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Clinical feature and ATP8B1 mutation analysis of a patient with progressive familial
intrahepatic cholestasis type I

CHENG Ying, GUO Li, SONG Yuan-Zong. Department of Pediatrics, First Affiliated Hospital, Jinan University,
Guangzhou 510632, China (Song Y-Z, Email: songyuanzong@vip.tom.com)

Abstract: Progressive familial intrahepatic cholestasis type I (PFIC1) is an autosomal recessive disorder caused by
biallelic mutations of ATP8B1 gene, with progressive cholestasis as the main clinical manifestation. This paper reports
the clinical and genetic features of a PFIC1 patient definitely diagnosed by ATP8B1 genetic analysis. The patient, a boy
aged 14 months, was referred to the hospital with the complaint of jaundiced skin and sclera over 10 months. The patient
had been managed in different hospitals, but the therapeutic effects were unsatisfactory due to undetermined etiology.
On physical examination, hepatosplenomegaly was discovered in addition to jaundice of the skin and sclera. The liver
was palpable 4 cm below the right subcostal margin and 2 cm below the xiphoid while the spleen 2 cm below the left
subcostal margin. The liver function test revealed elevated levels of serum total bile acids, bilirubin, and transaminases;
however, the y-glutamyl transferase level was normal. The diagnosis was genetic cholestasis of undetermined origin.
At the age of 1 year and 8 months, a Roux-en-Y cholecystocolonic bypass operation was performed, and thereafter
the jaundice disappeared. At 5 years and 1 month, via whole genome sequencing analysis and Sanger sequencing
confirmation, the boy was found to be a homozygote of mutation c.2081T>A(p.1694N) of ATP8B1 gene, and thus PFIC1
was definitely diagnosed. The boy was followed up until he was 6 years, and jaundice did not recur, but the long-term
outcome remains to be observed. [Chin J Contemp Pediatr, 2016, 18(8): 751-756]
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#E AT PE K W RO I 3 R R GE 1 A
( progressive familial intrahepatic cholestasis type I,
PFIC1) , FUUIFR Byler [KJg, J& ATP8B1 KN %E4E
SR H G R R L 1, ATP8B1 JEPH e fif
TR 18q21-22, 2K 2 176.68 kb, {175 28 4
AN, Gl 1251 N SERIRIEN FICT E Y,
FIC1 FEH EZ 00 T Lz aifomiiR e . B /M
Bz 2 R AR A T R, L R4 TR )
7 TR P A0 o T A5 A ), 7 B IR N -
A AT ik ' FICL VRN — R S0 e 2 1
ATTHEBIR I 22 ZR N AE YIS NZ A BINE,
TR B PG 5 4347 A X R B PRICT 3
MHETE 12 P9 H B T P R T IR PR R,
AR LRI s HL o8 0 i A A R i o
W y- SRAWEIKEE (GGT) WM& ARE, S™EAT
PRI R4 2, T FIC1 &EATEZ A
ARG, PRICT BE R TELZFIFANEEL, W
W5 . BRIRR . MR T,

[ AR SCERAG TH PFICT &5 3 KAMESA 17100000
% 1/1000000, BT B25 " HardlE w
Bl 2 T AN KR 1) R Z2 L A T 2
ARE, FizBURR TR B MR
DU LI A IR R e ™Y, AN A 4
MHEABR, ER2IRGm LTI —SHE, A
S840 AT 149 PFICT f8 LI R4 55 e L ATP8B1 %
HZRASRHE, ARG 2 Ia it 2%

