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A Case of Adult-onset Type Il Citrullinemia Confirmed
by Mutation of SLC25A13

Min Sub Jeung1, Aram Yang1, Jinsup Kim', Hyung-Doo Park?
Heon Ju Leé®, Dong-Kyu Jin', Sung Yoon Cho'

Department of Pediatrics' and Laboratory Medicine and Genetics?, Samsung Medical Center,
Sungkyunkwan University School of Medicine, Seoul, Republic of Korea
Department of Internal Medicine®, Yeungnam University Medical School, Taegu, Korea

Adult-onset type Il citrullinemia (CTLN2) is characterized by episodes of neurologic symptoms associated
with hyperammonemia leading to disorientation, irritability, seizures, and coma, CTLN2 is distinct from
classical citrulinemia, which is caused by a mutation of the argininosuccinic acid synthetase (ASS) gene.
The serum citrulline level is elevated, while the activity of ASS in liver tissue is decreased, CTLN2 is
known to have a poor prognosis if the proper treatment is not taken, We reported a female aged 37
years who developed recurrent attacks of altered consciousness, aberrant behavior, and vomiting, We
initially suspected the patient had CTLN2 because of the signs of hyperammonemic encephalopathy,
such as altered mentality, memory disturbance, and aberrant behaviors provoked by exercise-induced
stress and excessive intravenous amino acid administration, Through her peculiar diet preferences and
laboratory findings that included hyperammonemia and citrulinemia, we diagnosed the patient as CTLN2,
and SLC25A13 sequencing revealed known compound heterozygous mutations (IVS11+1G)A, ¢.674C)
A). Her parents were heterozygous carriers, and we identified that her older sister had the same muta-
tions, The older sister had not experienced any episodes of hyperammonemia, but she had peculiar
diet preferences, The patient and her sister have been well with conservative management, When con-
sidering the clinical course of CTLN2, it was meaningful that the older sister could be diagnosed early
in an asymptomatic period and that preemptive treatment was employed, Through this case, CTLN2
should be considered in adults who present symptoms of hyperammonemic encephalopathy without a
definite etiology. Because of its rare incidence and similar clinical features, CTLN2 is frequently misdiag-
nosed as hepatic encephalopathy, and it shows a poor prognosis due to the lack of early diagnosis
and proper treatment, A high-carbohydrate diet, which is usually used to treat other urea cycle defects,
can also exaggerate the clinical course of CTLN2, so proper metabolic screening tests and genetic
studies should be performed,

Key words: Adult-onset type Il citrullinemia (CTLN2), Hyperammonemic encephalopathy, SLC25A13
mutation
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Reference cDNA sequence

Patient
Father
Mother
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G AT T TA
JT A AAT
Brother
/\\
G A T T TA
37T A A AT
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fl\\ ‘

¢.674C>A

c.IVS11+1G>A

Fig. 1. DNA analysis of SLC25A13 gene in patient and her family members.
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Fig. 2. Pedigree of family with adult—onset type II cit-

rullinemia.

(Fig. 2).
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o] B3 o]y A3 EdHlE HATh c.674COA 1A 7ol tjF-5 S 5= NICCDeR= g, Aold
(p.S225X) 1= Fotrlotell Al SLC25A13 Aol Al Al 28 NEEAEFTLE ol$7}F Baiet Ad7]e vt
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gttt 5k ok a2y st 9] gEket f dium phenylbutyrate), &% 7943 (Sodium cit-
WE 9 Bl e obA =jte] ofA]7} 1o rate) 2] FoIE 12d 4 olvh Ak widE A=t
v, BuE A e AHES 1Ed B ) 347ty T HHo® AT of27]d (Arginine) & FoI & 3l
o] & A o7 Helt} i Eolmo] Fio w9 o} gl Alstel gt dhRUol S Fo)7] 3 v
e Ape] W oo ko] Aol disiAe WE omntolal Bl HEE O AE FoAY WS AlFs)
3] B8] x| A] ekorom WatHl Felo] SAkw A7) W m, Ak Aol dol/HuaEAo]l 1R Yol T S

Table 1. Reported Cases of Citrin Deficiency in Korea

No. Author/Year Age (Onset) Gender Phenotype Mutation (SLC25A13)

1 Kim/2006” 39 years Female CTLN2 c.851del4 (Homozygous)
2 Park/2002'” 52 years Female CTLN2 NA

3 Lee/20127 1 month Female NICCD c.674C>A

4 Lee/20122) 1 month Female NICCD c.851del4

5 Ko IM/2007'" 1 month Male NICCD IVS11+1G>A, IVS16ins3kb
6 Ko JM/2007*Y 1 month Female NICCD IVS13+1G>A, IVS16ins3kb
7 Ko IM/2007'" 1 month Male NICCD ¢.851del4, IVS16ins3kb
8 Ko JM/2007*Y 3 months Female NICCD c.851del4, ¢.1177G>A

