October 7, 2011

Closing Remarks

11:00 Reminiscence of Prof. Keiko Kobayashi —Discovery of citrin deficiency

Takeyori Saheki (Kumamoto University, Japan)

11:15 Closing Remarks
Shu-ichi Ikeda (Shinshu University, Japan)

12:00 Excursion ( including lunch)

Bus tour to Kamikochi, Japan Alps National Park (http://www.kamikochi.or,jp/english/)
Please gather at lobby before GRANDE on 3F at 11:50.

19:00 Farewell dinner (The Bright Garden Reception House)
We will go to the Reception House by tour-bus directly from Kamikochi.
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Poster Presentation
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P-2:

P-3:

P-4:

P-6:

P-7:

P-8:

P-9:

Prenatal diagnosis of citrin deficiency: SLC25A13 gene analysis in a family with fatal
proband
Xiao-Mei Tang (Jinan University, China)

Identification of novel SLC25A13 splicing transcripts in human amniocytes:
a transcriptome study
Zhan-Hui Zhang (Jinan University, China)

Variomics investigation of citrin deficiency: six-year experience in a Chinese Pediatric
Center
Xin-Jing Zhao (Jinan University, China)

The characteristics of food intake in patients with type II citrullinemia

Mio Nakamura (Shinshu University, Japan)

: Two patients with adult-onset type Il citrullinemia (CTLNZ2) successfully treated by

liver transplantation from cadaveric donors in Japan

Akiyo Hineno (Shinshu University, Japan)

Clinical pictures of aged CTLN2 patients with onset after 65 years
Michiaki Kinoshita (Shinshu University, Japan)

Risk of low protein diet therapy in CTLN2
Kazuhiro Fukushima (Shinshu University, Japan)

A case of adult-onset type II citrullinemia (CTLN2) associated with pregnancy and
protein-restricted diet

Yasuyuki Shimomura (Tsuyama Central Hospital, Japan)

Two children of whom intrahepatic cholestases were possibly evoked by viral infection
at the age of four months

Shunsaku Kaji (Tsuyama Central Hospital, Japan)
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Plenary lecture
Overview of citrin deficiency: Pathophysiology and therapy for citrin deficiency based on

the mouse model analysis

Takeyori Saheki

Institute of Resource Development and Analysis, Kumamoto University, Kumamoto

Citrin deficiency is a newly-established disease entity that encompasses adult-onset type
I citrullinemia (CTLN2) and neonatal intrahepatic cholestasis (NICCD), and results from
mutations in the SLC25A13 gene that encodes citrin. It was first described in Japan, but is now
known as a panethnic disease. Citrin is a liver-type aspartate (Asp)-glutamate (Glu) carrier in
the inner mitochondrial membrane responsible for the electrogenic exchange of Asp for Glu and
a H+ ion, and supplies Asp to synthesize protein, nucleotide and urea in cytosol. Furthermore,
citrin is an important component of malate-Asp shuttle transporting NADH reducing equivalent
from cytosol to mitochondria. One of the most prominent characteristics of citrin deficiency
is the unique food preference; citrin deficiency subjects like protein-/fat-rich foods and dislike
carbohydrate-rich foods. This food preference seems to be closely related to the pathogenesis.
The conventional treatment procedures for hyperammonemia such as high-carbohydrate
diets, and glucose and glycerol infusion are harmful for citrin deficiency. Especially, glycerol
infusion for brain edema has caused deterioration of many CTLN2 patients. To elucidate the
pathophysiology of citrin deficiency, and to develop therapeutics, we created a citrin deficiency
model, citrin (Ctrn) and mitochondrial glycerol 3-phosphate dehydrogenase (mGPD) double
knockout (KO) mouse. The resultant Ctrn/mGPD double KO mice showed citrullinemia,
hypoglycemia, hyperammonemia which was enhanced by sucrose administration. The double
KO mice disliked sucrose, and sucrose administration caused a dramatic increase in the hepatic
glycerol 3-phosphate (G3P). Administration of ethanol or glycerol also dramatically increased
the hepatic G3P of the double KO mice. We have found sodium pyruvate and some amino acids

are effective for ameliorating pathophysiology of the double KO mice.
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Sustaining hypercitrullinemia, hypercholesterolemia and augmented oxidative stress
in Japanese children with aspartate/glutamate carrier isoform 2-citrin- deficiency even

during the silent period

Hironori Nagasaka®, Yoshiyuki Okano®, Hirokazu Tsukahara, Yosuke Shigematsu®, Toru
Momoi’, Junko Yorifuji, Takashi Miida®, Toshihiro Ohura’, Keiko Kobayashi®, Takeyori Saheki”,
Kenichi Hirano', Masaki Takayanagi®, Tohru Yorifuji’

