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Genetic and environmental factors related to onset and severity of CTLN2 in
citrin deficiency
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Aversion against sugars is the remarkable characteristics of citrin
deficiency. We showed that two factors simultaneously induced by sugar intake, an increased
cytosolic NADH and decreased ATP in the liver, send signals to the brain, to avoid intake of excess
sugars.

On the other hand, we have shown that intake of protein and some amino acids ameliorate sugar
toxicity. In this research, we clarified that a severe hyperammonemia induced in the model mice was
greatly relieved by oral administration of ornithine + aspartate or alanine. Although aspartate
can’ t directly enter the hepatocyte carrying urea cycle, it can be converted into alanine in the
small intestine, which then can enter the hepatocyte with urea cycle and converted back to
aspartate, resulting in almost complete dissolution of hyperammonemia.
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Fig. 1. Intake [A] of and preference [B] for varied
concentrations of a sucrose solution Mice were
provided two bottles, one containing water and the
other containing either a 1, 5, 10 or 20% sucrose
solution. [A] Intake of each mouse was determined by
weighing the bottles each day and averaged over a
two-day period. [B] Preference (%) was calculated as
100 x (g of test solution)/[(g of test solution) +
(g of water)] as described in Methods. White circles
denote wt mice; grey, Ctrn-KO mice; striped circles,
mGPD-KO mice; black circle, Ctrn/mGPD double-KO
mice.
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Fig. 2. Changes in the hepatic G3P [A] and total
adenine nucleotide [B] levels following oral
administration of various concentrations of sucrose,
ethanol or glycerol solutions

One hour after an enteral administration of a
test solution (either 0.9% saline, 10% or 20% sucrose,
9% ethanol, or 5% or 10% glycerol) at a standard dose
of 20 ml/kg bw by gastric tube, mice were sacrificed,
livers quickly removed by freeze-clamp method and
extracted with perchloric acid, and a neutralized,
perchloric acid-extracted liver homogenate was
prepared and analyzed as described in Methods.
Treatments and number of mice are shown under the
figure. White column denotes wt mice; grey column,
Ctrn-KO mice; striped column, mGPD-KO mice; black
column, Ctrn/mGPD double-KO mice.
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Fig. 3. Relationship between aversion score and
hepatic G3P and total adenine nucleotide (AN).
Each plot depicts a mean hepatic G3P concentration
with SEM in horizontal axis and a mean hepatic total
AN concentration with SEM in vertical axis. Vertical
dotted lines show the lowest levels (mean minus SEM)
of groups with aversion score 1, 2 and 4. Horizontal
dotted lines show the highest levels (mean plus SEM)
of groups with aversion score 1, 2 and 4.
Concentrations administered (20 ml/kg bw).
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Fig. 4. Effects of oral supplementation
indicated on blood ammonia (A and B) and plasma
citrulline (C).

(A) Effects of 1 M Gly administered with or
without 20% sucrose (Suc) or 5% ethanol (EtOH)
(20 m1/kg bw) on blood ammonia in all four mouse
genotypes: wild type (wt; white bar), mGPD-KO
(hatched bar), Ctrn-KO (gray bar) and Ctrn/mGPD
double-KO (black bar). (B) Effects of 0.5 M
amino acids (Ala, Glu, Asp, Arg or Orn), 0.5M
Pyr, 5% MCT or combination of amino acids (20
ml/kg bw) on blood ammonia levels increased by
administration of 20% Suc+1IM Gly in double mice,
with wt mice administered saline as a reference
level. (C) Effects of administration of amino
acids and other substances indicated in the
figure on plasma citrulline in Ctrn/mGPD
double-KO mice.
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Fig. 5. Portal vein-arterial differences in the
plasma concentration of GIn and Ala 1 hr after
administration of saline, Asp, Glu, Orn or Gly
(A), schematic diagram of Asp metabolism after
enteral administration with in the small
intestine and liver (B), and postulated
metabolic pathway of Ala in periportal
hepatocytes (C).

