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A Case of Carbamoyl Phosphate Synthetase 1 Deficiency with
Novel Mutations in CPS1 Treated by Liver Cell Transplantation
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Carbamoyl phosphate synthetase 1 deficiency (CPS1D) is an autosomal recessive disorder of the urea
cycle that causes hyperammonemia, Two forms of CPS1D are recognized: a lethal neonatal type and
a less severe, delayed-onset type, Neonatal CPS1D cases often present their symptoms within the first
days of life, Delayed-onset cases are predominantly adolescents or adults, and infantile delayed-onset
cases are rare, Severe hyperammonemia in the neonatal period leads to serious brain damage, coma,
and death if not treated promptly, Therefore, early diagnosis and acute treatment are crucial, Despite
the improvement of treatments, including continuous hemodialysis, ammonia-lowering agents, and a
low-protein diet, the overall outcome of severe forms of hyperammonemia often remains disappointing.,
As the liver is the only organ in which ammonia is converted into urea, liver transplantation has been
considered as an elegant and radical alternative therapy to classical dietary and medical therapies,
However, liver transplantation has many disadvantages, such as a considerable risk for technical compli-
cations and perioperative metabolic derangement, especially in neonates, Additionally, there is a lack of
suitable donor organs in most countries, According to recent studies, liver cell transplantation is a the-
rapeutic option and serves as a bridge to liver transplantation, Here, we report a Korean CPS1D patient
with novel mutations in CPS1 who was treated by liver cell transplantation after being diagnosed in the
neonatal period and showed a good neurodevelopmental outcome at the last follow-up at six months
of age.

Key words: Urea cycle disorder, Carbamoyl phosphate synthetase 1 deficiency, CPS1, Liver cell
transplantation
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Tl CPSI 378 ol Qlsf e 84 5 E 24 stk st Yl B ZEe s
3|2 ol A w5} Lo FAlol w2 35,000 AT 4 A Aol A B A, TR oS
50,0009 9] EAet F 179 RIEE Holn], 1 F o] ER1E 1, FAFATH WHOE EF HolE 5
CPS1 A3 &4} 800,000—1,300,000% 4 178 <] Hkek CPS1 Aol Aeke 3t &5 54 W JeA
Y ES woltt!, CPS1L 24 #7293 WA ax LQ]' A AZ 171Dl THAE o] 4&S Al3Eke] A
2, CPS19 ¢kt A48 71 A5 Aot A7) T 671E71A 717 A Ay £ A5 Ee
W= A8eks ngRUoldFo 7 wEgty” . CPS1 © Felel st} Bask= npoltt.

AL Aot Aol e agRYoldTE i
& 7 gl olel gisl SRl A E5E wA & A S 2|
- AT o &4 £, AP o]F FR o
Z27) A g Ae A 5 FAH AAAR JF AR Sk AEld® 39 3%, 21T 3,460 g, ¥
7t Besity’. CPS1 A% @] A g YA A WAFTORE o AGENZ Ertste] opxr) M4
o} 1PEYoldZ HEel upet thEL Q43| o] 9%, 5% 10822 ZAsISITh A Kol A EO]
AgtelA ARt Fol digt X5} AA thEA AL 9, 2R AEL oo 5138% 75
At I QAR E B EYoke] mAE A7) < ek S 444, LD(38.6C)F 3 H5 &
o] @2 (urea) & WSIAI7IE F9% 7|Ho R Q43| o] Aal 732 7HE 7o) WSl A% 5UA] A