‘Division of Metabolism, Chiba Children’s Hospital, Chiba, Japan; bDe:partment of Pediatrics,
Osaka City Graduate School of Medicine, Osaka, Japan; ‘Department of Pediatrics, Fukui
University Hospital, Fukui, Japan; ‘Department of Pediatrics, Kyoto University Graduate
School of Medicine, Kyoto, Japan; “Department of Clinical and Laboratory Medicine,
Juntendo University, Tokyo, Japan; ‘Department of Pediatrics, Tohoku University Hospital,
Sendai, Japan; ® Department of Molecular Metabolism and Biochemical Genetics, Kagoshima
University Graduate School of Medicine and Dental Science, Kagoshima, Japan; "[nstitute of
Heath Science, Tokushima Bunri University, Tokushima, Japan; iDepartmemt of Cardiovascular
Medicine, Osaka University Graduate School of Medicine, Suita , Japan

Neonatal intrahepatic cholestasis caused by citrin deficiency (NICCD) shows diverse metabolic
abnormalities such as urea cycle dysfunction together with citrullinemia, galactosemia, and
suppressed gluconeogenesis. Such abnormalities apparently resolve during the first year of life.
However, metabolic profiles of the silent period remain unknown. We analyzed oxidative stress
markers and profiles of amino acids, carbohydrates, and lipids in 20 asymptomatic children with
aspartate/glutamate carrier isoform 2-citrin-deficiency aged 1-10 years, for whom tests showed
normal liver function. Despite normal plasma ammonia levels, the affected children showed
higher blood levels of ornithine (p<<0.001) and citrulline (p<0.01)—amino acids involved in the
urea cycle—than healthy children. Blood levels of nitrite/nitrate, metabolites of nitric oxide (NO),
and asymmetric dimethylarginine inhibiting NO production from arginine were not different
between these two groups. Blood glucose, galactose, pyruvate, and lactate levels after 4-5 h
fasting were not different between these groups, but the affected group showed a significantly
higher lactate-to-pyruvate ratio. Low-density and high-density lipoprotein cholesterol levels in
the affected group were 1.5 times higher than those in the controls. Plasma oxidized low-density
lipoprotein apparently increased in the affected children; their levels of urinary oxidative stress
markers such as 8-hydroxy-2’-deoxyguanosine and acrolein-lysine were significantly higher
than those in the controls. Results of this study showed, even during the silent period, sustained
hypercitrullinemia, hypercholesterolemia, and augmented oxidative stress in children with citrin

deficiency.
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Analysis of hepatic metabolism in CTLN2 model mouse by using perfusion system

Mitsuaki Moriyamal, Miharu Ushikai®, Eishi Kuroda®, Katsura Takano', Yoichi Nakamura',
Keiko Kobayashi’, Takeyori Saheki™*

'Laboratory of Integrative Physiology in Veterinary Sciences, Osaka Prefecture University,
Japan, “Department of Molecular Metabolism and Biochemical Genetics, Kagoshima University
Graduate School of Medical and Dental Sciences, Japan, *Institute of Resource Development
and Analysis, Kumamoto University, Japan, and *Institute for Health Sciences, Tokushima Bunri

University, Japan

In humans, the mutations of SLC25413, the gene encoding citrin, cause both adult-onset type II
citrullinemia (CTLN2) and neonatal intrahepatic cholestasis, referred as human citrin deficiency.
Citrin, a liver-type mitochondrial aspartate (Asp)-glutamate (Glu) carrier, plays significant
roles in (i) exchanging mitochondrial Asp for cytosolic Glu and a proton, which is important
in transfering cytosolic NADH reducing equivalents into mitochondria for the generation of
ATP by oxidative phosphorylation via the malate-Asp shuttle; a process essential for aerobic
glycolysis, (ii) supplying Asp for the formation of argininosuccinate during urea synthesis
and (iii) exporting Asp as a substrate for phosphoenolpyruvate formation and the creation of
glucose from 3-carbon precursors such as lactate (Lac). To understand the pathophysiology of
CTLN2, we investigated hepatic metabolism of wild-type, citrin-knockout (KO), mitochondrial
glycerol-3-phosphate dehydrogenase (mGPD)-KO, and citrin/mGPD double-KO mice using
liver perfusion system. Gluconeogenesis from Lac was dramatically decreased in the livers of
citrin-KO and citrin/mGPD double-KO mice, however, when pyruvate was used as a substrate,
no difference in the rate of gluconeogenesis was seen among four genotypes. The deficits in
ureogenesis from ammonia in the liver of citrin/mGPD double-KO mice was accompanied by
an increase in the perfusate lactate-to-pyruvate (L/P) ratio, which is similar to citrin-KO mice.
The effect of high glucose load on ureogenesis was also investigated, since CTLN2 patients
dislike carbohydrate-rich diet. Infusion of 25 mM glucose in the perfusate partially inhibited
the ureogenesis from ammonia in the liver of citrin/mGPD double-KO mice. These results
suggest that the severe metabolic disturbances present in citrin/mGPD double-KO mice, the
model of citrin deficiency. We also discuss the alterations of the hepatic amino acid levels and

tricarboxylic acid cycle intermediates.

