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Current opinions and future issues on viral hepatitis in children and adolescences
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MNESHCIF RIS ANV AL LTE, TFIFEY AL
ABBonb. FEIAVALE, FMEcHEmL, T
g B2 T0ThHY, ARSLERE CoOSTEMA
BHIHNTWD, BARONETIEDIEF% L ERF 0 i
BRIEFCHTHL, ATNZEEFEOAZRI L, LAbK
AL RONRTIERYEE, ElcHET AT, M
HMoLhwWFELELS. BENE CRFLAEFICEY
AL CERT B 0T, NECHEUENSE, 1B T
7, Wl sR . TRy A Vv ADAMCTRERI T
AWAELTH, BABAVRAY LV ABHSTY
BV HA P AFTTLNAY EBYANA, HHV -6% 4 %
ERMONT WA, KB TIEBREIF4, CRIFRIC oW
~D
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1. BRARAEIR
1) 2L - BIERF£

B AR I AR AT 2 & iRV R 2 1 e vy,
—HRIAR L DB, FRARAKERTRECH B, Hik
BB TIREFERO Z L%, BHEFEEZENTHHH
Vo P ASIET B & IR ER AR B2V T T 5. BTFR
APy 13t 3838 A 5 s fLUR M o BUFE I 280280 L 72, Glanottd

i, KPR L AR OB BT £O—RETH Y
BRM, R0 DURE MM R e B S BT B

2) 1BHERTL

ANECIETIRE AR (BEANR, HEOORE, TR,
B #RTIELH ALY, SLTEBERTHL, Lua
YIs—=3 7 v (SC; HBeHE By 4> S Bt & 1/ HBetf
EBHEAOER) R T AP LT LI Lh L.
AREICIEENTIZD B, 1BUEIF2o0 & ITFHEZE - AL
3505 H 5. BN TEEYH IR AR L 7-BEME AT
FCIHIFREME LSBT U, 2 % CIFEE IR L, i
Ha 3 O 58 3R T BESEAR T 2 v ) 7 CHEEE0.1-0. 4%, 18T
2T0.5-0.8%, FFHETIZL. 2-8. 1% EHEHENTW1ES,

2. ®’E
WATOBEF Y 4 2V (HBV) W& 4EiF 2253
LAETH ) BYEDSEGT A2 Lidd kv, BELN 39
WY 5 L0% L EA B L 2 2. HBVZ D b
DIZHBFE B 7 (, HBVRERBURYE Y 1 VA L F R
BHEDNS Y AOHRTHI LTS, HBVEREEDOH
sAEE, OREREN. 91 v AHRY DEEERE
Fooy THY, @EANY, SEEHCHTSE. BFEREO
PNBTIR, AR D T TR LEEOD-O—-O0FREET

155 F TITHY45%. 2088 £ TICHS5%ASCHFE I §0,
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BINESCH20~ 30% il C, BAARA S L CIdhE
HUFI 2 &5 & 74 - C, HBVASHIEIE UF 05k L
7o IREEC, HBeHUB A 5 HOHBVHREFER %
o T B HHBelL R IE B3I, HBVIM R =
%, BERBloOAE, WL FlREERONI Y AT
HDEEILNTVWE, TBRAT — IV OEED A B
FLASTEYEAL L CHBSHURB I Z 2 D OBl 1 %Rk &
ENTw5b,

B0 T HBsHUR B 1k CHBsTUE B 03 & 1 HB VEE 3
Feah, BRMCEEEORELEZ LN TEL. L
L, Z0 &) BERRACE C b IS0 S BB ER A I HBV 5
PRI L, T 7 Syl e (e iiic & ) HBVIRE
BRI )EFEFEEPRBISTIEF o TwD (de
novo BEIAVEIT42). Fhw A, HBVERZE 3 &3 04 HrHs
T, HBsHUERRM: & % o 72856 ¢ b I £ o sk
Wrdy, —AEEBESLELRELEZ LMD,

