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Defects in Ketone Body Metabolism and Pregnancy

Toshiyuki Fukao, MD, PhD

Department of Pediatrics, Graduate School of Medicine, Gifu University, Yanagido, Gifu, Japan

Pregnancy and delivery pose a high risk of developing metabolic decompensation in women with defects
of ketone body metabolism. In this review, the available reported cases in pregnancy are summarized,
It is very important to properly manage women with defects of ketone body metabolism during pregnancy,
especially nausea and vomiting in the first trimester of pregnancy, and during labor and delivery, Pregnant
women with deficiencies of HMG-CoA lyase or succinyl-CoA:3-ketoacid CoA transferase (SCOT) often
experience metabolic decompensations with nausea and vomiting of pregnancy, often requiring hospitali-
zation, For successful delivery and to reduce stresses, vaginal delivery with epidural anesthesia or elective
cesarean delivery with epidural or spinal anesthesia are recommended for women with HMG-CoA lyase
and SCOT deficiency, In beta-ketothiolase deficiency, four pregnancies in three patients had favorable

outcomes without severe metabolic problems,

Key words: Pregnancy, Labor, Delivery, Ketone body metabolism, HVIG-CoA lyase, HMG-CoA synthase,
Succinyl-CoA:3-ketoacid CoA transferase, Beta-ketothiolase

Introduction

The ketone bodies acetoacetate (AcAc) and 3—
hydroxybutyrate (3HB) are short—chain (C4) car-
boxylic acids produced in the liver, using acetyl—
CoA mainly via fatty acid beta—oxidation”. Ketone
bodies are transported from the liver to other tis-
sues, including the brain, where they are meta-
bolized to acetyl—CoA to produce energy via the

1.2 .
’. Ketone bodies are an

tricarboxylic acid cycle
important alternative fuel source for extrahepatic
tissues, especially during a shortage in the glucose
supply. Lypolysis and ketogenesis are induced by
catecholamines and glucagon and are suppressed
by insulin”. Hence, catabolic conditions enhance

ketone body synthesis.
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Defects in ketone body synthesis (ketogenesis)
result in hypoketotic hypoglycemic crises during
catabolic conditions such as prolonged fasting or
febrile illness; defects in ketone body utilization
(ketolysis) result in ketoacidotic crises during

29 The former includes defi-

similar conditions
ciencies of mitochondrial HMG—CoA synthase
(HMGCS2) and HMG—CoA lyase (HMGCL). The
latter includes succinyl-CoA:3—ketoacid CoA
transferase (SCOT) deficiency and beta—keto-
thiolase (T2) deficiency (Fig. 1). Deficiencies of
HMGCL and T2 also affect leucine and isoleucine
catabolism, respectively.

In general, the prognosis of ketone body me-
tabolism disorders is favorable if there are no
severe neurological sequelae of severe metabolic
crises”. Most patients develop metabolic crises in
their infancy or early childhood and the frequency
of metabolic crises decreases with age in these
disorders. Hence, women with ketone body meta-

bolism disorders reach reproductive age and can



— s A4 diAF 43 oA 187 Al 3%, pp69~77, 2018 —

become pregnant.

Pregnancy and delivery have been reported to
be risk factors for women with inherited metabolic
diseases. Pregnancy dramatically changes the me-
tabolic condition, especially lipid and amino acid
metabolism”. Nausea and vomiting of pregnancy
(NVP) induces a catabolic state”. Delivery is also
a very stressful condition for the mother. Hence,
it is understandable that pregnancy and delivery
pose increased risks for women with defects in
ketone body metabolism. Several reports of preg-
nancies in women with these disorders have been
published” "

In this review, I would like to discuss the risk
of pregnancy and delivery in women with defects
in ketone body metabolism by detailing several

such reported cases.
Ketone body metabolism and its regulation

Free fatty acids (FFA) are the source of ketone

body synthesisa). In adipose tissue, FFA are re-
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Fig. 1. Summary of ketone body metabolism. Abbrevia-
tions: FFA (free fatty acids), T2 (mitochondrial
acetoacetyl—CoA thiolase), HMGCS2 (HMG—CoA
synthase), HMGCL (HMG—CoAlyase), 3HBD (3—
hydroxybutyrate dehydrogenase), SCOT (suc-
cinyl—CoA:3—ketoacid CoA transferase), AcCoA
(acetyl=CoA), AcAcCoA (acetoacetyl—CoA),
AcAc (acetoacetate), 3HB (3—hydroxybutyrate),
TCA (tricarboxylic acid cycle).

leased into circulation by hormone—sensitive lipase.
FFA release is enhanced by catecholamines but
suppressed by insulin. Circulating FFA are trapped
by the liver and then enter hepatocyte mitochon-
dria. The rate limiting step of mitochondrial free
fatty acid uptake is mediated by carnitine palmi-
toyltransferase 1. This step is enhanced by glu-
cagon and suppressed by insulin. Hepatic mito-
chondrial beta—oxidation of FFA yields plenty of
acetyl—CoA and acetoacetyl—CoA, the latter pro-
duced by condensation of acetyl—CoA. HMGCS2
further catalyzes the condensation of acetyl—CoA
and acetoacetyl—CoA to form HMG—CoA. Glucagon
enhances, but insulin suppresses, HMGCS?Z activity.
HMG—CoA is then cleaved into AcAc and acetyl—
CoA by HMGCL. A portion of the AcAc produced
is converted into 3HB by 3—hydroxybutyrate de-
hydrogenase (3HBD). Hence, ketogenesis is pro-
moted by catecholamines and glucagon and inhi-
bited by insulin®.

AcAc and 3HB are then exported into the blood.
Extrahepatic tissues, including in the brain, in-
corporate these ketone bodies into mitochondria.
Ketone bodies are converted into acetyl—CoA
through the functions of 3HBD, SCOT, and T2 and
used as fuel. A rate—limiting enzyme in ketolysis,
SCOT, is expressed in extrehepatic tissues and is
especially plentiful in heart muscle, the kidneys,
and the brain. The SCOT expression level deter-

mines the capacity of ketone body utilization".
Pregnancy and ketone body metabolism

Ketone body metabolism is important in cata-
bolic conditions. There are two possible catabolic
phases during pregnancy. Although the first tri-
mester is generally an anabolic phase in which
insulin—dominant lipid deposition occurs, NVP may

lead pregnant women to a catabolic state. NVP is
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a well—known and common condition, which begins
2—4 weeks after fertilization and peaks between
9 and 16 weeks of gestation; NVP generally re-
solves by 22 weeks’ gestation6>. If a pregnant
woman cannot intake sufficient calories because
of nausea and vomiting, the catabolic condition
can worsen. Women with defects in ketone body
metabolism commonly have metabolic episodes
during NVP.

Another catabolic phase occurs in the third tri-
mester of pregnancy. Pregnant women turn from
an insulin—dominant anabolic condition to a rela-
tively insulin—resistant lipolytic condition in the
third trimester”. Under a fed condition, plasma
ketone body levels remain low; however, in com-
parison with nonpregnant conditions, ketone body
levels greatly increase under fasting. Ketone
bodies can easily cross the placenta to be used as
fuel and lipogenic substrates by the fetus. Hence,
maternal ketosis is an important adaptive system
for development of the fetus™. In pregnant women
who have a defect in ketogenesis, this adaptive
mechanism does not function. Pregnant women
with a ketolytic defect may develop ketoacidosis
more easily during this period than women with
this defect who are not pregnant.

Labor is another ketogenic condition as the phy-
sical and psychological stresses that occur during
childbirth are ketogenic stresses. Prolonged labor
may result in Kketoacidosis in pregnant women

with a ketolytic defect.
HMGCL deficiency

HMGCL deficiency is a defect in both ketoge-
nesis and the leucine catabolic pathwaylﬁ). About
one—third of patients present with hypoglycemic
decompensation during the neonatal period. The

remaining patients develop a hypoglycemic crisis,

which resembles Reye syndrome with severe me-
tabolic acidosis, hyperammonemia, and fatty liver
during their late infancy, usually precipitated by
infectious diseases™". Some patients die or develop
retardation owing to severe decompensation. Non—
episodic treatment involves avoiding fasting and
consuming enough calories in a low—fat, high—
carbohydrate diet, with carnitine supplementation.
HMGCL—deficient patients may have recurrent
metabolic crises and may develop hypoglycemia,
even in adulthood” .

In 2012, Langendonk reported two cases of
HMGCL—deficient women who experienced preg-
nancy and delivery9> severe complications were
reported. One woman died during a decompensa-
tion in week 9 of her second pregnancy (Case 1).
Another woman had a miscarriage following a
severe decompensation at 10 weeks of pregnancy

>, we emphasized

(Case 2). In a previous review"
that pregnancy and delivery might lead to in-
creased risks for both the woman and fetus. After
that, other four pregnancies in three HMGCL—
deficient women have been reportedn'lzw. The
outcomes for mother and fetus were favorable in
all cases, but these results were obtained by
careful management during pregnancy and delivery.
Herein, these cases are summarized briefly. Ad-
ditional details can be found in the original case
reports.

Case 1917 A 22—year—old female with HMGCL
deficiency successfully delivered a baby weighing
3,218 g at 40 weeks’ gestation with induction of
labor, although she had recurrent decompensation
during pregnancy. The patient was treated with
carnitine, uncooked cornstarch, and prednisolone
during pregnancy. No further detailed information
is available. However, owing to learning difficulties,
this patient did not attend medical follow—up after

her first successful pregnancy, and she had se-
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veral episodes of metabolic acidosis. During her
second pregnancy at age 24 years, coagulopathy
resulted in spontaneous abortion at 9 weeks’ ges-
tation in this patient. Her condition was further
complicated by hyperammonemia, sepsis, and pul-
monary and cerebral edema, eventually leading to
cardiac arrest.

Case 2”: A 20—year—old female with HMG—
CoA lyase deficiency also experienced metabolic
acidosis with hyperammonemia and respiratory
distress during her first pregnancy. She was
treated with carnitine and metoclopramide; this
resulted in intrauterine death of the fetus at 10
weeks of gestation. At 24 years of age, the patient
decided to terminate her second pregnancy at 6
weeks’ gestation, although she had been well until
that time.

Case 3"V The patient presented with severe
metabolic acidosis and hypoglycemia and was
diagnosed with HMG—CoA lyase deficiency at 3
months of age. She had experienced several me-
tabolic decompensations before age 12 but re-
mained relatively stable thereafter. She is cogni-
tively normal. At age 28 years, she presented for
prenatal care at 4 weeks gestation. This patient
had no metabolic decompensation during her preg-
nancy, with strict metabolic control through ade-
quate nutrition and monitoring of maternal and
fetal weight gain. At 36 weeks 5 days, she had
spontaneous rupture of membranes. During labor,
10% glucose—containing intravenous fluids and
levocarnitine at 200 mg/kg/day were supplemented;
however, she had two episodes of vomiting and
subsequently developed metabolic acidosis. A baby
was finally born by cesarean delivery. To minimize
catabolism, 10% dextrose—based intravenous fluids
were maintained after delivery, until adequate oral
intake was achieved.

