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ameviethisulumsn (biliary atresia) Wulsadanuties uwranansadnuildmnitedulfis dnvae
weSInewedsadunissnauresmaiuifivinataiu (porta hepatis) nerdfilnvedlsadenads
Liuitnsuda néngrutiinludiugnsswenafidndunininlsadndniiumaszuugdduiui
pues AN IngUszasdiasAnuinisnanetusuesdu FICI(ATPSBL), BSEP(ABCB11) wa MDR3
(ABCBA) Tushegnaiioibonngtaslaadngnn nsfnwildienanngtaemsn 5 medsiinaniomes
enduduinviedulse biliary atresia wagldsunisridalulsamerunaaswaiuaiuns {iedumendgs
a5 Teuardidsegiueny 2 Wou msfinwinmananeiugldis PCR way direct nucleotide sequencing
wansfnwlugiae 5 918 ldnunsnaneiusludusis 3 msfnuilideasUfeaunsoimunszuiums
as29Builneatodlagdsnismdiiuiva adalsiniy Jusauldunezdu candidate @ high
penetrance Tundufihelseil nisAnuseluiaedodldsiuuitiefiunntusandenld357 coverage
ﬂ%ﬂﬁ‘ﬁuwu next-generation sequencing

Although biliary atresia is a rare disease in human, it is the most common cause of
surgically correctable exytahepatic cholestasis in infants. Pathology of the disease is destructive
inflammation of the bile duct at the porta hepatis. Pathogenesis of the disease remains unclear
but evidences have suggested that genetically mediated autoimmune condition may play role.
This study aimed to study 3 candidate genes, FICI(ATP8B1), BSEP(ABCB11) ez MDR3 (ABCB4), in
infants with this disease. DNA samples were taken from 5 infants with histologically confirmed
biliary atresia and were operated on in Songklanagarind Hospital. All were females. Median age
was 2 months. Mutation study used polymerase chain reaction and direct sequencing method.
The study found no mutations in all 3 candidate gene study. The study suggested that in order
to identify genetic factors related to biliary atresia, more cases need to be included in the
study. More coverage of the genetic read, i.e. using the next-generation sequencing, should also

be considered.
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AMgAg (cholestatic jaundice) lumsniduilymninafinfinutesuseniswils Tnsanizegnads
Tuaavudadugudfudeiessiunfogiigulsimeiuiaawaiuniuns avnvesnngigiuLuy
cholestasis ﬁ‘mmﬂ‘wmaLLazmmsaLL‘UqaaﬂL{’]uaaqﬂaq'wé'ﬂVLﬁLLfimsqmﬁguuaﬂﬁU (extrahepatic
obstruction) wazammaNAeluiy (hepatocellular causes) BaUnongundsilaivmaiulnajogly
n&u idiopathic neonatal hepatitis Na13A8llaIN1TANTIINUMRTUNITVRY cholestasis La N13ANYA
yosandn loan1na wazAnzny idiopathic hepatitis H9398az 25 Y9MNINAUTEAUAIE neonatal
cholestasis Gainuns¥nululssmeuiaaswaiuniung (Osatakul 1989)

Tuszogiinuunliuiy fnsfunuiamuesnneisiulunsniiaeidoindu idiopathic hepatitis
ﬁ’;w‘ﬁqLﬁmfmﬂmmﬁm‘dﬂamqﬂ“uﬁqmswﬁqaﬁwam'amwudﬁwﬁimzﬁuﬁaﬁwﬁﬂaEJ (intrahepatic
canalicular transportation) ﬂ&jummﬁmﬂﬂaﬁ\iﬂdﬂﬁiﬁﬂﬁﬂu%a progressive familial intrahepatic
cholestasis (PFIC) PFIC wisoonaugudaisteseanidu 3 via deduiusiudu FIC1 (ATP8B1), BSEP
(ABCB11) uag MDR3 (ABCBA) middy ilossnededidalunsiteds gunisaifiuviasaves PRIC &kl
uiinsuda ull PRAC feanuwiinfissazdonvesdnumensndinuazdnumenme simefiuandis
uanfldnwagsumaneUszns loun ngdmaeawuy conjugated hyperbilirubinemia ﬁﬂmﬂgmmi
Tufemsnuazasidumniuies « nszslnnefundsluiian 1sa PRIC udazvdinfidnuaznsqganens
neriimuifientues nande bile duct proliferation, giant cell hepatitis tae periportal fibrosis
Snwaugdandmunasznisedeadstuneisaniwlusuveslse biliary atresia fewafiveanumenIs
paTnuazdNuENane BIingwasiulu PAC Maanueialiarnsauenaintuld vivkiaunsouenain
15A cholestasis Buldegafinuin n153aduasdosmaesfon1svi cenetic study tawe N5 Taded
gniesartislumanennsallsavediaela

