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Sialic Acid Supplementation Therapy for Distal Myopathy with
Rimmed Vacuoles
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Ichizo Nishino*, Satoru Noguchi*

Abstract

Distal myopathy with rimmed vacuoles (DMRV), also called hereditary inclusion body myopathy, is an
autosomal recessive disease that typically affects tibialis anterior and hamstring muscles in young adults
although other muscles are also involved in later stages. The disease is caused mostly by missense
mutations in the GIVE gene that encodes a protein with two enzymatic activities in sialic acid biosynthetic
pathway: UDP-GlcNAc 2-epimerase and ManNAc kinase, respectively catalyzing the rate-limiting step and
the subsequeut reaction. Accordingly, sialic acid production is reduced in patients’ cells and cells are
hyposialylated. We have previously shown that this hyposialylation status can be recovered by simply
giving sialic acid, suggesting that hyposilylation status in the muscle should be the cause of myopathy. In
support of this notion, myopathic manifestations were virtually completely suppressed by oral administra-
tion of sialic acid in our DMRV model mice. Similar efficacy was seen also by ManNAc, precursor of sialic
acid, or sialyllactose, a conjugate form of sialic acid. Based upon these iz vifro and i vivo results, phase
1 clinical trial for sialic acid supplementation therapy for human patients was conducted in Japan in 2011.
Another phase I trial, using slow release tablets of sialic acid, is currently in progress in the US. Hopefully,
phase II trial to see the efficacy of the therapy will be initiated soon.

Key words distal myopathy with rimmed vacuoles, hereditary inclusion body myopathy, GNE myopathy, myopathy, rimmed -
‘ ~ vacuole, GNE, sialic acid, ManNAc ‘
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FhIBM2YEZL E L THWSANZZ ENS WL, HE 0
&, BURMEOEAMR S 4 /8F — D, Bk
EDH D% IBML & L7z, AfEiF IBM2 & bIEEH
25 Lo L, hIBM %7 Oi IBM2 & 3)?3}%@ "{ﬁff’fﬁ

mwﬂwanﬂo mﬁéﬁu,%b'é*wo %@f: o, ﬁémﬁiqz
L THEMROBM T WIBM & w3 BRI Lt
HE BRSO, BELRD < B THR—1 s 4855 5k
DLEE B, BOATH, Bicl~s BEREETFRIC

#7 & GNE myopathy IR EMBRES OO H

%o

2. ERPRAEIR

K TRIMBIES D w2 e b b h, MHREEH OK
REE2H T 58wy, FEFEED H5H, BED
2 WBIRHITH 2, — I FIEEEIE 15~40 5T, 5
e HIHEERT 219, §iBMBEFEATE» SN, A
Dy SOBTR T, BEwviE, BETOETERTL
T EDENEDFERTEE IR D Z £ 09, G5

MR, EEEE, KBRHOBRGHEDL BLIheT
WS, FRERRGERIR & O RERINEERS 037z B o

FTHET L BB ETT L, B o B L 7 10 £ T4
TITREE D, TavaeyIBHYRA PO 7 4 —d8 4~
SIRBEICTEREL, 15 E CIUBITARAIRE L o B 2 £ 5
ZBE, DMRVOEfTE T2y = XBH YR F o
TA—bABECRENEEZ B LB TED, L,
BEC L > THEEECHEMTEE 2R 0END 2 2 L0
Lo TETWE, ERFRICET 2MEIMTIL T
AR

3. BRIEFTR
AREE T, ANEL U -SSR L & b, RN
M'"""Ki)” SRR ELSEY T, FORYBTEY VY o
LEIETIHREOIC G 2R E Tl h o iE
BED 5N D, I OREE % BED 228 (rimmed vacuole)