Case 4'?: This patient had hypoglycemia in the

Al 184
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neonatal period and experienced repeated decom-
pensations with hypoglycemic episodes. At the age
of 15 months, she was diagnosed with HMGCL
deficiency. She is a homozygote of ¢.876+1G>C.
During childhood and adolescence, treatment con-
sisted of oral carnitine with a regular high—carbo-
hydrate, low—protein, and low—fat diet (3—hourly
meals). Various infections, together with hypogly-
cemia, resulted in inpatient treatment every 2—3
years. At age 19 years, the patient developed
nausea and vomiting and was admitted to the hos-
pital, where it was determined that she was preg-
nant, at 8 weeks of gestation. After metabolic
control, she was discharged and had no further
episodes of hypoglycemia during the entire preg-
nancy. Delivery was performed by elective ce-
sarean delivery under spinal anesthesia and total
parenteral nutrition at week 37+1 day of gestation.
A healthy male infant (3,055 g) was delivered.
Two years later, the patient presented to the
outpatient clinic with vaginal spotting and nausea
and was revealed to be pregnant, at 6 weeks' ges-
tation. She was seen frequently in the metabolic
outpatient clinic at 2— to 3—week Intervals. She
had an uneventful cesarean delivery at week 37
and 6 days under epidural anesthesia and gave
birth to a healthy baby girl.

Case 5% This patient was diagnosed at the age
of 10 months during a first hypoglycemic crisis
following gastroenteritis. She had homozygous mu-
tation in HMGCL (c.122G>A; p.R41Q), a common
pathogenic variant seen in patients from Saudi
Arabia. She was on a leucine—restricted diet and
L—carnitine supplementation. There was no history
of metabolic decompensation in her adult life. At
age 20 years, she disclosed that she was 7 months
pregnant during a routine follow—up appointment
at the metabolic clinic. She had remained meta-

bolically stable with an uneventful pregnancy thus
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far. The patient was followed up in the high—risk
pregnancy clinic for the remainder of her preg-
nancy. She was electively induced at 38 weeks
and 3 days of gestation. During labor, she received
intravenous 10% dextrose with electrolytes and
carnitine injections. Elective epidural anesthesia
was administered. She delivered a healthy male
infant by normal vaginal delivery.

In HMG—-CoA lyase—deficient patients, hypo-
glycemia may develop, even in adulthood”. In
HMGCL—deficient women, NVP with decreased
food intake poses a very high risk for developing
hypoglycemia and metabolic decompensation. NVP
begins 2—4 weeks after fertilization and peaks
between weeks 9 and 16 of gestationG). NVP is
the first sign of pregnancy in some women. In
this disorder, maternal hypoglycemia with hypo-
ketosis may mean a risk of energy shortage in the
fetus. Regular metabolic evaluation and dietary
control may be necessary, especially during the
first trimester. Metabolic control should be indivi-
dualized. Frequent meals with sufficient caloric
intake, glucose polymer intake if glucose levels
are low, and cornstarch at night are appropriate
treatment measures for HMGCL—deficient preg-
nant women. In the case of a shortage in caloric
intake, inpatient treatment with intravenous glu-
cose infusion is necessary. In the third trimester,
pregnant women also have a catabolic phase and
tend to develop ketosis in cases of calorie restric-
tion'” . During this period, it seems important to
maintain adequate blood glucose levels to supply
enough calories to the fetus, because ketone bodies
are not supplied in HMGCL —deficient mothers. For
successful labor, to reduce stresses, vaginal de-
livery with epidural anesthesia or elective cesarean
delivery with epidural anesthesia or spinal anes-
thesia are recommended.

Langendonk’s advice to women with HMG—CoA

lyase deficiency who are planning a pregnancy is
very reasonable” . If these women experience any
nausea at all (even in the absence of vomiting),
they should attend a hospital immediately for mo-
nitoring, antiemetic treatment, and to address nu-
trition or energy requirements. A very low thre-
shold for hospital admission is recommended.
Dietetic assessment should be carried out prior to
pregnancy, to ensure adequate caloric intake, and
this should be regularly reviewed and updated

throughout pregnancy.
HMGCS2 deficiency

This disorder only affects ketogenesis. HMGCS2
deficiency is clinically characterized by hypogly-
cemic crises!”. Most patients present with symp-
tomatic hypoglycemia with metabolic acidosis and
fatty liver, often during a gastroenteritis episode,
and patients show an absence of clinical symptoms
between acute episodes”. Thus far, no pathogno-
monic markers of urinary organic acids or blood
acylcarnitine profiles have been identified, although
the presence of urinary 4—hydroxy—6—methylpyr-

18
one

) and elevated acetylcarnitinelg) 1s a possible
marker, but only in decompensated conditions.
Most patients do not develop severe hypoglycemic
crisis after confirmation of the diagnosis, indicating
that preventive measures are effective”.

There are no reports of pregnancy in this dis-
order. However, similar considerations as for
HMGCL—deficient pregnant women are needed

for the safety of women with HMGCSZ2 deficiency.
SCOT deficiency

SCOT deficiency is an autosomal recessive dis-

2
t0)

order of a ketolytic defect™’. This disorder is

clinically characterized by intermittent ketoacidotic
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episodes and asymptomatic intervals between epi-
sodes. About one—half of patients develop their
first ketoacidotic crisis in the neonatal periodw.
If present, permanent ketosis (i.e., the existence
of ketosis at all times), even during asymptomatic
periods when the patient is well nourished and
not fasting, is pathognomonic for SCOT deficiency
but is not present in all SCOT—deficient patients
%Y There are two reports of SCOT—deficient pa-
tients in pregnancy10'14). In Case 1, mutation was
not reported and Case 2 is a homozygote of c.
1402C>T (p.R468C) in OXCT1'",

Case 1'”: A case report of an 18—year—old
SCOT—deficient woman was written from the view-
point of anesthesiologists. The patient developed
the first ketoacidotic crisis at 22 months of age
and had several similar episodes until age 5 years.
She was given regular oral sodium bicarbonate.
With this treatment, she remained essentially well
from then on. She had severe NVP causing keto-
acidosis during the first trimester of pregnancy
and needed hospitalization twice to treat this con-
dition and control her diet. However, the patient
was stable during the second and third trimesters.
She was admitted at 38 weeks of gestation for
induction of labor. The anesthetist successfully
managed labor with advice from a consultant in
metabolic diseases. To avoid physiological stresses
of labor, epidural anesthesia was administered,
with careful monitoring, regular urinalysis, suffi-
cient glucose infusion, and oxytocin infusion be-
cause of slow progression. A healthy girl weighing
2,810 g was delivered spontaneously, after labor
was established.

Case 2'V: A 19—year—old female with SCOT
deficiency presented with severe nausea and vo-
miting at 6 weeks of gestation. She had recurrent
episodes of ketoacidosis since the age of 2 years.

She had been on a protein—restricted, low—fat diet

Al 184 Al 3%, pp69~77, 2018 —

and L—carnitine supplementation. She experienced
nausea and vomiting resulting in ketoacidosis
throughout her pregnancy and needed multiple
admissions to her local hospital. She could not
intake adequate amounts of calories and proteins
owing to intractable nausea and vomiting during
most of her pregnancy. This led to a 4—kg weight
loss during the first trimester and intrauterine fetal
growth restriction. She had elective induction of
labor at 38 weeks gestation and delivered a fe-
male infant by normal vaginal delivery. During
labor and delivery, she was given epidural anes-
thesia to avoid physiological stress of pain and
received 10% glucose in 0.45% saline with 20
mmoL. of bicarbonate per each liter of infusion.
Carnitine (100 mg/kg/day) was administered in-
travenously. Glucose infusion with sodium bicar-
bonate was continued for 24 hours after delivery.

For SCOT-—deficient pregnant women, nutri-
tional management during pregnancy is important,
to avoid ketoacidotic episodes. However, the NVP
period is a high—risk period for ketoacidosis de-
velopment. Nausea and vomiting in gastroenteritis
1s a strong catabolic condition and the commonest
trigger of ketoacidosis in SCOT —deficient patients.
It is easy to understand that NVP reduces calorie
intake and enhances stress, inducing ketogenesis
and resulting in ketoacidosis in SCOT—deficient
patients. It is important to suppress ketogenesis
in such conditions; providing sufficient and conti-
nuous glucose infusion is effective for this pur-
pose. A low threshold for hospital admission is
recommended if the patient cannot intake sufficient
calories.

During labor, both of the above patients had epi-
dural anesthesia to reduce physiological stresses
and had sufficient glucose infusion to suppress ke-
togenesis; these measures were effective in these

patients.
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T2 deficiency

T2 deficiency is an autosomal recessive dis-
order of a ketolytic defect and isoleucine cata-
bolism®”. This disorder is clinically characterized
by intermittent ketoacidotic episodes but patients
are generally asymptomatic between episodes.
Neonatal onset is rare in T2 deficiency. In most
T2—deficient patients, the frequency of ketoaci-
dotic crises decreases with age and ketoacidotic
crises are very rare after age 12 years in reported
cases”**? . The cases of three T2—deficient pati-
ents who experienced pregnancy are described”
8.13)

Case 1': A 25-year—old T2—deficient German
woman presented in the 32nd week of gestation.
She was diagnosed with T2 deficiency at 8 years
of age. She is a compound heterozygote of ¢.1033_
1035delGAA  (p.345Edel) and c¢.1084delA; both
mutations are null mutations. Since her pregnancy
was first confirmed at 6 weeks of gestation, she
had no complications and had taken no specific
medications. At 32 weeks gestation, urinary
organic acid analysis showed increased excretion
of 2—methyl—3—hydroxybutyrate and tiglylglycine.
Thereafter, she received oral L—carnitine supple-
mentation (100 mg/kg/day). This patient delivered
a male infant by cesarean delivery because of
cephalopelvic disproportion.

Case 2”: A T2—deficient Japanese woman ex-
perienced two uncomplicated pregnancies and de-
liveries before she was diagnosed with T2 defici-
ency. She developed severe metabolic acidosis
and was treated with peritoneal dialysis at age 9
months. She had a similar but milder episode at
age 3 years. She had no further episodes and re-
ceived a possible diagnosis of SCOT deficiency.
The patient was diagnosed with T2 deficiency at

25 years of age. She is a compound heterozygote

of ¢.431A>C (p.H144P) and c.1168T>C (p.S390P);
c.431A>C (p.H144P) is a mutation that retains
significant residual activity. This woman was a
typical T2—deficient patient with “mild mutation”
with subtle urinary metabolites specific to T2
deficiency (2—methyl—3—hydroxybutyrate, tiglyl-
glycine).