nsdnertilulasainsdneiisesfiowssumaianiaiiugnssulunisnsaidadunisnateiiugues
g4 FIC1, BSEP wag MDR3 dqaztdudselavtid1nsunisusnisnsiaitadelsa PRIC Tulssnenuiaaswan
UATUNS
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WAUNIEN19ANYT genotype V98U FICL(ATP8B1), BSEP(ABCB11) uag MDR3 (ABCB4) neld
research facility veeApizUNNeAIans unInedeasvaiuasuns Wadun1s@nwithsesdmsunis
usnsatiadelsa PFIC TumsnAgiuuwuu cholestasis wagnsidaneineatesiulsa PFIC aelu

N13RM3ALBNEATT

1. Tsanaznneiiedos
AMg progressive familial intrahepatic cholestasis (PFIC)
Anufmthmatusmanssefulianaluszosfiinunilduddglumsitedouenngy
8 n157i3ndn progressive familial intrahepatic cholestasis (PFIC) miﬁﬂ‘mmiﬂm&Jﬁuﬁﬁﬁauﬁm
U PFIC (FIC1, BSEP uay MDR3) ld¥umsmesussuse sislugitiae cholestasis fifiusy iHinsouata
FaLau wag sporadic cases @sliamnsaliitaduavndu (Bull LN 1997, Deleuze 1996) FICI wag
BSEP dusitusiiulsa PFIC wiladl 1 uae 2 Jelidnwaiznsnddnmiloutu nasnauilseduves serum GGT
Unfvidemninnfuiiontu Suisaesioitesiunisuuds tndethiiiu apical membranes vowad
duludaierdles (bile canalicul) msnanetusnelAnnisdniflueadsu luumed MDR3 fivdhil
Tunn3vuds phosphatidyl choline # basolateral membranes NsNaneNugues MDR3 naliAnnide
o periportal fibrosis wag bile duct proliferation (luuynnunIu Jansen 2003, deVree 1998,
Suchy JF 2006) Chen uavAniz (Chen 2002) Anwinmsnanesiugues FIC1 uag BSEP TudUrewinyn
I§nuGaiinne infantile onset chronic intrahepatic cholestasis 7 578 TagmuuanaNNgIAN Y
(inclusion criteria) e |3uLMABnousyvIVT fisefu serum Gamma glutamyl transpeptidase (GGT)
laias uarldnuannnduiianinsneiuiennsmdes nsAnwidinaninunisnaretusues FICL n3e
BSEP  u1nfie 6 Tu 7 518 n15AnwILAeIAUdanIfenuduiussznang genotype  Uag phenotype
namfe n1snaneWugues BSEP  fuualtuiiazdinnuduiusiunisny multifocal multigiant  cell
formation Tudnuauznisqane Fine ufinmsdnuilldansnasuarudiiufludedfidonindau
e siilddnundduauliuinwe uifiduteyadfyfiuansdsauiedosestuisasdlugiue
A310)571U98901% cholestasis Tuvnsn wenani nmsdnuiidseadaduuiuuulumamadanisfinu
genotype 1838 FICT wax BSEP Tneldfedrailaidonnsu uavAnwiluszsu cDNA