3. &=
1) BERER

HBVIZHRBATIOMH S %IcHBT B35 TADD
N2 WS L T b, —H 0 EE 1 I o Bt
1BMERT e S PRI F TR 2 B L, F0014E
60 AN EATET L CWwa L HFES NS, BB DT0% L
EBFTITICERLTBA, HAROBRREHEIIK0.63%
T, #5110~14077 ADHBVICF B LCw b, /NEBRITF
Jeldhr o TRILBWEE OB VIREATH -7z, L L1970%4
PERE, wis X R O HBVHEE < — 7 — 7, B
B OF 1 AR E1 L YHBVO K ERE G H L7,
S 51219859700 & BRUFF 948 F BB 1L BB UG £ 1, HBV
F 4 ) TERIIBGRI00. 26% 02 5, HETRIZIE0. 024% &£ 1/10
WIRT LTS, Zh60HR, EENERMEN CRSRT 5
BEFRKEILRA L TwE, L LAl SRRE LT~
EEONBOHBVF v ) THEEE L CB Y, BRHAKTA,
BIRENF#, BEMEBHIFRLIBIEL Tnbd T,
2) Genotype

HBVIZADLHECO 8 HiMfid genotypell SHEEN TV BS,
Genotypeld ¥ & iZsubgenotype =8 &, #IIC X b o
ZEWDIH D, genotype Aald 7T TR T V) A, Aeld I —
Ty, BaldrPE#E, &% 4 FYEE, BidEK,
Celd A&, HEHEE, 1> FLF38, CsldpBEHLIR, 68
BT A, Genotype DI RIS F 5 & il i, Eidiy
F7U%, FiZWwhkBIUCET AN, G795 A, Hidk
K TALID. Genotypell & o THIRE B G S
NS L EOHMAFEHLo0H5H. HATRIZVOR
genotype Ce T 5. Genovpe CIEBIZ e~ CHBedL B 40 &
HBeHifE~DSCAE L, # D7 FRIZE - I o 5 A¢

it

f .

3) BEIREE
(1) B

HBsHUE Bt 0 #1058 £ 4 T BT BRI 20~30% Ch 5
A, IEEAHBeUE DB A1380~90% A HBV ¥ v 1) 742
759 7%, HBehifkEOHAOHBYF ¥ 1 7461X10%
KBTHY, FOLE—BUEOBRETHLY, TEFRC
BISERT S % 3845 5% .

(2) ZHRN - SREIA LS

HBVIEHEAT IS & 0 EET 5720, JmMsged ML %
BT B, FRICHBeU R G €l S D Sl B R g
Ko, FEOBERE LU 5 £ DI I HBsHL ik &
A, HBVF ¥ U 7 RXE» 5 OLFELEDL W0 Zoflio
KEFHBVF v ) 7OHAELEDT, 750k RET
VEOMHEE N L CRBERBET LTELEYH D, 20050
LEFAOHETH, 1998~20034F D 95F] OHBV I He ik 4
&L TR EH10.5%, FOMOREN KL 2% & L
NTWBW, FIFENAEIRERIZ £ » CHEMEIF RS
AT AFLH 5.

(3) #honic & 2 il

19704 W (T 2 HBsHURIC L 2 A2 ) — = v ik
FEHIRE D, 1989 IZHBCHIAMA S A 34, S BIIEH
IR (NAT) 2 X 2HBV DNAMAT A A S /e
B, Bic X AHBVESE EHOTENIL o7z, BEOH
B EOMIMEHIZ &L A &, 34~45H RO LT 1
HOZMFIIERT B LHEESINTRED,

(4) HATBICL BB (STD)

4, STDIC X AHBVEGSSHNIL T A, KIS IR
PR TH LD, GHFRPERETBESTLHLH
4. & {IZHBV genotype ARG —Eid ¥ v U 7T 57
DUEE LT 5,

(5) EFLEB PR Y

W, EEBOEEFRECEINL LR Y, BEE
AL COREE R WEEZ LN LD, HBVIEREH O MTEIZH
Bes Nt h EIZ LB R 2958 1), HBsHLIKBEEOBE
HEHEHIHBY 2 F U 2 BT RETH B.