= oJAl 714 G4 = carbamylphosphate synthe- Aoz A ook AAAZA} thF Wial= A
tase 1 (CPS1), ornitine transcarbamylase (OTC), golglom, Auke] Wiy A7 4l yube 3 A2
arginosuccinate synthetase (ASS), arginossucinic FAEA] fth TS FEoA YR H
acid lyase (ASL), arginase (ARG), N—acetyl glu- Hlom, Age A0, A SElA] &k
tamate synthetase (NAGS)Z A Eo] 3lom, A oh 55 3Rk HEEA ¢ka Frgg o, 1))
dAleA FAE ARl Al o a4 e = ASTE AMA B T FAEAA FAHRA R Q3
ZHA A, o] FzolA shte] Faeh: AfEE @ F7HAQl AP Qiglov A A A 71 A
A3 ® o) Agho] WSt o] & Qs 1ot ol 9] o2 Atz HUL, ARAAEA Y A FE SN
S FFABA o) Fol WS HRRE QAR AL B o) B %EP e 27 89 F3=ES
ol At sy} Ho] Wy} ok Qo B sl 86/55 mmHg, Wutg 1573]/14, A2 SHE 97%,
IR Yol Fo] WHEA 0 7 Mgt Tlo|Als F A& 37.3C) oot vAggAl 1Y FEE
229 Ngwow yesfor @ 4 vk a2y & Shatel] ZepAlE(0.1 mg/ke) Folstial o] WHEA
A3|E o)F A% A thFo] 7o Alge] glo] A ata¥3E s B 7|3 U A E 7IASE
o]2] & gr2 AEF| TS T Hol, F5AAA & Agaigint. o AL A MEF $ 8,570/mm’
n|wh 5 kg wgE AT} Aol Al REEA) (1), 3,800-10,508/mm%), @A 20.2 g/dL
2 olah ol aidatnl®, Ak Foixe] gust o157 (F14], 13.6-17.4 g/dL), a3 5 299,000/mm’
oo vlz 7ho]do] M E = F9-= =&k CPSl (F11x], 141,000-316,000/mm”) o]Sic}k. P A3}
Aoy OTC A& A2 AR gajoa]= Ay st AL A, AST/ALT 57/31 unit/L (2], 0-40
of| Z)7o] Har 437G el 52 &k Aelwt JEs unit/L), BUN/Creatinine 10.3/1.19 mg/dL (&a1%],
L Ao} 9long BE S|4 7o]AS AuEl 8-22/0.6-1.1 mg/dL), BAFWE 7} ¥4 4 pH
A= otk Z T Al AobA 7] of] Hehke @ 43| 7 o] 7.418, PCO; 44.4 mmHg, HCO3 28.0 mmol/L, base
Al A%k glalo A 7ro)2 A FHAIE o)A Flo] 1yt excess 2.8 mmol/L, 8% A #5& HEF 143
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mEq/L. (11X, 136—145 mEq/L), ZF 7.7 mEq/L
(#1314, 3.5-5.1 mEq/L), 24 6.8 mg/dL (F1LA],
8.4—10.2 mg/dL), ¢! 7.7 mg/dL, (1A, 2.5-4.5
mg/dL, C—3h¢eh 0.21 mg/dL (F1#], 0.0-0.3
mg/dL) ©J3ith dRYol= 1,751 umol/L (Frarx],
14.7—-55.3 umol/L) 2.2 1 FoldZo] gelgg)
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(CRRT: continuous renal replacement therapy) <
Al3alT AeiAl @R AlRF - 24 413F ARl el R
Yol 654 umol/L (3al%], 14.7—55.3 umol/L), 48
AZE A R Yol 171 umol/L (FLX], 14.7—
55.3 umol/L) & 433tk AF 8UA 2|&4 Al
A eWe F 49 3 A 5 FEY ok 81.5 umol/L
(#1314, 14.7-55.3 umol/L) & Mg A 0.2 7hasto]
A&A AA QWS FH8I AT o QR &
& #Zo°]E (sodium benzoate 470 mg/kg/d) %
2F HdHE o] E (sodium phenyl—butyrate 250
mg/kg/d), ©}27]d (arginine 150 mg/kg/d)& G4
st A% 1094 A Ae]E 0.25 g/kg/dFE
Al&sto] S 1794 1.8 g/kg/dZ S35l H] S
3 AT FolE Tl TR A gl Bl
v otR Yol 100 pmol/L v|vke 2 SR FH3ATh A
1494 gRlE 4 opv|Al F4 A FFER]
°] 1,769 umol/L (%§¢ ®41, 376—709 umol/L) ©.