CEWSTO(Fig 1), B 2R BT EME CBET 5

L, HOCEBZMD 2 Wik OEEEY cHL I 1Y)
Y ERAME (myeloid body) MMEBE% 72 L T 219, jEK
BEUMBE O, B 15~20 nm OB REHEN:
E AL (tubulofilamentous inclusion) %5& 219, &
TR 2R b IR S AR I bR I ¢, B
D 2203 BT 2 R BT I B e < R st
AEDED SND L EENLETH S,

LITLE, fifENIC g7 S uA FowmEe ) VEL
FUEBHBERRD, TNV NA Y —EEUOEERE S
FIEST D EHEZ SN THL 3 HOHAZIE, LT
ER7IuA FOWELEELTELEL L by L F
T2 70T T = LROEHAR T R v ZADHS
ZRBETET-bHY, SELghERD AN
HohTwa,

4. BEREEF
DMRV/hIBM DIFREEF 38 9 ok 0 GNE
TH2%0, ZO GNE iy 7 VB4 A BRI O H B
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Fig.2 >7VBAaBER

P [ FOBER N-TEFNL/ 453 VB (NeuAo) ] BHIRE TN —AhbEGHEN S,
&% S NeuAc %7 LT CMP-NeuAc &% 0, TABTAIHRCBOT, EEEHE 2385
B ORI GSILD B Y T VNI AT BHRE YT YA v ), DMRV OFEEMIE
FGNE B0 — ¥4 2EAER, ¥ 7 AVBESREREHERO UDP-N-7 € F L7 vat s >~ (UDP-
GleNAc) = N-FxF <> /H 3 ¥ (ManNAc) ORIGEE:T 2 UDP-N- 72 F LT nvay 32 -
T A5 —¥ (UDP-GlcNAc 2-epimerase : GNE) &, ¥ OROKHE (ManNAc —~ ManNAc-6-P) %Zfift
W AWEN-TEFATY /H 3 FF—+ (ManNAckinase) @2 DOBREEREFEL Twd, &
D3 b, BEORBIC DL, fAERCBECHFEET A N- 72 FLT Va3 v F 7+ —¥ (GleNAc
kinase) b B URIG2MECE 2 2 25, B DMRVIEBWTE, N-72FILvr /P F)—
PEEOETTRZ S, UDP-N-FXFLZLa4 3y 2 -8 27 —CiHEOETHRENZFER &%
2 5NB 8T 3 X 51, GNE BEFRERSD-> TS ManNAc 2575 2 LTy 7 VBERS &
VZ20BOY 7Y NMEEEETE 5 2 L, GleNAc kinase 75 ManNAc kinase QG2 RIETE 55
FEHET 5,

BT 2 @E UDP-N-7 2 F VI a3y 2-o
A5 —+ (UDP-GIcNAc 2-epimerase : GNE) &, £O
RORIEEMET 2BEN- T L2FVoy /3 F
4 —+¥ (ManNAc kinase) @ 2 D OBERFEE 2 OED
BHha—FLTWw3 (Fig.2), BETRHEEANAEET
RCOEENIARCAERTHD, M7 VM null &
BEBEETHHIE I HbImESI N TWR,

HAANTIE, pVST2LEEN 1 HL L, HEANRET
VOB EEED TS, RICEWDH, p.DIT6V
EERT, WEBEO7 VVEETH B, BETH
p.VST2L BEME S Z 0, JEE T p.DI76V LR

BLEHEE LS (Dr. Yun Yuan, Personal communi-
cation) o ¥ ABH T, KEOBED pM712T 2H
LT3, ZhBishe b ittiEin s, % < OHEE
BERHEHEINTE TS,

BETFE - FHRAFER (genotype-phenotype correla-
tion) WOWTIHIE-> &0 L ZDEEERL W ITR
WAL, pMIR2T 2ET 225 ¥ ABFELD L ECD
V572L 28+ 2 HAABEDIZ S BEEEMICDH S &
3CH5 (Dr. Zohar Argov, Personal communica-
tion)o 727 L, RMIUERZHTLHETH> CHEFEH
RSB EDIESDENHEI NP TED, FEIEHE