1 ARSI

1.1 HRITH

BIL, B, 152401, WEHLKRIY 10
Aantiz. BJL4 ARE, ZA& R 8 1 kA
JURE B, HORAE B B R AR S BIR, KT
HE, 4.5 A BETEEJARTEE, 7E 2 BB A i
AL RBFDIRES R (£ 1), IBILIFREGAAE
WefEBe, IF e EiREe . R ARSI AER
J7 20 d, FERRBEQLBEWOINTR, REASR B, B
25— KRR ERLRE, RKL R & B k.
R YL A, MBI, FEEA T 4 em, &Y%
T 2em, B, A8, MAEMT 2em, B, 4
R A R N 2 R A 5L el (ALT) S5 HFRgds
ROl S H . RE LR (3+) o KfHEH HLA
EE I D RERE A AR U S5 . A R A R B, i
WRAE, MHEAE AR LR RS ks M. AHL JEE.
METC At 2w g2 LR EEG1E, TR
JrH R . 8RRV B H R R YT H 4,
B, ORI RE R S T . 5T 6
A~ AW AT IR B T RHGE i 52 vk B G R
FAR, HEBR T IHIE P81 RS B 0L/ 2544
weAL, AN oRIE M T R AR B A IR Yk
REARTE Wi 1145 XA B an, A2 1 AT 1 X LA
NEAE, ANPERR IR PIRET 4 e (o R FEF 44k
eI TP 25 S BRI AR Y, B R DU L
e, A R 2R G LR

F1 BILAREUKEER

A8 (S51H) 4.5 A 4.8 A 5 A% 52 A 7 A 14 A 17 A%

R BRI LA (5~40 U/L) 60 54 85 226 34 47 44

& E TR B Il (5~40 U/L) 107 51 106 250 69 100 94

- AL K (8~50 U/L) 18 37 37 29 12 7 13

MR B (20~500 U/L) 579 194 292 290 506 425 AR
BIEF (60.0~83.0 ¢/1) 64.8 64 61.9 59.5 64.7 72.4 A
FI#& T (35.0~55.0 ¢/L) 39.9 32.7 40.6 37.8 39.3 42.8 A
R (20.0~30.0 /L) 249 314 213 21.7 254 29.6 A
SJHZTZE (2~19 pmol/L) 160.6 102.6 289.4 153.1 65.6 51.8 934
SEL AL (0~6 pmol/L) 924 63.3 2312 133.4 429 421 79.4
JR4EAIHLT 2 (2.56~20.9 pmol/L) 924 63.3 231.2 113.4 42.9 42.1 14.0
JUEIFER (0~10 pmol/L) 52.3 156 211.6 197.4 R 239.8 ESiL|
Hih =M (0.39~1.10 mmol/L) 2.28 E UL 2.89 R 1.26 1.95 ESIL
S HFEE (3.12~5.20 mmol/L) 3.58 A 3.08 ESIL 2.78 3.26 A
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UL ARG LIR, RN —, iy,
TR, KA, IREEH,

BULRSE LIRS 1=, BB IERE = A,
HEIRTR 3450 g, B 50 em. HUZERFEEVAE E
BIL3 Ak, ERATSFEBATHB2ZES
ACTEARAEE, AEIECELENS, AINBHER A

AR AT . KT 105 kg, HFK 77 em, Sk H
46.5 cm, PHIE, SN AT, BZRKEE YL, BE MK
TR A Sk E TR . /KRR, Kb
0.5 cm x 0.5 emo JLAE I G 8 g, OU0I fi £L 25 K45
B, B4 3mm, KGR R SUME T,
RE S RE ., OFA 7, 0% 120 K /min,
S MERENT IS XA [ SO EE A o BRI , 4K,
AR 4 em, 8128 F 3 em, HihEE, ShEEiH,
WEZERN T 2 em AT Ml K2, AR, DUBAILK 1 IEH
JiERE RN I B S PT 51 s, s ERAE . AR IRAE, ELIG
TERI B .

L5 AL B A 04K 13.64 x 10°7/1L( 3 %{A:
4~10x 10°/1) , W& PR 4 i 5 43 LL 35.6% (&
Z(H: 50%~70%) , WMEAIEE 5 555% (=
FAH: 20%~40% ) , MLIEH 107 gL ( B %{H:
110~170 g/L.) , IfiL/IRITEL 372 x 10°/L] Z%1H .