15A biliary atresia

Biliary atresia tHunnzdniay gatuvasmaAuAUInMdIRuLazLanduBslinTume (Un
VMUMIUIYINI3VBY Kobayashi way Stringer 2003, Bezerra 2005) willaifivdnguvednisanenennis
fugnssulaonss wifdseeuvedisaluguin (Cunningham Waw Sybert 1988) HanUULUULIAIN
ﬁm’iiwmw’izm’ﬂuﬁﬂw biliary atresia 11 polysplenia tag pre-duodenal portal vein uaﬂmﬂfj



fhpdunieiiiinesanmusamaiuihdndioadedu biliary  atresia  Sngue1nnsaudnmg Lo
Alagille’s syndrome Geduiusunisnaneiuduesdu JAG-1 Jacquemin Waganis (Jacquemin 2002)
FI89UNINATUTVRIEU CFCL Tufitiosaesrudsdl biliary atresia Sufune laterality defects Tu
Tassmsfinunil agldseehaiofonnguiedlésunsitads bilary atresia d9ifadelnsnsnsavie

1%
o

17 (exploratory laparotomy)  $aufudnuwaenIeganesIinevesdulunisnadeumatinn1sngia
adevnaiugmansvesduiiiendasiu PRIC faa (FICL, BSEP war MDR3) nsléiilaieduraiiae
biliary atresia w8 negative control fimmsnzdinauun Slaifisenunandwnuinunfives PFIC
genes Tuffthewanil

2 Bufiisadestunisiing
FIC1 (ATP8B1) (ATPase class | type 88 member 1) [ENST00000283684 ]

FICT W@uBurwn 3.9 Alawua vulasluley 18q21 Usznaudie 27 exons 39 encode
protein VWANIARILU 1,254 f7 ANRAUARYEY FICT dusiusiuniig PFIC type 1 (MIM:211600 )
BSEP (ABCB11) (Bile salt export pump (ATP-binding cassette sub-family B member 11)
[ENSG0O0000073734]

BSEP HuBuawin 4.8 Alawa vulaslulay 2q24 Usznausie 29 exons 39 encode
protein AuANIABRIlU 1,324 §1 AURAUNAYDY BSEP dusiusiunmg PFIC type 2 (MIM: 601847)
MDR3 (ABCB4) (ATP-binding cassette, sub-family B (MDR/TAP), member [ENST00000265723]

MDR3 1Juduaunn 4 Alawa vulasiulan 7921 Juaundnves ABC transporter family
Us2nausieg 23 exons 3 encode protein wunnsneily 1,286 # AnuRaUnAves MDR3 duiusiu
AN PFIC type 3 (MIM: 602347) mmimﬁaﬂumﬁmgﬂﬂﬁﬁ (intrahepatic cholestasis of pregnancy,
MIM: 147480) waziiahit (cholelithiasis)

Usglowifimninaglésy

1. ieofmuwmadnlunsiesigidfuiuavesdu FICT BSEP way MDR3

2. awnsndunadnFalalulfifenis@nwinisnaneiusvesBunguingta lun1zfdiunuy
cholestasis Tunsnineg

3. Waundsnsidedenisenugmans dsidneamiesfuvsslevidonisidadelsangy
progressive familial intrahepatic cholestasis (PFIC) Tifulsswenunaasvatuniuns daduguddase
Hthelusziunfegiveanialinousns

4. msfnwinianateiugvesumani ludssmalnedsldigaenuudeu Sudulenaiiaue
WNNEANERN T wﬁmmﬁaawmuﬂ%uw%%uﬂLﬁﬂmiﬁﬂwﬁﬁaLLazmsU%m{Luﬁaﬂﬁ mndsgau

ANUESEilananazsUIATIZRiag19naaTud Y
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Mshethaiodesunievisihivemsndsldzunisitadunierdin extrahepatic biliary atresis
Sy 5 Medsldsuniaivoueugumniinn (deep freezing) lusumaiiloifovesmieninsdasaans
deidodndnagldsunstunldlag code andelsnuarlifinisszydoriae wielildmeTisdsns
Aadedaiauindu biliary atresia azidonianizodsldsunisidaneusiy 60 fu nsindndwalyid
NAAAITBINTITFAGIUY UaTHANINTIININEITINeUdLAiU biliary atresia