BRAIN and NERVE 64#% 3% 201243 H



(.) 10 20 30 40 50 60 70 80
(E®)

Fig.3 DMRV EFNLTY XOERBEM
FEINTRHN - SRR TE 2 > & — TR L e B 7 0~ v A, 205EEBE » o HE T £ f8ie %, 30 Bins
DO AT IuA P, 40 EEE 0 5B R0 VLS Y R0 B, & 51, I CK 8 20 BEE S
MOBEEFRT B0 —T, SEWEHCOBY 7 VBIREE (V7 MVBRE) 1, & THEL D EBHERIZED 5 5,
6 OZAE, BRRAY - FFEAEAY - £ DMRY % BEFIEEE L Tw 5,

FETEA W, & S W BKEW 2 12, GNE #EFIe
FEFERBEOLEREFL TR S, 60 e EE ¢ b
TERDEEELFET 279, 2O L, GNE 52D
FFAED 05 DMRV/hIBM F&fE 0 Pesg 972 T i 7 b
CEEEWRLTWS, B2 25251, bLIDLS
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WA FEL TH Y, MlaREOREL MO
T EEEP OEBELRBE RS TLALEILNT
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WER, RARELTEDL ST LT T VBOE T I
ARG =B E LT HEITHETH S,

BREE AT L2, GNERMEYTH 2 N-7 2 F 1
¥ /% & (ManNAc) PEKEY (Y T7AVE) Ths
N-7XFn/ 473 VB (NeuAc) % BB 1
595 &, SR, BRBHEOL TR B LT b,
EH L~V E THIFRN Y 7 VBESEES 29, 20 C

S, B i vitro THIRTE TV Z EREHRL T
%o

2. EFIVYIDIER

GNE BIET%R /v 2779 N 38w Y 2 Gue' 1%
FRAEBIETH 51, 2D Z £ i3, ¥ 7 MBS R L
DFEEZ L > THATHH L 2ERLTWD, B3,
DMRV BE CRE SN AERIZIEFTIRTCIA LY X
ERTHY, nll RO R EHEESHITEH A NTWRNy,

KE National Institute of Health ® 7'V — 7%, =
FYANBECRDOSN 2 pMTITEERET 2 ) v o
AR ADEEET >z, UL, mefgsll~vy 2
B, EEREBREREL, BT TR 72 BRI
WHET U729, #EIRAIIAIC ManNAc 215 L1z & 2 5,
12 PEFEAE L7208, 9EDY 12 BE TR Lir, Wi
DTITAEBWTOHEERED - 17,

IR L, ESTREM - REETTE Y Y — T,
<t b DMRV % BIFICHBR T 5~ 7 2 OFESLC 5L
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T AN, HAANBET2HH ISV pDIT6VER R
THENGNERBERBT25DTH B, 20D
hGNEDI176V-Tg =7 A & Gue '~ DT 0 E&SHE~ v
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L7219,

20O DMRV E T A%, A TEICIBFFICRE
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VEBIZIR S X OB T RTOMBTEL B L
Tz, bbb, K « FEER - £,
FERF I BRI RIFCHBEL Tw D TH 5,
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7 UV BT b RIS, 13I1Z5EE W DMRV 24
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O 3BEOLAYHTEIMEOE SR A SR
oo BIEEFNOD & 7 IVERIZTER O 70%RE W £ THEEL
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T OFEREZT, BICHENRS L5, NeuAc ZHWIE
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BN O Y 7 VR R S SIS € 5 L3
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FNTIE, BEYTVBRZICE > TIARNF—% S
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Case of glycogen storage disease type VI (phosphorylase deficiency)
complicated by focal nodular hyperplasia
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Although it is well known that hepatic tumors often develop in
patients with glycogen storage disease (GSD) types la and I11, the
formation of these tumors has not been reported in other forms of
hepatic GSD. In this report, a patient with GSD type VI (phos-
phorylase deficiency; OMIM 232700) complicated with a hepatic
benign tumor, focal nodular hyperplasia (FNH), is presented.
This case indicates that regular check-ups for hepatic tumors are
necessary, not only in patients with GSD types Ia or 111, but also
in patients with other forms of hepatic GSD.

