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= Abstract =

Ghrogen storage discase (6SD) and mucopolysaccharidosis (MWPS) are both independently inherited disonders. GSD is a
member of a group of genefic disornders involving enames responsible for the sythesis and degradafion of ghycogen. GSD
leads to abnomnal fissue oconcenfrafions of ghycogen, primarily in the liver, musde, or both. \PN is a member of a group
of inherifed ks storage diseases, which resulf from a defidency in specific enamafic acfivities and the acommulafion
of patfially degraded acid mucopohysaccharides. A case of a 16G4nonth-old boy who presenfed with hepatomegaly is reported.
The liver was four fingerbreadth-palpable. A laboratory sfudy showed slighfly increased serum ANT and ALT levels. The liver
biopsy showed microscopic features compafible with GSD. The liver giyoogen confent was 9.3% which was increased in

oomparison with the reference limit, but the glucose-G-phosphatase acfivity was within the nomnal limit. These findings sug-

gested GSD ofher than fype L Bony abnomnalifies on skeletal radiographs, including an anferior beak and hook-sh
de concenfrafion in the urine was increased and the plasma iduronate sulfafase
is aiteria for Hunfer syndrome (WPS fype B). To the best of the authors' knowl

verfebrae, were seen. The mucopolysacd
acfivity was low, which fulfilled the diagne

edge, this is the fist case of GSD and Hunter syndiome being idenfified at the same fime. (Korean J Pediafr

2008;31:650-6541)
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Introduction

Glycogen storage disease (GSD) is a heterogeneous group
of inherited disorders of carbohydrate metabolism' . While
forming a broad spectrum of clinical phenomena and bioche-
mical diversities, hepatomegaly is the main finding in all
GSDs affecting the liver. Because of an enzyme deficiency,
glycogen-breakdown is impaired and glycogen accumulates
in heDatocytesl’ & Mucopolysaccharidosis (MPS) is also a
heterogenous group of lysosomal storage disorders, each
caused by a deficiency of an enzyme involved in the deg-

radation of glycosaminoglycans (GAG, previously called
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mucopolysaccharides)4’ ¥ These enzyme deficiencies lead to
the accumulation of glycosaminoglycans in the lysosomes of
most cells, resulting in cell, tissue and organ dysfunctionm.
The clinical presentation and severity of symptoms can vary
widely between the seven major types, but most of the
disorders are characterized by a multi-system involvement,
abnormal facial features, organomegaly and dysostosis mul-
9 GSDs and MPSs are independently inherited dis-

orders and they both result from a deficiency of specific

tiplex
enzyme activities of different metabolic pathways and the

accumulation of precursors. We report a case of GSD and

MPS identified simultaneously in a child with hepatomegaly.

Case Report

A 16-month-old boy had suffered from recurrent otitis

media for 5 months and hepatomegaly was found by chance
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at a local hospital. The weight was 11.8 kg (7,590 percentile),
the height was 82.9 cm (7,590 percentile) and the head cir-
cumference was 50.5 cm (>97 percentile). The patient was
born with a weight of 3.6 kg by Cesarean section to healthy,
non-consanguineous parents as a second child. A 4-year-old
brother is healthy. The patient had been suffering from chro-
nic diarrhea, rhinitis and recurrent otitis media since he was
11 months old. It was during this time that hepatomegaly
was found. The patient manifested a coarse facial feature
with a prominent forehead and there were Mongolian spots
on the back and both ankles. The parents also noticed that
the boy had been waking up two to three times during the
night and they said that his activity had recently increased.

In addition, speech development was markedly delayed.
The liver was four finger—breath-palpable, soft and sharply
margined. A laboratory study showed slightly increased
serum AST and ALT levels (85 IU/L and 77 IU/L, respec-
tively). The patient did not present with fasting hypoglyce-
mia and the serum lactate, uric acid and cholesterol levels
were all within the normal ranges (serum glucose 83 mg/dL,
lactate 1.7 mmol/L, uric acid 2.5 mg/dL and cholesterol 123
mg/dL). On abdominal ultrasonography, an enlarged liver had
increased echogenicity and there was no evidence of ob-
struction. Liver tissue, obtained by a needle aspiration biopsy,
revealed portal area fibrosis and round glycogenated pale
hepatocytes that contained many large glycogen particles
that were strongly stained by Periodic Acid-Schiff with
some lipid vacuoles. Decolorization of the Periodic Acid-

Schiff stain by a bleaching agent proved that these hepato-

cytes contained glycogen not glycoprotein. If there were

Fig. 1. The X-rays show an anterior beak (arrow) hook-
shaped vertebrae (A), J-shaped sella turcica (arrow), odontoid
hypoplasia and suspicious narrowing of the spinal canal in the
C-spine (B).