(100~200) x 10°/L], AL MAHLTER (Thil ) |
gEAHLLZE (Dbil ) FUEARITER (TBA ) SFAH IR
BUEFR TR, 2 GGT ZIRFEEAKTFIER (£ 1) .
LN HAC BEAT SLC25A13 JE PR w3 491 98 738 i 2%
K% c.851deld, ¢.1638-1660dup. TVS6+5G>A |
IVS16ins3kb &% IVS4ins6kb %% SLC25A13 3 [ 25 4
1.2 ZERFANF (WGS)

K AE BOLFR DK EDTA HUEESN A 1L 2 mL 5% 18
blood DNA Mini kit if5f] & ( Simgen A F], H1[E)
VB A R HGGE A 2 DNA 5 pg, FfH Covaris
S2 B A A TWr Y 1, 4lifb )5 193 & £ 1) DNA
SCPE . LA H— A8 5 A 1lluminaHiSeq2000

(Nlumina 27, EE) FEATF, XY ™=4: 1
95.93G JE UG BRI T KBk . 10K 50% I i
FEHIALER, i Q20 {Hik 93.33%, MIMAFIEF 5
ilo fe e AT I A0 AR W A B s b, $RH R
g B R M G T, SR i 4 R T N I 4]
AR 342 HGVS (http://www.hgvs.org ) fir 441k, 7%

55 L 2% Ensemble £ (http://www.ensembl.
org ) o
1.3 Sanger MFI&IE

K £ PCR Y15 &8 L M H AC B ATPSB1
FEA RS 18 SHANEE A, P HG K |
Yy M ¥ ATP8B1 4t K i) J¥ 1] ( Ensemble Genome
Browser: ENSG00000283684 ) iz ] Premier 5.0 4K
fFiseit, B Bl IEAEYEARGRA A A (%
2) o B 1R PCRY MM s AR & 50 uL, £
5 36.75 ul K B A 7% /K, 5pl 10 x Buffer, 4 pl
dNTP, 1 uL. 5|4 ATPE x 18F 1 ATPE x 18R, 0.25 uL
1Taq DNA 4§ (TakaRa) , 2 ul. DNA; ¥ #84%
14 94°CTAEME 5 min, 94°C7EE 30s, 46°CiE k
40s, 72°CIEMH 40 s, 20 DMEA, P 72 CHEH
10 min, 25 2 K PCR ¥ 409 Wi AR 220 50 pl, 4
&7 3825 uL K AZE K, 5 uL 10 x Buffer, 4 uL
ANTP, 1uL 5| ¥ ATPE x 18F2 F1 ATPE x 18R2,
0.25 pl.1Taq DNA % & [ (TakaRa) , 0.5 uL %%
1 R PCR =245 ¥ 39 2548 7 94 CHUAZE 1 5 min,
94°C7 M 30, 46°CIB K 405, T2°CIEM 405, 35
AMIEIR, fieJn i 72°CZEH 10 min,

F2 ATP8B1 EERTHAA PCR # &K Sanger Ul F

514
51 BIGR HEK
B4 H e BE(C) B bp)
ATPE x 18F TGGATGATAAAGCCAGACCTT oy
ATPE x 18R ACCTTCTTCCATTGTGCCA
ATPE x 18F2 CCCTATGCCTTTGCTACAAG e

ATPE x 18R2 GCCAGTGTCAAATGCTGAA

PCR 7= W) 2 2% B JE % BE e i Uk 4> 25, H
1Y 2% 7 it FH U e 4l Ak ) &5 ( Qiagen ) M H 1]
W, 2y PCR Pk gl ik ( Bl ) 5
G H By wl AT Y o B Chromas 57X
G5 R AT 400, I 0 DNAMAN %k 5 ATP8BI
Ht H % % & %] (Ensemble Genome Browser:
ENST00000283684 ) 47 Xt

A5 25 B Bl R B R 5 — R B BE AR e T
DUottiE, RS LSRRI R &
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2.1 BEEFSWER — .
WGS 474 & 3 PFIC2 (ABCB11) . IR G Acoc oA P G
T4 E (VPS33B I VIPAR) . ZHEHERTH A5 SRR T c
MREEIAE (TIP2) | ZHGEMmIELEIAE (EPHXT) | Gacoeoac i ’
J5 R ME IR T R A Bk 45 A Bk B (HSD3BT. HEREE: e :
AKRID1, CYP7B1, BAAT il SLC27A5 %) % L) S A oo oA TS S
LT GG KT AN 54t A 6 1 3 e T Se ==t é
iE A O KL R ATl B 28 42, [H7E &)L ATP8BI cacocoac P :
LA B 18 A I F 1 A4l KA . 2081T>A S — -
P N ’7‘3’71’!?
(p.1694N) (1) o 18 XRAZ SR FICT B 1 ATP8B1 E[E & R c.2081T>A(p.1694N) &