Case Report

A female patient was referred to our hospital when she was 5
years of age for further investigation of hepatomegaly, which had
been detected when she had visited a clinic when she was 5 years
old. She was born to healthy non-consanguineous parents and
had no history of hypoglycemia or nasal bleeding. On physical
examination, her height was 101 cm (—1.5 SD) and her body-
weight was 16 kg (1.0 SD). The liver was firm and palpable
7 cm below the right costal margin, whereas the spleen was not
palpable. The results of a fasting blood test collected at that time
were as follows: aspartate aminotransferase 37U/L, alanine ami-
notransferase 24U/L, blood glucose 85 mg/dL, lactate 6.2 mg/
dL, uric acid 5.9 mg/dL, total cholesterol 229 mg/dL and
triglyceride 88 mg/dL. A plain abdominal computed tomography
(CT) scan showed an enlarged liver with a density considerably
higher than that of the spleen (CT values: liver, 80; spleen, 42)
(Fig. 1). Glucose and galactose loading tests were performed.
The serum lactate level was not elevated when glucose was
loaded, although it increased to a maximum of 56 mg/dL one
hour after loading (normal <35 mg/dL). A glucagon loading test
was performed after a 15-h fast, with the serum glucose level
increasing from 71 to 128 mg/dL one hour after loading. On the
basis of these data, GSD was suspected and accordingly the
enzyme activities of hepatic GSD, that is, debranching enzyme,
phosphorylase and phosphorylase b kinase, were measured in
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peripheral blood. The results of all these tests were normal
(Table 1). Informed consent for a liver needle biopsy for mea-
surement of enzyme activity was not obtained. Although the
enzyme activity of phosphorylase b kinase measured in periph-
eral blood was normal, a tentative diagnosis of GSD type 1X
(phosphorylase b kinase deficiency) was made based on the
physical, laboratory and radiological findings and the results of
the loading tests. Regular check-ups including abdominal CT
scans for potential formation of hepatic tumor were performed
every year. The patient’s growth curve showed that she attained
mean values around the time of puberty. The results of blood tests
obtained between 5 and 14 years of age were as follows (mean +
SD): uric acid 5.9 * 0.6mg/dL, total cholesterol 208 =+
21.0 mg/dL and triglyceride 198 & 111 mg/dL.

When the patient was 15 years of age, the early phase of a
contrast-enhanced abdominal CT scan revealed an enhanced
lesion in the liver (Fig. 1). After obtaining informed consent,
specimens were obtained by needle biopsy from the tumor and
non-tumor part of the liver. Histological findings of the non-
tumor specimen showed strong periodic acid-Schiff (PAS) stain-
ing in hepatocytes that disappeared following diastase treatment,
findings compatible with GSD. Histology of the tumor specimen
demonstrated pericellular fibrosis, compatible with the diagnosis
of FNH (Fig. 2). Fibrous bands containing bile ductules were not
observed in the specimens. Enzyme activities of hepatic GSD
were measured using liver tissue from the non-tumor section,
which revealed that phosphorylase enzyme activity was
2.3 nmol/min/mg protein, a value corresponding to 24% of
normal. The enzyme activity of both debranching enzyme and
phosphorylase b kinase was normal (Table 1). Informed consent
for gene analysis of phosphorylase (PGYL) could not be
obtained. We concluded that the patient’s diagnosis was GSD VI
(phosphorylase deficiency) complicated by FNH. We elected to
forego surgical treatment in favor of long-term observation. The
size of the tumor has been monitored regularly with ultrasonog-
raphy. As of now, the tumor does not appear to be enlarging.