0.5 M Asp, Glu, Orn or Gly (20 ml/kg bw) were
enterally administered to mGPD-KO mice, and 1hr
after the administration, blood was collected



simultaneously from abdominal aorta and portal
vein for the portal vein-arterial difference.
Minus and plus values denote uptake by, and
release from, the portal vein, respectively.
Number of mice are shown in parentheses. P<0.05
and "P<0.01 denote differences compared to
saline.

4
Inui A, Hashimoto T, Sogo T, Komatsu H,
Saheki T, Fujisawa T. Chronic hepatitis
without hepatic steatosis caused by citrin
deficiency in a child. Hepatol Res.
2016;46(4):357-62.
Saheki T, Inoue K, Ono H, Fujimoto Y,
Furuie S, Yamamura KI, Kuroda E, Ushikai
M, Asakawa A, Inui A, Eto K, Kadowaki T,
Moriyama M, Sinasac DS, VYamamoto T,
Furukawa T, Kobayashi K. Oral aversion to
dietary sugar, ethanol and glycerol
correlates with alterations in specific
hepatic metabolites in a mouse model of
human citrin deficiency. Mol Genet Metab.
2017;120(4)-306-316.
Saheki T, Song YZ. Citrin Deficiency. In:
Adam MP, Ardinger HH, Pagon RA, Wallace SE,
Bean LJH, Stephens K, Amemiya A, editors.
GeneReviews® [Internet]. Seattle (WA):
University of Washington, Seattle;
1993-2018.2005 Sep 16 [updated 2017 Aug
10]-

16
Takeyori Saheki, lzumi Yasuda, Tatsuhiko
Furukawa, Yuki Fujimoto, Sumie Furuie,
Ken-ichi Yamamura, Treatment of Citrin
Deficiency: Effect of amino acids on
increases in hepatic cytosolic NADH or
glycerol 3-phosphate induced by sucrose or
ethanol in citrin deficiency model mice.
Asia Europe Workshop on Inborn Error of
Metabolism, 2016.3.30-4.2, Seoul, Korea
Takeyori Saheki, Current State and
Treatment of Citrin Deficiency, Basis and
Application of Precision Medicine at
Quanzhou, 2016.6.3, Quanzhou (China)
Takeyori Saheki, An Overview of Citrin
Deficiency, Symposium on Citrin
deficiency at Guangzhou, 2016.5.14,
Guangzhou (China)
Takeyori Saheki, How to manage Citrin
Deficincy -for the patients and their
families-, Siminar on Citrin Deficiency,
2017.1.17, Singapore
Saheki T, Kuroda E, Funahashi A, Yasuda I,
Setogawa Y, Gao GH, Ushikai M, Horiuchi M,
Moriyama M, Pathogenesis, Pathophysiology

and Treatment of Citrin Deficiency,
-Treatment of Hyperammonemia in Citrin
Deficiency with Amino Acids by using the
Model, Citrin/mGPD double-KO, Mice-,
International Congress on Inborn Error of
Metabolism (ICIEM) 2017, 2017.9.17, Rio de
jJaneiro (Brazil)

Saheki T, Kuroda E, Funahashi A, Yasuda I,
Setogawa Y, Gao GH, Ushikai M, Horiuchi M,
Moriyama M, Study on Treatment of Citrin
Deficiency by using the Animal Model:
Effects of Amino acids, International
Symposium on Precision Medicine and
Genetics, 2017.11.10, Quanzhou (China)

1

— 2017. April

(1)
SAHEKI, Takeyori

10056070
)
INOUE, Ituro

00192500
YAZAKI, Masahide

70372513

MORIYAMA, Mitsuaki

20275283
®3)
FUNAHASHI, Aki
KURODA, Eishi

YASUDA, lzumi

SETOGAWA, Yoshiko



