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[# =] Ciwin SR (citrin deficiency, CD) & 418 PRl R BURY, —Ff 2 B 2 N2 R 1L AE 11 %Y
(CTLN2) , o5 —Ffi citvin SREGFECAH A LT AR BUE (NICCD) o % 3CHRIE 1 LA K 5 7 v ) AL 53
WO B REIA S CD 4L BIL 1 % 6 A AR S KRIGT IR WHO (R I 7 3% Ess 3 1
G 1) P L A AP 3 A S = R R ML T P K - 8 2 0, o oo A R R O AR AR o s i ) A B R
JL T % A XE L2 I 1 R OK R i v £ 8 Y AR I8 I ) 2 2% i S, L R R 0 AT s T2 R A
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Failure to thrive and dyslipidemia caused by citrin deficiency:a novel clinical pheno-
type
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Abstract;: Two clinical phenotypes for citrin deficiency (CD) have been reported. One is adult-onset citrullinemia
type IT (CTLN2) and another is neonatal intrahepatic cholestasis caused by citrin deficiency (NICCD). A child with CD
and who had failure to thrive (FTT) and dyslipidemia as main clinical manifestations is reported here. Both the weight- and
length-for-age at 18 months dropped below the 3rd percentile in the corresponding WHO anthropometry percentile charts,
while blood biochemical analysis revealed dramatically increased triglyceride and total cholesterol, together with reduced
HDL-cholesterol. Inquiries revealed his aversion to rice and fondness for fish since the age of one year, a peculiar habit
which could not be corrected. Since the age of two years, the peculiar diet became more obvious, and slightly increased
citrulline and threonine levels were detected on blood amino acid analysis. At the age of two years and five months he was
suspected to have CD. Since then, he has been fed in accordance with his own food preferences, and FTT improved
gradually, with weight-for-age, in particular, recovering beyond the 3rd percentile at three years of age, and dyslipidemia
was also ameliorated gradually. SLC25A13 gene analysis revealed a homozygote of 851del4, and CD was thus confirmed.
Diet survey at four years and seven months revealed a fondness for high-protein and low-carbohydrate foods, such as
seafood , meat, eggs and milk. This child presented with FTT and dyslipidemia as main clinical manifestations and this was
a novel CD phenotype different from NICCD and CTLN2. [ Chin J Contemp Pediatr, 2009, 11 (5) ;328 —332 ]
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Citrin HRFEH5 (citrin deficiency, CD) &/l {7 SLC25A13 #:FHZe4s" . CD A AR A [ R
TIFAM LR N B4 2 R R AR BIR T R, Jﬂikﬁfﬁﬂ%@ﬁlﬂlﬁﬂﬁ! (adult-onset citrul-
citrin I B8 B[4 10 T 3 10— i AL A 10 , o TRl =2 linemia type I, CTLN2, OMIM 603471 ) F citrin Hitf

[ ek H 2772008 — 11 =045 [ &8 H 1112009 -02 - 06
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S 2 A LT R IR BURE (neonatal intrahepatic
cholestasis caused by citrin deficiency, NICCD, OMIM
605814 ) . HI#E 2 K AEFEMAS 11 Z VL EILE, b
PRUARZ B A2 7] ) b A7 A S R Bk S5 iy 2 0
3 T A W A TR A L L, I R 322y
I TR IR S P 8 . M CTLN2
B A H B ) o 2003 AR SR IRE, T R T 52
4T TR 2006 4EARGE T 4L TS Y NICCD i
JL. HHT CD B[R 53 2 (] i 5¢ R A A BT,
H AHFSE & B8 NICCD () % A 2.(1/17 000 ~34 000)
e F CTLN2 [ % A3 (1/100 000 ~230 000)7*
PR HE I AS 5 1R AT BB/ A & NICCD &5 CTLN2 Z4b
(A R R I AL, A SCHR 1B — 1] 28 SLC25A13 %58
A HTS LA K R F G M is 5 | K
RFEIM A NICCD 5% CTLN2 i pRKAE ) CD 4))
U, FF IEB M 23 Ay R B IR 7 AT G A 2B AR R AR
FARAE I 2 A 1 B S22 A