4. FHULVWBRERZE

1) HBV DNAEE

BT EE B AR v TagMan PCREED I SN TV 5,
HBVA R # T 1d 4 ~ 1038 B O 0 % 12 THBSHUE A7 1l o
WZHENnS. BREIEWFETIE Z<PHHZZEDY 1 VA
AR L2t ALTO RS & & $1ZHBYV DNAR &
BT T 5. HBebLBE B2 S HBePURBHE~SCL 728
TLHBV DNADHRIE S A 2 & 25% <, =5 [ZHBsHI KR
HBITH - CTL—~FOFTIILEOHBY DNAL KRB SN 5
ZEbhHH, WEREEF v 7T RBEEMEFL T, HBY
DNAF T LIZLIEL0? coples/mil b & %,
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2) HBeME S L UBET I BIRTFEE

HBe# B IZHBV DNAE R R £ OFEE T ICHE T 5 v —
B =T b, HBeWBRD W CTh 4 EHBV DNAR T EET
HAHN, SCrEEI4 L LI LITHBY DNARIZE N4
%% L2 L, HBeHiE 2B L L CHOHBV DNABEO Z
ERRBENAFERT LI EHFH L. FOH E L THBeH
IR EA EBROFFRESD D Y, precorefIRNDER (28%
Ho7 3 /BRI IET V) %core promoterti il o %5 £
(ntl17623F £ Untl7640 EER) #FHMLN T 5.
3) Genotyped &£ U'subgenotype

Genotype D %€ i#: 12 idgenotypelfF B IWE / 7 13— Wi
HEHOALEIAE, ¥4V b —0 2y AR EVH 5,

5 BE
1) B
BWIFRTIIE A EPRREGET 20 CRRGREO LTI
2, B boOBBICERE Lad s, dHEELITS. B
LAY A VAR EI/RET S, Jotaryy
B (PT) ORAMLEETREY LM E LR T 2270 15,
FRPREE o0 S BV NV O T 2 EoBELO k% Rk 3
XL, B L LCBARBEOTESEOE 2, &
P BT 5. PTAM0%EHH 5V EAT I AF 07

NIFFHigEE L7 .

2) BIERTAR

(1) IR BRY & HEG

mEEME, R, WIEE, sz i
HDH. YU 4 WAIEITHBY OMHHE % FIHIT 2 4%, SR
FTHEIEWRTERY., LA o7, HENZOHO BEIZ
Py N—=Yary, ALTOIFEAL 7AWV ARDEKTTH S,
HBVX v 1) 7HBF 5% 584 L2856, ANRCIE 2EINIC
EHIISCEM I &h 5, BRI 2 FRIZEABES
L. 2HED I RDERT B O CEFERT TV, HGEIS
PHET L. FRLSETA2 DL omEEBERF 2 Lo
HALIGRTRBIE L 2 2™, FREE2EDNTH - TH,
WIT A EE T A 81 (ALT 300~5001U/100 1), #E{to
T8N A 8 (IMROWD % &) CREFEREIT,
ARG EHET L. T RFROEBE P BEOR&
4, BRI 2 2 LI HE~OER R IR T A
IHEL B, BREFREZEL CHEEEHALGAD
b BHE HHemBEL LTIy ~T720r
(IFN), #IT7 4 VAE (EE7Fo 7858 5 5. &
L <, 20144 IC/RIE & 7o/ NEBRE AT J i x4 2 Al
BETA FIA4 > 2BBER ()W, BHICERATY
[BEMEMUITROWBREN A KI5 4 v BHEINTE Y, HBeHL
T D 3558 1 0 B AL IR IF NS 32 A3first choicell % - T
W5