The AASPP-International Symposium on Gitrin Deficiency in Matsumoto _ 2 5 —



28

0-6

A simple and rapid genetic test for Citrin deficiency

Shigeo Kure ”, Atsuo Kikuchi ", Natsuko Arai-Ichinoi , Osamu Sakamoto ”, Yoichi Matsubara?,
Toshihiro Ohura ¥

1) Department of Pediatrics, Tohoku University School of Medicine, Sendai, Japan

2) Department of Medical Genetics. Tohoku University School of Medicine, Sendai, Japan

3) Division of Pediatrics, Sendai City Hospital, Sendai, Japan

[Background]

Citrin deficiency is an autosomal recessive disorder caused by mutations of the SLC25A13
gene and has two phenotypes: adult-onset type II citrullinemia (CTLN2) and neonatal hepatitis
associated with intrahepatic cholestasis (NICCD). The clinical appearance of these diseases is
variable, ranging from almost no symptoms to coma, brain edema, and severe liver failure that
requires liver transplantation. Mutation analysis in SLC25A13 gene is important because of
difficulties in the chemical diagnosis of citrin deficiency. Eleven prevalent SLC25413 mutations
account for 95% of mutant alleles in Japanese patients with NICCD, which are favorable for
genetic testing (Tabata et al. J Hum Genet, 53:534,2008). Development of a simple screening
test for these mutations would be desired.

[Methods]

We employed real-time PCR to amplify seven genomic fragments, which contained mutated
sites in Mutations I, II, IIL, IV, V, VI, and XIX in the real time PCR (LightCycler, Roche).
Because Mutations VI, VII, VIII, IX, and XXI were clustered within 23 bases in exon 17
their mutation sites were contained in a single amplicon. The presence of the mutation in each
amplicon was determined by the melting curve analysis with fluoresceinated oligonucleotide
probes (HybProbe, Roche).

[Results]

All of the 11 mutations were successfully detected within an hour without false-positive results.
[Conclusion]

We have established the rapid and simple detection system of eleven prevalent SLC25413
mutations without the post PCR procedure. This simple test would facilitate the genetic

diagnosis of citrin deficiency.
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Clinical presentations of patients with neonatal intrahepatic cholestasis caused by citrin
deficiency (NICCD) in Japan.

Ohura T"?, Kobayashi K”, Tazawa Y?, Abukawa D?, Sakamoto O”, Saheki T*

1) Dept. of Pediatrics, Sendai City Hospital, Sendai, Japan

2) Dept. of Pediatrics, Tohoku University School of Medicine, Sendai, Japan,

3) Dept. of Molecular Metabolism and Biochemical Genetics, Kagoshima University Graduate
School of Medicine and Dental Sciences, Kagoshima, Japan

4) Institute of Resource Development and Analysis, Kumamoto University, Kumamoto, Japan

We clarified the clinical features of NICCD (neonatal intrahepatic cholestasis caused by citrin
deficiency) by retrospective review of symptoms, management, and long-term outcome of 75
patients. The data were generated from questionnaires to pediatricians in charge of the patients.
Thirty of the patients were referred to hospitals before 1 month of age because of positive results
in newborn screening (hypergalactosemia, hypermethioninemia, and hyperphenylalaninemia).
The other 45, the screen-negative patients, were referred to hospitals with suspected neonatal
hepatitis or biliary atresia because of jaundice or discolored stool. Most of the screen-negative
patients presented before 4 months of age, and 11 had failure to thrive. Laboratory data showed
elevated serum bile acid concentrations, hypoproteinemia, low levels of vitamin K-dependent
coagulation factors, and hypergalactosemia. Hypoglycemia was detected in 18 patients. Serum
amino acid analyses showed significant elevation of citrulline and methionine concentrations.
Most of the patients were given a lactose-free and/or medium chain triglyceride-enriched
formula and fat-soluble vitamins. Symptoms resolved in all but two of the patients by 12
months of age. The two patients with unresolved symptoms suffered from progressive liver
failure and underwent liver transplantation before their first birthday. Another patient developed
citrullinemia type 2 (CTLN2) at age 16. It is important to recognize that NICCD is not always a
benign condition.