55 694 (37 2 FER IR JE i S5 B SRR AR S R AT e
S LA SCHR B i A Bom 2848 1 E R LT
FE N SCHK . Sanger P IS UELS HFIESL, HULZRAS
c.2081T>A (pJ694N) W&+, iHACEE Aix
RAMHEHE (K 2)

AGAR

B2 BILRERXE ATPSB1 EE Sanger MFIIELE R

M e 2081T>A AR s C: FESEN ¢ 2081T>A KA &

22 ®IT5%R

HR A £ LI PRAE AR A B 5255 25k Ar 45 21
W RS E IR BUE, (BRR T SRR 5%
P, ARagxT B AR A Y, BIL 1% 84
AR, FEREEBGIRIZE Byler ZEA1E, FTAHEELS
1 Roux-en-Y WG AR, ARJ5 R FHAE =4 NH R A1
WEESEZ5Y), R BRILIE 8 e iR . BJLS %
114N BE, 22 WGS K Sanger I JF B0 31F, it 241
124 ATP8B1 &N R4 T3 1 PFICL, HLIGRET 2
6 %, BUHARFRIURE, (IR R R k1
BANTES

3 it

WGS A BA By 1y 38— PE B R, fENR

EREANFER
Brafi i, Al ULER A T R E T 42 RS IS A

A LN c2081T>A(pI694N) 459878, B: 3%

B X 20000 Ff PR R A7 98 A8 i Ay, AR ) S X LA
FFRRAE S s/ i BER A L B B ARSI EL AT B S A
PPN S BRI PRAFAE sl i D) i BE 56 PR 1Y)
H PEIR ARG, WGS TR I R — 2 ik T
B, SR, WGS XTIk E R . SR A0 EHE,
DI B A R S S AR S A HE R A
fi%, 2k 25%"", R T WGS EBLRIZAE, 7
SR — AR AR — 2 00, DA IS PR G
{4 TSR e A R M AR LI R R BT R+
Ay MR ARG PR e LR E B SE N, (B
B WGS HiA, HEBR T PFIC2, ARHIRMFREESE
G BT AT w3 BRI E | Sk 5 E e ITLEE
Ji R P IR TR B 235 5 R A5 EL A ALl PR N
A AR 38 AL PE AR IR BURE , TRl & 0% UL
i ATP8B1 5 X AF 45 ¥, 48 Sanger ¥ 55 1iF
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45 R 5 WGS —F, #ifr I PFICL 7y Fi2 Wi 45 R
P AT AR (AR SR, AR 4 R a2 )
Panel {538 50 7R8Iy 78 S0 MK T WES, 3
ELAT RS D B AR AR RSO0 43 A o R PR AR B, RN
T ARURE 388 1% 2 PR R 1801 O T PT BE LA R A1
AT

ATP8BI % fih () FIC1 2 [ A4 £ 5F X 4 45 3K
BIX ., BERR AL X A TR 45 & X, Hirf 1694 {7
TRAFRRL A XM BT, FiLRKshX, 5
FIC1 2 47 & A0 XK. A il /)L ATP8B1 58 4% 55
4 ¢.2081T>A, 51EAL T FICT 8 5T 4548 5
55 694 VS FE TR 5% L 550 2 HE MR AR Ol R AL Tk B
(p.d694N) , FELFICI HESFHATE, M FIC]
FEE P AL ATP 5 P ", O S 3R L
PHEECIE | 7 RS R EE DG A O S5 A R IR
B, ARG M AT 2R, A 2EE AT
AE M T HH/NE I L BEAR B ARXTRR M A RS 2 480
TR A M R AR IO /I e L 1 e g AR
U EHEL T 45 (BSEP) HsIHEL, M 3
SRR A | S o= NS B VS P | EF e Y A o
(03 WA W T R AT S BB 2, 1T FICT AT REAE R
—FhBHE FHEZE (cation extrusion pump ) , F2E|
B BB A s A E . BRIk, ATP8BI1 58742
WAL FICT 25 (DI ReH b, S EUF4i Py 88+ k7
iy, Ml % RE TR ER 20 iesh, BT FICT 22 H
TEM . B AR SR 20 A G, B PRICT )
ILEZHIEE ., BRER. thatEE8, S8/
TS S AN RIS, A Bl 9] Hh B 5 BRI AL |
FHEA A B B AR B L P9 R D BURRAE
B, (HR R B0 R AMER IRAE o BEE ARG K,
JFONRIUE S 2B, AR