Case 3¥: A 32—year—old T2 deficient women
at 40 weeks’ gestation delivered a baby by emer-
gency cesarean delivery for fetal bradycardia. No
clinical history before pregnancy and mutational
information is available. This case report was
written from the standpoint of anesthesiologists.
A multidisciplinary team developed a delivery plan
for her management in advance. Spinal anesthesia
with invasive blood pressure and temperature
monitoring was used, with successful outcome for
both mother and baby.

Although SCOT deficiency and T2 deficiency
are both ketolytic defects and the above described
women with SCOT deficiency were symptomatic
during their first trimester, these three T2—defi-
cient women had no significant problems during
pregnancy, even though Case 1 had two null mu-
tations. As T2 is involved not only in ketolysis but
also in ketogenesis and another medium—chain
mitochondrial 3—ketoacyl—CoA thiolase may com-
pensate for the ketolytic pathway in T2 defici-
ency®”, women with SCOT deficiency may be more
vulnerable to NVP than those with T2 deficiency.

Conclusion and QOutlook

In general, an increasing number of individuals
with inherited metabolic diseases reach adulthood.
In defects of ketone body metabolism, the clinical
course during childhood is usually well described;
however, most clinical reports lack clinical in-

formation about these individuals in adulthood.
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Pregnancy and labor are the most metabolically
stressful events in women. Several reports of
pregnancy have been published with respect to
three disorders of ketone body metabolism. In
general, pregnancy is a high—risk condition for
women with ketone body metabolism disorders,
especially those with HMG—CoA lyase deficiency
as well as SCOT deficiency. Physicians can at-
tempt to manage pregnant women metabolically in
pregnancy, but it is too early to detail the best
way to manage these patients. Minimum recommen-
dations for the management of pregnant women
according to the literature are summarized in Fig.
2. However, patient management should be indivi-
dualized. Further accumulated information on pre-
gnant women with defects of ketone body meta-
bolism is needed, to develop more precise recom-

mendations.
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Clinical Spectrum and Short-term Effects of Enzyme
Replacement Therapy for Mucopolysaccharidosis Type Il

Chong Kun Cheon', Wuh-Liang Hwu®

Division of Pediatric Genetics', Department of Pediatrics,
Pusan National University Children’s Hospital,
Pusan National University School of Medicine, Yangsan, South Korea
Department of Pediatrics and Medical Geneticsz, National Taiwan University Hospital and
National Taiwan University College of Medicine, Taipei, Taiwan

Purpose: We aimed to delineate clinical spectrum and short-term effects after enzyme replacement
therapy (ERT) for 5 mucopolysaccharidosis type Il (MPS 1I).

Methods: Five patients were diagnosed with MPS Il by clinical findings, enzyme activity, and genetic
testing. Idursulfase was administered by intravenous infusion at a dose of 0.5 mg/kg every week, Ob-
servational chart analysis of patients, who underwent systematic investigations more than 12 months
after initiation of ERT was done retrospectively,

Results: Three patients were classified as having the attenuated type, and 2 patients were classified
as having the severe type. The median age at the diagnosis was 9.6 years (range 3.4-26 years). Four
different mutations in 5 Korean patients (4 families) with MPS I were identified, among which two were
novel mutations (1 small insertion mutation: p Thr409Hisfs*22, and 1 missense mutation: p.Gly134Glu).
Two severe type sibling patients with the same mutation had different clinical manifestation, Urinary
glycosaminoglycan excretion decreased within the twelve months of ERT (£=0.043). Liver and spleen
volumes showed reductions that were maintained in all patients (P=0.043 and A=0.043, respectively).
Improvements were also noted in left ventricular mass index (F=0.042), shoulder flexion (F=0.043),
shoulder abduction (P=0.039), knee flexion (F=0.043), elbow flexion (F=0.042), and respiratory distress
index (P=0.041),

Conclusion: This study demonstrates that Korean patients with MPS |l are clinically heterogeneous
and indicates that idursulfase is relatively effective in several clinical parameters including heart size and
respiratory distress index without infusion-related reactions in patients with MPS |l

Key words: Mucopolysaccharidosis type I, Clinical spectrum, Idursulfase

Introduction
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ket A ofslorg ¢l eyt Mucopolysaccharidosis type I (MPS II or Hunter
Tel.: 055)360—3158, Fax: 055)360—2181 ] ) ) ]

E—mail: chongkun@pusan.ac.kr syndrome) is an X—linked recessive disease caused
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by a deficiency of the lysosomal enzyme iduro-
nate—2—sulfatase (IDS), which catalyses the de-
gradations of the glycosaminoglycan (GAG) der-
matan sulfate and heparan sulphatel‘Z). The re-
sulting lysosomal accumulation of upstream meta-
bolites affects a variety of organ systems, in-
cluding the visceral organs, skeleton, connective
tissue, and the central nervous system“). MPS 1I
occurs worldwide with an incidence of about 1
per 162,000 births”. Its common clinical manife-
stations are; coarse facial features, upper airway
obstruction, cardiac valve regurgitation, restrictive
lung disease, hepatosplenomegaly, hernias, joint
contractures, and reduced quality of life”. More
than 400 different genotypic variations have been
documented in the IDS gene, which is located at
Xq28.16. Variation in mutations type of IDS gene
results in differences in symptoms within patients
7 Recombinant human IDS (Idursulfase, Elaprase®)
was approved for the treatment of MPS II by the
Korea Ministry of Food and Drug Safety in 2009.
Our goals in this study were to investigate the
clinical manifestation and short—term clinical ef-
ficacy and safety of ERT for 5 patients with

Korean patients with MPS II in a single center.
Patients and Methods
1. Patients

Five male patients from four unrelated Korean
families were diagnosed to have MPS II at the
Pusan National University Children’'s Hospital.
The diagnosis of MPS II was confirmed by reduced
or undetectable IDS enzyme activity in leukocyte
and genetic testing. Mutation analysis and clinical
review of these patients were approved by the
institutional review board at Yangan Pusan Na-
tional Hospital (IRB Number: 05—2013—-073). Five

patients were treated with idursulfase (Elaprase®),
at a dosage of 0.5 mg/kg weekly, for more than
12 months. Comparison of efficacy changes bet-
ween before and after 12 months of treatment
with idursulfase was performed, including urinary
GAG, liver/spleen volume, 6—Min Walk Test, left
ventricular mass index (LVMI), Forced vital ca-
pacity, respiratory distress index (RDI), passive
joint range of motion, and growth velocity. The
change from baseline was analyzed with a Wil-
coxon signed—rank test. All statistical calculations

were performed with SPSS version 21.0.

2. Molecular genetic analysis

Genomic DNA was isolated from peripheral blood
leukocytes of each patient using the PUREGENE
DNA isolation kit (Gentra, Minneapolis, MN, USA).
All 9 coding exons and exon—intron boundaries
of the IDS gene were amplified by PCR on a ther-
mal cycle (Applied Biosystems, Foster city, CA,
USA) with primer pairs by the authors. Direct se-
quencing was performed with the BigDye Ter-
minator V3.0 Cycle Sequencing Ready Reaction
kit (Applied Biosystems) on an ABI Prism 3130
Genetic Analyzer (Applied Biosystems). The se-
quences were analyzed using the with SeqScape
v.2.5 (Applied Biosystems) and were compared to
the reference sequence. Sequence variation was
described according to the recommendations of
the Human Genome Variation Society (www.hgvs.
org/mutnomen) using a reference sequence (NML_
000202.5). The pathogenic probability for each
sequence variation of novel mutations in the IDS
gene was predicted automatically by software Mu-

tationTaster (http://www. mutationtaster.org/).
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Results assessment was 9 years (range 3—25 years). Bio-
chemical analysis results, genotype, and phenotype
1. Clinical and molecular characteristics characterization of all patients were summarized

in Table 1. Patient 1—3 were diagnosed with at-

We identified five Korean patients (3 attenuated tenuated type MPS II without neurologic involve-
type and 2 severe type) with MPS II. The median ment. Patient 1 presented with stunted growth at
patient age at the diagnosis was 9.6 years (range 9 years of age. He had episodes of recurrent acute
3.4—26 years). The median age of the patient at otitis media after 3 years. At 4 years of age he

Table 1. Summary of Clinical and Genotypic Characteristics of 5 Korean Patients with MPS II

No. of patients 1 2 3 4 5

Height (percentile) 10-25 <3 <3 75-90 <3

Body weight (percentile) 50-75 25 3-5 >97 <3

Age at diagnosis (years) 9.6 26 12 3.4 4.9

Age at first symptom 4 6 5 2 2

(years)

Phenotype attenuated attenuated attenuated severe severe

Coarse facial features present present present present present

Hepatosplenomegaly present present present present present

Dysostosis multiplex present present present present present

Developmental delay/ absent absent absent present present

mental retardation

SNHL both both both both both

Valve disease MV/AV severe MV MV MV MV
thickeness stenosis thickeness thickeness thickeness

MV regurgitation MYV prolapse MV prolapse
EMG/NCV CTS CTS CTS CTS CTS
Brain MRI findings normal diffuse brain atrophy normal hydrocephalus Chiari type I
and multiple small low malformation

densities in periventri-
cular deep white matter

Operation adenoid— repair of uh, repair of repair of uh meningomyelocele
tonsillectomy replacement of MV ih and uh repair
Inheritance familial familial familial familial familial
Phenotype attenuated attenuated attenuated severe severe
Urine GAG 220.06 37.00 943.00 535.00 927.00
(Ref: <36 mcg/mL)
IDS activity (Ref: 18—57 1.03 0.30 0.40 0.10 0.03
nmol/4hr/mg protein )
Nucleotide change c.1224_1225insC c.401G>A c.187A>G  rearrangement  rearrangement
Amino acid change p. Thr409Hisfs*22 p.Gly134Glu p.Asn63Asp lacking exon lacking exon
4,5,6,7 4,5,6,7
Location Exon 9 Exon 3 Exon 3 Intron 3,7 Intron 3,7
Novelty novel novel known known known
Start of ERT (years) 9.7 26.3 12.2 3.5 5
Duration of ERT (months) 26 18 21 12 12