To address whether citrin-deficient subjects demonstrate alterations in their nutrient intake,
we further measured proportion of energy intake from carbohydrate, protein and fat in 7 children
with citrin deficiency. The protein-fat-carbohydrate ratio (PFC ratio) of NICCD patients was
19% vs. 46% vs. 35%, which clearly shows a greater contribution of fat making up for the
reduced carbohydrate proportion compared to that of the general Japanese population (15%
vs. 28% vs. 57%). The results revealed that citrin-deficient patients had taken a lesser amount
of carbohydrate from one year of age. The low-carbohydrate diet may be beneficial for citrin-
deficient subjects. We propose that dietary intervention may be critically important in treating
NICCD and CTLN2 patients.
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Fatigue and quality of life in patients with citrin deficiency during adaptation and
compensation stage

K. Kobayashi (The University of Tokyo Graduate School of Medicine), Y. Okano, K. Thara, T.
Ito, M. Yoshino, J, Watanabe, J, Kaji, T Ooura, M. Nagao, A. Noguchi, S. Mushiaki, N. Hohashi

Introduction

Citrin deficiency is reported to have a carrier prevalence of 1 in 70 in the Japanese population
and homozygote prevalence is estimated to be 1 in 17,000. In other words, only about 20%
of patients with a homozygous citrin deficient gene develop Adult-onset type II citrullinemia
(CTLN2) in adulthood. Eighty per cent of patients won’t develop CTLN2 but will maintain the
silent stage condition.

Child and adolescent patients are thought to be in the adaptation and compensation stage, which
is regarded as the silent stage. However, general fatigue, inappetence and disturbed growth
in the adaptation and compensation stage patients are indicated in patients who will develop
CTLN2 in adulthood as well as those who won’t. Fatigue is a health problem that significantly
impacts quality of life (QOL) and it is a frequent and ubiquitous complaint among patients with
chronic disease. e

The aims of this study are to describe fatigue and QOL in patients with citrin deficiency during
adaptation and compensation, and to explore the relationship between fatigue and QOL.
Methods

The sample for this study comprised 53 outpatients with citrin deficiency (29 males and 24
females, average age 8.85 years) and 51 guardians. Patient fatigue was evaluated using self-
reports and proxy-reports of the PedsQL Multidimensional Fatigue, and QOL was evaluated
using the PedsQL Generic Core Scales.

Results

Regarding the PedsQL Multidimensional Fatigue Scale, the mean scores of patients and their
guardians were significantly lower than those of healthy children and their parents: 46% patients
were in the 25th percentile norm, and 33% were in 50th percentile norm. Concerning the
PedsQL Generic Core Scales, no differences in mean scores were found between patients and
healthy children: 32% of the patients were in the 25th percentile norm, and 35% were in 50th
percentile norm. On the other hand, patients’ guardians rated significantly lower than parents of
healthy children.

When relationships between the PedsQL Multidimensional Fatigue Scale and the PedsQL
Generic Core Scales were examined, significant correlations were found for both the patients
and their guardians (Spearman’s correlation r = 0.54 and 0.71, respectively).

When comparing the fatigue and QOL scores of patients and their guardians to examine the
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agreement level between the patients’ self-reports and the guardians’ proxy-report, moderate to
significant agreements were found. However, the guardians tended to rate their children’s fatigue
and QOL better than their children did.

Conclusion

This study described fatigue and QOL of patients with citrin deficiency during the adaptation
and compensation stage for the first time. The results showed that patients had significantly
worth fatigue scores than healthy children. It can therefore be concluded that even in the
adaptation and compensation stage, children with citrin deficiency seem to have difficulty with
fatigue and their QOL is affected.
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A rare manifestation of the patients with citrin deficiency: chronic pancreatitis and hepatic cancer

Shu-ichi Ikeda and Masahide Yazaki
Department of Medicine (Neurology and Rheumatology), Shinshu University School of

Medicine, Matsumoto, Japan

[Introduction ]

Adult patients with citrin deficiency usually develop hepatic encephalopathy with high
plasma levels of citrulline and ammonia, but a few patients with this disorder seem to have had
preceding pancreatitis or hepatic cancer. In this presentation we refer to these rare manifestations
of the patients with citrin deficiency.

[Case Reports]

Three male patients experienced acute pancreatitis at ages 14, 21, 33 respectively. During the
following 2 to 6 years they commonly experienced recurrent attacks of pancreatitis, resulting
in spontaneous remission of this pancreatitis. Finally they developed hepatic encephalopathy
at ages 25, 27, 35 respectively. CT revealed an atrophied pancreas with dotty calcification,
and autopsy findings of two cases disclosed extensive and severe fibrosis with diffuse
atrophy of the acinar cells, all of which were consistent with the histopathological findings of
chronic pancreatitis. They had no history of alcoholism, and juvenile or young-age onset was
characteristic for this form of chronic pancreatitis.

