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Fig. 1 Muscle pathology of Danon disease and X-linked congenital AVM.
A. Tiny vacuoles in Danon disease look more like basophilic granules rather than vacuoles (hematox-
ylin and eosin).
B. Vacuolar membranes express acetylcholinestrase in Danon disease, showing the nature of AVSF
(acetylcholiesterase stain).

C. AVSF can also be seen in X-linked congenital AVM (acetylcholinesterase stain)
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TWE I EPHERINDY. BHMIZD I 602, HE
BEaHLTBY, HEEOHEHEALTWS I EPMHRTE
5. bhbhii, ZomsEonE %4 L AChE 2833 5%
HUO &A% % AVSF (autophagic vacuoles with sarcolem-
mal features) & & fHiF72027,

—75, Danon JRDOBHHAMENICIE, FEREZAFLTWARWVWH
CHEZRLALDOLNG. F4 V- LAREHED—D
LIMP-1 & ¥ EAE VA br 74 Y O HuE Mm%
BIhoTHZE, LIMPIBMOS A VY —2bswidHE
EEZERPEVA IO 74 Y THIEINTWEID (Thbb
AVSF) (2 FNT0BWnboo 2HHbH 52 Lsbho
7z, INEBEERELBELTY I 72V TAD & KGR
W, TR E & D ITBEINT B DI L, B IR
EEBITHA L7z Lard, ZORMIERIC» 2D S FIRIT
FMUCTHholz. 2O L, HEETHrIEFR TV RVATHE
FERIAATT AARENLEATH Y, HERORIEZ D
B TRMICEKR SN S 2 E R B ORBL TV,

o) EHEET

Danon %2 X #HEEHED S 4 V' — 29FTH D, Mk & 22
FARED NN S h O RE B E AL I Lh D, ZOREE
T STz Danon R ROMEZ SR L ) 40,
X et fRICTER L7z BT 2 B 2 % o 72 ORGSR, Al

WHNICEEFERD Y, 54V — 2 BEEHY lysosome-
associated membrane protein2 (LAMP-2) # 2 — K94 %
LAMP-2 %, Danon % D EH % i #E T L % 2, LAMP-2
HEFDOI I A%2BI ko7, FORE, Danon 5O
WADIEFHETICH S 1Bl E S GEFIOBBETEREZ A
WL, BRI, —BlEReT, &flnull 20370 —
L7 MERTHY, BRKRTIIEES N 24 vokbh
T2, 2F ), BRARIHIERPFEEAL LTHELZ 2V

EWlh, TIAY Y - Ty b B LB GERM T
X, Lo~R&TLAMP2 EAMNHELE L TWRY, —J,
R E SN LAMP2 /v 777 b= A THEKE
WCEHHGR O Z S OISR CHCEEZ R HBE L2 &
725, Danon 5135 Fs 1 LAMP-2 RIBRETH 5 Z EDHEE L
f:n).

d) LAMP-2 O¥ERE & ek

LAMP2 %, 54 VYV — LA BOFELBEEHETH 5.
BREDDTELVI D, ZoFEOKREOMAAKTH S
LAMP-1 £ £ 312, 94 VYV —AREZIFTHAITHORL L,
FTAV—LEBIOHILEZ T4V ) — L ERNOL R
LBEZEP L TFoTwB EEZLNTWEY, L, —AT
CDFUNRTEIZTA V= LT TR NI b SRS
HLTBY, ZOEWENLZBEWRIIAYTH %55, B EEM
fa7Zz &R 4 %IRRT, MREFHTORBIIER TW5.

LAMP-2 1%, 94V VYV —2Ex 1 ME@ETLEEAT, N
W T I BREREORK 0 N—k Y FATA VY — ARENIC
AL, MU BEBHiZZ T TWAE. SOFRAL VI2iF, VA
TAVEREMOY AN T 4 FREGICLYVEEINE 400
V=TT D, MBVE R AL 3 E L, Clo 11 583
DARTHREIN, FAVV—LBIFYIFLVEEZLNLF
Oy VBRESFIELTW5R,

LAMP2 +—7> - Y—F4 7 - 7L —2Aai, 1233 X%
LAF P64 0, 4107 I /8% a2— K45, mRNA I3,
IO v HATIA v TSNS, I
2RIV VIA, 9B, IC O 3FEHEH Y, F—VF R A



HOAAZIRME I 4/ F — OB & inH kR 50:3

Wild Non-treated DMRV
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Fig. 2 Muscle pathology of DMRV model mice with or without sialic acid supplementation.

Without sialic acid treatment, DMRV mice show numerous rimmed vacuoles, in addition to marked

variation in fiber size, at age 55 weeks. These features are essentially identical to those seen in hu-
man DRMV/HIBM patients. In contrast, with sialic acid treatment, DMRV mice show virtually no ab-
normality, clearly demonstrating that sialic acid can preclude DRMV/HIBM. ManNAc and sialyllac-
tose also showed essentially the same efficacy. Modified Gomori trichrome stain. Gastrocnemius

muscles.
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Abstract

Eludication of pathomechanism of and development of therapy for autophagic vacuolar myopathies

Ichizo Nishino, M.D.
Department of Neuromuscular Research, National Institute of Neuroscience,
National Center of Neurology and Psychiatry (NCNP)

Autophagic vacuolar myopathy (AVM) is an entity defined by the presence of autophagic vacuoles on muscle
pathology. There are two emerging categories in AVM in addition to the best characterized Pompe disease.

One is Danon disease and its related disorders, which are characterized by autophagic vacuoles with unique
sarcolemmal features (AVSF). AVSF express virtually all sarcolemmal proteins, in addition to acetyl-
cholinesterase, on their vacuolar membranes. Danon disease is caused by primary deficiency of a lysosomal mem-
brane protein, LAMP-2. Interestingly, in this disease, the number of AVSF increases as the patients age. Other
AVSF myopathies include X-linked myopathy with excessive autophagy which is now known to be caused by
VMAZ21 mutations.

The other AVM is typified by the presence of rimmed vacuoles, which are actually clusters of autophagic
vacuoles on electron microscopy. One of the well known diseases in this group is distal myopathy with rimmed
vacuoles (DMRYV), also called hereditary inclusion body myopathy (HIBM). DMRYV is caused by mutations in GNE
gene that encode a rate-limiting enzyme in the sialic acid biosynthetic pathway. Interestingly, in DMRV model
mice, sialic acid supplementation almost completely precluded the disease phenotype, indicating that decreased
sialic acid is the cause of myopathic phenotype and sialic acid supplementation can prevent the disease process.

Interestingly, both genetically diagnosable AVSF myopathies are primarily due to lysosomal dysfunctions. In
contrast, rimmed vacuoles are secondarily caused by extra-lysosomal defects, such as hyposialylation in DMRV/
HIBM, and are formed at later stages of the disease.

(Clin Neurol 2010;50:1-6)
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