Abbreviations: GAG, glycosaminoglycan; IDS, iduronate—2—sulfatase; ERT, Enzyme replacement therapy; m, months;
SNHL, Sensorineural hearing loss; Mitral valve, MV; Aortic valve, AV; Carpal tunnel syndrome, CTS; PPN, peripheral
neuropathy; inguinal hernia, ih; umbilical hernia, uh.
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underwent adenoid—tonsillectomy. Coarse facial
features, including macrocephaly were noted. His
height was between the 10th and 25th percentiles.
He had hepatosplenomegaly and dysostosis mul-
tiplex. In addition, he had high tone sensorineural
hearing loss, reduced pulmonary function, and
carpal tunnel syndrome (CTS). He showed high
intelligence (IQ score 140). He showed elevated
urinary GAG level (220.06 mcg/mL; reference
range (RR), <36 mcg/mL) and decreased IDS
enzyme activity (1.03 nmol/4hr/mg protein; RR,
18-57 nmol/4hr/mg protein) in leukocyte. Mutation
analysis revealed a 1—bp small insertion mutation,
¢.1224_1225insC (p.Thr409Hisfs*22) in exon 9,
which caused frameshifts starting from codon 409
with a premature stop codon. This hemizygous
mutation was derived from his mother (p.Thr409
Hisfs*22) and has not been reported previously.
Patient 2 complained of dyspnea due to severe
mitral valve stenosis and pulmonary hypertension
at 26 years of age. At 2 years of age he under-
went umbilical hernia operation. He had a profound
short stature, hepatosplenomegaly and dysostosis
multiplex. He had undergone mitral valve replace-
ment. He showed normal intelligence (IQ score
115). He had a slightly elevated urinary GAG level
(37.0 mcg/mL; RR, <36 mcg/mL) and showed
decreased IDS enzyme activity (0.3 nmol/4hr/mg
protein; RR, 18—57 nmol/4hr/mg protein) in leuko-
cyte. DNA studies revealed a missense mutation,
c.401G>A (p.Glyl34Glu) in exon3, which was
novel mutation and derived from his mother (p.
Gly134Glu). This novel variant identified in the
patient, is expected to be a mutation by in silico
analysis. Patient 3 complained of a profound short
stature. He had coarse facial features, CTS, and
joint contracture; and had previously undergone
surgery for an inguinal and umbilical hernia at 6

years of age. He showed high intelligence (IQ

score 135). He had an elevated urinary GAG level
(120 mecg/mL; RR, <36 mcg/mL) and diminished
IDS enzyme activity (0.4 nmol/4hr/mg protein;
RR, 18—57 nmol/4hr/mg protein) in leukocyte. A
known missense mutation, ¢.187A>G (p.Asn63
Asp) in exon 3, was detected in this patient. Pa-
tients 4 and 5 were siblings and diagnosed with
severe type MPS II with neurologic involvement.
Patient 4 complained of intellectual disability
(second grade level) at 3 years of age. He had
hepatosplenomegaly, dysostosis multiplex and
Mongolian spots. He had undergone an umbilical
hernia operation at two years of age, and had
markedly elevated urinary GAG level (5635.0 mcg/
mL; RR, <36 mcg/mL) and reduced IDS enzyme
activity (0.1 nmol/4hr/mg protein; RR, 18—57 nmol/
4hr/mg protein) in leukocyte. DNA studies re-
vealed an IDS—IDS2 recombination mutation. Pa-
tient 5 complained of intellectual disability (first
grade level) at 3 years of age. He had a profound
short stature, hepatosplenomegaly, and dysos-
tosis multiplex. He underwent a meningomyelo-
cele operation at age three years, and showed a
highly elevated urinary GAG level (927.0 mcg/mL;
RR, <36 mcg/mL) and reduced IDS enzyme ac-
tivity (0.03 nmol/4hr/mg protein; RR, 18-57
nmol/4hr/mg protein). He had the same mutation
as his sibling. He showed severe cognitive im-

pairment (IQ score 40) at the age of 5 year old.

2. Efficacy and safety of enzyme replacement
therapy

Five male patients, ages 3—26 years, received
weekly intravenous infusions of 0.5 mg/kg idur-
sulfase for 12 months. Most patients, including an
adult with MPS II, showed several clinical impro-
vements during the study (Table 2). Urinary GAG

excretion decreased rapidly within the twelve
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months of treatment (P=0.043). Liver and spleen
volumes also showed reductions that were main-
tained in all patients by 12 months (P=0.043 and
P=0.043, respectively). Improvements were also
noted in LVMI (P=0.042), shoulder flexion (de-
grees) (P=0.043), shoulder abduction (P=0.039),
knee flexion (degrees) (P=0.043), elbow flexion
(degrees) (P=0.042), and RDI (P=0.041). How-
ever, two severe type patients with MPS II did
not show improvement of neurological deficit and
the neurological imaging findings did not show
marked improvement in attenuated and severe
type patients with MPS II. No infusion—related

reactions occurred in all patients.
Discussion

This study was performed to investigate the
clinical spectrum and short—term clinical efficacy
and safety of ERT in Korean patients with MPS
II. Clinically, MPS II should be regarded as a con-
tinuum between the two extreme forms of the
disease (severe and attenuated)®. In the present

study, three patients were classified as having the

attenuated type, and 2 patients were classified as
having the severe type. However, two sibling pa-
tients (patient 4 and 5) with the same mutation
had different clinical manifestation: Patient 5 had
a profound short stature and underwent a menin-
gomyelocele surgery. However, patient 4 had a
normal stature and severe Mongolian spots on
whole body and underwent an umbilical hernia.
This result suggested the clinical heterogeneity
of MPS II. Although the phenotype of MPS II
depends on the mutation types and deletions at
the IDS gene® ', no strict relationship between
genotype and clinical phenotype has been establi-
shed'”. In MPS II patients, more than 400 diffe-
rent genotypic variations have been documented
in the IDS gene, which is approximately 24 kb in
length with 9 exons”. Furthermore, it has been
estimated that 55% to 57% of these are missense
variations, 21% are nonsense variations, 14% to
20% are small deletions (20 bp), and 4% to 10%
are major structural alterations such as large de-
letions (<20 bp) and rearrangements'™'?. In this
study, we reported 4 mutations in 5 Korean pa-
tients (4 families) with MPS 1I, that is, 2 missense

Table 2. Comparison of Efficacy Changes between before and after 12 Months of Treatment with Idursulfase

Number Baseline 12 months Change P—value
Urinary GAG (mg/mL) 5 415.84340.6 69.7£55.3 —345.9+£352.5 0.043
Liver volume (cc) 5 1,087.94£329.1 786.5+£207.6 -301.5+£184.6 0.043
Spleen volume (cc) 5 196.5£71.6 184.2+47.1 —24.3+26.3 0.043
6—Min Walk test (m) 3 519.7£92.7 629.0£139.8 109.3£82.1 0.109
Forced vital capacity (L) 3 1.4+0.5 2.44+0.4 0.940.6 0.157
LVMI (g/mz) 5 64.0£26.8 55.94£23.7 -8.1£9.7 0.042
Shoulder flexion (degrees) 5 86.8+25.5 110.0+15.9 23.2410.5 0.043
Shoulder abduction (degrees) 5 62.4+£20.6 79.2+£20.5 16.8+2.4 0.039
Knee flexion (degrees) 5 100.0£12.0 109.0£15.2 9.0+4.6 0.043
Elbow flexion (degrees) 5 110.8+22.2 125.0+£26.7 14.2£4.0 0.042
Growth velocity (cm/year) 4 3.7t£1.4 7.3x1.5 3.7£0.7 0.068
Respiratory distress index (RDI) 5 10.4£3.1/hour 7.4%2.3/hour —3+1.2/hour 0.041

Abbreviations: GAG, glycosaminoglycan; m, meters; Left ventricular mass index, LVMI; NA, not applicable.
Note: All values are the observed meansxSEM. The change from baseline was analyzed with a Wilcoxon signed—

rank test.
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mutations, one small insertion mutation, and two
IDS—IDS?2 recombination mutations (Fig. 1). Of
these mutations, 2 are novel (1 small insertion
mutation: p.Thr409Hisfs*22, and 1 missense mu-
tation: p.Gly134Glu). Even if In vitro functional
analysis for a novel missense variant could not be
performed in this study, this novel variant has not
been detected in more than 100 control alleles
and found in dbSNP [http://evs.gs.washington.edu/
EVS/]. Conserved sequence elements of glycine
residues at position 134 was observed (Fig. 2).
The 3D structure of IDS containing 134 amino
acid residues was determined by X—Ray cryst-
allography at a resolution of 2.0A (PDB ID:5FQL).
The Gly134 residue is close to active site (Fig.
3), suggesting that this mutation might affect elec-
trostatics and catalytic activity. Therefore, it could

be assumed that this novel variant is likely to be

pathogenic. In patients with the attenuated pheno-
type (2 of the 3 patients), missense mutations
were identified. Two patients with the IDS—IDS2
recombination mutation in this study had severe
MPS 1I phenotypes which was consistent with

Y The rearrangement mutation

previous study
identified in our patients involves homologous re-
combination between intron 3, 7 of the IDS gene

and the homologous region of its closely related

species match aa alignment

Human 134 FKENGYVTMSVGKVFHPG I SSNH
mutated not conserved 134 FKENGYVTMSVEKVFHPGISSNH
Ptroglodytes  no homologue

Mnulatta all identical 135FKENGYVTMSVEKVFHPGITSNH
Fcatus all identical 132FKENGYVTMSVEKVFHPGISSNY
Mmusculus all identical 13BFKENGYVTMSVEKVFHPGISSNH
Ggallus all identical 99 FKENGYVTMSVEKVFHPGISSNY
Trubr ipes all identical 126FKSKGYFTMSVEKVFHPGIASNH
Drerio all identical 128FKSNGYTTLSVEKVFHPGIAS

Fig. 2. Conserved sequence elements of glycine residues
at position 134 was observed.

Patient 1. i Patient 4 SsEsn 7“}’"“ .
¢.1224_1225insC ¢ c.418+495_1006+1
p Thr409Hisfs*22 304del ' )
i wll v vsseaosvsz Ittt A
(I (1 P POV L v DY
Patient 2. CCATGTCOETORALINAG . Patient § o t S
c401G>A v c.418+495_1006+1 . -
p.Gly134Glu N 304del .
T \ IVS3(+495) 1vs7 )| 0 I. T "
.‘:‘Il‘i'l'.'.il.'.l ‘ :‘.:_]{ '..l.:..i.‘,'L.‘ (+1304)del HIHBUIL fl_,lf_-“,'_;';::l
Patient 3.
c.187A>G b
p.Asn63Asp J‘

Fig. 1. Partial sequences of IDS gene (Patient 1—5) showing the mutations detected in this

study.
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pseudogene (IDS2), and leads to the loss of exons
4, 5, 6, and 7 in genomic DNA. In terms of clinical
effectiveness of ERT in patients with MPS 1I, it
has been demonstrated that ERT is helpful in re-
lation to liver and spleen volumes, functional ca-
pacity (distance walked in six minutes and forced
vital capacity), and urine GAG excretion in pa-
tients with MPS II compared with placebow.
However, there is no available evidence in the
literature on outcomes such as improvement in
cardiac function, sleep apnea, quality of life and
mortality'”. In the present study, significant im-
provements were noted in LVMI and sleep apnea.
On the other hand, ERT may have limited effects
on the central nervous system (CNS) and skeletal
system because of limited enzyme uptake across
the blood—brain barrier'”. The brain atrophy in
patient 2 does not show significant progression
through the different MR examination, suggesting
that ERT therapy does not seems to improve the
appearance of neurological imaging findings. Brain
atrophy usually develops earlier in MPS II, be-
coming visible during the first few years of life.