Two patients were found to have hepatic cancer when both were referred to our hospital: one
was a 40-year-old female who started to be suffered from disturbance of consciousness after
the delivery of her first son. Her tumor was successfully removed, but the control of hepatic
encephalopathy was very difficult and she followed an unfavorable outcome. The other was a
51-year-old man who was incidentally found to have a liver tumor and underwent the partial
hepatectomy. After operation he became drowsy, showing an elevated plasma level of ammonia.
One week later his condition was normalized. Although his hepatic encephalopathy could be
controlled by the diet therapy with sodium pyruvate he died of the recurrence of liver cancer
with extensive dissemination.

[Conclusion]

In considering the natural courses of the patients with citrin deficiency NICCD is an early
manifestation and hepatic encephalopathy appears at a late stage. There is a long latent period
between both disorders and during this latent period chronic pancreatitis and/or hepatic cancer
may appear. Although the precise pathogenesis of chronic pancreatitis and hepatic cancer in the
patients with citrin deficiency remains unclear, metabolic abnormalities due to citrin deficiency

is surmised to play an important role in causing both disorders.
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Efficacy of MCT-milk in NICCD

Taisuke Takeda, Yoshiyuki Okano,Citrin deficiency working group
Department of Pediatrics, Osaka City University Graduate School of Medicine

Citrin deficiency is caused by mutation of SLC25A13 gene which encode aspirate glutamate
carrier (AGC), citrin. NICCD (neonatal intrahepatic cholestasis caused by citrin deficiency) is
one phenotype of citrin deficiency characterized by transient neonatal cholestasis and variable
hepatic dysfunction. Its presentations are low birth weight, growth retardation, jaundice, acholic
stool, hypoproteinemia, coagulopathy, hemolytic anemia, and hypoglycemia and usually
disappers beforel year of age.

In some patiénts with NICCD, malabsorption of long-chain triglyceride and fat-soluble
vitamin exist due to intrahepatic cholestasis. Some patients with NICCD have been treated with
lactose-free formula, medium-chain triglycerides (MCT) formula, and/or fat-soluble vitamin
supplementation. Even if the patients have not been treated with MCT/lactose-free formula, the
symptoms are self-limiting between 6 to 12 months of age. However, some patients developed
liver failure and underwent liver transplantation. Therefore, NICCD is not a safety disease. It
is necessary to transfer the patients with NICCD as soon as possible to the silent stage, which
is adaptation and compensation of metabolism, for better prognosis. The aim of our study is to
clarify the efficacy of MCT-milk in NICCD.

We examined 25 patients from the questionnaire to pediatricians in charge of the patients.10
patients (MCT-group) had taken MCT milk, and 15 patients (non-MCT group) did not take MCT
milk. We compared the body weight gain and laboratory data of these two groups. As for the
result, MCT-group patients showed more rise in body weight SD score than non-MCT group.
Improvement rate of laboratory data (T-bil, ALP, total bile acid) did not show any remarkable
difference between the two groups. MCT-milk is effective in growth, and considered to be
essential for NICCD.
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A therapy with medium-chain triglyceride (MCT)-supplemented formula in citrin

deficiency

Kiyoshi Hayasaka

Department of Pediatrics, Yamagata University School of Medicine

Citrin plays a role in the transfer of NADH-reducing equivalent from cytosol to mitochondria
as part of the malate-aspartate shuttle in liver. Citrin deficiency may cause an impairment of
glycolysis due to an increase in the cytosolic NADH/NAD ratio leading to an energy shortage
in the liver. Microvesicular fatty changes observed in the liver of NICCD are similar to those
in the liver of Reye syndrome or hepatic mitochondrial DNA depletion syndrome, suggesting
a low energy state of the liver. Mutations of the SLC25413 gene are responsible for neonatal
intrahepatic cholestasis (NICCD) and adult-onset type II citrullinemia (CTLN2). We had a
chance to treat four patients including three siblings with NICCD by lactose (galactose)-restricted
and medium-chain triglyceride (MCT)-supplemented formula. This formula rapidly improved
the clinical condition and laboratory findings. Early treatment was more effective and did not
require long-term administration. Lactose (galactose)-restriction can avoid further increase in
the cytosolic NADH/NAD ratio in the liver and MCT supplementation can provide energy to
hepatic cells by producing an excess of acetyl-CoA in mitochondria.

Based on the clinical findings in NICCD, we extended our study to CTLN2 and will
present a preliminary data. We administered MCT oil to two male patients (51-year-old and
62-year-old) with CTLN2. They had several episodes of hyperammonemic encephalopathy
one month before. MCT oil was administered at every low-carbohydrate meal. They had no
episode of hyperammonemic encephalopathy after the treatment. Postprandial blood ammonia
concentration in one case decreased to normal level in a month. In the other, it decreased to less
than 300 pg/dl in a month and then to less than 150 pg/dl after two months.