9 Ko IM/2007"" 28 years Male CTLN2 IVS13+1G>A, IVS16ins3kb
10 Ko IM/2007'" 37 years Male CTLN2 c.851del4, IVS11+1G>A
11 Lim/2011%? 16 days Female NICCD c.221C>T, ¢.1645C>T
12 Kim/2011'? 27 years Male CTLN2 NA

13 Ko JS/2007" 3 months NA NICCD c.1638ins23 (Heterozygous)
14 Ko JS/2007" 3 months NA NICCD c.851del4, c.674C>A

15 Ko JS/2007% 7 months NA NICCD .1638ins23, c.674C>A
16 Son/2014'" 3 months Male NICCD c.851del4, IVS11+1G>A
17 Lee/2010” 10 years Female CTLN2 IVS11+1G>A, IVS16ins3kb
18 Lee/2010” 11 years Female CTLN2 IVS11+1G>A, IVS16ins3kb

Abbreviations: NA, Not available; NICCD, Neonatal intrahepatic cholestasis caused by citrin deficiency; CTLNZ2,
Adult—onset citrullinemia type 2.
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Table 2. Reported Cases of Adult—onset Type II Citrullinemia Since 2006
No. Author/Year Race Gender <oAn§§1> Initial symptom ?&?ﬂ%ﬁrﬁf (Ei[:lroull/l;:f) Mutation (SLC25A13) Treatment Outcome
1 Kim/2006” Korean Female 39 Altered mentality 178 190 c.851del4 (Homozygous) Conservative Survival
2 Takahashi/2006'”  Japanese Male 34 Altered mentality 808 384.3 c.674C>A, Ex1-1G>A Conservative Death
3 Terada/ZOO{im Japanese Male 31 Pancreatitis 263 764 IVS11+1G>A (Homozygous) Transplantation Survival
4 Tsai/2006” Taiwanese Male 48 Altered mentality 201 1302 c.851del4 (Homozygous) Conservative Survival
5 Tazawa/2007" Japanese Male 25 Altered mentality 359 794 c.851del4, IVS11+1G>A Conservative Death
6 Wong/2007]9’ Chinese Male 25 Altered mentality 655 553 NA Conservative Death
7 Wong/2007]9’ Chinese Male 28 Altered mentality 1147 57 NA Conservative Death
8 Ko/2007"" Korean Male 28 Altered mentality 537 286 IVS13+1G>A, 1VS16ins3kb Conservative Survival
9 Ko/2007"" Korean Male 37 Altered mentality NA 282.8 c.851del4, IVS11+1G>A Conservative Survival
10 Mutoh/2008*”  Japanese Female 13 Anorexia, fatigue NA 81.6 c.851del4, 1VS16ins3kb Conservative  Survival
11 Hirai/2008%" Japanese Male 48 Abnormal behavior NA NA NA Transplantation Survival
12 Noto/2009% Japanese  Female 48 Abnormal behavior 187 778.8 c.851del4 (Homozygous) Transplantation Survival
13 Funabe/ZOOEﬁ)Z‘r” Japanese  Female 47 Altered mentality 461 361.4 IVS11+1G>A Transplantation Survival
14 Lee/2010™ Korean Male 10 NAFLD NA 127 IVS11+1G>A, 1VS16ins3kb Conservative Survival
15 Lee/2010" Korean Male 11 NAFLD 127 74 IVS11+1G>A, 1VS16ins3kb Conservative  Survival
16 Ueda/2011*”  Japanese  Male 47 Altered mentality 245 493 c.851del4, IVS11+1G>A Conservative ~ Survival
17 Tan/2011% Chinese Female 28 Abnormal behavior 195 939 NA Transplantation Survival
18 Kim/2011" Korean Male 27 Altered mentality 844 682 NA Transplantation Survival
19 Yazaki/2012®”  Japanese ~Female 34 Altered mentality 694 312.9 c.851del4, IVS11+1G>A Transplantation ~ Survival
20 Yazaki/2012% Japanese Male 41 Altered mentality 240 648 c.851del4, Q357R Transplantation Survival
21  Sakamoto/2013%” Japanese Male 31 Seizure 598 563 NA Conservative Survival
22 Yazaki/2013% Japanese  Female 73 Altered mentality 147 129.6 c.851del4, TVS11+1G>A Conservative Survival
23 Kogure/2014% Japanese Male 41 Altered mentality 472 NA NA Conservative Death
24 Kogure/2014% Japanese Male 68 Altered mentality 125 344.9 2.1592G>A (Homozygous) Conservative Survival
25 Kimura/2013% Japanese Male 43 Altered mentality 269 249.8 NA Transplantation Survival
26 Kimura/2013% Japanese Male 37 Visual disturbance 230 601.5 NA Transplantation Survival
27 Kyo/ZOIS'W Japanese  Female 40 Altered mentality 234 949.5 c.851del4, IVS11+1G>A Conservative Survival

Abbreviations: NA, Not available; NAFLD, Non—alcoholic fatty liver disease.
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