (D) Primer Extension Capture (PEC) Biotinylated primers (red and white) are added to
fragmented genomic DNA, where they hybridze to the deisred sequence. A polymerase (yellow oval) extends the primer, creating a
tighter interaction. Streptavidin beads (black circles) are added and are used to physically seperate the desired DNA from the unwanted
DNA. The desired DNA is then eluted. (Modified from Teer et al.)?
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HH(next generation sequencing, NGS)9] =92 oj2] A
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1) LGMD1A (myotillinopathy)

LGMDI1-2- 2% of| H]s[lA] EE0iA] A LGMDS] 10%0°]
3o]h. LGMDIA% myotilin 3414} ojAfo & W™
ARtA oz 18Aof|A] 354]2] A loflA] W= o] 9| Het
Ao FHoralrt sAlol WERAL, myotilin 55149
E¢Rol7F LGMD7}E opd 9l dso g WdE= 7
S gt Froloje} opde| o] 5 FF SHkETh
ol9lofl= AETA, TZ7IA, MUY T FHFol AU
7HIE lolA ofofl dhet=o)7} dasity €5 CKe 84
o7} SU) AE 4% itk 2REXYAAN TR}
desmin®} myotilinZ-2 LAl (myofibrillar protein) 2]
S48 PAT 4 Aok T olein £HEY sk
myotilin 9} o}u] 2} desmin, ZASP, af-crystallin, filamin C
9] £4F0 2 Q18F myofibrillar myopathy 2] 354191 A~ZAo|t}.

2) LGMD1B (laminopathy)

Lamin A/C §32e] EdARol2 <ls] AJ7Ic}. Lamin
A/C= LGMDL| o &= 153} Fogu, 12jofsl s Ho]
= AR A9 Emery-Dreifuss L3 AEZ 9] ]

ARl FARpol 7= sy LRt g wf g
gk ofue} X3Ysk= IS S A= 2517

ol F7F Hasith

Mg W or

i=h

3) LGMD1C (caveolinopathy)

Caveolin 3 G72A} o]AFS 11CKE Z(hyperCKemia)H-E
HEA LSH(rippling muscle disease), WHH =51
(distal myopathy), 9% -5 (proximal myopathy)7}A]
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4) LGMD2A (calpainopathy)
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5) LGMD2B (dysferlinopathy)
LGMD2B+= dysferlin +312}F9] A3to g 7= F WA
2 54} o}g oz MR LGMD2| 18%0] a5t} Dysferlin
L %3t 7}Abu|Z(gastrocnemius)S 21 0}{— Miyoshi 3
1915 AAo] 7= Shek. Teloksh 15354 Liet
o7} gout RAFS MCKPZL Taksto] tjop

wo] ¢
= 8

sheh ARFA o2 Z7)ofl= 5HA| 9] HE 50| HA| &4
A= HEHT o] ofgo &5h= 2= AT
F7F S Holle tE ol e FE sAsE E
Heg SxLdo] &gttt Huvt ok HA 47
F EF CKe 108 ojFom F7heeh S22 AN
BoAl22] o] oA T AdES SIshA] FoH,
THE2A AAS A5 ISHeR AN E BAeE F
FTUTk o]e} 2 5L el SR E FEH R
shelak 4= Qlie)”

6) LGMD2C—F (sarcoglycanopathy)

Sarcoglycan B3I S 0| %= o-, B-, &, V-, and S-sarcoglycan
9] &AFo & LpEldT) Sarcoglycan 2314 = dystrophini’h
31| dystrophin A3 B3 S o] 27| o) FAlY =
WAD 2gTaEznel SABIE ok AR
Ao r FAstal, I/ A (winged scapula)o] Z35}

= Ae Aolv} vtk opEylo] F4HS wHsho] e

ANYPE she 2ol Anbaolut Adel7]of EHste] WA
8] 2otz A= qlrk Foteluti(calf hypertrophy)
7b EtaL S AlRE A o 250 A
o] Eajrt. L oFate] Mo weba] TEKC] Aol
9 HEHSE Yehdth 8% CKe A4 10-7087¢
2| o] Z713t}. Sarcoglycan?] 3t o} o] A& A A

2 o]ojA]7] wizo e xA o Hox
2] }5} ¢ Al of] ﬂ% ofg o] Artglol EE sarcoglycan®)
Fe e meba] YERt ol o] &4
7‘4;(]'74/\}7} aEeh FH —1:'-1—‘3]