The pathogenesis of citrin deficiency is likely an energy shortage of the liver due to impaired
glycolysis. MCT therapy is likely effective in citrin deficiency and its effect should be confirmed

in further cases.
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Liver Transplantation for Citrullinemia Type II Patients - Shinshu University Experience

Shin-ichi Miyagawa, Toshihiko Ikegami, Shiu-ichi Ikeda*
First Department of Surgery, * Third Department of Internal Medicine

Shinshu University, School of Medicine, Masumoto, Japan

In citrullinemia type II (CTLN2), the most successful therapy to date has been liver
transplantation, which prevents episodic hyperammonemic crises, corrects the metabolic
disturbances, and eliminates preferences for protein-rich foods. Auxiliary partial orthotopic
liver transplantation (APOLT) was initially introduced as a temporary or permanent support
for patients with potentially reversible fulminant hepatic failure and its indications have been
extended to congenital metabolic disorders of the liver including citrin deficiency.

Patients: We have performed liver transplantation for 16 CTLN2 patients since 1995. Fourteen
patients underwent living donor liver transplantation (LDLT) using left liver graft from living
donor and 2 underwent deceased donor liver transplantation. In 14 LDLTSs, 5 patients underwent
permanent APOLT because of both small ratio of graft volume/ standard liver volume (GV/
SLV) less than 35% and another additional reason of an expectation that genetic therapies for
citrin deficiency will become available through portal blood flow in future. In APOLT patients,
right liver without the middle hepatic vein was preserved and left liver graft with middle hepatic
vein was implanted orthotopically. Immediately after anastomosis of graft left portal vein with
recipient’s left portal vein, recipient’s right portal vein was ligated alone in the earlier 4 patients
and was ligated and transected in the latest 1 patient.

Results: All patients survived now and 5-year, 10-year, 15-year survival rates are 100%. In16
LDLTs, postoperative complications were hepatic artery thrombosis in 1 patient, intestinal
obstruction in 1, biliary stenosis in 3, and portal blood flow steel to the recipient’s remnant
native liver in 3, which is a characteristic of APOLT. Because of hyperammonia crises associated
with portal flow steel, the remnant native liver was removed in 2 portal vein ligated patients.
The latest right portal vein transected patient has biliary stricture and has repeated intrabiliary
hemorrhage related to portal blood flow steel through remarkablely developed collateral portal
branches around bile duct connecting to intrahepatic portal vein in the recipient’s remnant
native liver at present 4 years after LDLT. The patient is now under treatment, although re-
transplantation using whole liver is the best choice. Accordingly, in 5 patients with planned
permanent APOLT, 2 patients needed removal of recipient’s remnant native liver and one is
suffering from portal blood flow steel probably due to recipient’s remnant native liver. All
except for this patients are well-lived without neuropsychiatric symptoms associated with

hyperammonia due to citrin deficiency after liver transplantation.
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Conclusions: Liver transplantation could provide good prognosis to citrullinemia type II
patients. Although APOLT contributes to donor pool expansion in LDLT, permanent APOLT
has a potential risk of portal blood flow steel, even if right portal vein is transected. Considering
liver transplantation as the most successful therapy for CTLN2, temporal APOLT might be a

better option for patients with small liver graft in LDLT than permanent one.
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Sodium-pyruvate therapy for citrin-deficient patients in the adaptation period

Yoshiyuki Okano, Citrin deficiency working group
Department of Pediatrics, Osaka City University Graduate School of Medicine

Adult-onset type II citrullinemia (CTLN2) is characterized by frequent attacks of
hyperammonemia, liver steatosis, mental derangement, sudden unconsciousness, and ultimately
death within a few years of onset. Kobayashi et al. found CTLN2 is caused by mutations
of the SLC25A13 gene on chromosome 7q21.3, encoding a calcium-binding mitochondrial
solute carrier protein, designated citrin. Infants carrying mutations in the SLC25A13 gene
exhibit neonatal intrahepatic cholestasis caused by citrin deficiency (NICCD), including
hypertyrosinemia, hypergalactosemia, hypoproteinemia, and hypoglycemia. The symptoms in
almost all the patients are self-limiting between 6 to 12 months of age. However, some patients
with this disorder exhibit severe hepatic dysfunction requiring liver transplantation.

The period between NICCD and CTLN2 does not remarkably show clinical symptoms
and has been thought as the silent stage by adaptation and compensation of metabolism.
However, even if in the silent stage, the patients with citrin deficiency have sometimes showed
inappetence, general fatigue, disturbance in growth, abdominal discomfort, hyperlipidemia, and
pancreatitis. We have revealed a strong feeling of fatigue and a decline of the QOL in patients in
the adaptation period.