A strong correlation was found between severity

Active site

of brain atrophy and cognitive impairment in MPS

16‘17), whereas other authors did not find the same

18 Also, patients 4 and 5 with severe

correlation
forms of the disease did not show improvement
of neurological deficit in spite of 12 months of
ERT. Sohn et al.'” reported that continuous intra-
thecal infusion of the deficient enzyme was effec-
tive in improving CNS defects in the MPS II mice.
Additional study on the continuous intrathecal in-
fusion of the drugs in clinical settings is required.

In conclusion, several clinical improvements in
patients with MPS after 12 months of ERT, inclu-
ding liver and spleen volumes, LVMI, RDI, ROM,
and urine GAG excretion, were observed without
infusion—related complications. Further researches
are needed to acquire more information on the
long—term effectiveness and safety of ERT due
to the short—term period and small numbers in

this cohort.
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Fig. 3. The 3D structure of IDS containing 134 amino acid residues was determined by X—Ray crystallography
at a resolution of 2.0  (PDB ID:5FQL). The Gly134 residue (red color) is close to active site (blue
triangle). Conformational change was shown by the p.Gly134 Glu mutation.
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Congenital chloride diarrhea (CLD) is a rare
autosomal recessive inherited disorder that re-
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A Case of Progressive FSGS and Chronic Kidney Disease
in Congenital Chloride Diarrhea with SLC26A3 Mutation

Young-Jun Seo, Han Bin Cheong, Seok Min An, Woo Cheol Sin
Eun Joo Bae, Jong Hyung Yoon, Hwal Rim Jeong, Hong Jin Lee

Department of Pediatrics, Hallym University Chuncheon Sacred Heart Hospital,
Chuncheon, Gangwondo, Republic of Korea

We present the case of long-term observation of a patient with chronic kidney disease (CKD) caused
by advanced focal segmental glomerulosclerosis (FSGS) resulting from underlying congenital chloride
diarrhea (CLD), A 20-year-old woman was admitted for prolonged proteinuria despite conservative treat-
ment for CLD, She was diagnosed with CLD and started taking KCl salt supplementation from the time
of birth, Mild proteinuria was first found at 12 years of age, which progressed to moderate proteinuria
at 16 years of age, At 16 years of age, CKD stage 2 with FSGS was diagnosed based on the initial
assessment of the glomerular filtration rate (GFR) and kidney histology. On admission, we re-assessed
her renal function, histology and genetic analysis, GFR had deteriorated to CKD stage 4 and renal his-
tology revealed an advanced FSGS combined with tubulointerstitial fibrosis, A homozygous mutation in
the SLC26A3 gene (c.2063-1G)T) was found by diagnostic exome sequencing and may have been
inherited from both parents, CLD patients can be more vulnerable to renal injury, which may also cause
progression of renal failure, Therefore, even if there is an early diagnosis and adequate salt supplemen-
tation, close monitoring of renal function and tailored treatment should be emphasized for renal protection
and favorable CLD prognosis,

Key words: Congenital chloride diarrhea, Focal segmental glomerulonephritis, Chronic kidney disease

Introduction

member 3 (SLC26A3) on the minus strand of chro-
mosome 7q31.1 (Online Mendelian Inheritance in
Man: 126650 and 214700)". SLC26A3 is a Cl7/
HCOs exchanger that affects apical epithelial Cl

absorption and HCO3™ secretion, secondary ab-

“The study was approved by the institutional review board
(IRB) and the consent was waived due to the nature of
the retrospective study.
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Tel: 033)240—5802, Fax: 033)241-8063
Email: hjlee@hallym.or.kr

sorption of Na*, and secretion of H" through cou-
pling to the Na'/H" exchanger in the intestinal
epithelium?. Mutation of SLCZ6A3 causes dis-
ruption of Na* and Cl” reabsorption in the inte-

stinal epithelium resulting Cl—rich diarrhea, hy-
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pochloremia, hyponatremia, hypokalemia, meta-
bolic alkalosis, and dehydration.

Approximately 250 cases of CLD have been
reported worldwide and some countries have a
higher incidence such as Finland (1:30,000—
40,000), Poland (1:200,000), and some other
middle—eastern Asian countries including Kuwait
and Saudi Arabia (1:3,200—1:5,000 of regional
estimate) where consanguineous marriage is al-
lowed”. However, CLD is extremely rare in Korea
and only a few cases have been reported to date.
Although the long—term prognosis of patients
with CLD was relatively favorable with abundant
salt supplementation treatment, the incidence of
renal impairment in a long—term follow—up period
has not been estimated in Korea. One previous
study reported that one of five investigated pe-
diatric CLD patients showed an increased BUN/
creatinine value and abnormal kidney ultrasound
findings at 14 months of age“; however, there was
no information about genetic analysis. One patient
with FSGS was reported recently, and this patient
had renal complications that resulted from an ac-
tivated renin-angiotensin system because of CLD
and concomitant congenital renal dysplasia, but no
other long—term follow—up has been reported”.
We report the single—center long—term follow up
data from a CLD patient who developed CKD stage
4 resulting from FSGS, and the diagnostic exome

analysis of the patient and her family.
Case Report

A 20—year—old woman, who had been taking
KCI salt supplementation for CLD and who was
previously diagnosed with FSGS at 16 years of
age, was admitted for evaluation of renal insuffi-
ciency. She was referred from the department of

orthopedics before exploratory surgery for left

ankle pain, which developed 1 year before referral
and was worse when she was walking. MRI findings
showed suspicious pigmented villo—nodular syno-
vitis. The patient complained of mild fatigue, fre-
quent diarrhea, and left ankle pain, but no other
symptoms.

She was born via cesarean section at 36+2
weeks gestation, weighed 3.5 kg, and had polyhy-
droamnios. Her Apgar score was 7 at 1 minute
and 8 at 5 minutes. The patient was suspected of
having CLD or other congenital intestinal problems
before birth because generalized fetal bowel dila-
tation with polyhydroamnios showed on a prenatal
ultrasound test. Frequent watery diarrhea was
observed since birth and her first hospitalization
was at day 9 after birth because of lethargy and
diarrhea. The patient started KCl salt supplemen-
tation during the neonatal period. CLD was con-
firmed by a stool test, in which the fecal elect-
rolytes were Cl7, 90 mmol/L; K, 21 mmol/L; and
Na*, 78 mmol/L. During the infant and toddler
periods, she was hospitalized six times for mode-
rate dehydration with electrolyte imbalance, but
no other episode occurred in the child to early
adolescent period. She remained in generally good
condition and developed well based on regular
check—up records (Fig. 1).

In January, 2013, at age 16 years, the patient
was referred for proteinuria =3+ on a dipstick
test. The in—hospital evaluation showed that pro-
teinuria was 0.45 g/24 h (0.404 g/24 h/m?), serum
albumin was 3.8 g/dL, and the estimated glomerular
filtration rate (GFR) was 72.88 mL/min/1.73 m’
using the Schwartz formula. Blood pressure and
serum electrolyte values were within normal
range but kidney ultrasound revealed increased
renal parenchymal echogenicity in both kidneys.
In the kidney biopsy, renal parenchymal global

sclerosis was identified in one glomerulus among
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seven retrieved glomeruli, which suggested seg-
mental sclerosis. The glomerular mesangial matrix
also showed a focal patch of tubular atrophy and

mild interstitial lymphocyte infiltration (Fig. 2A).

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

N
S

2l
]

\\ DN

WA

=l " -~ Wei -ht (k)

20 1 = ; 9 = 25

em i 72 /’// 1 i

=== N

10 ' i 1 | ! L 10

) =i | | { | H| %
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

AGE (year)

Fig. 1. Growth velocity of our patient.

However, glomerular basement membranes ap-
peared normal in thickness (Fig. 2B). Immunofluo-
rescence analysis showed nonspecific deposits
for IgM and C3. Electron microscopy revealed
that glomerular capillary endothelial cells were
swollen and obliterated fenestrae, and there was
diffuse effacement of the visceral epithelial cell
foot processes (Fig. 2C). In a follow—up evalua-
tion after 3 months, proteinuria worsened to =4+
on the dipstick test, and oral prednisolone 60 mg/
day (1 mg/kg/day) was initiated and continued for
3 months. Proteinuria then improved to 2+ by the
dipstick test, after which the steroid therapy was
tapered and stopped. Proteinuria persisted at 2+
by the dipstick test, which was estimated as 1.81
g/24 h in the follow—up evaluation at 3 months
after prednisone withdrawal. For the next 3 years
during the outpatient follow—up period, the patient
had taken no other medication for proteinuria
except salt supplementation, but sustained pro-
teinuria =3+ remained, and the patient was in a
relatively good general condition.

On admission, we examined the patient’s phy-
sical findings, complete blood count (CBC), routine

blood chemistry, urinalysis, assessment of GFR,

Fig. 2. Kidney histology of FSGS, a biopsy at patient 16 years old. (A) Light microscope image
of glomeruli shows an increase in size but normal cellularity with mild variable mesangial
matrix expansion. There is also focal patch tubular atrophy and mild interstitial lympho-
cytes infiltration (H&E, *<200). (B) Silver staining shows that the glomerular basement
membranes appear normal in thickness, contour, and texture (silver staining, X400). (C)
An electron micrograph (EM) image reveals that most of the glomerular capillary lumen
are patent with mild mesangial expansions but glomerular capillary endothelial cells are
swollen and obliterate the fenestrae. Visceral epithelial cells show diffuse effacement of
foot processes on about 70% of the external capillary surfaces (scale bar=5 pm).
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and secondary kidney biopsy. She was obese
(body mass index, 33.41; height, 154 cm; weight,
86.1 kg), but her blood pressure was normal (120/
80 mmHg) without other findings associated with
chronic kidney disease. In laboratory tests, the
patient’s CBC count was unremarkable: WBC,
7,870/ul. (seg 68.7%); hemoglobin, 12.7; and pla-
telets, 459,000/uL. The serum Na' level was
within the normal range at 143 mmol/L, K" was
3.5 mmol/L, and ClI” was 99 mmol/L, but serum
uric acid was increased, at 14.8 mg/dL. The pa-
tient's medical records revealed that hyperuri-
cemia was first observed at 7 months of age and
intermittently recurred through the toddler years
to school age, ranging from 9.0—15.0 mg/dL.
Serum protein and albumin levels were within the
normal range at 7.2 and 3.7 g/dL, respectively.
The patient’s serum blood urea nitrogen level was
increased at 51.2 mg/dL and the patient’s kidney
function was decreased, with a serum creatinine
(Cr) level of 3.7 mg/dL, and an estimated GFR of
18.92 mL/min/1.73 m”. Serum 25(OH) vitamin D
and parathyroid hormone were 13.1 ng/mL and

250.5 pg/mL, respectively. Serum calcium, pho-

sphate, and alkaline phosphatase levels were 8.8
mg/dL, 4.5 mg/dL, and 90 IU/L.