Discussion

In this report we present a patient with GSD type VI complicated
by FNH. This is the first report of a hepatic tumor complication



Fig.1 (a) The findings of a plain abdominal computed tomogra-
phy (CT) scan at S years of age. The CT value of the liver
was markedly elevated compared with that of the spleen and
kidneys. (b) The findings of the early phase of a contrast-enhanced
abdominal CT scan at [5 years of age showing an enhanced lesion.
(c) The findings of the same section as (b), without contrast
enhancement.

in a patient with GSD type V1, a different hepatic form of GSD
than types Ia or I11. As hepatic tumors are often found in patients
with GSD types Ia and I, regular check-ups for these tumors are
performed routinely in these patients. However, this report indi-
cates that regular check-ups for hepatic tumor are also necessary
in patients with hepatic forms of GSD other than types Ia or IIL
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In patients with GSD type la, hepatic adenoma is the
most common tumor described; however other tumors,
including hepatocellular carcinoma (HCC),! described in
patients with GSD III* hepatoblastomas,’ and FNH* have also
been reported.

Hepatic adenomas are a benign tumor, consisting of a
nodular proliferation of hepatocytes arranged in cords having
no relationship to portal tracts. They often have a pushing
border abutting against the surrounding liver. The hepatic
adenoma has, on rare occasions, been known to progress to
HCC,' and this is one of the most important reasons why
regular check-ups and follow up after the discovery of an
adenoma are necessary in a patient with GSD la. FNH
is typically a single mass in an otherwise healthy liver
characterized by central scarring that radiates between multiple
nodules of regenerating parenchyma. Like the hepatic adenoma,
it is also a benign tumor parenchyma but the potential for
malignant transformation of FNH into HCC has not been
demonstrated. However, a case of HCC arising within FNH
has been reported recently’ and this report emphasizes the
importance of detecting FNH, even though the FNH itself is
benign.

The mechanism of tumor formation in GSD type Ia is con-
sidered to occur by the following sequence.® Increased amounts
of free fatty acids are released from adipose tissue, taken up by
the liver and channeled into triglyceride formation. Malonyl-
CoA is a key lipogenic intermediate in this process, which, in
turn, causes inhibition of carnitine palmitoyltransferase 1 and
limitation of mitochondrial beta-oxidation. This results in fatty
acids being more likely to be channeled into extramitochondrial
pathways, such as within peroxisomes, leading to an increase in
hydrogen peroxide generation. This results in increased genera-
tion of free radicals that are capable of inflicting direct DNA
damage, which may initiate the development of hepatic tumors.
Although the patient reported here was diagnosed with GSD
type VI, hypertriglyceridemia was almost always observed
during the clinical course of the disease, similar to that seen in
cases with type 1 GSD. We anticipate this would have resulted
in increased generation of free radicals by the mechanism
described above and could possibly have caused the formation
of FNH we observed in the patient.

In our patient we observed a difference in phosphorylase
activity between peripheral blood and liver tissue. Three isoforms
of phosphorylase exist, that is, liver, brain and muscle. As the
liver isoform is expressed in peripheral blood,”® phosphorylase
activity in peripheral blood and the liver should be the same. The
reason why phosphorylase activity in peripheral blood and liver
was different in our patient is not clear, although similar findings
have been reported elsewhere.” Mutation analysis of the liver
glycogen phosphorylase gene (PYGL) is necessary for further
confirmation of this diagnosis.

In summary, we report a patient with GSD VI complicated
with FNH. This case indicates that regular check-ups for
hepatic tumors are necessary, not only in patients with GSD
types la or 11, but also in patients with other forms of hepatic
GSD.