1 &whlHE

BIL B L8 A HERERKKE KI5
JFORe s 2 A cm i iiEE A wiis . WA HEnSR
JUAE 4 b = e o AR B e PR T AV 8. 2 kg, B 1
ZIHAE TF% 0.3 kg, JFOIfRER A & B AST, ALT,
GGT J& ALP % B4 35, (% 134 pmol/L ( i %
<60 pmol/L) . 7 Wk 7 M /1N K 8] 75 TF 8
b H BIAE 5 — 58 B2 B I A6 Ak 43 B 278 H b = g
(TG) M S JIB[E E (T-Chol ) Wi 254 &5 | & % FE AR &6
JIELIE] 5 ( HDL-Chol ) FEAIR (% 1) , (HIANET . 8L
2 GAP2, 2 W™, ACBEE I 2R 25 0%, BF 22 1 o by
PRo L BHIARRITH 1 ZIEAREIKMEE 6
PIREREE 2T M5, 5L 9 > ik BRI A6 T K il R
Y1, FE TR & BLBUE R FEK , 136 H G 2
FUR TR (RIRBEATE) , B S B si2
T . ZJEHBEN AT RAEIRPIIK, —IRTEA
5 AW AW, T3 — IR 8 SR IR . HARACAE
66 % I IREA Ve 21tk S0 vb Jo HoAth B IE B AR
KEABERMEE.

PRAS A A« Pl I, K 50 JCRTTE , B kL
MRETC B Y o RUIKIFIE & 15 , /L& A T, 2 R XA ]
Lt o WA IFIEGA T 2 cm), JBa v, JBLE K fi
Lo PHIECTE B A Ao it 4= 6 AST, ALT, GGT, ALP
J% TBA 54 6 25 TG % T-Chol H 15 . £ 45 ( HDL-
Chol) FEAK, IMLFLAR 2. 6 mmol/L ( IE % {H:0.5 ~
2.0 mmol/L) , MZAEH o JHEAE A s JH AR R

BRAMES. 3 em T 1.8 em, JEIER/INEH .
PRATHIUR 53 B oK UL S, 1058 PAY i 0 S 7 U 2 PR
27.8 wmol/L (1FH{H:34.6 ~56.6 wmol/L), FEHLA
ik 48.4 wmol/L (1IEH#1{E:9.6 ~23.8 pwmol/L), LIl
IR 76. 2 pmol/ L (IEH{H:48.7 ~74.9 pmol/L) .
AE LR 125 PR 3% AU T T 5 A B s, L PR K - I
W PR ES AR = 2R 4k R T RS N I R 1 K
WEEE, B BN SERR I R S5, 2k 75 A
BTG AR R A BT E (A A K R B IR H LR
W

BEDT B 2 2 I LA D B 40 1 S 2, O
ACRRR L AT AN, TR B4R i R I 5
AT R JR R 35. 2 pmol/L (IE 5 {H: 6 ~
35 wmol/L) , 7 & R 82. 82 pmol/L (IEH {H:12 ~
70 wmol/L) , i& A JL FF Bt 3& A #% ( C14, C16 F
C16DC) /K341 o ARG By fin 4 M 1l 2B PR 7
BILTE2 ¥ 5 AMHAMEE R CD, %k VR EIRIT
hE, FREBURLACREAZ AT 2] 1IE HAfw £ > 0t
1717368 5 2 A W ez ) 0 T IR ) At A e B A Y
R RIREIRIT . MG, A KK E &5 Wi
A DI RE A MR BB WK, 3 % 10 A&
SLC25A13 JEA R iz CD, HEjEIL 4 %
T H IR AT R R BIE R AR B A R
DR KA, Vg Bt | 2R RSN, 1] —4
BRI 350 g, BRI ARRR /K A6 5 10 A e A IR
) o

2 HiE

2.1 DNA #ig#0 851deld T4l

ZIRSCHR 7 1 AT . DNA iR IS 47 K
PCR 4" 34 DAARBCE B2 572 1Y DNA J1BZ, DNA il
FER & PCR 914 10 & L BE el #2070 &\ LRU
IS R E R L . PCR 2 48.94°C 78
PES min J5#E AT IEREF, B —E I HIAES 0N
94°C 7281 1 min, 60°C 3B K 1 min, 72°C#EfH 2 min,
AT 35 MG 72°CE 1 10 min, 85 15CIRAF
BRI AZ ) DNA i Br e ik PCR 4718 )5 # H]
PE Applied Biosystems 2\ &) A= 7= 19 & 20 45 |, Yk AL
ABI-310 Genetic Analyzer 43 &, 3+ ) GeneScan 672
B, —K PCR ¥ B3 IR0 519 /751 g 5'-GC-
CAAACTGAAGGCTATACTG-3', a1 5| ¥ P31 M 5 -
TCTTCCAGAGGAGCAATCCG-3" , ¥ H A LS K
PO E AT, AR G i, § R
Fer dTTP AZEHRICHY R110- dUTP 54X, NARY)
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& TAMRA-500,
2.2 PFrREIhEE R MASTEFRBNAS MR

