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The etiologies of neonatal cholestasis
Jae Sung Ko, M.D. and Jeong Kee Seo, M.D.

Department of Pediatrics, Seoul National University College of Medicine, Seoul, Korea

Any infant noted to be jaundiced at 2 weeks of age should be evaluated for cholestasis with mea-
surement of total and direct serum bilirubin. With the insight into the clinical phenotype and the
genotype—phenotype correlations, it is now possible to evaluate more precisely the neonate who presents
with conjugated hyperbilirubinemia. Testing should be performed for the specific treatable causes of
neonatal cholestasis, specifically sepsis, galactosemia, tyrosinemia, citrin deficiency and endocrine dis-
orders. Biliary atresia must be excluded. Low levels of serum gamma-glutamyl transferase in the
presence of cholestasis should suggest progressive familial intrahepatic cholestasis type 1, 2, or arthro-
gryposis— renal dysfunction—cholestasis syndrome. If the serum bile acid level is low, a bile acid syn-
thetic defect should be considered. Molecular genetic testing and molecular-based diagnostic strategies
are in evolution. (Korean J Pediatr 2007;50:835-840)
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Table 1. Most Frequent Causes of Neonatal Cholestasis

Obstructive cholestasis

Biliary atresia
Choledochal cyst
Bile duct paucity
Intrahepatic cholestasis
Viral infection
Cytomegalovirus
Herpes simplex
Parvovirus B19
Bacterial infection
Sepsis
Syphilis
Genetic/metabolic disorder
Progressive familial intrahepatic
cholestasis
Alagille syndrome
ARC syndrome
Bile acid synthesis disorder
Neonatal intrahepatic cholestasis
caused by citrin deficiency
Galactosemia
Tyrosinemia
Neonatal iron storage disease
Endocrine disorder
Hypothyroidism
Hypopituitarism
Toxin
Drugs
Total parenteral nutrition

e EO]“ JoplAs A%, 8 4

224 velds gew B

AAh Baste gee s
.‘g_

a3 A 71%Z13P%, Elol 285,

Al ol A TS He ASE WA EA
7H) 25 A A (progressive  familial intrahepatic cholestasis,
PFIC), Alagille &% 22 #F34 23S o4lsfol gl
Gamma glutamyl transpeptidase(GGT)E HE AT A X
Asks BARA GSAA7E Qo difiedA Frteles
GGT7t 7ol A ¥-& 9= PFIC, ARC T3, g5t
g E sl B 5 Stk 1314 GGT7} s Hole
g AAel 7 E EAlSHH o

=

t

29w, gvue] gastn gEUebt ¥EE AgE

ELA
citrin 2380l g 2lAo} 7HY] ©E A (neonatal intrahepatic

cholestasis caused by citrin deficiency, NICCD)E 2|43l

A opmiAt BAS gt A gEite] vrow wsgal
33 Aozt gAsan o) tiAbE "ol gk 4% mass spec-
trometry #HAME 9]2]& 4= Ut} alpha-1 antitrypsin®] %o
Pi typingS AA]3Hc}
HA HAL
1. B8 =8a} AAl
FH & (choledochal cyst) 22 d|F-s+4 o] S WAs=
ol &5tk 9ol AAY Holx g A9 FH¥(common
bile duct)e] ®o]#] %% A9 triangular cord sign(ZHE® &
A gbel| YFRFe] HAFstE Fito] 2Tl A iy T
] ko] =

wmope] EHFe] ol :F wo
&

o] Wtk 283 PAE A&Ae] o

AT BT A4 2
=

Holehe A7 v,

7} Aotk Alzte] X]‘/}LH g9 fHTo] A 5 Y
5 Asglo| A Alzbel]l whet 1k ko] WElE 4= Q7] Wil
gk ol HAzle] FAE Y 4 )

3. ZHeE A M (scintigraphy)

TAE7E 100% 0124 A wjdo] EEH AL 7}

4ol A9 gtk 2y Helwst vtebA 3

A=)
R=N
7b gl gollAR w@E AAZE sk A 294 wiEol

Il 13_0 uoﬂ;\i H]g] l:]] 74/\}5_ 6}0% ok
doz vow = Al 7ol Al Ut
E=ou, FE 9% #<l 98)A fluoroscopy 7t 83kt

=174 Ry =

HER N

5. MR E
creatography)

EH3|| 2+ X A &= (magnetic resonance cholangiopan-

sk axzesele waw Aol GHAA AT
# A Ak e g
A4 Al e Aol Azt

o+ AR ol 7}11@ Aol 7)1zt A Aska A7l
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1. PFIC 18: FIC1 ZH

AAA 18q21-220 EAHE FICHATPSBI) #3117k A
ol Byler Woletal Ee]d PFIC 139 99 FdA<de] walxl
o,

FIC12 ©Ad9e] oRZFo2RE YHZFOZ phosphati-
dylserine® phosphatidylethanolamine< 7] amiophospho-

lipid translocase® RFETE o] &A% @@ elA phospholi-
pidel WUIAS FAAZT FEAA ] GHr|HE of¥7tA] A
3] WalA A AR, @At A phospholipid] ¥ %
Aol A2AEOoZMN bile salt export pump(BSEP)o] 7153814
erobA] Al A FFe] HHh Fadhs Ao WA (Table
2).