<#IERE> <BAR>
)
IFNAR | DPeg-IFN
: P 1 OHET IO 2
IR 2 P
28
P ~ﬂ sErOyee

*1 HBeHRt O/ \—Ua BOHBVONABEERASTLEBUIRL L Ba D
ERCETDARMONETHIEHRTHICL, FEShIBRLEEIDOTHAC
BBTHIL,

*2 REASSHSMNLETCE BREROURINHLHLE+HIRBT I,

B A EBEBIERFAOHRT A RS 1

(2) A V% —7x0 ik

REES A BED 5N TV ADIIFARIIFN ~ ¢ BHOALT
H5. NRIZBIT DA - AEEIFN - o #5105 B4 ke
FxE3M, 6»HA&ETH5. AEHE LCERSPo%R
B, PREEE, 5B 2 AMEC Sve s oG R (A
ARl NMERA) h b, o, BEEE RE #
BB, WO 54 E%Rd 5. NMERE & OFFHIZM
BEHEMA TR TOEETH D, U TORRBTITVR
ABROBEFH L. IFNOHEEFHOLIHTE LT’ W
ROEHUAENT & FHERICBIT B ROEEEA 2 BL
ERALTEA), HBV DNARAL 2w I & (104 5copies/ml
PTF) 55 NECTOIFNBEOAHFERALDEL
40~50% L |EF SN TV LS, R OHECIHART

bOWLC, SCHE26~60% L MEIC L D IAL THDHW, Hht
D HETRAE & genotypedS i % B 72 D BT I IEEE
TERWV.

BT AOBENI G LTI, FXRIA v F¥—7x0
VI EANTYS, ARTh I hhsddEoREDO L,
, B EES ORI A Yy -T2 s ERE LD L
EXD.

(3) HE7 o 7]

BERRBEISZ > TwBELDIETI TV Y, TF7+E
W, TYFHEN, FIT7FENTHL, ANRTRIFNGE
BREN S S LB L DT, IFNFEEI R O R IFNTE
HIZE YIRS 2 2GRS 2 EPNCBELC, BT
FOEAEEHTE, SUET I TV UNFELEHENT
E7h5, 20064y F A ENBEREIS E R Y, I TY
BRI R B OB FE DR {, B 1 BRI
LTHERENT WA, 20144125 7 7 % CIUHMERRHEIG & 7
NZyFAENERBICE 1RIREL 2> T 5, HETlR
37V r3-bmg/kg/H Fld T 7 A €0, Olmg/kg/ B
1 H1IHEARTHES LTwa, 58I >WTER—ED
BB 0N, BT 7o 75547 0 BRI HBe R %
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D6 BUEEE LSS SILTWBY, gl Hd
AMIEIF OB OESE UBRBEICEREY AL, METHT 3
UL B EFRNANL, 3-dmg/ke ® 52 U - HESL O

TH-2E FHAEONRIINT A FHEN, T/ 7%
O DRBNER, FRMICow TGS D v,

6. FRAXR

1) —RE BT

HBVI M % A L CRERT 5. BES3H O ML e 4 i 1 fil
NV EPREFH LEZETH S, HBVEEICH L Cid
HBIG (&MHBsHifkRE7 17 ) ), BLXUHBY 7 F
WX BTN TH S, SR LEBERUCE LT E THBIG
EHEL, RBCHBY 2 F 2R 5. BEARE R &N
A ) AT FICHBBIICHBY 7 F r OFBEEETTO 5,
2) BFEROFE

