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Table 1
Comparison of symptoms and laboratory examinations between CTLN2, NICCD and
animal models.

Symptons Human citrin Citrin KO- Citrin/fmGPDH
deficiency
CTLN2Z  NICCD  Mice Double KO
mice
Plasma ammonia
Under-fed state High t— High
Undei-fasted state Normal Normal
Plasma citrulline High High Normal High
Hypoglycemia = + +f— +
Low BMI/Growth + + - +
retardation
Fatty liver + + + + (fasted)
’ (fasted)
Sugar toxicity + + - +

BMI, body mass index.

After operation, they are metabolically normal, although issues are
donor, cost and administration of immunosuppression drugs.

Low-carbohydrate and high-protein diets seem to be effective
for NICCD and CTLN2 [41,43,44]. Doctors should not force high-
carbohydrate and low-protein meals for the patients with citrin
deficiency, but might have to be cautious about the protein amount
in diet if the hepatic ASS activity is decreased.

Administration of arginine may be effective against hyperam-
monemia and hypertriglyceridemia [41,44], even though plasma
arginine levels in CTLN2 patients are rather high [2]. In the exper-
iments using the citrin/mGPDH KO mice, we recognized that
administration of amino acid mixture (tryptone; casein pancreatic
hydrolysate) caused no increase in blood ammonia in contrast to
ornithine carbamoyl! transferase-deficient spf-ash mice [45], but
rather suppressed increases in blood ammonia produced by
administration of sucrose solution [data not shown], suggesting
that amino acid mixture or some specific amino acid(s) may inhibit
the pathophysiological process.

We are now testing sodium pyruvate which oxidizes cytosolic
NADH to NAD" by lactate dehydrogenase reaction and may provide
energy as a substrate for TCA cycle. Pyruvate was able to decrease
NADH/NAD' ratio, resulting in deinhibition of ureogenesis in the
perfused liver of citrin KO mice [39]. In the first case, P557S2, the
administration of sodium pyruvate together with arginine brought
rapid increases in body weight and height, and significant
improvement in laboratory examinations such as plasma Cit, thre-
oninefserine ratio and serum PSTI (pancreatic secretory trypsin
inhibitor) [26]. In another CTLN2 patient, the administration of so-
dium pyruvate brought a body weight gain and improved the liver
histology [data not shown]. At least, administration of sodium
pyruvate seems to delay the necessity of liver transplantation [per-
sonal communication from Dr. Yazaki}. A recent research reported
by Nagasaka et al. {27] demonstrated that citrin deficiency is asso-
ciated with oxidative stress even under apparently health states,
The oxidative stress in citrin deficiency may result from reductive
stress caused by accumulation of NADH [46], which may be ame-
liorated by the administration of sodium pyruvate.

Current treatinent concepts for citrin deficiency

Current treatment concepts for citrin deficiency are summa-
rized as follows:

(1) Some of conventional therapeutic procedures for hyperam-
monemia, such as low-protein and high-carbohydrate diets
are harmful. This is because carbohydrate causes generation

of cytosolic NADH, which inhibits glycolysis and energy pro-
duction, and cause suppression of ureogenesis in citrin
deficiency.

(2) Liver transplantation is very effective, but issues are donor
and cost.

(3) Low-carbohydrate, and high-protein/-fat diets, favorites of
citrin-deficient subjects, are recommendable.

(4) Some amino acids, such as arginine and some other
unknown amino acids may be effective.

(5) Sodium pyruvate may be effective probably because it oxi-
dizes NADH, relieves inhibition of glycolysis and itself sup-
plies energy.