© 2010 Japan Pediatric Society
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Fig. 2 Histological findings of the liver from (a—d) non-tumor and (e~h) tumor specimens. (a and e) Hematoxylin—eosin (HE) stain, (b and
f) silver staining, (¢ and g) periodic acid-Schiff (PAS) staining and (d and h) PAS staining after diastase treatment. In the non-tumor specimen,
the hepatocytes had (a) clear cytoplasm with (b) no fibrosis observed. (c and d) All the hepatocytes were stained strongly by PAS, which
disappeared following diastase treatment. (e and f) In tumor specimens, pericellular fibrosis was observed, whereas fibrous bands in which bile
ductules were proliferating were not. On the basis of the finding of pericellular fibrosis, a diagnosis of focal nodular hyperplasia was made. The
(E‘ginal magnification was x20.

<

Table 1 Results of enzyme activity measurements in the patient and controls

Peripheral blood Patient Control | Control 2
Debranching enzyme 14.8 24.9 19.1 Nmole glucose/hour/mg
Phosphorylase 6.3 6.1 72 Nmole/min/mg
Phosphorylase b kinase 45.8 44.5 42.0 Nmole/min/g Hb
Liver Patient Controls
Debranching enzyme 2434 1974 £ 32.8 (n = 10) Nmole glucose/hour/mg
Phosphorylase 2.3 9.6+ 1.7 (n=10) Nmole/min/mg
Phosphorylase b Kinase 49.6 62.7+11.8(n=9) Nmole/min/mg
References ’ with review of the literature. World J. Gastroenterol. 2006; 12:
6567-71.
I Pranco LM, Krishnamurthy V, Bali D er al. Hepatocellular carci- 6 Lee PJ. Glycogen storage disease type I: Pathophysiology of liver
noma in glycogen storage disease type la: A case series. J. Inherit. adenomas. Eur. J. Pediatr. 2002; 161(Suppl 1): S46-9.
Metab. Dis. 2005; 28: 153-62. 7 Proux D, Dreyfus JC. Phosphorylase isoenzymes in tissues: Preva-
2 Demo E, Frush D, Gottfried M ez al. Glycogen storage disease type lence of the liver type in man. Clin. Chim, Acta 1973; 48: 167-
Ifi-hepatocellular carcinoma a long-term complication? J. Hepatol. 72.
2007; 46: 492-8. 8 Proux D, Vibert M, Meienhofer MC, Dreyfus JC. The isozymes of
3 Ito E, Sato Y, Kawauchi K er al. Type la glycogen storage disease glycogen phosphorylase in human and rabbit tissues. 1L Electrofo-
with hepatoblastoma in siblings. Cancer 1987: 59: 1776-80. cusing in polyacrylamide gels. Clin. Chim. Acta 1974; 57: 211~
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La glycogen storage disease with focal nodular hyperplasia in sib- 9 Burwinkel B, Bakker HD, Herschkovitz E, Moses SW, Shin YS,

lings. Acta Paediatr. Jpn. 1995; 37: 510-3. Kilimann MW. Mutations in the liver glycogen phosphorylase gene
5 Petsas T, Tsamandas A, Tsota 1 etal. A case of hepatocellular (PYGL) underlying glycogenosis type VI. Am. J. Hum. Genet. 1998;
carcinoma arising  within large focal nodular hyperplasia 62: 785-91.
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Letter to the Editor

Liver biopsy is an important procedure in the diagnosis of glycogen

storage disease type IV
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Hiroshi Mitsubuchi,” Minoru Yagi? and Masayoshi Kage®

Departments of ‘Pediatrics and Child Health, and *Pediatric Surgery, and *Pathology, Kurume University School of
Medicine, Kurume, and Departments of *Pediatric Surgery and Transplantation and SPediatrics, Kumamoto University
Graduate School of Medical Science, Kumamoto University, Kumamoto, and *Department of Pediatrics, Jichi Medical

