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intrahepatic cholestasis caused by citrin deficiency in compar-
ison with idiopathic neonatal cholestasis
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[ Abstract | Objective: To compare the clinical and genetic characteristics of patients
with neonatal intrahepatic cholestasis caused by citrin deficiency (NICCD) and idiopathic
neonatal cholestasis (INC). Methods: The clinical data of 30 patients with NICCD and 30
patients with INC admitted in Children’s Hospital of Chongqing Medical University during
September 2012 and December 2017 were retrospectively analyzed. The clinical
manifestations, biochemical indicators and genetic characteristics were compared between
two groups. Results: Patients in both groups presented similar clinical manifestations,
however the chubby face and clay-colored stool were more common in NICCD patients
(both P<0.01). Comparing with INC group, NICCD group showed significantly decreased
blood levels of glucose, prealbumin, albumin, total protein, fibrinogen, and amino-
transferases (P<0.05 or P<0.01), while significantly increased blood levels of indirect
bilirubin, total bile acid, alkaline phosphatase, lactic dehydrogenase, ammonium, alpha
fetoprotein, and markers of coagulation function (P<0.05 or P<0.01). In addition, NICCD
patients showed remarkably increased blood levels of citrulline, methionine, tyrosine,
arginine, and threonine; as well as significantly increased urine levels of 4-
hydroxyphenyllactic acid, 4-hydroxyphenylpyruvic acid and phenyllactic acid, while
those indicators in INC patients were normal (all P<0.01). All the patients with NICCD
had SLC25A13 mutation including 8 homozygotes, 9 compound heterozygotes, and 13
single heterozygotes. Among all mutations, ¢.851_854del was most common (53.19%),
¢.1196T>A and ¢.919G>T were two novel mutations. Conclusions: The manifestations of
chubby face and clay-colored stool may provide clue for early diagnosis of NICCD along
with the elevated biochemical parameters, such as ammonium, alpha-fetal protein,
citrulline in blood and 4-hydroxyphenyllactic acid, 4-hydroxyphenylpyruvic acid,
phenyllactic acid in urine. Target gene trapping and high-throughput sequencing have
the key values in diagnosis and differential diagnosis of NICCD.
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Urine organic acid; High-throughput sequencing
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Table 1 Clinical data of NICCD group and INC group

2.3 NICCD 5 INC 41 ifi & FEm AR A HLEZ K
R

INC 41 1 28 FE 2 /K1 Z2 7 1IE F e A T
NICCD dH 1 JRZ R i 2 IR | B 2R K 2 R M
TRE MR KT B (F9P<0. 01) ; INC 20 JR A HLIR
BT IE R, i NICCD 41 JR 4- 52 K8
Wil 2 4 - 32 LR FL IR B R LW K -3 T (3
P<0.01), L3283, SR 4R, 5SINCEILMHL,
NICCD 8L il Z R AN PR A HLIR AR B . 53 .
2.4 NICCD £H 5 INC ZH 3L RGN 45 51 L

30 NICCD LK HH SLC25A 133 I 545 |
HARuE k& MRSk A BILI A REEEE
o8 Wl sl A 9B G4 A RA, HAa 13 4
R B AT AR SR 12 Pl R AR A Hod
c. 851_854del o5 WL 5 AR AL | 53, 19%,
1VS16ins3kb K2 , i 10. 64% ; K& P2 S H Ay 98748
B A3 K e 919G>T (p. E307X) Flc. 1196T>
A(p.L399X), W4, RIEACMGCELE4r+ R FE
PR PN SRR bR HERIFE R 248
TG XA H W R ml e S0 . INC 2 B LIE R AG:
IR K L5 st A% PG AF O 1) 249 A4~ 35 R A 350
PERAR
K  B

NICCD 5 INC il ARAERAEARL , A1 75 248
BRSWT o AR SO 2H EB LA RS 4 i I PRRE R
PEAT Heds, & B I8 JRE G AP 8 76 NTCCD LA
BRI AE INC L4320 W A — 5 R AE
£, Chen 5 BT RIRE % BLIE 1 NICCD BULIK:

[n(%)=M(Q1,05)]

a5 n ¥ Sy EHGERE (d) IR A A L o
NICCDZH 30 22(73.3) 393(37%,41°") 23(16,32) 4(13.3) 30(100. 0)
INCH 30 20(66.7) 39*(37%3,41%%) 25(16,35) 2(6.7) 30(100. 0)
2/ UM — 0.317 0.328 0.319 0.741 0. 000
PIH — >0. 05 >0. 05 >0. 05 >0. 05 >0. 05

a5 n [ I K [N [BE PR A B+ f
NICCDZH 30 6(20.0) 17(56.7) 16(53.3) 16(53.3) 10(33.3)
INC# 30 4(13.3) 9(30.0) 15(50.0) 0(0.0) 1(3.3)
20/ UL — 0. 480 4.344 0. 067 21.818 9.017
P — >0. 05 >0. 05 >0. 05 <0.01 <0.01
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Table 2 Biochemical characteristics of NICCD group and INC group

(x£s)

a ) I MARLIR EHERaR el SRR HEHEE M

(mmol/L) (wmol/L) (pmol/L) (pmol/L) (pmol/L) (g/L) (g/1)
NICCDZH 30  3.3%1.8 168 =58 85 44 77 + 50 222 +89 66 24 32+7
INCAH 30 4.7+1.7 146 52 94 +43 43+29 151 81 109 £ 35 40+6
EWME  —  3.90~5.90 2.00~17.00  0.00~6.00 0. 00~20. 00 172.00~368.00  172.00~368. 00 35.00~55. 00
i — 2. 661 1.725 0.724 3.238 3. 685 3. 685 3.653
P — <0. 05 >0. 05 >0. 05 <0. 01 <0. 01 <0. 01 <0.01
a N MEA HRER  WNAEREAN KREARFEENE PR it L QITE=)

(g/L) (g/L) (U/L) (U/L) (g/L) (mmol/L) (pmol/L)

NICCD4] 30 47%10 16+4 62 %41 140 =72 969 + 435 4.4%2.2 64 %36
INCAH 30 57+8 177 188 155 280 + 266 504 +235 4.3%2.4 4519
IEW{  —  65.00~85.00 20.00~40.00  <40.00 <40. 00 45. 00~500. 00 0.70~2.10  9.00~33.00
Hl — 3. 694 0.737 3. 865 2.784 3.311 0.369 2.587
P — <0.01 >0. 05 <0.01 <0.01 <0.01 >0. 05 <0.05
g N RGBT ] ?Eﬁt%ﬁﬁ?%&m & LG A] Y R D-— R

(ng/mL) (s) RIS E] () (s) (g/L) (ng/L)
NICCDZ 30 14450=1378 17.4%4.7 67 39 23.8+4.0 0.9+0.4 16.0+3.4
INC4L 30 3085682  12.4%2.0 40%10 18.7+2.8 1.9%0.7 1.8+1.3
E#M  —  0.00~363.00 10.00~14.00 29.00~60.00  15.00~20.00 0. 82~3. 38 0.58~2.74
il — 2. 461 3.727 3.230 3.973 3. 847 2. 066
Pl — <0. 05 <0.01 <0. 01 <0.01 <0.01 <0. 05

7 TCAHEEE. NICCD:citrinZE (8= FTE0H A JLAT P IE IR AR

* 3 NICCDZHS5INCAL M & 3L AN R A MR K- Lo

Table 3 Blood amino acids and urinary organic acids levels in NICCD group and INC group

[x +s8M(0,,05)]

A5 nJNER WHEAR BER BER BER 4-5IRNIER 485083 AR 4-RIFELR

NICCDZI 30 238+180 141+124 118+84 63+46 13057 69.53 819. 30 13.2+7.7 6551
(3.90,207.61) (296.20,2340. 10)

INCZH 30 23+11 3714 6831 2114 61+26 0.03 1.95 1.9+1.5 34£29
(0. 00,0. 60) (1.10,8.70)