(6) Sedium pyruvate may also relieve oxidative stress in citrin
deficiency, which remains to be solved.
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Neonatal intrahepatic cholestasis caused
by citrin deficiency in two Malaysian
siblings: outcome at one year of life

Thong M K, Boey C C M, Sheng ] 8, Ushikai M, Kobayashi K

ABSTRACT

We report two Malaysian siblings with neonatal
intrahepatic cholestasis caused by citrin deficiency
(NICCD). The younger sibling, a six-month-old
Chinese girl, presented with prolonged neonatal
jaundice, and was investigated for biliary atresia.
Urine metabolic screen showed the presence of
urinary-reducing sugars, and she was treated with
a lactose-free formula, NICCD was suspected
based on the clinical history, examination and
the presence of urinary citrulline. Mutation study
of the SLC25A13 gene showed the compound
heterozygotes, 851del4 and IVS16ins3kb, which
confirmed the diagnosis of NICCD in the patient
and her three-year-old female sibling, who also
had unexplained neonatal cholestasis. Long-
term dietary advice, medical surveillance and
genetic counselling were provided to the family.
The diagnosis of NICCD should be considered
in infants with unexplained prolonged jaundice.
DNA-based genetic testing of the SLC25A13
gene may be performed to confirm the diagnosis
retrospectively. An awareness of this condition
may help in early diagnosis using appropriate
metabolic and biochemical investigations, thus
avoiding invasive investigations in infants with
neonatal cholestasis caused by NICCD.

Keywords: citrin deficiency, citrullinaemia type
2, metabolic liver disease, molecular genetics,
neonatal intrahepatic cholestasis, neonatal
jaundice, prolonged jaundice
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INTRODUCTION
Citrin is a mitochondrial inner membrane aspartate-
glutamate carrier that functions as part of the malate-
shuttle,

nicotinamide adenine dinucleotide into the mitochondria.

aspartate transferring  cytosolic-reduced
It plays a role in the synthesis of urea, protein and
nucleotide by supplying mitochondrial aspartate to the

cytosol in the liver.® There are two disease entities

attributed to the deficiency of citrin: neonatal intrahepatic
cholestasis caused by citrin deficiency (NICCD;
OMIM#605814) and adult-onset Type II citrullinaemia
(CTLN2; OMIM#603471).® Infants with NICCD often
present with transient intrahepatic cholestasis with mild
liver dysfunction, hepatomegaly, transient multiple
aminoacidaemia (citrulline, methionine, tyrosine) and
hypoglycaemia. To the best of our knowledge, these two
conditions and their outcomes have not been published

in the English medical literature from Southeast Asia,

CASE REPORT

A six-month-old Malaysian Chinese baby girl of non-
consanguineous parents was referred to the University
of Malaya Specialist Centre at six weeks of life for
investigation of prolonged neonatal jaundice. The
antenatal period was uneventful, and she was delivered
at term with a birth weight of 2.75 kg. She was initially
breastfed but later received additional formula feeds.
Her stools were pale yellow in colour. Although she was
thriving well, she was noted to be jaundiced from the
first month of life and was investigated for prolonged
jaundice. On review of the family history, it was found
that the patient had an elder sister, aged three years old,
who also had jaundice from one to three months of age.
Her urinary-reducing sugar was positive. The sister was
initially treated in another hospital. Her jaundice had
disappeared after lactose-free formula was started so no
other investigation was performed.

The physical examination confirmed the presence
of jaundice in the patient. She was thriving well
and had no dysmorphic features. The abdominal
examination revealed a soft palpable liver 2 cm below
the right subcostal margin. The rest of the findings
were non-contributory. The investigations showed
hyperbilirubinaemia 210 (control range 3-17) umol/L
with conjugated fraction 126 (control range 0—3) umol/
L, serum alkaline phosphatase 9,813 (control range 50—
136) IU/L, serum alanine aminotransferase 47 (control
range 30-65) IU/L, serum aspartate aminotransferase
168 (control range 15-37) IU/L and gamma glutamyl
transferase 285 (control range 5~55) IU/L. The full blood
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count, hypothyroid screen and glucose-6-phosphate
The alpha-

lantitrypsin and serum TORCH screens were normal.

dehydrogenase screen were normal.
Ultrasonography of the liver and abdomen was normal,
but the isotope study with hepatobiliary iminodiacetic
acid scan did not show any excretion. An on-table
cholangiogram, however, showed good excretion into
the small intestine, excluding the possibility of biliary
atresia. The liver biopsy showed marked cholestasis
with ballooning degeneration and fibrosis of the portal
tracts. No inflammatory cell was noted.