accumulation of mucopolysaccharides, these particles might
be stained in red after diastase digestion. At an electron
microscopic examination, the nuclei of the hepatocytes were
round and occasionally glycogenated. The cytoplasm con-
tained many large glycogen particles and giant mitochondrias.
The hepatic glycogen content increased to 9.3% as compared

to the suggested reference limit (16%/wet liver weight) and

_—

Fig. 2. The patient presents coarse facial features with a
prominent forehead.
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Fig. 3. The electron microscopic exam of liver tissue shows
swollen polygonal hepatocytes (%X2,500). The nuclei of the he-
patocytes are round and occasionally glycogenated (arrows).
In addition, the cytoplasm contains many large glycogen par-
ticles (arrowheads) and giant mitochondrias. Some fat vacuoles
are also noted.
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Fig. 4. The light microscopic exam of liver tissue reveals mild
fibrosis at the portal area and glycogenated hepatocytes that
contain many large glycogen particles (X400). The liver tissue
was strongly stained with Periodic Acid-Schiff (A) and de-
colorized by using a bleaching agent (B).

glucose-6-phosphatase activity was within the normal limit,

which implied GSD other than type a"®

abnormalities on skeletal radiographs including an anterior

. However, bony

beak and hook-shaped vertebrae, oar-shaped ribs, J-shaped
sella turcica and coarse trabeculation of the metacarpal bones
in the hand were noted. A urine MPS spot test was positive
and the plasma iduronate sulfatase activity was remarkably
low at 0.1 nmol/hr/mg protein, which was consistent with
the diagnosis of Hunter syndrome (MPS type M. The
heart size was within the normal limit and echocardiography
did not demonstrate intracardiac anomalies or pericardial

effusion.

Discussion

Resnick et al. reported on the histological findings in
liver biopsy samples from 27 infantile MPS cases, which
showed no architectural changes, inflammatory infiltrates or
extensive fibrosis'’. However, in other cases, hepatic fibrosis
was reported in the liver histopathologic findings of MPS

. 11, 12)
patients

. In those cases, fibrosis was more obvious in
the subcapsular parenchyma and was associated with focal
intralobular accumulations of foamy, GAG-laden macro-
phagesu‘ 2 In the present case, the liver histology showed
mild portal fibrosis as well as pale swollen hyperglycoge-
nated hepatocytes. The liver contained particles that were
strongly stained by Periodic Acid-Schiff, decolorized by use
of a bleaching agent. If there was accumulation of mucopoly-
saccharides, these particles might be stained in red after the
use of a bleaching agent. These findings met the criteria for
the histology of the liver affected not by MPS but with
GSD. However, as presented above, the clinical manifesta-
tions and the laboratory findings were compatible with the
diagnosis of not only GSD but also Hunter syndrome.

Unlike other MPS disorders inherited in an autosomal-
recessive manner, Hunter syndrome (MPS type II) is an X~
linked recessive disorder and primarily affects male patients.
Hunter syndrome results from a defective function of iduro-
nate-2-sulfatase and deposition of GAG, dermatan sulfate
and heparan sulfate. Its gene locus has been mapped to
chromosome Xq28" ™. The occurrence of two recessive dis-
orders in one individual is extremely rare. It suggests that
both causative genes that induce each enzymatic defect are
located in the same chromosome.

From this point of view, the patient could have GSD type
IXa, a phosphorylase kinase (Phk) deficiency that has been
mapped to chromosome X" The X-linked hepatic Phk
deficiency probably constitutes the largest subgroup of liver
glycogenoses and it is usually a benign condition as com-
pared with other types of GSD P 1 1n contrast to GSD
type I, lactic acidosis and clinically apparent hypoglycemia
610 The hepatic
architecture typically remains intact, unlike for GSD type III

are observed only in a minority of cases

and IV, which usually progress to cirrhosis in childhood.
Usually the liver histology of GSD type IXa reveals marked
glycogen accumulation in addition to mild portal or septal
fibrosis'® 1", Several reports have indicated that a uniform

mosaic pattern of swollen hepatocytes and prominent nuclear
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hyperglycogenation are the main diagnostic features of
GSDs™®. Although the degrees of fibrosis were variable,
generally mild portal fibrosis was detected in type VI, IX
and X more often than in other types of GSDs™® 19,

Up to now, there is only one report of a case that GSD
and MPS diagnosed at the same time. That was a report of
10-yr-old girl who had GSD type la and Sanfilippo syn-
drome (MPS type IID™. To the best of our knowledge, we
are reporting the first case of GSD and Hunter syndrome

(MPS type II) being identified at the same time.
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