We have examined effects of sodium pyruvate on the patients with citrin deficiency in the
adaptation period. Enrolled patients did not show intrahepatic cholestasis, impairment of hepatic
function test, and hyperammonemia. Sodium pyruvate (100-300 mg/kg/day) has been taken
twice or three times a day after meals. As for the preliminary results of treatments during 6-12
months, 1) The patients did not improve their fatigue and QOL by PedsQL tests. 2) Lac/Pyr ratio
was decreased. 3) The oxidative stress status in the patients was improved after sodium pyruvate
therapy. 4) The patients were able to eat carbohydrates such as the rice and noodles which they
could not take before the treatment. We need long term observations and more patients in the

adaptation period for the study on the effects of the pyruvate sodium.
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Therapeutic approaches for patients with adult onset type II citrullinemia (CTLN2) - low

carbohydrate diet and oral administration of sodium pyruvate

Masahide Yazaki ", Kazuhiro Fukushima”, Michiharu Komatsu®, Shu-ichi Ikedal), Takeyori
Saheki”

1)Department of Medicine(Neurology and Rheumatology) , Shinshu University School of
Medicine
2)Department of Medicine(Gastroenterology) , Shinshu University School of Medicine

3) Institute of Resource Development and Analysis, Kumamoto University, Kumamoto, Japan

Adult-onset type II citrullinemia (CTLN2) is an autosomal recessive disease characterized
by highly elevated plasma levels of citrulline and ammonia due to the urea cycle dysfunction
associated with citrin deficiency. Patients with CTLN2 present various neurological symptoms
with hyperammonemia that closely resemble those of hepatic encephalopathy. Since 1990,
twenty-nine CTLN2 patients have been admitted and treated in Shinshu University Hospital.
Of 30 patients, fifteen patients received liver transplantation (LT). After LT, neurological
symptoms soon disappeared and all had returned to their previous social lives. Among the 15
patients who have not undergone LT, six died of intractable encephalopathy or development of
hepatic cancer. Recently, eleven patients have been treated with oral intake of sodium pyruvate
and low carbohydrate diet. One patient stopped taking the sodium pyruvate in a few days
because of nausea. Of 10 patients, seven patients have had relatively good clinical courses
(ranged from 0.5 to 4 years) with decrease in frequency of encephalopathy. However, three
patients underwent LT during one month to one year after starting of sodium pyruvate therapy
because frequency of attacks of encephalopathy did not decrease. Hepatic steatosis markedly
ameliorated after the treatment with sodium pyruvate in 4 patients. Our observation indicates
that liver transplantation is a very promising therapy but other therapeutic approaches should be
also established since all patients do not always receive LT because of shortage of donor. The

therapy with low carbohydrate diet and sodium pyruvate may cure many patients with CTLN2.
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JEAE BRI 2B B S (BEEIER BT RATZEEE3)
2 N Y U RIBRE D ERETRTE & WA L OVREIE O B
(5y#8) WigeiREE

YU UREBETET IV (citrin/mGPD double—KO0) =~ 7 & & FAV =R HEAEAT
& HTRIBEIE DB
MreesrisE R R

REARZAMEIRIITE - SXFE ' &7 — R EER

WREE - > Y UKRBEEET /L (Ctrn/mGPD double-K0) <~ w7 2% FHV>, (1) CTLN2 FEAEER &
RAHRE (afE), =& /=, ZVEe—1oHBEBRUC L 5EIELHEE LR, double-KO
< U AIEBBREREE TR LRV L, £, ERLOERERKROEOEHZEEIZL - T
FFPIRE D glycerol-3-phosphate MILWIZ EF T L E#RHLEZ, b2 (2) BEER
(AIN-93M) #5412 X > T double—KO = 7V A DEEIXBEIZHA T2 & ZOBZIIEREDHD
WCEBZ e, hPA . BT B, EAEVEERF R DA FE N ZUEY R MCT) DU

W&o TEREDOEE L AEOEMAFTLND Z L2 RH LT,

A. WFFEEH
AT TIE, 5 DT ICRAFE Ly
MY U REREET N U AE AW, &R R
FEDFRREZ MR L, WEIAITRRIE 2 B3 - fESr 7
BHZEThHD, v MU UKIBRER, A E/IMED
S, FRAFSEITELY Ry Y ffE (CTLN2) OFF
KEfn . SLC26A13, Z[RIFEL7cZ Ll D
(Kobayashi eet al. Nat Genet 1999;22:159-1
63) , SLC26A13IZa— F&h DI b= RU TR
kA% h U (citrin; Ctrn) & L7z,
Ctrnl3# D%, aspartate (Asp) glutamate (Glu)
carrier (AGC) THHZ & HHBA L (Palmier
i et al. EMBO J 2002;20:5060-5069) , Ctrn®
KIBIECTLN2 DIREEAR T T D72 TR
A RBAOFTFPIIET 5 > E (intrahepatic chole
sta—sis caused by citrin deficiency; NICCD)
ZHBIEXRITZENDY v MY RIBE &
WORBEEEZITHBY TAHZ E N TE T (Sahek
i & Kobayashi J Hum Genet 2002;47:333-341) ,
¥ MY U RIBREIC BT D B2 BLE OO
L0, BEORERERCThHD, 205, &
FIIEE AR, T ARE - IRECECRD %2
F¢e (Saheki et al. J Inherit Metab Dis 200

8; 31:386-394) , iz, HEio TV HHEE OIEF
BEXET VvESTERSIERIT, b,
T a— BRRE T V= 7 MUE TSR D
Vet—n (10%7 Vta—nLeb%7 /7 h—2R
EETe) IXRIEFHS| B AR WL E
H7e b LEHIOFETICE N TR, (Yazaki et a
1.