The urine metabolic screen showed the presence
of urinary-reducing sugars (positive) and tyrosine
(positive) on two occasions. In view of the suspicion of
galactosaemia, she was empirically started on a lactose-
free formula, and breastfeeding was stopped. The
urinary-reducing sugars subsequently became negative.
The galactose-1-phosphate uridyl transferase assay and
the urinary succinylacetone level were normal, while
the urine organic acid showed a marked increase in 4-
hydroxyphenylacetic acid, 4-hydroxyphenyllactic acid,
4-hydroxyphenylpyruvic acid and n-acetyl tyrosine,
which was consistent with liver impairment. The urine
amino acid showed a marked elevation of urine citrulline
and a slight increase in tyrosine, histidine and alanine,
with an absence of succinylacetone and argininosuccinic
acid, suggesting NICCD. Plasma amino acid tests were
not done at that time. Mutation analysis of the SLC25A13
gene was performed at the Department of Molecular
Metabolism and Biochemical Genetics, Kagoshima
University Graduate School of Medical and Dental
Sciences, Kagoshima, Japan. The results showed that the
patient was a compound heterozygote for two different
mutations: a known 851del4® and a novel IVS16ins3kb
that was reported recently.®

On review at five months of age, the patient
had recovered well. The liver function test, serum
ammonium, urine and plasma amino acid assays were
normal. The caregivers were counselled regarding the
condition. Appropriate- dietary advice was provided to
the parents, who were told to ensure that the patient
maintained a high-protein and low-carbohydrate diet,
and avoided paracetamol and other antiinflammatory
medications. The patient was well at one year of life.
After the diagnosis of NICCD was made in the patient,
the older sibling was tested and found to have the
identical compound heterozygous mutations, 851del4
and IVS16ins3kb. Following this molecular diagnosis,
the parents were counselled that both their daughters
have NICCD. The older sister has remained well and has

no specific food preference.

Singapore Med J 2010; 51(1) : e13

DISCUSSION

While NICCD during infancy is not considered a life-
threatening disease, it is vital to note that three affected
individuals had undergone liver
The

cholestasis, diffuse fatty liver with parenchymal

transplantation.®

clinical features may include intrahepatic
cellular infiltration associated with hepatic fibrosis
and variable liver dysfunctions, such as coagulopathy
and hypoalbuminaemia. This may lead to extensive
the affected infant

biliary atresia. Other clinical features include ketotic

investigations in to exclude
hypoglycaemia, hepatomegaly and haemolytic anaemia
in childhood. As awareness of NICCD is generally
low, these patients may be empirically treated for
galactosaemia with lactose-free formula. After weaning,
the patient with NICCD may show an aversion to
carbohydrate-rich foods and a fondness for protein-rich
foods.
Unfortunately, with NICCD
may develop CTLN2 with neuropsychiatric features
during early adulthood.®” CTLN2 is a severe condition

some individuals

characterised by recurrent episodes of hyperammonaemia
and neuropsychiatric symptoms, such as nocturnal
delirium, irritability, delusions, disorientation, changes
in sensorium, convulsions and coma. Death may result
from cerebral oedema. The onset is sudden, and the
precipitating factors may include alcohol ingestion,
medications or surgery. The liver may show fatty
liver
dysfunction. Although the prognosis of CTLN2 is
guarded, it is amenable to liver transplantation.®