EHE  — 7~40 8~35 20~100 1.5~25.0 20~100 0.0~0.9 0.0~7.0 0.0~4.9  8.6~73.2

t/UMH —  3.782 3.843  3.038 2.873 3.814 3. 460 5. 472 3.725 1. 853

PlH —  <0.01 <0.01  <0.01 <0.01 <0.01 <0. 01 <0. 01 <0.01 >0. 05

S JAIHE. B : wmol /L. NICCD:citrin® 52 FREOHT L LIF PRI BUIE ; INC AR R JUIR T R

SRR B 1 1 R PR e P 0 S R A LA
2R IR 0 B AT A S5 B A L 4
PR S A G . P - R phy T I A L
RE - HE RS 5 56, NICCD H ) LI 58 B R HE I
SIIRESZAR ™ T (5 AT I P - T M
FEM S ARt ARGEM . WIS E/R  citrin
T P12 T SO0 A0 M A A | e R4 i
TEBRZ T T4 B e A S BN

=B AR R e, BUE IR L R
W lE | E ] A IE 21 28 2 IR B A0 1 5 i g i
i, R ZOE IR AR . NICeD gL B £
AT 5 BEHLHIAE G . BRIk, (52 e G A0 Bl 4= fifi ]
YE NICCD RS2 Wi A A

NICCD BJLANINC LA A A8 bR 354 BA 5
S ARIEARSES 3, Wang % X NICCD £ L
HINCEILWE R bRl T Lh i & 20, I 4H 28L
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Table 4 SLC25A13 gene mutations in 30 patients with NICCD

FEHgAE RN GEARAST LIS Ao (%)
c. 851_854del p. M285Pfs*2 [7ES 25 53.19
1VS16ins3kb p. A584£5585X A 5 10. 64
c. 1638_1660dup23 p. A554£5X570 R 3 6. 38
c. 1660-1661insGAGATTACAGGTGGCTGCCCGGG P. A554fs it SL 3 6. 38
c. 615+5G>A splicing EUEDA 3 6.38
c. 1177+41G>A splicing gz 2 4.26
c. 2T>C p. MIT A 1 2.13
c. 754G>A p. E252K Y 1 2.13
¢. 919G>T p- E307X T X 1 2.13
c. 1095delT p- F365fs (O 1 2.13
c. 1051G>A p- D351IN T X 1 2.13
c. 1196T>A p- L399X T X 1 2.13
& it — — 47 100. 00

7 TCAHEEE. NICCD:citrinZE (6= T E0H A LT N IEI TR BUE.

B IENRZL R N R 2 R A& = IR =
Fhm, P INCAH P HEIRLL 2R | N ARG 2
KGR E WK T NICCD 41 ; NICCD 41 1)
SEN AEO EAELT INCA A SRR
H—3 A, ARSCHRINICCD #LAYRT &
Bl P AR I | 2T 4 2 (1 JFK O T INC AL T A
ARLTZR AR LT R SRR & IR R &
BEIMINEEAR T . X2 LR NICCD UL
JEE 1 B BRI 2T 2R A R 1l 2l i 2 4
BTHAG FTRE 5 citrin 25 12 S 800 4H LGB
540/ B ERa s de A 0 - R A
fedaprr, W2 R LI 2R FF G 3R 1 25 S
B2 IR A M, NICCD LR G vk i 2
KF10 000 ng/mL, INC LAY H AR EE vk B ol
A IHE BT A NICCD & LB, 12 3000 ng/
mLZc A7, PR IR 2 AT /R 2551 NICCD 5 INC
EZARIRZ —. HRE AT e 24 LHs
e L AR LR R R R B, 1T B -5 A
B

E IR T o S i SR 45 A i s, NICCD
LI R =R AR =R KAk
SR, DU R T i fc B 5, T INC B LAY 23
iR TR S8Rk, i JIVEU R 1] 1 A 4 513K 7 i g
(¥ B 45HR . Saheki % i I 4 RARR K
RRREE VR 2 W NICCD B S Z A AL F8FR . Citrin
e Z B AR T R AR RAE , S80S IR