19854 6 H & 1) HBeBUR R A & oo ik WA L -CH
FRATRIHENIR T Y. 199540 5 1P A R OSHBsHUE
BRI H ORI SN B & £ 1D, EERIRES
IIBE s, HBsHUREBMEILRE > L omAERId LT, |
H12EM DIAIZHBIG (200847 1mb) HEBLIC1IHRHB®
HBY ¢ F »HfEx2475H. £#ELer AIC2EAL3MED
HBT 75 yEEE{S. HAEBOHBIGIETE S0 &) ik
BEMC RS T 00 kv, &5 9 ~12 2 B EHICHBsHU R
B ZAT, 1R HBsHAEE 2 B2, HBY 7 5
COBMBERE LT, MECTEIRE RS PUAME
(HBsPURA100m IU/mIPl L) % 8R2 X 9 128 hiEdE 2 6o
Twh, (EROBRIF 48T A b O PE & Tk
1w BICHEMAES 7Y, HBsHERB OB &I E0Bmo
HBBEWMETELE2240nwEL->Twa, LML » A
HBsHLE DB CH - Ch, 775 EFEHYFETTLO
ML, BEFTEOTTBETHICEL T, IBARREOH
# (#1%), HB7 79 FUSTEBI~ONE, HBVEREE
OB L L OMBEIE-> TV,

3) universal vaccination

19924 IZWHO % HHBVIC & 3~ 4 universal vaccination %
ANRENZAT S L5 1EESS D, 20084 £ T2 51770 E

NTWAY, HARTIZINHEN LGHBVF v ) 745 @
A RIS 2BEF AR FREFHERSThN, KEL
WHEF LT CEL BRI LD, LFEETa)
To R gese, STD X ZIkgs, sl - {LEFikic By
DERIBAATEE 2> TB Y, &R Suniversal
vaccination®#E A B F N HW,

B C OB %
1. BRERIEIR

INEOCUHFSIIBIIIF 96 & A%, SEGEF v ) 7, &
e, BEFHRR &L WP H 5. L LBRFARE B
%Y, HCVICHEY 2 RIS B DTN 2 & D /MR IR
EHFEL, FHRETTa2 s3I ntdh s, TR
BEIOIEE A SIIMEEETHY, CEITEY A LA (HCV)
BRBED NS VAT IS —EREROZ LHEV, BRI
Vb OO MO NTEE, SRS S OB ML B AR
HHNDE,

ANECTHB LT 40 BARERRIC D W CIREHE A 7 <RI
BIEH S, MBI - KERBEE L QI D 00 HRRE
PGS TV A, L, BEEERL L oLEREE b o6
THREEEEINTH A,

2. HBAE - E&F

M L - TR L, —BERED 2 ITERRREE B
$. NBHCVEREE D4 i, o CldiRii i X OBESTS
WX b0THY, MpE. EEE GREEER Y
DRI DM E T BB TH o7z LA L19894EL 5
BE a3 245 1 #AHCVIRIZ L AILEDO A Y~
PHIHEE N L L o T PSSR L CB H 2,
AT CIEH - 2 BB PR IR & 0D ZOHEE
HHCV RNABHRIER & & 14 L 72 18 TH910% Tdh 2%,
BT sin ) A 77 7 ¥ —1k, HIVOEEESE mh
HCV RNAEDEE (10°copies/mibAE) HEIF SN T 5.
LB ES 2 CHBEBEER LR Ly, SBEIcE LT
MAHCY RNABEONA YA ZETH - THTRGLEYE
P CILBERE DR E ORED D L. BaR O H IS E O
A &, HCVEEF BB EMF273~ 34101584 4 2 L i
FFancna?® BHEL-REERL~3 P BEE T
HCV RNABE & 7 2. B F G THCV RNAMPE & 2 - 72
FLEpEciE, LELEREO#Ro LESRO LS. &
TREETIE 3B E TIZR30% DFERI T A b A A ERHERR 5
NLH0 HEREBOBIITE CCh 3RDERET .