PERBILIN T % 6 Axiizit®] 4 5 7 A E
D A A A R R A 4 2R, AR IE 3R, I
SRERIT TG SRR sh S
2.3 BN EFERHNEUNE

Z: I8 WHO > A 19 L 3 Az 4 br e Chitp://
www. who. int/childgrowth/standards/en/) , 43 51| 156 BX
ARIR HIATE ARSI S AR 1) B e A B A R
A, BAHEILAEER 4 5T H TR
4553, 43 e A ik BRI E R Eh
ST HTG SRR S AR AL

3 #R

3.1 SLC25A13 HEFERITHHT

WE 1 R, 2878 851 deld JEP 4 W], /8L
7 Fr B i) PCR =W IE 5 6 BRI/ T 4 S id
R AE 851deld 1 4l 5 -, T H AL BE Y R 5 AR
851deld Wy¥EHT . PEIL, BILGERRIZ N CD,
3.2 BfrpgefnmAsiEtREnSTH

R PR, BILL % 8 Aglie K ZHrE1H

LR S, B O 7 E A R = I I AE N
BB LA , JFPEA HDL-Chol [#{f%. 1 % 8 A i}
FHaa b T E A B , FLE BR T i H A =R ML AE S,
flm s e Rk . 72 % 5 DA ARsok L&
Yy s E R )R, UL I BEZ Bk A IR
e I = R A A5 3 Bk — 20 s 45 U e
AR BLMAE S UEW] T ARRIR YT R A g
AR

E1l CDRJILRELFR851ded REDIER H
AThR RECFEF R R I 7= WA B2 (bp ), B P 200 R AR, [l
NC R IE % %F I8, Homozygote A1 Heterozygote 43 il 6 78 4l 7 X IR
PSSO

%=1 CD 2JLEFIhEEF MR BT

HE AL AR R

(IE#fH) TH6H1HTHISKIESA 1H10/ 2% 245" 2%8J]1 3457 3471 4%7J1 44104
AST (5 ~40 U/L) 95 129 100 94 88 54 72 36 31 40 37
ALT (5 ~40 U/L) 51 86 62 56 48 22 46 45 12 15 20
GGT (8 ~50 U/L) 231 320 317 235 219 115 159 32 49 21 24
ALP (20 ~220 U/L) 250 259 273 299 298 375 245 261 173 246 352
TBil (2 ~19 pwmol/L) 6.7 18.9 5.8 4.2 7.2 6.1 6.7 4.5 7.0 5.1 4
DBil (0 ~6 pmol/L) 2.1 11.0 5.3 1.5 2.0 2.4 3.8 0.3 2.0 1.3 0.6
IBil (2.56 ~20.9 pmol/L) 4.6 7.9 0.5 2.7 5.1 3.7 2.9 4.2 5.0 3.8 3.4
TBA (0 ~10 wmol/L) - - 17.6 - - 13.4 - 8.0 - 9.4 9.9
TP (60 ~83 g/L) 69 76 70 72 73 72 67 71 70 72 77.8
ALB (35 ~55 ¢g/L) 44 46 46 45 47 46 45 46 43 52 50.6
GLB (20 ~30 g/L) 25 30 24 27 26 25 22 25 27 20 27.2
A/G(1.5~2.5) 1.8 1.5 1.9 1.7 1.8 1.8 2.1 1.9 1.6 2.6 1.86
TG (0.56 ~1.70 mmol/L) - 16.35 12.27 2.05 1.93 3.79 2.30 2.66 - 1.15 1.57
T-Chol (3.10 ~5.70 mmol/L) - 16.75 14.61 3.84 4.94 5.17 3.50 4.50 - 3.78 3.91
EEEVCLh)"I (1.00 ~1.55 0.47 0.30 1.03 1.38  0.94 1.11 1.27 - 2.24 2.25
LDL-Chol (0 ~3.36 mmol/L) - - 1.34 1.19 1.10 0.87 0.52 1.56 - 0.98 0.83