FIBEINARDS

Uszanunisfogangunaaesly 10 shogslaearld idedeilldnnninaennasudaiulily
liquid nitrogen wa3n1ATMNEINITAERT NsAnwELTagaevinilansa optimize anae
Anwlaeldieduauaulinand uasuisinuiadioy 5 fed
it veseehananiifie (usegnadsldndiheds;
1.  onset ¥84 chronic liver disease Lﬁﬂ‘fuﬁaumq 12 hau
2. G]i?ﬁ]lll"WULM@SH%Q&’]QJ’]’:TQE]%U’]EJ&’]L‘W{]"U@Qﬂ’nx cholestatic jaundice 8191L%u viral hepatitis B wag
¢, msfndeluassd, nsldsuomsmmanaidond, inbom errors of metabolism, nzfnidely
nIzuaLFen
3. anfumsanaamunsinvidunanuneiiazlideyanisivasunuaseslsa
¥. M3aiA RNA wagn156319 cDNA

1A RNA  uagn1sadns cONA  Tdyanendniasy nsaseuuunm RNA  1ngld
spectrophotometer LLazmaﬁ]aaU@mmwhﬂﬂ’ﬁﬁﬁ RT-PCR 84 house keeping gene Iuﬁﬂﬁ%’ GAPDH
(4 primer $wifulasamsiseduvesnguiseiiedty)

A. MavhasiavnEnanenuslagds RT-PCR 1ilaa31a cDNA wagyin direct sequencing

ﬂﬂ’imaﬁaaﬁiﬁuﬁqﬂi’iuLLUU Reverse transcription polymerase chain reaction (RT-PCR) lng/ld
cDNA 1 template liynufAsendslunsiazufAzeusznause Tris-HCL 10mM, KCL 50mM, MgCl2 6
mM, primers 2 pM (each), dNTP 0.2 mM, uag Taq polymerase (heat activated) 0.25 U/50ul N3
WauwasgamniluufAzen preheat fe 50 oC x 2 Un#i 95 oC x 10 unit museUfi3e1ves (95
oC x 153U, 60-63 oC [AsuuUawnugamaiindans] x 1117 40 50U, 72 oC x 15 writ nsiesd
Aendadlduanslilunanwan o,

ASUEAILAUYBY PCR product nse¥inUl 1% agarose gel Wa101UM1E etidium bromide
nnunansrauasTuiinnaneldSdmiesae (ultraviolet light)

3. NSWANULUELABATNT9ATS (direct sequencing)



MyeTEdaIsuUaNSsinlaeyiuTans  PCR product  wazdslvigudiniasiioinemans

UMINYNFYAIVAIUATUNS NIoUINTILDT FeaeTwszuilagldiases ABI Prism 377 wariAsieikaulng
THUsunsudnsagy

3. ANIATIANINABRLEIN genomic DNA Tusreds RT-PCR laildua

nsnaneusUszn large deletion enaviliinisvi RT-PCR lafldina Tunsdl@siigaiildiiany
auwadves RT-PCR AlaiAnanannImaes RNA wagasdanstinaneiudainan dgldesnwuu primer
UL genomic DNA Lﬁaﬁgﬂﬂﬂiﬁﬁmén

2.113M329TUTUNIINAWNUTUAZNIINTIANINNIVBINITNAWN UG NULANINTA AL

UITAANEYLHDA

sequence variation ﬁms’mwumﬂmim’mﬂiaqmsﬂmaﬁuﬁ‘iusvé’fw cDNA qglasunisnsaadudu
TusgAu genomic DNA LLawma%memmwaau&mm’av germlme mutatlon 970 blood DNA neldiny
atlnslaveadyae (informed  consent) mﬂuuﬁmamamwaawmsuaqmiﬂmawuﬁmﬂum 11307
melamnuadasla
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A0Y19N9ARTN
Igfuegrnilaaainduaelse biliary atresia aldsunisBudunisitadeaindnuazg
ARNNLALANTATITNNYITINGITIUIU 5 518 (M990 1)

M99 1 freganerdlindelasuainduieddinnuraguvemininfudnidalsaviethAfunseviound
e uazn1sinmunsaniulsalussesndsica

il | ne D1YUULHGA ANWUENINNTINEN nsaiulsnTzeEndsce
B39 NI 2 \pu Biliary atresia with biliary | Jaundice free
cirrhosis
B4l MY 2 1hou Choledochal cyst Jaundice free
B43 NI 1 1hou Biliary atresia Dear, 2 months post-op
Bad MY 3 1hoU Choledochal cyst with Jaundice free
biliary cirrhosis
B45 | weYs 2 oy Biliary atresia with biliary | Mild jaundice
cirrhosis
NSANAEITAUINTTY