The

citrullinaemia Type 1

infiltration and mild fibrosis, with minimal

differential  diagnoses include
(CTLN1),

aciduria and pyruvate carboxylase deficiency in patients

may

argininosuccinic

presenting with increased urinary or plasma citrulline.
Hyperammonaemia may lead one to suspect urea
cycle defect and organic acidemias. The neonate with
cholestasis may be investigated for galactosaemia,
biliary atresia, Byler disease and other forms of
hereditary hyperbilirubinaemia. The diagnosis of
NICCD is made based on the history and the above
mentioned physical examination findings, and supported
by transient aminoacidaemia (citrulline, methionine,
tyrosine), transient galactosuria, an increased alpha
foetoprotein concentration and the presence of mild liver
dysfunction. The symptoms and abnormal biochemical
findings disappear by one year of age. Due to the
transient nature of the biochemical abnormalities in
NICCD, genetic testing is useful when the patient is
seen after the first year of life, or when the parents are

considering prenatal diagnosis. In addition, the parents of
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patients with NICCD confirmed by genetic testing may
receive early counselling on the risk of CTLN2 for their
children, which will change their long-term management
and health surveillance program. For example, as the
outcome of NICCD patients is not always benign, the
confirmation of their status as NICCD by genetic testing
may mean a life-time of dietary modifications and early
preparation for liver transplantation, if they develop
recurring neuropsychiatric symptoms.® A patient with
“idiopathic” neonatal cholestasis may not be subjected
to similar restrictions or concerns. Therefore, continuing
research and follow-up of these families are important
for future reference.

The frequency carriers for the SLC25A13 mutation
is one in 65 and one in 48 in the Japanese and Southern
Chinese populations, respectively.®? Recently, NICCD
was reported in patients from Israel,“® the United States
of America,® the United Kingdom™!? and the Czech
Republic.® Increasingly, this condition is being detected
through expanded newborn screening programmes.!?
There is a need for greater awareness of this disease
entity in this part of Southeast Asia. This is to avoid
unnecessary and potentially hazardous investigations
in infants. As such, it would be reasonable to consider
this diagnosis in the workup for patients with neonatal
cholestasis. This condition is also amenable to dietary
management, which consists of a high-protein and low-
carbohydrate diet, and avoidance of risk factors, such as
alcohol and certain drugs. As this an autosomal recessive
condition, genetic counselling should be provided to
the affected family. Mutation study of the SLC25A13
gene may be used when the diagnosis is uncertain, or
when prenatal diagnosis is being considered. In our
case, the molecular diagnostic approach had confirmed
the diagnosis of NICCD in both patients. Long-term
health and medical surveillance has been provided
for the family. Therefore, the diagnosis of NICCD in
infants with unexplained prolonged jaundice should be
considered, with a DNA-based genetic testing of the
SLC25A13 gene performed to confirm the diagnosis.

The detailed methods for the identification and
diagnosis of the novel mutation, IVS16ins3kb, which
was first found and characterised in a Japanese CTLN2
patient, have been described in the literature.®” However,
the clinical and biochemical data have previously
been reported mainly in Japanese,*'¥ Korean(!519
and Chinese® NICCD patients with the 1VS16ins3kb

mutation, and it is well known that many patients

Singapore Med J 2010, 51(1) : el14

and carriers of the mutation 851del4 are found widely
in East Asia.*? Therefore, the presence of both these
mutations in Malaysian Chinese patients, as reported in
this case, suggests that the IVS16ins3kb mutation, like
the 851del4 mutation, may also be widely distributed in
East Asia.®
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Abstract: NICCD is an autosomal recessive genetic disorder, charac-
terized by cholestasis, coagulopathy, hypoglycemia, fatty liver and
multiple amino acidemia. NICCD develops in the neonatal/infantile
period and has been reported as a “naturally curable” disease within
one yr of life. Recently, we experienced an infantile NICCD who
developed progressive liver failure, and required subsequent LT using a
heterozygote living donor at eight months of age. Diagnosis of
NICCD was established before transplantation, and donor evaluation
included mutation in the SLC25A13 gene for exclusion of individuals
with citrin deficiency citrullinemia. LDLT, from blood type identical
mother using a left lateral segment graft, was performed without serious
complication. Plasma amino acid concentration was normalized rap-
idly, and the patient was discharged 30 days after transplant. During
one yr follow up, the recipient has been doing well without additional
medication for NICCD. NICCD should be considered in the differential
diagnosis as a cause of neonatal/infantile cholestatic disease. LT using
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where a deceased donor is not available.