2. PFIC 28: BSEP Z#H

AR 2q240 EAs= ABCB112 ATP binding cassette
transporter®] a2l bile salt export pump(BSEP)S wHETH
BSEPS THAZRNEH @F34S SAfoz gwste Awo
wRtd oty BSEP fdAte] Edwole Mo R 185t
= PFIC 29°lu &€t 7H w30l Ash= BRIC 2‘ =
Sy s gHeR AFPste] Zho H
PFIC XMW BSEP x1#1¢] E¢o] 7t 71 ME}‘”.
%‘ A AR FaHEn g 7ees A4EEAE Kol
% How H]ﬂO}X]“P AP 2 7k Fodol

1HH GGT, ZelxESo] IA 4
%] *} 14 AAE(giant cell) A2 Al

!
412 §
riC“O*
e

s oft
lm_E
12
)

032
o
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o
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)

 HAE S5 AE e dAxEu A Al el
Aot 248l T2 (amorphous bile)e] BT, UDCAE
AL T4 Az AMESAIRE 10%o A RE gypAo|ty HEF

Table 2. Molecular Defects in Genetic Cholestasis

Korean ] Pediatr : A150 ¥ #19 & 2007

ol 4] zhe] 2]

3. PFIC 38: MDR3 &

MDR3(Multi-Drug Resistance protein 3)& SA|#uHe]
BZOo2RE 9¥ZF2F phosphatidylcholines %71+
spholipids translocase®]th. |XA 7q 21°] EAs=
fFAAe] Edwols @APoRo AAA xbe] W3 2] O
A G52 e phosphatidylcholine®] &3k
w5o] AT olye JZV'O] e HES 548 M4 1

ES

AAA A FA e 22 H@E

gl

7(3 /\l—o] x] 1:!]»

HZE A GGTZE Aol Qi 84 gEa $E7h Al
Aol the Holth Aol REAA 2o ok fI4 BEAA,

=
AZo &4 @ Fe e HOIE} MDR3 JJr E¢idoe] 3
ztell A UDCA®] ¥H& # 3, MDR3 2&o] 3 gle
ol UDCA°l u3-&t#] @d] oy &ates 7hol4
oF 3tc},

o)
;‘._%

to
b
w

4. Arthrogryposis-renal dysfunction-cholestasis(ARC)
ey

H ol

P

VPS33B {ri#te] =dne]
FANA S frdH

gryposis multiplex congenita), A7 M@ 715l Ao}

SEAA 7 ded?. 84 GGTH ‘%Lﬂtq 5o oA
(ichthyosis)©] WeRATE k22 AAlelA @% BZ£3ZF ) lipofuscin
Azto] PAAY, dxt= AAENES Holar 1d ol AdEA

A},

Disease Gene and function Clinical Findings Laboratory Findings
PFIC 1 FICI neonatal onset, pruritus, diarrhea normal GGT
amiophospholipid translocase coarse granular bile on EM
PFIC 2 ABCBI1 neonatal onset, pruritus normal GGT
bile salt export pump amorphous bile on EM
PFIC 3 MDRS3 neonatal or late onset elevated GGT
phospholipid transporter bile ductular proliferation
NICCD SLC25A13 transient cholestasis hypoproteinemia, citrullinemia
aspartate glutamate carrier galactosemia, fatty liver
Alagille syn JAGI pruritus, vertebral anomaly bile duct paucity
cardiac anomaly, posterior embryotoxon,
ARC syndrome VPS33B arthrogryposis, ichthyosis renal tubular acidosis

failure to thrive

normal GGT

Abbreviations : EM, electron microscopy; GGT, gamma glutamyl transpeptidase
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Q1 Aol ofgt B5AGA FolA g &g Fgholth 20
A 12p EA8= Jaggedl(JAGL) AT Alagille &%
o] frzteln hate] 60-70%°lA JAGL EAWolrt T
g JAGL @ Notch &40 @ ligand$1H,
JAG1# Notch ZAHgo] ®joblgold Az Z3tek F4&
Fdsted F88 AdFE sty vt Alagille T%F 32}
oAl Ao ol A HEojomy o] zhutx]
76% E e Bdwolt BAHAN. JAGL FdA= FH
EdAWol, F hot spot7t §lolAl FHA AALE J4lEE A
o] Wgko] o] gl AL ofF A A HolA] ok
g FF3Z(bile duct paucity)oll <93 &5, AH7E
(AzsHe FaFo] Mg &3, F-EdEHposterior embryotoxon),
71 (e ko] AHF) SEAA AAPE dER(E1
oln}, | ZHEet =, 5&uva wEg §),
A4, DAY olde HAth ©$I:AAE Aol
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6. EEA &M Fof