3 HmLLWRBRESE
1) HCV RNAEZE

BFERRREIGA B HHCV RNADOPCRFE 1 real time PCRiE
(TagMani®) OATH Y, 1.2 log TU/mL7 & M T 8%
2) HCV®genotype

Bz Cl0BEU EER I T DD, HPE T

0% F EH 5, Tk LaBdm A EH oS %S4
Tk REE IS NS, FNLUAOFEFINIRD BTl
EbDTENLTHS.
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4, HE
1) BERROEZCI 2T EED
CHRIFZIE T v A7 I — BV ERETH 4%
FERHMALD A LN A T EDVNBVDT, NF /AT IF—F
LRV ZEBOAR L ST, WHBUTTEBMERL L 'ﬁ'zﬁ‘fr
SNTHERM S HERR ET L8 hPEICBITA/0ED
&! PRI 2 D IR BT KL A R 0 ~TF 2 49K “T%
. SRIERRRR ISR A L ISR o/ NEI SR o
w&w Kage®b 2 & % & D E OHCVIEY mhwaka_
TBEOBMILE TICE T, —BREE R RD
NB DRI A LN -7 LB SN TR LS,
2) NRTAL =T /INEY L (Peg-IFN/RVB) #t B
B, BATI Y A 7L YL /Peg-TFN/RVBHE A AE
BRGREHRE o T A DS, BORTIE, ARIZXT L TidPeg-

IFEN/RVBHE IR E AR EER 2 &R & 2 - T 5. Genotype

18R Ty, ILI8BEEZETF TG, GCOHEMIETTIZH AT
EER RO NBClE, PEG-IFN a-2b (1.5ug/ke/
,,,,, AR 1E) Uy ot (15mg/ke/HS 2), PEG-
IFN ¢-2aUild%5 (3 uo/ke/FE 1 F) 7 S NT

25 (F1). 20144 BN ECTEHBPERF 95100 2 AR R #E
4RI RBREENTVE N CIEEA LD B
APEL, ST A7 Fe 75 Y ARRIFTHY, BA
Y EOEBDEPHECE S, NBIIOERT 5 2 LiglEsk
DOBFIEPRAT G RRIIIT Z &, kol
BUFREHICETLERET RV SEL I EPHEHERT
W,

Peg IFNE, IFNgiZ R 2Ly e Easeio o

, MR C, O L ERS CHRSIGgTED.

,&é NTVAEPeg-IFNIZIE, a-2a, a'ZbODMiM:Kﬂ‘%ZﬁJ?
HIBRRICEIEO b TWiRvy, YN UiE, 1972410
M ENATY VEBRERT LAWY 0 2 T, in vitro
TIXLFEHORNAB L ODNAT 4 VAR LTI A L R
mr:tzm«m TR 7 Fu s/ Chabs, CEBEIFZIIHLT

I, MRS Tl TH 2 HPeg- IFN L OPERIIC L WY
/f VA EEB Y. Genotypel & ) BB RIZEVIEH B

A, NEOCEHEMATJ2 Cld genotype 1 T46~57% (£ 2),
genotype 2 T8O~93% (F3) O A VA D5eeHRd it
ST B A58

Peg-IFNOEI{EH L LT, &< Peg IFN a-2al3 F{mER
W, Bl MUNMEEA SR L D700, Peg IFNES
W BAERRAE 21TV, &5 M&%WT@Z%#%%
Peg-IFN o-ZbfEHEEIZ S 5 HIGTE 8 AMIXTHE, 0k
X4 RENC L E, MERELTALERHL. YY) i
BB OB FERCREFIZLDS A LN 20, HaE0H
HEBBEB L ORARSRER Y, BISPBIURSRTHR
6 v AMZEENTToLNS.

BUFERC B L TR A S R ITIIE D b 2 WHIBEE T

=1 NBECEUBMIF N 2 REERTA FT 4 >

Genotype | Genotype 2

4 el Pog-IPNa 20 (48 FHD Pog~18¥ o 26 {24 31
4+ Rik (45 144D Ribavirin (24 HED
Peg=1EX 1 2 {48 #80D)