B A EIE RIS 5 R NER B, A%
Bhrh NICCD B LBYRPAER K TEE T 16 d, i
RA32d, g 3 LA AR 3~7 ditt AT T
H SR O, T 4 4 1t T Rk B 247 I 7
Bl , 4 7 o B 5 3 325 i & NIC.CD A 68 I 7 o
Shigetomi f;"f:[ “I3t60 5 44 H AHr LT A )
K IR R e BE 40 wmol /LM HIA A & B8 1 4
NICCD £ L, 80%1 £ LBkl ; BRmos 2 %k 15
T3 % i B B AR L EEAT O A, R I SR vk
30 pmol /LAY, UL B3 I NICCD B L. #E4R
WEAFEH NICCD 5 3R Rk 1/41, R R Y
H1/17 000, 7% &5 T fpe ') T a5 IR
Fhin iR SR 5

AT AN PR A HLER & B, NTCCD UL
JR 4-F B I FLIR | 4-F2 IR VT T R 2 7 7L B 24 3
15, X A BB -5 A A 2R P 2R 5 T SR 1) A A AR
HEGRAT G, T INC 2 LI SRR AR B T i el 5
SIEH o RN 4R LR 4-FR BRIV R K
KRR TRE S HINICCD 5 INC 9 54545
A-FE IR FLIR N 4-F2 FER DY B FR KT TH i o 1 T
ULF NICCD Z 4, UL 21 ZLIH IUAE | Fi% 22 1
Sl L L — i PR s R T s, — 8
T REAS 4= s D e di 3 19 FU LR 4- 2 SR LR
K A-FR RN IR R K AT RE T . R JRA L
AR IR oS, T B A ACRE R H A 5
IS EE A Rt R IZ W
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e S R RS R T AR
WFoR S W7 i R A HEAE A . T35
USSR Y S A 6 I PR NTC.CD B8] £ L3k
FRHETRAPHT | R FE T ES W A Lin 2510 SR il o
H T 1% K A5 35 PR 4317 6 i 2B L NTC.CD #5470
A, KRFE R TIi2Wlie . NICCD 2% Y Ak
P AL, HSLC25A 135828 T8, SLC25A 1300 F
TS R 7q21. 3, 18 MM T4, 2 K
200 kb, Ji R LRI N F545 & KA R IR /A RATR R
WA, B citrin . AN[FFEZ BISLC25413%
AT ] B B AL R 0L e A T GE 106
Fhoes | 20 5 s I A 78 R gk e s 2
ABEFER ] HARF 91 3R EE A i s )y, 50 Hr
T306 B ILM249 MHICEN , AR H
SLC25A13%7% o f5e WAL ¢. 851_854del,
HYR K TVS16ins3kb , &5 5 [ N HALAF AL, $2
7R c. 851_854del T By v A RS 28
ARSCHER R LA 13618 BN SN R T 578 R
PRLAAERGE Y 454 F LI (I PR AR K AR AL
S, AW NICCD 5 17 INC LY & & 3R 5
FER AR o ASFFE TR FH A6 o 38 10 e 32 4 o)
EiUB TS N A a5 2| I B N ) = B e el B L
X3k, SLC25AI3MIIE ST & — 1> CCAAT&E 52
DGCE, RT3 K ATG _LiFIX 221
Z -1 X AERE G 2 G MR ST, CCAAT
B GC AN SRR B 5 M A citrin 2R (19
B A B S F USF1 5 FOXA2BE
VTR IS 3 7 X (—442 bp 219 bp ) S48 T X
(-968 bpZ-768 bp) &5 &2 SLC25A13 %
K EEE R AR ARG BT LT 2018 4R 8
BT 8RBT IX ISR (10 2-160) . KUt #E
D EAN 55 5748 1) L AT BES2 B T-SLC25A13)5 8+
IR RS, N — L RATH IR ABIFEIX 13 58
JLIISLC25A 135 S+ B3G5+ X3 .

AN AR SCE B R SLC25A134 2B 7%
. 919G>T Flc. 1196T>A , Hrfrc. 1196T>A A WL
1B, c. 919G>TANHRIE Tk SHs i vh BB/ Ai
PR T PSSR R R TS AR
MK TG 2R, i) T 305 1 RN A B3R 2 5
TR IMIL IR AT o c. 919G>T 8725 citrin 2 FA7E
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