Urinalysis showed proteinuria (4+/4+), but
was otherwise within the normal range. Twenty—
four—hour collected urine chemistry showed that
the urine calcium level was 4 mg/day. Renal ultra-
sound showed that both kidneys were in chronic
renal failure (right and left kidneys were approxi-
mately 8 cm), and a small cyst (approximately 1
cm) was found in the right kidney. Kidney biopsy
revealed diffuse tubular atrophy with interstitial
fibrosis (Fig. 3A). Immunofluorescence showed a
few granular deposits for C3 (1+) but the results
were negative for other markers such as IgG, IgA,
IgM, Clq, C4, Kappa, Lambda, and fibrinogen (Fig.
3B). On electromicroscopic findings, glomerular
basement membranes (GBMs) showed some large
electron—dense deposits (hump) in subepithelial
locations and some in intramembranous and me-
sangial locations (Fig. 3C). These results overall
suggested advanced FSGS and tubulointerstitial
findings.

To clarify affected mutation of SLCZ6A3 gene

as well as other possible genetic predisposition to

Fig. 3. Histologic examination of the patient’s second renal biopsy at patient 20 years of age.
(A) Silver—stained section reveals medullar portion without glomerulus. Tubules show
diffuse atrophy with interstitial fibrosis (silver staining, <100). (B) Sections for the im-
munofluorescence (IF) study reveal a few granular deposits for C3 (1+) with glomerular
hypertrophy, diffuse tubular atrophy, and dilatations containing cast (IF, x400). (C) EM
image showing that most of the glomerular capillary lumen are partially compressed by
mesangial expansions. Glomerular basement membranes show some large electron—
dense deposits (hump) in subepithelial locations and some in intramembranous and me-
sangial locations. Visceral epithelial cells show partial effacement of the foot process on
about 30% of the external surface (scale bar=5 um).
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CKD in CLD, diagnostic exome sequencing was
conducted using Nextseq (Illumina, San Diego,
CA) and the TruSight one—sequencing panel cap-
turing 4,813 genes and 62,000 exons (Greencross
Medical Genetics Co.). Sequencing analysis data
revealed that the patient had a splice site mutation
in intron 18 (c.2063—1G>T) of the SLC26A3 gene,
which has been listed in the Korean Mutation
Database (https://kmd.nih.go.kr/kmd/search?type=
geneid&query=NM_000111.2).

A family study showed that her mother and one
of elder sibling were heterozygous healthy car-
riers with a splice site mutation (c.2063—1 G>T).
The patient’s father was not assessed because he
died in car accident at approximately 40 years of
age; he had no underlying diseases (Fig. 4).

The patient was discharged after a diagnostic
work—up and was recently followed—up monthly
at the out—patient clinic. She has started to take
additional medications including xanthine oxidase
inhibitor (febuxostat, 40 mg/day) for hyperuricemia
and calcitriol (0.25 pg/day) for suspected vitamin
D insufficiency. An exploratory surgery for her
left ankle was postponed, because the ankle pain
was relatively well—controlled by intermittent
analgesics and surgery was not considered to be

critical considering her general condition.
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Fig. 4. Pedigree analysis of the patient’s SLC26A3 gene
(c.2063-1G>T mutation).

Discussion

Renal complications are frequently accompanied
by CLD®™®. According to one Finnish study, CKD
develops in approximately 28% of CLD patients
(10 of 35 investigated patients) during an average
of 27.6 years of observation, and nephrocalcinosis
was the major comorbid finding with CKD”. The
nephrocalcinosis pathophysiology seems to be in-
dependent of SLCZ6A3 mutations because of re-
current nephrocalcinosis in transplanted kidneys
in CLD patients”, but other congenital kidney pro-
blems such as congenital nephrotic syndrome,
renal hypoplasia, and dysplasia have also been
suggested to be involved in renal injury in CLD
patients”. It is unclear whether congenital abnor-
malities occur because of genetic mutations in
SLCZ26A3 or secondary to the generalized growth
failure. However, major risk factors for CKD in
childhood are consistent with congenital renal ab-
normalities, and they have been considered to be
contributing factors to renal injury in CLD patients.

In this report, we present the case of a CLD
patient with a homozygous mutation of ¢.2063—
1G>T in the SLCZ26A3 gene, who also had ad-
vanced FSGS and CKD stage 4 that was identified
through serial kidney evaluations. A family study
revealed that her mother and one elder sister were
heterozygous carriers of the splice site mutation.
Parental genotyping could not be completed, be-
cause the patient’s father died at 40 years of age
in a car accident. However, a heterozygous mu-
tation in one elder sibling suggested that both
parents might be heterozygous carriers and the
patient’s genetic mutation was likely inherited
from her parents.

Early suspicion and prompt diagnosis such as
an antenatal ultrasound screening were emphasized

in Finland, where CLD is the most prevalent in
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the world, because early sufficient salt substitution

0 Our patient was

could improve clinical outcomes
also suspected of having CLD at the antenatal
ultrasound screening test, which was confirmed
in the neonatal period and this result caused ini-
tiation of early disease management and salt sup-
plementation (KCl 1—2 mmol/kg/day). The pos-
sible cause for renal injury might be the KCl—only
supplement that is no longer recommended be-
cause of the risk of chronic volume contraction
causing renal impairment and growth retardation
' In this case, we cannot rule out the chronic
electrolyte deficit, which may have resulted in
renin-angiotensin-aldosterone system activation,
thereby exacerbating an injury cascade that leads
to FSGS progression. As described above, the
patient’s medical records showed that she had
several hyperuricemia events since 10 months of
age, with a range between 9.0 to 15.0 mg/dL.
Hyperuricemia may occur because of a reduction
in the renal urate clearance secondary to high
angiotensin activity, which returns to normal with
adequate control, and this could be additional evi-
dence that supports electrolyte insufficiency. Uric
acid results in pro—oxidative effects and subse-
quent deleterious effects in renal tissues, and
thus, it might exacerbate renal failure in our pa-
tient. Additionally, blockade of the renin—angio-
tensin—aldosterone system using an angiotensin
converting enzyme inhibitor or angiotensin re-
ceptor blocker should be beneficial at slowing the
progression of kidney disease, but these manage-
ment strategies were not applied, which also might
result a relatively faster rate of GFR decline after
our patient was diagnosed with FSGS.

On the other hands, salt and volume deficits may
have not been serious enough to cause growth
retardation or nephrocalcinosis in our case. Be-

cause the average Korean dietary sodium is ap-
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proximately 1.5 g/day higher than other western—
European countries or the United States, according
to a survey of global, regional, and national sodium
intake in 1990 and 2010, we speculate that the
reason may be because of the patient’s extra
sodium intake. Additionally, at the out—patient
follow—up visits, it was recommended to our pa-
tient that she should have a salty diet for extra
sodium intake, which may explain why she showed
less salt deficiency.

The ¢.2063—1G>T mutation is a splicing mu-
tation in the acceptor site of intron 18, and it has
been suggested to be the likely cause of a splicing
error and the loss of function of the SLC26A3 pro-
tein'?, Recently, characterization of the SLCZ26A3
gene mutation has been reported in eight Korean
CLD patients, in whom ¢.2063—1G>T was the
most common mutation, in four of the eight pa-
tients'”. Kim et al. previously reported a rare
case of a secondary FSGS patient with CLD who
had the ¢.2063—1G>T mutation”. The author de-
scribed a 7—year—old boy who had mild prote-
inuria since 10 months of age but who maintained
normal kidney function at the time of renal biopsy.
This seems similar to our patient’s renal histology
and genetic background, and one important finding
was the patient had congenital renal dysplasia,
which may, on its own, initiate or promote kidney
disease.

Low—level SLCZ6A3 expression in the kidney
was shown to play a minor role in regulation of

). but differential

acid—base and NaCl balance"
disease characteristics such as male subfertility
or drug response to diarrhea—modulating agents
depends on the SLC26A3 mutation variant'*'®.
Although the leading cause for patients’ FSGS
might be functional maladaptation to renal stress
such as insufficient salt replacement and a sub-

sequent increase in glomerular pressure and ca-
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pillary flow rate, the severity of renal involvement
could depend on genotypic—phenotypic differences.
However, the differential renal involvement ac-
cording to variant gene mutations has not been
investigated, and whether the ¢.2063—1G>T va-
riant is likely contribute to renal insufficiency in
CLD patients should be investigated in future
studies.

Although considerable improvement in CLD ma-
nagement has decreased the mortality rate and
early hospitalization for severe dehydration and
electrolyte deficit, chronic complications and the
long—term prognosis of patients on salt replace-
ment therapy are still important issues. Patients
with the same genotype may show different kidney
complications throughout their life, and therefore
sufficient salt substitution as well as a regular
follow—up of kidney function should be emphasized

in all CLD patients to prevent CKD.
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A Case of Mitochondrial Respiratory Chain Defect
with Progressive Bilateral Cararacts

Soonie Lee, Young-Mock Lee

Department of Pediatrics, Gangnam Severance Hospital,
Yonsei University College of Medicine, Seoul, Korea

A striking feature of mitochondrial disorders is the vast heterogeneity in their clinical symptoms that
ranges from a single organ to severe multisystem involvement, Though a variety of ocular symptoms
such as ptosis, pigmentary retinal degeneration, external ophthalmoplegia, and optic nerve atrophy can
occur in association with mitochondrial cytopathies, progressive bilateral cataracts are rare among their
ocular findings, A 5-year-old girl with no previous medical history came to our hospital presenting
symptoms of seizure, She started showing progressive developmental regression, increased seizure
frequency, hypotonia, general weakness, dysphagia and decreased vision, Lactic acidosis was noted in
metabolic screening test and we confirmed mitochondrial respiratory chain complex | defect in spectro-
photometric enzyme assay using the muscle tissue, Progressive bilateral cataracts then developed and
were fully evident at the age of 7. She underwent cataract extraction with posterior chamber lens im-
plantation, We are reporting a case of mitochondrial respiratory chain defect with multiorgan involve-
ments including bilateral progressive cataract, an uncommon ocular manifestation, Ophthalmologic eva-
luation is highly recommended not to overlook the possible ocular manifestations in mitochondrial dis-
orders,