Recently, citrin deficiency has been established as
an autosomal recessive genetic disorder, and has
two phenotypes (1). One is NICCD and the other
is CTLN2. NICCD has been reported with
SLC25A13 mutations and develops in the neo-
natal and/or infantile period. Clinical presenta-
tions of NICCD are characterized by cholestasis,

Abbreviations: AFP, alpha-feto protein; CT, computed
tomography; CTLN2, adult-onset type II citrullinemia;
LDLT, living donor liver transplantation; LT, liver trans-
plantation; NICCD, neonatal intrahepatic cholestasis
caused by citrin deficiency; PT-INR, prothrombin time
international normalized ratio; T-bil, total bilirubin.

a heterozygote living donor is an effective alternative in countries
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coagulopathy, hypoglycemia, fatty liver, and
multiple amino acidemia; however, these features
have been reported to improve spontaneously
within one yr of life (2). Therefore, development
of end-stage liver disease in NICCD patients is
extremely rare. We report our experience of
infantile NICCD diagnosed preoperatively that
required LDLT because of development of end-
stage liver disease. The feasibility of LT using a
heterozygote living donor is discussed.

Case

The female neonate was born at 40 wk of
gestation, weighing 2679 g, with normal delivery,

1
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She was the first live-born child of unrelated
parents with no abnormalities in the family
history. At five months old, she was admitted
to the hospital because of abdominal distension
and an inguinal hernia. Her weight (6370 g) and
height (68 cm) were within the limits of the mean
and standard deviation of the growth standard.
Laboratory data showed an elevated serum T-bil
3.8 mg/dL (normal range: 0.25-0.85 mg/dL), as-
parate aminotransferase 155 IU/L (2442 TU/L),
alanine aminotransferase 81 TU/L (9-28 IU/L),
PT-INR 1.4 (0.64-1.17), and AFP 230 000 ng/
mL (normal range at five months of age:
1-20 ng/mL). Abdominal ultrasound and CT
revealed a liver tumor of segment 8 (15 mm)
(Fig. 1), which was suspected as a hemangioma
or hemangioendothelioma by magnetic reso-
nance imaging, without evidence of liver cirrhosis
but with massive ascites. Liver function progres-
sively deteriorated within two months, and con-
trol of intractable ascites failed. She was referred
to National Center for Child Health and Devel-
opment for possible LT because of end-stage
liver disease of unknown etiology. Routine stud-
ies to determine the cause of neonatal/infantile
end-stage liver disease were performed. As
SLC25A13 gene mutation revealed a compound
heterozygote of 1638ins23 and S225X, the cause
of liver failure was diagnosed as NICCD. Lab-
oratory data before LT showed T-bil 19.5 mg/
dL, and PT-INR 2.0 with administration of fresh
frozen plasma every other day.

Her mother was evaluated as a potential organ
donor for LT. In addition to the routine evalu-

Fig, 1. CT demonstrated the tumor in the liver at segment 8
with massive ascites.