+Ribavicin (48 JHD

5.0 Log MWl
00 famol/l ik

ey o4 e A Pea=1FNa 2a (24 JHD Peg—IFN o Zn (24 HRE

501 A
300 fael/l A
£2 /PRETOBFERH  genotype 1 (GT-1)
=4
(BHBAI0ALL LR 12 B)

BEE BE BEK 58 PegIFN | 151805 SVR %
2005 | Winthetal | 46 | 10@-17) | a-2b 43w 485
2006 | Shawarz et al. 13 4.4(2-8) o-2a 48W 46%

2008 | Joraetal | 26 | 10(3-16) | a-2b s 6%
2009 | Tajiri et al. 20 12(7-30) @~2b | 4BW~T2w 80% AN TR S
2010 | Sohwarzetal | 45 | 107%33 | a-2a 43w 4%
2010 | Sckaletal | 47 | 126238 | a-2a aw 574 g;——fs%zsﬁ)\c
2010 | Winhetal | 72 | 10017 | a-2 8w 53%
- [ e
#3 NETOHEAKME  genotype 2 (GT-2)
(BHEEDPIOAD LOWMEIZR - 72)

R E+3 BEY R Peg IFN | 155 IR SVR [
2005 | Withetal | 13 | 102-17 | a-2 8w 1005 | GT-34&E
2009 | Tawietel | 13 | 1330y | a-2 24w 84%

2010 | Schwarzetal | 10 | 107233 | o-2a 24W 80% CT-34 8%
2010 | Sokaletal | 18 | 113236 | a-2a 24w 89% CT-3488
2010 | Wirth et al. 30 10(3-17} a~2b 24w 93%

HHD, AR THEELRIEEE 52 B0 L) 2k
i, BBRERENGOOBYM TS B2 2ol
OEHEME LT, WBTIEA 7 bz R (388, 1
% SRR TR BEELY), BMrvRA, &K
i3 iié-iﬂ:",‘;f‘f'!ﬁ <i'ﬂ'a“‘ﬁ AR, T, RERE) %
&, FFEEREBEE (AST, ALTOLR), BE Gt%, »
Wiz &), MEM LT LTI LALHFRETH S,
S5 RRREEE, HURESSEREIOEE T 5. AT
&7 AFEHAEEIR (RIR, A%, B9 o), Mm%
MM, TREREMER (REIR, (A% L), WRHELL
/PR TIZENTH 5.

5 FRiR®

BB R TR AE R OHCVE F B 2 BT 3 4 Hk
v, BRGFEUE T, 8ok  BAaFTUMcL
L CHCVERF AR 2 A L ME SN TV B, Bk
FoB T 5 EYHOAMHETER T &, EEPHCY
FxU)TEVHIHBECHFUEOBRE T2 LITHERTE
W 2 BREFLICEHCV RNAZBRI E v b v i
HEWZ L, BLUOTEME IR L JLEE R & ol CHCVIE
REIIER WD & SR ET H LB,
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Neonatal liver failure owing to gestational alloimmune liver

disease without iron overload
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Although neonatal hemochromatosis (NH) is a well-known
cause of liver failure during the neonatal period and iron
deposition in extrahepatic tissues is considered essential in
the diagnosis of NH, there is no consensus regarding the
pathology or diagnostic criteria of NH. Recent studies of
immunohistochemical assays have shown that the C5b-9
complex {the terminal membrane attack complement
complex) is strongly expressed in the liver of NH cases, sug-
gesting that a gestational alloimmune mechanism is the cause
of liver injury. The patient was a low birthweight primiparous
male born at 37 weeks of gestation by vaginal delivery. Blood
tests 3 h after birth showed signs of liver failure, including
high transferrin saturation, resembling the clinical character-
istics of NH. However, magnetic resonance imaging and a lip
biopsy showed no obvious iron deposition cutside the liver.

The patient was refractory to exchange transfusion and
immunoglobulin therapy but was successfully treated by liver
transplantation. Histologically, the explanted liver showed
established cirrhosis, with large amounts of human C5b-9 in
the residual hepatocytes, suggesting the alloimmune mecha-
nism of liver injury was the cause of his liver failure. Liver
failure caused by a gestational alloimmune mechanism
should be considered in patients with antenatal liver failure,
even without obvious extrahepatic siderosis.