A B LIME RS . EEIRLT R | BRLT R
SR WS R ALY TR, AR A IR TR AR 5
KR M GOT R HE WAL R s bR, (H
I ILZ RN AR A GCT KR TR, X
A 9T — R A FURE . PFICT 3 L7 GGT A
R ER M AE R, (A EE IR, ERERE
T GGT I L BERRMELEE ( glycosyl phosphatidyl
inositol ) B T-FAEAR/INE IS |, AR, IS A ve vk
JEE RE T IR A 25 35 7009 P 1 R i 3145 i 5 ATP8BI
FLH 27 AT S E BSEP JRERRAT, AT ER W7
P, AR IR R A AR R TR A TR

BFHE L/ GGT VeI T R IF R A, T PFICI
LI GGT ALt o,

PFICT B ILINBRAGYY 28Rk HIAE L AR |
FlItR 5525, (HEA @A R HIGRITRL
AN A HGE AN PR A A E— 7T BEYA & PFIC
G YT TS, BT R RS PRICT S LAY T ANAE AR
KL R, A BJLEEE— 2 NE ", Diao
2 0 5E 2 e 20 1] B3 I PR AT 9T UESE T RE K B
NRFEZE WA W& ARG T AW AT AT 522 4k, A
WOLIE 329710/ Re sy NIEW I o NI R F SN Ty € T D)
KRG I RAE S, S BT & BT iR YT
IrkZ—o ABIERILEZ R IR AE 2 AR AT 2y,
ORI 7EATIHEESE S Roux-en-Y W& ARG,
ORI S I AR AR LA, S0 BRI,
R LI 2 SRy A A5 B I R

i bk, Al L i WGS M Sanger
FFEAIE, fi2 A ATPSB1 H:[H 28748 S8 ) PFICI
R BRI IE, WRNTRURAE, HngEL;
% Roux-en-Y W) &5 RIGTY, IRIRECHR BRI, )
PFICT JBILIISIRZad s (G 2R EmETE , X4
JEA B LIIZWNGTT A —E S5 M.

(& % x W]

[1]  Srivastava A. Progressive familial intrahepatic cholestasis
type[J]. J Clin Exp Hepatol, 2014, 4(1): 25-36.

Paulusma CC, Oude Elferink RP, Jansen PL. Progressive
familial intrahepatic cholestasis type 1[J]. Semin Liver Dis,
2010, 30(2): 117-124.

Gonzales E, Spraul A, Jacquemin E. Clinical utility gene card

(2]

(3]
for: Progressive familial intrahepatic cholestasis type 1[J]. Eur J
Hum Genet, 2014, 22(4). doi: 10.1038/ejhg.2013.186.

Bull LN, van Eijk MJ, Pawlikowska L, et al. A gene encoding a
P-type ATPase mutated in two forms of hereditary cholestasis[J].
Nat Genet, 1998, 18(3): 219-224.

van Mil SW, van Oort MM, van den Berg IE, et al. Ficl is

expressed at apical membranes of different epithelial cells in

(4]

[3]

the digestive tract and is induced in the small intestine during
postnatal development of mice[J]. Pediatr Res, 2004, 56(6):
981-987.

van Mil SW, Houwen RH, Klomp LW. Genetics of familial
intrahepatic cholestasis syndromes[J]. J] Med Genet, 2005,
42(6): 449-463.