University and Jichi Children’s Medical Center, Tochigi, Japan

Glycogen storage disease type 1V (GSD 1V) is a rare autosomal
recessive metabolic disorder characterized by deficient glycogen
branching enzyme (GBE) activity. This severe metabolic disease
results in abnormal deposition of amylopectin-like glycogen in
multiple organs, such as the liver, muscle, heart, and the nervous
system.'? This disease most frequently presents in the first few
months of life, with hepatosplenomegaly and failure to thrive.
This is followed by progressive liver cirrhosis with portal hyper-
tension, ascites, esophageal varices, and death by 5 years of age.”
Generally, diagnosis of GSD does not require liver biopsy.
However it is difficult to diagnose GSD IV when symptoms
extend to multiple organs. No specific treatment for this disease
exists. Liver transplantation has been proposed as a treatment;>*
however, this may not improve extrahepatic manifestations in the
same patients.*

We experienced a case of GSD IV in a 5-month-old boy
who was born without complications after 38 weeks of gesta-
tion. He had no significant family history and developed nor-
mally until the age of 4 months, at which time he experienced
high fever, tachypnea, and poor feeding. On admission to our
hospital, he had hepatosplenomegaly with elevation of serum
transaminases (aspartate aminotransferase [AST], 312 TU/l and
alanine aminotransferase [ALT], 108 [U/); hypotonia; cardi-
omegaly (cardiothoracic ratio, 67%); elevated white blood
count (27 570/uly and C-reactive protein (9.1 mg/dl). Ulira-
sonography revealed pericardial effusion and increased myocar-
dial thickness. After admission, the patient rapidly developed
signs of cardiomyopathy and respiratory distress accompanied
by high fever and petechiae. However, serum creatine phospho-
kinase concentration was normal. Therefore, his cardiac
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findings may have been due to a respiratory problem, such as
infection, or to a combination of abnormal deposition of
amylopectin-like glycogen and infection. He was treated with
respiratory therapy, antibiotics, y-globulin, and a diuretic.
However, his condition did not improve, and his liver function
sharply deteriorated: AST, 729 TU/1; ALT, 146 1U/1; total biliru-
bin, 2.6 mg/dl; and prothrombin, 54% (normal range: >60%).
At that time we were still unable to make a diagnosis so we
carried out an open liver biopsy. We did not evaluate leuko-
cytes.’> The biopsy specimen showed periodic acid-Schiff-
positive cytoplasmic inclusions, largely resistant to diastase
digestion (Fig. 1). GBE activity in a sample from the specimen
was very low (0.09 umol Pi/min/mg protein; control, 1.2 £0.3),
as measured in the laboratory of Dr H. Sugie.

From the above results, especially the histological findings
from the biopsy, the patient was diagnosed as having GSD IV.
He received a living-donor liver transplant from his mother at
Kumamoto University Hospital. After transplantation, his
symptoms, including abnormal liver function, cardiomyopathy,
dyspnea, hypotonia, and petechiae, rapidly improved except for
fever. Histological findings from the liver biopsy specimen, par-
ticularly the faintly stained basophilic inclusions in hepatocytes,
were very useful and ultimately led to the diagnosis of GSD IV.
We therefore consider liver biopsy very important for the diag-
nosis of this disease. However, it should be kept in mind that
enzyme assay in the liver can be very tricky when the liver is
cirrhotic.

We carried out living-donor liver transplant with the
patient’s mother as the donor. After liver transplantation, all
disease manifestations except for fever abated. Resorption of
extrahepatic deposits of abnormal glycogen has been demon-
strated after liver transplantation;®” the mechanism for resorp-
tion of deposits in organs apart from the liver remains
unknown.

In conclusion, we report a 5-month-old boy with GSD IV,
including fever of unknown origin both before and atter liver
transplantation, and emphasize the importance of liver biopsy in
the diagnosis of GSD IV.
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Fig.1 Liver biopsy specimen from our patient with GSD IV. (a) Hepatocytes are enlarged and contain faintly stained basophilic cytoplasmic
inclusions (hematoxylin-eosin stain, x100). (b) The inclusions are periodic acid-Schiff-positive and diastase-resistant (x400). (¢) Ultrastruc-
turally, hepatocytes are occupied by large aggregates consistent with amylopectin (x10 000). N, nucleus; Amy, amylopectin.
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