Key words: Mitochondria, Respiratory chain complex, Lactic acidosis, Cataract

Introduction

pending on each patient‘%). A variety of ocular

thalmic, skeletal, or gastrointestinal systems de-

Mitochondrial cytopathy is a complex and hete-
rogeneous multisystem disorder that is caused by
mitochondrial dysfunction, particularly defects in
the mitochondrial respiratory chain (MRC) complex
and related aberrant oxidative phosphorylationl‘Z) .
It preferentially affects the muscle and nervous

system while involving the cardiovascular, oph-
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symptoms and signs such as pigmentary retinal
degeneration, external ophthalmoplegia and optic
atrophy occur in association with mitochondrial
cytopathies”. However, progressive bilateral ca-
taracts are quite rare”. This report describes a
7—year—old female with mitochondrial respiratory
chain complex [ deficiency suffering bilateral ca-

taracts.
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Case Report

The patient was a full term baby born after an
uncomplicated pregnancy. She was the first child
of healthy, nonconsanguneous parents. She de-
veloped symptoms of seizure the age of 5 years
old and came to our hospital for evaluation. She
then started showing other symptoms including
progressive developmental regression, increased
seizure frequency, hypotonia, general weakness,
and dysphagia. She was full time wheelchair—
bound and partially dependent for daily activities,
able to do brief communication and had mild mental
retardation. There were no definite abnormal fin-
dings in auditory function test and cardiac evalua-
tion. Her brain magnetic resonance imaging (MRI)
showed progressive diffuse cerebral and cerebellar
atrophy while the magnetic resonance spectro-
scopy showed no significantly abnormal finding
(Fig 1). Serum lactate was markedly elevated to
5.4 mmol/L with an elevated lactate to pyruvate
ratio of 20:1. Urine organic acid showed severe
lactic aciduria and ketonuria. Muscle biopsy was
performed when she was 7 years of age. The
residual enzyme activity of mitochondrial respi-
ratory chain complex I was checked as less than
10% residual enzyme activity compared to that of
the age—matched controls in spectrophotometric
enzyme assay, therefore we confirmed mitochon-
drial respiratory chain complex I deficiency.
However, she was not diagnosed with a specific
syndrome of mitochondrial disease or mitochon-
drial myopathy in routine histology, immunohisto-
chemistry, and electron microscopy examinations.
She was consecutively referred to an ophthalmo-
logist for evaluation of decreased vision. Fundus
examination result was unremarkable but pro-
gressive bilateral cataract was noted (Fig. 2).

The cataract progressed in a rapid rate for the

following 5 months. She underwent right—side
cataract extraction and posterior chamber lens
implantation. After the operation, the right—side
visual acuity improved. She started having regular
ophthalmologic checkups to determine the need
for the left—side cataract extraction. The cataract
progressed rapidly, but she was unable to receive
neither the extraction nor the lens implantation
due to her poor general condition. She expired at

the age of 8 because of sepsis.

Fig. 1. Magnetic resonance image of the brain (T2
weighted image). (A) Axial T2—weighted mag-
netic resonance imaging when she was 5 years
old demonstrated mild cortical atrophy and
increased T2 signal in basal ganglia. (B) Axial
T2—weighted magnetic resonance imaging when
she was 6 years old revealed that cortical atro-
phy was progressed and T2 signal increased
more in basal ganglia. Cerebellar atrophy was
also noted. (C) Axial T2—weighted magnetic re-
sonance imaging when she was 7 years old re-
vealed progression of cortical atrophy and ce-
rebellar atrophy as well as ventriculomegaly.
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Fig. 2. Ophtalmologic evaluation. Fundus examination
result was unremarkable but progressive bilateral
cataract was noted.

Discussion

Mitochondrial cytopaties are known to show a
diverse spectrum of clinical manifestations”. They
involve the central and peripheral nervous system
and as well as the muscular system resulting in
patients suffering altered levels of consciousness,
developmental delays, seizures, involuntary mo-
vements, peripheral neuropathies, hypotonia and
muscle weakness”. They are also known to in-
volve non—muscular systems such as cardiovas-
cular, ophthalmic, auditory, gastointestinal, uro-
logic, endocrinologic, and hematologic system’ .

Mitochondrial diseases that involve ocular symp-
toms as a major manifestation include chronic
progressive external ophthalmoplegia (CPEO) and
Kearns—Sayre syndrome (KSS), among others® .
There are several studies describing the ophthal-
mological manifestations in patients with mito-
chondrial diseases”'”. However, a comprehensive
literature search demonstrated that either infor-
mation about ophthalmologic phenotypes were
small case series, not discussed in detail. In this
report we described a relatively rare ophthalmic
manifestation of mitochondrial respiratory chain
complex I deficiency. To our knowledge, the as-

sociation of cataracts in childhood and complex I

deficiency has been rarely reported in other co-
untries and has not yet been reported in Korea.

Our patient had progressive developmental re-
gression, increased seizure frequency, hypotonia,
general weakness, dysphagia and cataract. Several
classic mitochondrial disorders of ophthalmic im-
portance include Leber Hereditary optic neuro-
pathy, chronic progressive external opthalmoplegia
(CPEO) or Kearns—Sayre syndrome, MERRF synd-
rome and MELAS syndrome. But none of these
syndromes has been found to include progressive
bilateral cataract”.

We report a case of mitochondrial respiratory
chain defect with multiorgan involvements inclu-
ding an uncommon ocular manifestation that is
bilateral progressive cataract. Early ophthalmic
evaluation of children with mitochondrial disorders
or respiratory chain enzyme defects is very im-
portant to detect the various manifestations in
mitochondrial disorders including the uncommon

ones.
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A Case Report of Novel Mutation in GNPTAB
in Two Siblings with Mucolipidosis Type Ill Alpha/beta
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Mucolipidosis type Il (pseudo-Hurler polydystrophy) is a mucolipids degrading disorder caused by a
mutation in the GNPTAB gene and is inherited by autosomal recessive, It is diagnosed by examining
highly concentrated mucolipids in blood and the diagnosis can be confirmed by genetic testing, Muco-
lipidosis type Il is a rare and progressive metabolic disorder, Its initial signs and symptoms usually
occur around 3 years of age, Clinical manifestations of the disease include slow growth, joint stiffness,
arthralgia, skeletal abnormalities, heart valve abnormalities, recurrent respiratory infection, distinctive facial
features, and mild intellectual disability, Here, we are presenting two siblings of mucolipidosis type I,
a 4-year-old female and a 2 years and 7 months old male with features of delayed growth and coarse
face. The diagnosis was confirmed by [c.2715+1G)A(p.Glu906Leufs*4), c.2544del(p.Glu849Lysfs*22)]
mutation in targeted gene panel sequencing. In this case, ¢.2544del is a heterozygote newly identified
mutation in mucolipidosis type Il and was not found in the control group including the genome aggre-
gation database, And it is interpreted as a pathogenic variant considering the association with pheno-
type. Here, we report a Korean mucolipidosis type Il patients with novel mutations in GNPTAB gene
who have been treated since early childhood, Owing to recent development of molecular genetic te-
chnigues, it was possible to make early diagnosis and treatment with pamidronate was initiated appro-
priately in case 1, In addition to these supportive therapies, efforts must be made to develop funda-
mental treatment for patients with early diagnosis of mucolipidosis,

Key words: Mucolipidosis types lll, N-acetylglucosamine-1 phosphotransferase, GNPTAB
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1. Case 1

A= A AW 397 3UE S FA] A
46.5 cm (3—10" percentile), A% 2,500 g (3—
10™ percentile), F¢] 33 cm (25" percentile), 0]31
om 34 671 FHEE O & B 75
AE ydatich uid 24 A% 95.6 cm (S‘h per-
centile), AF 19 kg (75 percentile), T 50 cm
(50" percentile)©13lar #1214, HF g A@3} v
3] AR A (coarse facial feature), T 20|
BEECk FAA A2 Fd Ax} 23w Ay
*Hldrﬂ”o‘:(anteromfenor beaking appearance of
L5 vertebral body) ¥ %5 &3} %o Tk A Ze] F
ok ok (bullet shaped) &5 A el 1 Beok(ca-
noe paddle shape), 2}1l & =7} (Fig. 1) &l
Ho] Favds % T‘:'r A5 o sl targeted
gene panel sequencings A3t Tx Ao

HE] genome DNAS #3319 1, gholHelg]= A

Fig. 1. Skeletal survey of a patient in case 1 (A) A canoe paddle shape of both ribs.
(B) Anteroinferior beaking apperance of L5 vertebral body. (C) Constricted iliac
wings, underdeveloped acetabula. (D) Bullet—shaped phalanges.
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A4 e F 4,813719) K7k oF 62,000719) 3%
A exong TruSight One sequencing panelg AHE-
3}o] capture @7 lllumina NextSeq plat form& A}
£3}o] g+ % parallel sequencing®] A& =itk A
AL Az FEves B> [DUA, IDS, HGSSNAT/
GNS/NAGLU/SGSH, GALNS/GLBI §31#} o]z}
WAEA okgrom FAEF I/ alpha/betas} ¥
dE GNPTAB f-3Al4 ¢.2715+ 1G>A (p.Glu906
Leufs*4), c.2544del (p.Glu849Ly sfs*22), 5 712

FrA A M2 EAWol7F el FaA

ol

s g -

c.2715+1G>A W0l exon 139 HFg|ol] $x|3k
intron®] 9714 Ho] GollM AR X gE|= wol 2, ca-
nonical splice site®l 3|Fsta, 7|El FIAEZ 11
& st A Bag ul Itk ¢.2544del WOl exon
13l SIRI5F 254405 47121 A7} AAEo] 849WA
o] Akl Glutamic acid’F Lysine &2 %] 3hE 11 o]
Z5E 2294 Aol proteino] 7|0 FAHE
Ho| & 7]Ee|| KA ok A2 Holo|H, trun-

cating variant®]3 KRGDB (Korean Reference Ge-

glol7h 53 ol TA = A A (Fig. 2).
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Fig. 2. Chromatogram of mutations in mucolipidosis type III in two siblings and their parents.
Mucolipidosis type III pathogenic variants were identified by targeted exome sequen-
cing in the patients and confirmed by Sanger sequencing in the patients and parents.
Compound heterozygous mutation, ¢.2715+1G>A (p.Glu906Leufs*4) and c.2544del
(p.Glu849Lysfs*22), were found in the patients, and the parents were heterozygous
carriers.
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W, EPS6500 database 6,503, ExAC database
60,7062 Al #A dlo]ElH|o] A~ (Genome Aggre-
gation Database) & 123,136702] exome sequences
¢} 15,49670¢] whole genome sequenceE X313t
"41—7£‘7L°1W AR 9kokal BdE e A