Lykavieris P, van Mil S, Cresteil D, et al. Progressive familial

(6]

(7]
intrahepatic cholestasis type 1 and extrahepaticFeatures: no
catch-up of stature growth, exacerbation of diarrhea, and
appearance of liver steatosis after liver transplantation[J]. J
Hepatol, 2003, 39( 3): 447-452.

(8]  fhassi, sk, F , 4% . BEATTEZORAME AT PRI ERAE 1

755



HI8E M

2016 4F- 8 H

b E %A ILA R E

Chin J Contemp Pediatr

Vol.18 No.8
Aug. 2016

[10]

[11]

[12]

[13]

[14]

[15]

[16]

B LB B SCHRAZ T (D). SRR L 2013 , 26(5): 304-307.
MREGER NI, B | A5 L BRI IR R B 1
AL 3], T AR EE2E: , 2014, 35(11): 1807.

XIEJE , waAe B B U HRBUE 1106 Bl R34 [J].
rfE S LRHAS | 2013, 28(8): 585-589.

Rt . QURHE . EWREL , 45 AR 4 2R I AT P K
JEVERF AR FRUAE 23 il R34 (9. P EEIE LR
2012, 7(8): 1600-1604.

Chen HL, Chang PS, Hsu HC, et al. FIC1 and BSEP defects in
Taiwanese patients with chronic intrahepatic cholestasis with
low g-glutamyltranspeptidase levels[J]. J Pediatr 2002, 140(1):
119-124.

Liu LY, Wang XH, Wang ZL, et al. Characterization of ATP8B1
gene mutations and a hot-linked mutation found in Chinese
children with progressive intrahepatic cholestasis and low
GGT[J]. J Pediatr Gastroenterol Nutr, 2010, 50(2): 179-183.
Blue Cross and Blue Shield Association. Special report: exome
sequencing for clinical diagnosis of patients with suspected
genetic disorders[J]. Technol Eval Cent Assess Program Exec
Summ, 2013, 28(3): 1-4.

BelkadiA, Bolze A, Itan Y, et al. Whole-genome sequencing
is more powerful than whole-exome sequencing for detecting
exome variants[J]. Proc Natl Scad Sci U S A, 2015, 112(17):
5473-5478.

Rosenblatt DS. Who's on first in exome and whole genome
sequencing? Is it the patient or the incidental findings?[J]. Mol
Genet Metab, 2013, 110(1-2): 1-2.

756 -

[17]

[18]

[19]

[20]

[21]

[22]

(23]

Yang Y, Muzny DM, Reid JG, et al. Clinical whole-exome
sequencing for the diagnosis of mendelian disorders[J]. N Engl J
Med, 2013, 369(16): 1502-1511.

Shigemizu D, Fujimoto A, Akiyama S, et al. A practical method
to detect SNVs and indels from whole genome and exome
sequencing data[J]. Sci Rep, 2013, 3: 2161.

van der Velden LM, Stapelbroek JK, Krieger E, et al. Folding
defects in P-type ATP8B1 associated with hereditary cholestasis
are ameliorated by 4-phenylbutyrate[J]. Hepatology, 2010,
51(1): 286-296.

van Mil SW, Klomp LW, Bull LN, et al. FIC1 disease: a
spectrum of intrahepatic cholestatic disorders[J]. Semin Liver
Dis, 2001, 21(4): 535-544.

Doganct T, Akyol G, Bulac S. Progressive familial intrahepatic
cholestasis with normal GGT level appearing with lichenification
and enlargement of hands and feet[J]. Turk J Pediatr, 2005,
47(4): 385-389.

Jacquemin E, Hermans D, Myara A, et al. Ursodeoxycholic
acid therapy in pediatric patients with progressive familial
intrahepatic cholestasis[J]. Hepatology, 1997, 25(3): 519-523.
Diao M, Li L, Zhang JS, et al. Laparoscopic cholecystoco-
lostomy: a novel surgical approach for the treatment of
progressive familial intrahepatic cholestasis[J]. Ann Surg, 2012,
258(6): 1028-1033.

(ARG ABI5H)