A Fes BHow AEEFHLS 5 umol/L (%
W4, 1045 umol/L) 2.2 74 27S Bt 4
Y 508 pmol/L (4 W9, 131-710 umol/L) 3} o}
271 17 umol/L. (47 W9, 6-140 umol/L) 2 7
A WMot &M @ ZEA orotic acid) &) #2935
717t 93, kA (uracil) S7He B2 A oko} $ka}
G W A Aol A 94 F® ol W3
% CPS1 AgZol &3 Arom Fasict, Ba
FAgAQ B3S 98 CPS1 FAAAEARE Al838s
th CPS1 #412k= 437)19] el=0 R o] Fo]x] vl
& fFaztela, 94 3R o)t Asky Ad ofe fr

AAE FAo 2 B7] 9814 targeted exome se-

1o

quencings A)8gslth @x N O ZEE genome
DNAS FZ31%laL, glolvejee i #dA e
12 Mb 99 9 4813709 FdxE E3hH= Tru
Sight One A7 H9-& AFE-3te] o]Folxl o Tllu-
mina NextSeq plat form= AFE3t] tot = HHE A
Aol AlF= Lt

Picard—tool 1.96% AHg&-ste] Z48]7]7F A|A =2
&2 variant effect predictor®} dbNSFPell <
4 A2 e o A 532 WE=7) 1% o
Q1 dukAQl Mo Urtd|o]E w0}~ (1000 Ge-
nome Project, Exom varinat server, Exome Ag-
gregation Consortium) ol 3l Z& ¥ 3ty 1 4
7} CPS1 AR oA F 712 Wo] ¢.1117G>C (p.
Ala373Pro) £} ¢.1883G>T (p.Gly628Val) 7} o184
A2 AT Fig. 1). o] #lolg2 7|&e] By
HA] ok Af2-¢ WHolo]m KRGDB (Korean Refe-
rence Genome database) 1,722%, 1000G database
1,0007, EPS6500 database 6,503%, ExAC data-
base 60,706 9] thzat Aifelx BAEA] 3k,
Sanger sequencings &3 APl = H3t o] A
YA, opHA| e} o= o3 HAR AT
o]F Akl Ao] (1.8 g/kg/d) S} AT ok QWS &
8l dZF ¢ty 100 umol/L wgke.Z eHgH oz
AHE F AS 18UA vk FEZ} 2HAYsel T,
% o} 224 umol/LoZ F7hEle}, F4 W 1
A A @R A8 Fef] F5 Yo} 35.6 pmol/
LE ZAaro] Aduao]S a4 af5it). Age] 5

A WBAQl nehujoldFe Hye Telstol 4

1'}11

ol

oz

AR ok 75% ST

o]% A= WAA|A] H-E(Tacrolimus 2 mg/
day, target 8—10 ng/mL), "% A (Bactrim)
&3t So] 24 B Fa Aol 2.0 g/

ke/d 7H) SRR BF Qrriol FAwE Aot
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Fig. 1. Chromatogram of mutations in CPSI in the patient and parents. CPSI pathogenic variants
were identified by targeted exome sequencing in the patient and confirmed by Sanger
sequencing in the patient and his parents. Compound heterozygous mutations, ¢.1117G>C
(p.Ala373Pro) in exon 11 and c.1883G>T (p.Gly628Val) in exon 17, were found in the
proband, and the parents were heterozygous carriers.

A9 A8kt (Fig. 2). 0] AE 2709 Ry umol/L o1 &k 5 AldiA eis ez & 4
of v eHgslElo dnhEE o R HAFEIch Uvhy O] AZFe AFERe- Qlolal AT oFE g3 2H W 5
T A F 1A TE 9 A SR A FF N X5 F g} Fx st Hof Hdsioitt A
oFEUol= 150 umol/L E¢lEo] AT o5 & x T N NS o A7EE G A, 7S

A FATH F gEYol s 20.3 umol/LE <M WA o] T2eA AT A% Azdo] BRI, A
5} =90al AT 370E Aol 2.0 g/ke/dE BF 3 A B Ul w 9% Aglo] wEEoy 1 9
099} AT TS B3 f 7hestel sl FEg o] A HAEA Aokt AT 671 Al
59 ¥ S w2ufolya FA, FFMEFH0E % 8.3 kg (50—75 M9, A1 65 cm (10 W
olga AP oR Q% 4 EAV|BARCR @Y7t 99, HelEd 40.8 cm (10-25 WE9]5)ol dl
ey Bes wkEslch. ey gyl 200 B b AAbell A AR g A A wmelch 34
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Fig. 2. Serum ammonia levels of the patient with Carbamoyl phosphate synthetase 1 deficiency treated

by liver cell transplantation.
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