27k A4 V\ﬂt y-sarcoglycan 2] 5:/;1_10] ‘1337”1:]—_ E a}élq
7d-9-ol = LGMD2C (y-sarcoglycan)”} 23%, LGMD2D (a
-sarcoglycan)”} 40%, LGMD2E (B-sarcoglycan)”} 23%,
LGMD2F (3-sarcoglycan)o] 14%2] ¥l=2 W iEgjct™
At © 2 = L.GMD2D (o-sarcoglycanopathy)7} 713 &35}
ohal A ek

7) LGMD2G (telethoninopathy)

=43 A7 Zodiscol] EATH= telethonin®] o4
2 YEh= ofg oz 5ol nlofstal Hepdyt 5
=RloA =57 HaEar Qlry. dRbA oz 9~15A o I
AE A HH3] AYstoiA 407} FolAof Kol &
Zhseiey AES] e Skl €% CKe=rt
330871R] Z7behe AowE deA ot SR FHAL

244 HE 52 F3E(rimmed vacuole)®} telethonin®] Z
A

8) LGMD2H

TRIM32 &Az}e] &A4ro & el -l oa st
ool SEu} welof A AL =1 Aek 20T St 4
o] WrEElo] AAs] Wyl FECKEEE F4o i)
R A

9) LGMD2! and other types of LGMD caused by proteins
altering a—dystroglycan
LGMD2I= a-dystroglycan®] gylcosylation®]] T4g ¥l Fukutin
related protien (FKRP)9] £&4F0 2 UEhf= B84 &
3} ofgolh QAFA o T WAHF QT AEZT O} QA
& & sobrlo] Fafo] wrlslaL Fotele] v, Fhme)

250 YR Qg sEH), HREL B8 el
LGMD2I9]| A a-dystroglycan®| A =] X]= ¢ER|TE glyco-
sylation®] ZJofj7} R A XA a-dystroglycanthil @] HF3o] Thas
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=t} o)XY o-dystroglycan®] glycosylationS A A]7]=
o} 2 & POMTI-F21A} ool oJ3F LGMD2K, fukutin{-
AR} ool o3t LGMD2M, POMT25-%12} o] /ol &fgt
LGMD2N, POMGNTI-S- A} o]4Fo] €3 LGMD207} )
o} whebA dRtA o2 W2 Ao} AMY a-dystroglycan
o] 2] ¢r=rtH 7 &3 FKRPFAAE 2RIgh &
olfol glttd & fAAE ettt

10) LGMD2J(Titinopathy)

LGMD2J+= titin §-2+2] 533 = Ho|(homozygous
mutation) S Zt= Q] gt ZHAlof| A A& HalE|glct.
22 FAFe] o] P 7 &R o](heterozygous mutation)+=
AR IS o2 yepdoh 10t9} 30thAto]of] EjeF
S Elo] W= Xdsh E5 CKA|= 108] o] 4
%73ttt LGMD2Jof|A] calpain 37} H&o] Qt=| AL A5}
E= A$7F WolA titind} calpain 3AFo]of] XA 7E QL

2 o= Fydrk

11) LGMD2L (anoctaminopathy)

LGMD2L+= Z|toflof A2 A]7] A&tz o o= Zs
2 dAFEE FA 5= anoctamin 5 -FHA2] EARIO]
7h Rlo] Hrt. #EP o LR LYFRE Hol=
LGMD& 1} Miyoshi-5 27 Fole]dsoof38ls F2
soli= U93ge] gick 20tolA] SochAke]e] A RlelA
T2 40| vEhaL, A= Sdof A= Hlawd &3t of
o2 founder mutationo] Q= Aoz W Qrk?
dF CKgee 10vjoldo s F7gict

6. 5l

1) Case 1
15417 A& R 9] TEoksls AR 224 o217}

x200

Figure 2. Pathologic features of Case 2. (A) Prominent inflammatory cell infiltration and increased endomysial
fibrosis on H&E stain (x200). (B) A few necrotic (*) and regenerating muscle fibers (black square) on modified
Gomori trichrome stain (x200). (C) Dysferlin in a normal muscle specimen by immunohistochemistry (x200), (D)

Loss of dysferlin by immunohistochemistry (x200).
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2) Case 2

14X FE A2 sHA| 9] FYofsks 4= 304 &
A7F WHsHA: gAks A Y 9 7S o)Al
AT BAN7EA = 100 mEe]7]oA] 3 125U A=
TEsgo] Bsth AR E g7 HrolA F1F
A2 e F oy of 3] ob R UL 571 {AsiAl 40
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