2

ation for potential donor, mutation in the
SLC25A13 gene was examined for exclusion of
CTLN2. She did not eat an unbalanced diet, and
her liver function was normal including the
serum pancreatic secretory ftrypsin inhibitor
8.0 ng/mL (normal range: 4.6-20.0 ng/mL).
DNA diagnosis of donor for the mutated gene
revealed an asymptomatic heterozygote for
$225X mutation. The ABO blood group identical
mother was selected as the organ donor, because
of the better graft-to-recipient weight ratio. At
eight months old, LDLT was performed using
the left lateral segment, weighing 242 g, without
complication. The native liver was found to be
cirrhotic. Microscopic examination revealed
giant cell hepatitis with portal fibrosis of the
liver lobules without fatty change, and the tumor
was diagnosed as a hemangioendothelioma
(Fig. 2). After LDLT, the patient received nor-
mal milk and food without protein restriction.
Blood amino acid analysis was normal (Table 1),
and the serum concentration of AFP, t-bil and
total bile acid normalized rapidly. The patient
was discharged 30 days after LDLT without
serious complication. During one yr follow-up,
she has been doing well without additional
medication.

Discussion

Citrin deficiency is an autosomal recessive genetic
disorder that results from mutation in SLC25A13
gene on chromosome 7q21.3 (1, 3). SLC25A13
gene encodes a calcium-binding mitochondrial
protein, designated citrin, expressed mainly in
the liver, Citrin plays an important role in the
supply of aspartate from mitochondria to the
cytoplasm for synthesis of arginosuccinate.

Fig. 2. Histology revealed that liver displayed as giant cell
hepatitis with portal fibrosis among liver lobules without
fatty change (Masson trichrome stain).
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Table 1. Plasma amino acid concentration before and after liver transplant

Post-operative day

Range (nmol/ml) 107 ~28 —11 27

Threonine 66.5-188.9 2t 270.5 2005 154.3
Serine 72.4-164.5 196.3 235.2 1419 85.9
Asparagine 44.7-96.8 398 69.5 78.3 559
Glutamic acid  12.6-62.5 634 69.9 64.9 65.9
Citruline 17.1-426 452 332 254 255
Methionine 18.9-405 40.7 2218 888 25.8
Leucine 76.6-171.3 1229 1183 59.1 130
Tyrosine 40.4-90.3 95 266.2 2518 65.1
Phenylalanine  42.6-75.7 54.3 92.9 72 53.6
Fisher ratio 2.43-4.40 2.98 1.19 0.77 3.89

Therefore, impairment of citrin could lead to
failure in supply of aspirate from mitochondoria
to the cytoplasm for synthesis of argininosuccin-
ate, and cause high citrulline and ammonia
levels.

In Japan, the frequency of homozygotes with
SLC25A13 mutations is estimated to be 1 in
19 000, and the incidence of NICCD could be 1
in 34 000, but it depends on the recognition of
this disease entity, owing to the nature of
NICCD, which may spontaneously resolve with-
out treatment (2). Ohura et al. (2) reviewed the
characteristics of 75 patients with NICCD.
Among them, 30 and 45 patients were positive
and negative for newborn screening in Japan
(hypergalactosemia, hypermethioninemia, and
hyperphenylalaninemia), and more than half of
negative patients presented before three months
with prolonged jaundice, acholic stools, and
failure to thrive. Laboratory studies reveal serum
transaminase, T-bil, total bile acid concentra-
tions to be mildly elevated. The main character-
istic of patients with NICCD is an -abnormal
amino acid pattern, with significant elevation of
citrulline and methionine concentrations; how-
ever, it is noteworthy that six newborn screening
negative cases did not show any elevation of
citrulline. The present case was also negative for
newborn screening, but did not present any signs
of cholestatic disease during the first five months
of age. Moreover, citrulline and methionine were
elevated only slightly at her first visit, which
made the diagnosis of liver disease attributable to
citrullinemia difficult.