éwenenuari ribonucleic acid (RNA) andegraiiaidens 5 dreg1s nansaiald RNA Tu
AR aus 1525 ng/ul ag3lsfinu Nendsanyi reverse transcription iedsy RNA 1Tu
cDNA  uag vewansiugnssu laaunsa optimize  UfASe1%sl5 PCR product Ssfienauians we
dmiuni sequencing  Tuunsuisenlilanansavensanstugnssudieds PCR 16 Saudeuuny
mATeenTIaNInaeu§an deoxyribonucleic acid unu lageenuuy primers Ivsidauandly
597 2

Mnlnsuesilieaniuy amsn veeduvesaTUsNITNYESIU BSEP I9idsiod1sdauandly
AWl 1wy 2
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MACROJGEN
File: B41b-BSEP4-BSEP4-Fowabl ~ Run Ended: 2009/1/22 10:19:52  Signal G:338 A:218 C:172 T:258 s e e
Sample: B41b-BSEP4_BSEP4-Fow Lane: 40 Base spacing: 15549904 374 bases in 4557 scans Page 1 of 1

10 20 30 40 0 60 70 0 9 100 110 120
NN NWC T™NG TTGGATITTAGG GITGGAACTGACCTTGGTTATTATTTCT GTCAGCCCTCTCATTGGGATTGGAGCAGC CACCAT TGGTCTGAGTGT GTCCAAGTTTACGGACTATGAGC
|

250 260 270 280 290 300 310 320 330 340 3% 360
CGTTGGGG AT TAGAAAAGGAATAGTGATGGGATTCTT TACTGGATTCGTGTGGTGTCTCATCTTTTITGTGITAT GCACT GGCCTTCTGGTACGGCTCCACACTTGTCCTGGATGAAGGAGAAT

MACROJGEN
File: B43b-BSEPS-BSEPS-Fow.abl Run Ended: 2009/1/22 13:46:41 Signal G:302 A:293 C:172 T:278 Advancing rengh Genemics
Sample: B43b-BSEPS_BSEPS-Fow Lane: 36 Base spacing: 15.702632 421 bases in 4975 scans Page 1 of 1

10 20 30 40 0 60 0 80 2 100 110 120 130
N NGAN NGUCNNNNEGC T C TCT € GTONGTCNNATACT T GTCCT GGAT GAM GGAGLTAT ACAC CA GG AACCCT TGTCCAGATTTTCCTCAGT GTCATAGTAGGAGCT TTAMMT CTTGGCANT GCCT

a

3% 400 410 20
AAAMAAGTACAGCACTGCAACT CATTCAGCGATTCTATG

n

AT 1-2 Lanefeene electropherogram 71l@a1nn15¥11 PCR-direct sequencing 4833w BSEP exon
4-5 Tpeld DNA 9ndegradiodiaiduwinuy

350lMa
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anuzfAteldAnuniile optimize  33msaamsnaneiugvesiudueraduiusiunguenis progressive
familial intrahepatic cholestasis 31w 3 Ju N1sAnwmuINIsaTIaNIsnateiuglaeld RNA 1Tu
winuuiitedeulidu cONA Aeundisenediuesansiugnssuivediinlumanaia Jaldaeuis
nsfneunduidnisfnulagld DNA 1Wukiuuuun

dlold DNA Juusluuuuwarld PCRdirect sequencing 1Juwisn1338ady nsvenedIuvesans
ﬁuﬁqﬂﬁimizﬁﬂﬁﬁﬁu agnslsfmudafiunsdriunes open reading frame ves3udslalanyunsovenedin
voaastugnasuld madnuitanurluadsiifsaseunquussinadosay 75 10 coding sequence uaw
nsAnuadsilimumssumisiifinsfiausnvesdfuasiugnssudodfisufusuuugduasiugnssy
Y94 NCBI
6. M3Anw AL LUz Y EmIIRand