ARAA] a4 AN wZed FEFAE A Felzt do FA
A2l wHake]l AAFEA B star YAH(ZHEA) EH/\PDZ‘O] =
Axo] FFEAA FAg) 3-oxo-A-steroid 54 -reductase
A3, 38 -hydroxy-5-C27-steroid dehydrogenase/isomerase
A3, oxysterol 7a-hydroxylase 23, bile acid transporter
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5ol clolty, As}eA HabelA HA @E9] cholic,
chenodeoxycholic acid®] @At 7Ha7F #EEH 38 93
2RA F7HEd 54 54t $EE mass spectrometry® =
Agety, 3 GGT7F @2 A97F itk da g54k1 cholic
acid& A7 Foste] Hge Txuy
=4 JdE dArEde] A4S AT

13)
W e HEE 5 AT

CHAL, LH=2H| =&

1. citrin ZE0| 25t AlMo} ZHH EHE&E A (neonatal
intrahepatic cholestasis caused by citrin deficiency;
NICCD)

EAHo|Z Q3]

SLC25A13 379 rEZegol 84

=5 SRl citrinoll ZAZF EASH A dHdoE F
A} citrin VEZEE ol A aspartate glutamate =HHA
= malate-aspartate nicotinamide adenine dinucleotide phosp-
hate shuttle?] 3 F+A 2ot Aoz Aol GFAA
QRS Holyu AutwlEFo]l aEch A ofu| Al A
oA citrulline, threonine, methionine, tyrosine, alanine, pheny-
lalanine S°] 443t galactose”’t 718 Heo] EA-o|gh?,
ez AL A EEA A <} 5”71] o ’\3“, 2o

2

M oeon rlrr

Ao} tandem mass spectrometryE 5314 NICCDE
oy ? stk @A77 NICCDE F2 dEoA BaE9]
Az ZAME B e QA e BAES

2 FAdn. vt FEAA dol 3welA
NI CLD } AGE 3 SLC25A13 34 ZAlA o]zt

NICCD Odo}b 14 o]F uiF-E 1AstA AT, &gl
A zpRdes A wd A 20-40t) Aol HojA
adRYel HFF A A el AW, o2 A5t e A7
AAsty F4E Hole 4 M citrullinemia 23 (adult-onset
type II citrullinemia; CTLN2)e] =83 7F5/de] At CTLN2
= NICCDS}F PRI R SLC25A13 A EddelE 714
W FAg A o]2% T oAFI} FA FAIRE gholAeo] g

Q1 A o},
2. MMO} HE SHH

A 3] A (reticuloendothelial - system)oll= o] =7 o]
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A Aol Agtolt), ARite] H= AU Bal AEAE
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o] ¢7] H7] Wil ATE A&A HElE FFsor g
},

G584 g NHess ¢slatr] falA UDCAE -+
15-30 mg/kg Foskedl, 44 FHAela, 95 55 A
=3t 54 Qe @HAE A 4 2dow BSEPF MDRO
WIS SR rifampicine 3HF 10 mg/kg Fo5H 71
s g4, GGTE #aAZvzn Badr

rifampicin< CYP3A

AAX AEFHE F2A T

4 E

2ot FEAANE o B3 B ¢ e S LS vE
3 7hy wag gy 5 Hr] 4l Aoy ik did
A o] WY AAEA Ay RNl H2AE BeA 354
AL zhdsior oy FEHAE Aol HE5AAY] MY &
Aol BR 2g3k A AolAF A 59 HANE AA
st g7l JAHA 4 gRRGES AAS, 4"
T, AFEEE A VITASHS, EolZ2A8S, HekeA
715ASE 5 =A AdHo] A7 FHSel A & U A
ol Tk AALE A AgmE o] FatEE g4 o]
b A4S B3 citrin 2R wlAIgTE Alagille 55, ARC
TFT] AAFTES AL YA FARRY SEAA 18
stEA 3 GGT7F A A= A8 7154 1 954
A oAdsh, 1tz Axdn g AARE A2 AAPE 2f0)
b fAA AAE B8 fd4 95AAdEs 31T = 2
ARk oA 7R Ao A] AAlEY gEAAe] 7] WA
GAA] HA " A Polyzl A, ulAbg HEFe
g ES xgsla disl=d Fe8kt)
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