a: R AL I TFUG BT A RN 4 8% 5 b - S TT U B AR K A 2 o 2 T ARCRE R4S 5 ¢ A T PR AR %

3.3 FRNEFEIRNTEL

B 24,28 JrR AR AT LA I AR
A RIRT A2 3 [ RLT, 3k
FERRBEEE O 2 8 5 S ARERT

= FTRAAEN

Ja, BBU AR R B v 5 AR KB e (1 24
2C)  JUHURAAETE 3 % (18] 2A) BV N5 31545 3
Foriz bo BE SRR EBREREIRTATA
wE S H—EAME T 15 A, Rk E
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Saheki 2?1 2002 4F %4 3% 4, 7 NICCD 5
CTLN2 Z [a] 45—~ CD Ay A4 1 B3 5 4 1 B, 76 itk
W] NICCD f8385 I IR A I PRI AR 2 i, R (gt
R, TR 2 2k A 4% A8 3 4 & i )i CTLN2, A 5%
CD %)Lt = NICCD = CTLN2 e MRARAL , i A= 4<
KRB KRG8 ™ 8, $E7m BOLAL T —Fh B
JAREE R AR LIRS JE R T — AN W] T NICCD
F1T CTLN2 (I R R B 3% 2 30 78 3 2 1K i 7K Ak
YRS E R ERIT RS, R X IR IR
RO LA K & B G FIILE 8 2 /0800 2 A
B o AEAFIE R AR, BN B LR & XK
HEARNREIBRE CD BFE T IFADI, ik
AT Saheki 25 f PR A A IR 52, 52 P A Y H A
CD A R I K &Y s EE KBRS
If. HETC WM CD A0 i &SR ok b G A
M} 52 , 3t 1 oK AL G P AR 2B - NADH/
NAD " eAB Y b F, e 28 | kS A 4 v i JLAE 78 14 1Y
FRE R AL Y. CD B IRk Ak
G B TE R R S AR oK B
YR , T EL AT 38 ik 28 2 R0 s 1D 2 1) 22 b D e AL
A o) 200 e 1 o e A g, AT BT 1 B P NADHY/
NAD " AR r38 s, B2 O £ >0 8002 il CD g 1
AHE R A % MY . e Ah, T R 25 [ Dimmock
N L | IR S PuR (10 A 7/ I TR A= £
BIRIT,CD BILAERK LB G AR HUGE , 1 H A
A CTLN2 854 B i Z LIE 1 BRI T 42
KSR G T 5 1 R R AT
I LR IE S B T P S SRR S AR
IKAEG W e B AR A £ T AR T BB JE CD iR
Xt B B A BRI SN, AN ESRT T IE

AW CD LG IR 20 ik A LSBT
o BIE,ZEIL T ZHITFR L BB JH R A2
AEFE 55 NICCD I PRERIN , X KW TE R 2L CD i 4]
1, NICCD FfAF 2 A AT 30 8 19 & J& B Bt iz 8L
YRR 2 kS8R CTLN2 NI FHBERRERT . UK,
B LAEZE T PR BIA YT A I A 8 3, P AT 1l 2R i
5 PR BRI AR T 9 5 R 38y 7o, 20 € PR kb B3R 97 S5
ILRE S8 B A0 B, 3 715 1iF 25 1R Bl 7 4 & P ke = T
625 T UL JLIMAR 55 1Y & A= & (B 2L ARAL ]
WiFT S G IR AR BT PR, FRATT 5 3l 1 0 53 & 81
NICCD LA B = AT J% Ponderal 4543475 )5
FIEF X WAL 0 58 LR S5 B SR st
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HEIIA RATIRE it 4R CD G LT REHE AR K&
HREEM, e, CAMRGERRTES CD Mk4dk
JEA —E BRI AT T LR A Wi
B 53 IAE B ) LR AR S B T I, SR I
A= 55 CD AHOCRYHEDY o J s 76 8 16V R 1l X O E AN
U, T 9T R M X 1E & CD Rk X AR BESE
CD L% SLC25A13 3L Hiifais Jy 2845 851del4
2tia -, HARK K B V% G AU S 58 04 R 3 30
PR T —F A [A] F NICCD F1 CTLN2 #9581 i) CD 3%
LAY, {68 NICCD JfHE CD @b ANn] 1) K JE B B s il
REIRT R B LS50 28 A Al O R A A ) 2 4
o) ) 6 TR R VNI M U et 7 N =T Y = K7
TIRYT A CD [ AR R B I G FUmAR =%
Bigt: Bt BOUR L LA o4, AR A BILD
SRR TR T ESAR .
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