23} Wl pathogenic variant® 3|4¥ T} Man-
nose—6—phosphate dependent pathway®l a&3}=
vl 7k &4 @ EE S48k ke 843 v
FE AfoME FEES 083 A7) Y5 B4E ¥
ov I A3} FF uE Arylsulfatase a 1,150.1
(control A} A3}, 57.4 nmol/hr/mg protein), B—
hexosaminidase 6,945 (31%], 374—666 nmol/hr/
mg protein), B—glucosidase 5.49 (control A} 4
3}, 0.99 nmol/hr/mg protein) ¥ a—N-—acetylglu-
cosaminidase 204.52 (Fi1%], 22.3—60.9 nmol/hr/
mg protein) & 7ol vla|A FAstA F7tEo] 9l
o}, Wg1o] g4 BATE Arylsulfatase a 55.6
(control AAF A3}, 59.5 nmol/hr/mg protein), B—
glucosidase 9.09 (control A} A3}, 9.86 nmol/hr/
mg protein), 2 a—N-—acetylglucosaminidase 0.81
(control #HAF A3}, 1.19 nmol/hr/mg protein) &2
7o) t) o]= gAE o7 ke Hold g4
o Ay o= QlFl, &7 (golg) oA FAE &47)
AFOR o]FHA Fata AlE sHEA) O & whALt
7] Wt R FIALSl FEet Aot AN A
A2 Al¥$t Toluidine blue spot test$} Cetylpyri-
=/30]50t} Al
AR AL A

dinium chloride precipitation test+=
3t Aslsky Arl Aol GNPTAB

g FHepe & 0l FAREe] FIH B4
A R U Py Tl a0 e
% ¥ o

10, 508/mm ), A% 127 g/dL (ZLF_Z] 13.6-17.4
g/dL), A% 4 323,000/mm® (LA, 141,000—
316,000/mm”) o|gltk. &3 skt AAL A, AST/
ALT 23/10 unit/L (312, 0-40 unit/L), BUN/
Creatinine 11.5/0.29 mg/dL (3117, 8—22/0.6—
1.1 mg/dL), 8% As4 %Et UEF 141 mEqg/L
(#F11%), 136-145 mEq/L), 2% 4.0 mEq/L (F1
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%], 3.5-5.1 mEq/L), Z% 9.7 mg/dL (11%], 8.4—
10.2 mg/dL), ?1 5.0 mg/dL. (3Fa1%], 2.5-4.5 mg/
dL), C—HEg-©® 0.03 mg/dL. (124, 0.0-0.3 mg/
dL), 3 A= E2E(TSH) 0.443 WlU/mL (L
A], 0.4=5.0 WlU/mL), #2149 El5A 1.26 ng/dL (G
%], 0.8-2.0 ng/dL), 2H 27 (osteocalcin)
67.23 ng/mL (F1Lx], 14—46 ng/mL) °]tk A%
Su} AP e R GAtolgl . B 2 o5} AA}L
oA ZH] Hltle $USIT) 44 97Eel Alget 2%
7A}H(dual energy X—ray absorptiometry, DXA) of|A]
= 1A 41 23 (L1-14) 9 Z AF7F —2.892
ZrhaZo] gelg Q) otal AX A} zhuk TEF ¢ o
] A

1=

Z}Z(j/\o ] Il 7642:1 7—1}\]. x%/\l—o]OJ ou% —/\:ﬂ- /RT—F,H
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Zgolqltty. e Wb Al A=, KABC-II
(Kaufman Assessment Battery for Children—
second edition) @ ZNHAQl A5 H7F Al 2k A
A4= 80, 9.0%, EAIAE A4 104, 61%, 54 A
= 108, 70%, A2 A<=+ 85, 16% ‘K% J='=Z 1}
ERdal K-Vineland—115 o] 43 8¢ 8% 23
72, 3%E. ‘Ot GrE FEOR Uit &7 we
ol o] W= AT A ofF e 8<le] Y
#Qlo] 22 PRES (Preschool Receptive—Ex-
pressive Language Scale) & AR-ste] F7Mgla
Soje} Ao A oF 4-671Y AT AAE B3
1 A AL 2k 72.09% %2 ASE 25
o webA] o] % At Qo] Al A E5E R
T3 #7153 SAUE A7) LE

FH

5
.
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o mt

Ho
jm 30
Moo o5

g X85 E v vk <k, on|AS ) AL 7]
o® ®y glom ItFF AEE Hdte] A
(osteoclast) & AN FIZA YT SALAl FF0]
U 24S oah=d] Bgo] frka 2EA 9" pa-
midronate 7.5 mg/m°S AW FALE 1708wt} F
oF Folw 5HE F2-§ glo] N 5E A&sta itk

2. Case 2

Case 1 $#}9] Gz oz Ae] A 3950 A
A FA A 49 cm (10-25" percentile), AF
2,700 g (3—10™ percentile), F¢] 34cm (25—-50™
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0

percentile) o]$1oH EHst 24 glo] AAtastA AW
o}, #2k9] Fih(Case 1 4h) o 4 5 F7de o
3l Al=st HAVY GNPTAB f732tel A 5 719] ®io]
7h s o] AT {22 Hole sl 71 gl 9
& 24 770l WAF W GA A% 14 kg (50"
percentile), A1 85 cm (10™ percentile) ©]91 ¥
B A=) vk o] AR D= (coarse facial fea-
ture) o] THFE T A= B DA oy FF 9
At ZAA A #Y A kS Au 1 Bofo]
FRIE I L2 HEFALALF, L5 A5m 343 ol
21 F& Ao A2AS BTH(Fig. 3). Sanger se-
H §H2F HAF A3} Case 1 #4F
g} YA FAALF A EAel A BuE v gl
c.2715+1G>A o]} Novel mutation? c.2544del
o] B3t o] eA= F21EtH(Fig. 2). Mannose—
6—phosphate dependent pathway®ll #l@d-dk= vl 7k
A G4 GAEE 733 49 73 U= Arylsulfatase
a 977.9 (control A} A3}, 57.4 nmol/hr/mg pro-
tein), B—hexosaminidase 6,294.7 (1%, 374—
666 nmol/hr/mg protein), B—glucosidase 5.49
(control ZAF A3}, 0.99 nmol/hr/mg protein)

Ol

quencingC. % EelH

AN A2

FdWel7h SlE AN 1Y @ -

a—N—acetylglucosaminidase 233.39 (FiL%], 22.3—
60.9 nmol/hr/mg protein) & /el v EAHA
Z71eo] AT whd MY 1o g4 BT Aryl-
sulfatase a 63.4 (control FAF A3}, 59.5 nmol/hr/
mg protein), B—glucosidase 8.93 (control HAF 2
¥}, 9.86 nmol/hr/mg protein), 2 a—N—acetylglu-
cosaminidase 0.79 (control ZAF A3}, 1.19 nmol/
hr/mg protein) &2 Z+A% o] UATh AW HAZ Al
&8t Toluidine blue spot test®} Cetylpyridinium
chloride precipitation testt &/go]it} $k4k9] ¢
& 29 AsteA HA A, GNPTAB 34 AL
A3E Fatel & o FA9] F(Case 1 32D 9}
T FEANS 18-S A 5 39tk

ol AL A E T 2 9 170/mm’ (A, 3,800—
10,508/mm”), M4 125 g/dL (i), 13.6-17.4
g/dL), Ea3 5= 236,000/mm” (314, 141,000—
316,000/mm’) olitk. I Aser A A4, AST/
ALT 25/8 unit/L. (&3], 0—40 unit/L), BUN/
Creatinine 10.7/0.28 mg/dL (3i1%], 8—22/0.6—1.1
mg/dL), 8% Add 5= YEF 141 mEg/L (&
1], 136—145 mEq/L), Z-F 4.4 mEq/L (1],

Fig. 3. Skeletal survey of a patient in case 2. (A) A canoe paddle shape of both ribs.
(B) Anteroinferior beaking apperance of L2 vertebral body. (C) Constricted iliac
wings, underdeveloped acetabula.
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3.5-5.1 mEq/L), Z% 9.9 mg/dL (31X, 8.4-
10.2 mg/dL), ¢l 5.8 mg/dL, (&1, 2.5—4.5 mg/
dL, C—Hk&©® 0.03 mg/dL (12%], 0.0-0.3 mg/
dL) 3 A= 32 E(TSH) 0.957 plU/mL (Frat
], 0.4=5.01U/mL), 21% El54] 1.32 ng/dL (3
1%, 0.8—2.0 ng/dL), 2~ 2ZA(osteocalcin)
70.91 ng/mL (12X, 14—46 ng/mL) °]th HZx
=5 A A dls ) 3 T dis s e 6l
o NEEE 64.9% & AoIATh B 259 7
AbellA] Zu)st 7] 11.6 cm (AL ZF54ol, 7.4—
11.9 cm), BIF 7.2 cm (Bl A%40], 4.1-9.3
em)>¥ 7L SISiek. 241 574 el Al@E FUw HA
(dual energy X—ray absorptiometry, DXA) A=
L1-L4 0.401 g/em®, L2-14 0.424 g/em®o|u} £3}
Aol W P4 ZHe TRt A% din] 2 E3ol
Aoy Z A AbEo] o Rith 2 d ot A Ao
A9 F5ol flaL oFF #xke] o]zt oJgf7]ell pami-
dronate X5 AlZFeHA] Eotth B9 AL 479
7H-S (Brainstem evoked response audiometry,
BERA) A= A7, o5& A optoacoustic emis-
sions, OAEs) AAMY ¥ B FRke- gRlEo] A&
o] wgol glglom Qe AR Al 2k 8 GISIaL Al
g Adolgitt. e Hrh A3 A=, K—Vineland—
2 AR A& AF 232 77, 6% (95% A= 73r

=

= l

TOoR dugh s Btk webA o]F Sk <F
o, el thel ofn|Qlg-3t, A3 A Fr1Aow
W glom AohliEn], A4, 437 ol AR
0

K
[

HIaAFZE 19670l AwloA e Aavigds
Aol E W) A& (abundant inclusions) 2
1S 717, TRt fARSE Ao g AS TE

A
e}
Q. o)|Z 7 HgxElE 18-S [-Cell disease®,

mote

L

F3IAWE 11182 pseudo—Hurler polydystrophy
2wy}, FaAE I/ 82 GNPTAB 3
Ak] Eoiniole] ofs) op7] k. A MA 4 FHo
2 GleNAc—1—phosphotransferase?] <3}, e} 2
Al AEARCE FAAEE a4t P ele EAEHA
grom [P ell= dojrlo] glof IFe] Bk Az 3%
AP RO B S 9] F s B
MEgow, o] Aghe] T4 AgF o7 34 Fdof
ER 80-99% EAtel A Q1A 71 o), T b
Z b, W, Al
HHE) 31 30—-79% SR}l A %
17 A=, ZturEE, 3
whE 5= Qlal 5-29% ShRlell A
s, Tl
H 49
o] Q1L o] % <3
ek 5 otk &
Al 24 7L Fr=Al
Human Gene Mutation Database®] w24 &
W T/ SRkl A 13070 o148 GNPTAB =
o7} HustH?, 4099 dB FaAWE A
o gk Aol 7 HIsHA S =5
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