Int Med:2005;44:188-195) |

AR TIEHHE LML LT MY U RIR
JEET VT HCtrn/mGPD double—KO~ 7 A % H
VW, BEEREE OEFME Th HCE-22>5, CE-2
XV EFEE RO ERR T & 2 AIN-93M% doub
le—KO= U A5 UT-RpC B S 5 (R E R
L EEHEREOBILIZ OV THRE Lo R A=
L. 6 DB E MRS DR a2 oW EIZD
WCHRET LTRER, 72 b ONCEINL & O E TN
REDIREIZE D X 5 REAE RO % IR
S LIERERERET 5,




B. WFZEsE

1) XA
ERIZIL, 4O~ U RZER Lz, Thbb,
BPAERL (wt), & b YU RIE (Ske25al3/ v 7T v
b CmKO) . S harNUTRESVErY
VEEKFETEER /KR (mGPD-KO) ,  BLW
Ctrm/mGPD double-KO~ 7 A &1ERk L, £#%9 0
Hiit~1 6 0 By CEBRICHAW, BFEIX. o
BEE A EREICE-2 (Clea Japan) % # 5- L, ZKiX
HHERE L,
1) AIN-93M#F5 EER

AIN-93MIET A U U BB D RS -
BERIC TR 7 DR 2 B TSRSy DA AR 72 K £
BTH D, CE2LAIN-9AMD K X 725\ ML, CE-2
DFEES50%., 7= AL E25.1% ThH 5 DIZxt L,
AIN-O3MODFEEIET2.1%, T2 AL < BE14% & FEE
LT MEBEERIZD B,

CE-27>HAIN-93MIZEI Y B 2 LEMIEE L2 D
MOBEEERELARELHIE Lz, 0%,
AIN-OIMIZAEBA Y, TT=V

(Ala) . ZVZ I VBT MY A (Glu-Na) |
EALEVEET R U APyr-Na), FEH R 7 U &
U R (MCT) aateAEEEEZML (NINES
Da—VAF—FEHL, BEEZADLERE) | 1
H &R E & REA TR LT,
2) T aBEGgkIZ LD IHREREF 4 585
WE OGO Lk

25% % a PEHRIC, e U MY U A

(20mmol/kg; 2.2g/kg) . Ala (20mmol/kg; 1.8g/kg) .
Na-Glu (10mmol/kg; 1.7g/kg) .MCT (0.25g/kg) % &
C. gastric tube THEFIFNCRR OG- L, 1R
WZEEHERCF LU, I Il —E 2B L,
freeze-clamp CRUEICIFIEAH & L 7o, BT
BRI B R HFE TITHARIL L, 3% perchloric
acid CEREB#., MK E S, FrhhH&,
IM BRI Y U LATHRL, JEICHWE,
3) HE

Glycerol-3-phosphate (G3P), citrate, malate7 &
IIESRIECER Uiz, 7 2/ BRI, BilE TRk,
BT A EZfaast 7 2 /B X v b

(Phenomenex Ltd., Los Angeles, USA)% FAV\TIE
fiit%. UPLCMS%Z MV, 2ot - [FE - EE L7,
4) HEEHALER

HEEIIIEOHARE TR I 2o, &
EEI D SRR DRRTEIZIZANOVAREHT & AV e,

C. WroeitR

1) AIN-O3MODIEEICK T DR L BEEZ L

W BA L RINDOBhER

AINGBMIT T > BT RS R R ER T
BT AV ARBHRC L > THEREI L TWY
DG DA O CTh 5, CER & 5 &
TV U AZAIN-G3ME #5925 & (KB
DUl ZOBRRIIREERECK TIZER T 5,
BHE, X~ 7 2AOmGPD-KO~ 7 A % pair-fedik
TEET 5 &double-KO~ 7 A & FIER L L~L
ECHREMET L, BIRO L HIZCE2 &
AIN-9AMD K X 72, CE-2, HEES50%., 7= A
X<E25.1%THHDIZK L, AIN-G3SMOFEL T
21%, T2ANES BE14% EHEE L - AR B EE
WD, 2T, AINOMIZ T EA &28% N %,
I AT EEB2%ICT 5 L ERENHE 2 K
EHEMLE (K1) . 16%57EA Em ie
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