10T w.ei. 2557 fnssnandlddlmiuiatosinnesnisldis PCR-direct sequencing waguuzth
THaeuiBnsAnwdunisld Next Generation Sequencing (NGS) mauzgf3dedalamenenumyide
iWieAnwuiuFslaemaiadnan lnglddsdiogns DNA vesilie biliary atresia $1uau 20 Tenile
Anwilae3s Whole Exome Sequencing (Illumina) wazladnsieinalasiUTouiieutoyaniaiugnssy
Yo3UTEYINTO198 (Poyanieiugnssuvesniedunyiueen lugiuteyaaisisae Genome 1000 ) wag
THinausi Variants Aifinnuiidadadestosnd 0.01 uasinistrvesiuluasuanieatulusiuausosng
g9an HANISANYIIATIEINTITAUWA (Bioinformatics) 1Hudsmsnaduan

AT NUEAAINANISANEY YT candidate variants #2838 Whole Exome Sequencing

Position Variant code No. of cases

with variant

Chromosome 1

1:117142869 rs78806598 18

1:169510139 rs13306334 14




1:206665052 rs12059562 13
1:232539219 rs2275303 12
1:228452032 rs55706639 10
1:9188876 rs61785839 10
Chromosome 2
rs3827760 14
rs1112542 13
rs3905317 13
rs2302054 11
Chromosome 3
rs2269432 13
rs2071203 12
rs3774787 12
rsd688725 12
rs9836111 12
rs140693;rs386530826 10
rs35455589 10
Chromosome 5
rs2278329 11
rsd1469;rs386591382 11
Chromosome 6
rs114101076;rs2308912 14
rs115020570 14
rs61758102 10
Chromosome 7
rs56727079 12
rs77213198 12
rs1916830 11
Chromosome 8
rs75155858 12
Chromosome 9
rs72619327 14
rs2297002 11
Chromosome 10
rs77038916 12

13



rs3810948 11
Chromosome 11

rs112886536 18

rs113964902 15

rs3753058 14

rs201440145 12

rs72643380 11
Chromosome 12

rs12231744 11
Chromosome 14

rs78204285 13
Chromosome 15

rs1426654 17

rs936212 10
Chromosome 16

rs116954456 11

rs117555004 11

rs3995818 11

rs113527563 10
Chromosome 19

rs1047781 14

rs2191432 12

rs2074888 11

rs45438992 10

rs56958500;rs385750 10

rs78089801;rs428549 10

rs11673178 10
Chromosome 20

rs2296129 10
Chromosome 22

rs2240424 10
Chromosome 23

rs61745026 10

rs61745030 10

14
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7. Research output
lasausiudeyanisadiinvesdUisuaziauslunulssyuivinisnienuisdasaians ddth

Annual Meeting of the Japanese Society of Pediatric Surgery, Fauilotud 8 N uN1IAL 2551 7
Uizmﬁﬁjﬂu Tute Cystic dilatation of bile duct in infants: an entity closer to biliary atresia

than choledochal cyst in older children
AsAneLALANlaeds NGS Tudud 2560 vinlnlanaiulAudaiioaiunse validate 1U19sUn

lasamsuashfiusilaniglumounaiau 2560
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Program of the 45th Annual Meeting of
Japanese Society of Pediatric Surgeons

First Day (May 28, Wednesday)

Room 1

11:20~12: 00

1S-009

1S-010

IS-011

1S-012

International Session IIT
Chairpersons: Osamu Segawa (Tokyo Women's Medical University)
Hisayoshi Kawahara (Osaka Medical Center for Maternal and Child Health)
Development of haptic forceps and haptic database of vital organ
Department of Pediatric Surgery, Keio University School of Medicine, Tokyo, Japan
Yasuhide Morikawa
A preliminary study assessing the clinical potential of engineered trachea in augmenting a stenotic
tracheal segment
The Department of Pediatric Surgery, University of Tokyo, Tokyo, Japan Makoto Komura
B cell tolerance to blood group antigens following ABO-incompatible liver transplantation- infant vs
adult
Keio University School of Medicine Yohei Yamada
Cystic dilatation of bile duct in infants: an entity closer to biliary atresia than choledochal cyst in
older children
Pediatric Surgery Unit, Department of Surgery, Faculty of Medicine, Prince of Songkla University,
Songkhla, Thailand Surasak Sangkhathat
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