Treatment included special lactose-free milk
formula enriched with medium chain triglycer-
ides and protein free as well as medical therapy
with fat-soluble vitamins, ursodeoxycholic acid,
and phenobarbital (2). Four of 75 children with
NICCD developed severe liver damage, and
required subsequent treatment with fresh-frozen

LT for NICCD using heterozygote donor

plasma or glucagon-insulin therapy. Seventy-
three cases resolved by 12 months; however,
two cases progressively developed liver failure
and underwent LT before their first birthday.
Furthermore, Tamamori et al. (3) reported a case
that required LT at 10 months old because of
end-stage liver disease. They suspected the cause
of end-stage liver disease was tyrosinemia type 1
before LT, but confirmed the cause as NICCD
two yr after LDLT. Moreover, their case was
a compound heterozygote of 851del4/TVSII+
1G — A, which was different from our case.

LT can offer complete resolution for genetically
acquired errors of metabolism originating in the
liver. However, LDLT using a heterozygote
donor is an important issue to avoid subsequent
development of serious complications in donor as
well as in recipient. Previously, the safety of using
a heterozygote donor has been reported, and
concluded that LDLT using parenteral donors
can be recommended as an effective treatment for
pediatric cases with inheritable metabolic disor-
ders (4). They reported a large series of LDLT for
pediatric cases with various inheritable metabolic
disorders using parenteral liver grafts, and did not
experience mortality and morbidity related to the
heterozygote state, as we reported in this manu-
script. Thus, LT using a graft from a heterozygote
living donor is a feasible alternative for NICCD
patients,

In conclusion, we report an LDLT for an
infantile case with NICCD who developed
intractable ascites and end-stage liver disease.
We made a preoperative diagnosis, and success-
ful LDLT was performed using a heterozygote
living donor. It is difficult to decide the optimal
timing for LT with NICCD because a spontane-
ous remission can occur; however, LT should be
considered when patients develop irreversible
liver faiture even when only a heterozygote living
donor is available.
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1. CTLN2& ZDREEEFRREET

CTLN2DFER Z B BICKUIR L29, i (&) >
My e T RS T BESEERERR TS 5.
SR ML RETH 2 EOBMFMERE ELT 54D,
M7 v EZTHOMUEREETH L, FE, £{D
CTLN2EBZ OB AL A HELRME, IO
BEThHbH, H D, HEREHEERF X RERE
BN RBICHLE L, ER¥—Fy v 2REICHF
LLEBSNCE, CORBOEREIIOWTIEER
THHEESEREY A 7 VEEFE (I argininosuccinate
synthetase; ASS) OWIFEEZIT - Cniz/cd. BRENS
YRV VIEOREEZE L HIVIC ASSTHER O EE
KESh, RERBELOWb Y F- 7z, BREMNZIC
v, BELAZROER, BIHENER LTV, ¥
FVY VIFER BT S ASSRECERLED 2HORE
BHb I LRV, 510, LIEOFRMEBICR
TEHERAEME TR CHFBERYBEXRREORTA (I
B) ChartiROAELL, BOREE (I8) &, B
FXRIZITHELRBY L7 NV—7 (UIE]) 3. ASS #iz
TFREIWILBCTINITHZ2 b HICHHAL 7
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5 ED PAE, REPICBEEIR TV R,
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BERHOWIZDEDLLST, 18TV B39
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RYELSHFRETHILERZRBLTV S,
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HwHRE ) d—n (F) - e 7hs b —
Ao %LHBH) HSBRORBRBAERTEL OERO
HRED RLEHRELTE . Shoid MiREICBNT
NADH 24 U2#HEA,. ¥ M) Y RIBECBVTHESE%
REBTHIELERRTEIDEEZITWS,

— 112 —



3. VMICREBEICSIIBERLARE

BRI, PEROFFBEAICB VT, KEXE—
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AGC, aspartate-glutamate carrier (Citrin)

0OGC, oxoglutarate carrier
PYC. pyruvate carrier

ETS, electron transport system
OAA, oxaloacetate

oKG. a-ketoglularate

TCA, tricarboxylic acid cycle
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NICCD, Neonatal intrahepatic cholestasis caused by
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