Key words: C5b-9, gestational alloimmune liver disease,
liver failure, liver transplantation, membrane attack
complex, neonatal hemochromatasis

INTRODUCTION

HE ETIOLOGY OF neonatal hemochromatosis

(NH) is often difficult to determine, resulting in
high mortality rates. Although NH is an important cause
of neonatal liver failure, its pathogenic mechanism
remains unclear. Among the diagnostic criteria for NH is
the demonstration of extrahepatic iron deposition.'
Recent findings suggested that a maternal gestational
alloimmune disease mechanism may cause NFH.? We
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describe a patient with neonatal liver failure but without
extrahepatic iron deposition resulting from maternal
alloimmune liver injury.

CASE REPORT

HE MOTHER OF the patient was a 26-year-old

woman with no history of miscarriage. She and her
husband were not consanguineous, with neither having
a relevant past medical history, except that her husband
had chronic hepatitis B. Fetal ultrasound showed intra-
uterine growth retardation, beginning at week 34 of
gestation. The newborn, a male, was born at 37 weeks
and 5 days of gestation by spontaneous delivery as a
primiparous baby. He was of low birthweight (2122 g),
with no abnormalities on physical examination.
However, a blood test 3 h after birth revealed hypogly-
cemia (10 mg/dL), a low platelet count (8.3 x 10%/ul),
cholestasis (5.3 mg/dL total bilirubin [T-Bil], 2.3 mg/dL
direct bilirubin [D-Bil], 27 IU/L y-glutamyltransferase
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[v-GT]) and mildly elevated transaminases (142 IU/L
aspartate aminotransferase [AST], 15 ITU/L alanine ami-
notransferase [ALT]). Cholestasis progressively wors-
ened and, on day 5, he was referred to our hospital.
On admission, our 5-day-old patient showed mild
lethargy and poor sucking. His liver and spleen were
palpable 2 cm under the costal margin. Blood tests on
admission showed 2.1g/dL albumin, 8.3 x 10%/uL
platelets, 151 ITU/L AST, 25 TU/L ALT, 15.2 mg/L T-Bil,
4.0 mg/dL D-Bil, 27 IU/L y-GT, 53.9 uwm total bile acids
and 1.66 prothrombin time international normalized
ratio. Transferrin saturation was high, at 95%, with fer-
ritin and total iron-binding capacity concentrations of
1521 ng/mlL and 152 pg/dL, respectively. Metabolic
screening by tandem mass spectrometry was used to
determine the composition of plasma/urine organic
acids and amino acids and his acylcarnitine profile. The
only abnormality detected was an elevated serum tyro-
sine concentration {684.3 nm/ml). Succinylacetone,
however, was absent from urine, excluding a diagnosis
of tyrosinemia. Cultures of blood and urine were nega-
tive. TORCH (toxoplasmosis, other [syphilis], rubella,
cytomegalovirus, herpes simplex virus) and other viral
infections (hepatitis B virus, hepatitis C virus, Epstein-
Barr virus, human herpesvirus 6, enterovirus, adenovi-
rus and parvovirus B19) were excluded serologically
and/or by real-time polymerase chain reaction. Bone
marrow examination was normal, excluding hemo-

@© 2014 The Japan Society of Hepatology
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phagocytic syndrome and hematological malignancy.
Bile acid assays of plasma and urine revealed increased
levels of 4*-3-oxo-type bile acids in urine (53.5%) and
their presence in serum, indicating reduced activity of
the enzyme 4*-3-oxo-steroid 5 beta-reductase, consis-
tent with findings in other patients with NH.? However,
sequencing of the SRD5B1 gene in genomic DNA from
peripheral lymphocytes showed no known mutations.*
Liver ultrasound showed slightly irregular surfaces and
dull edges. The internal structure was rough and liver
and kidney contrast was normal. Ascites was detected.
Although NH was highly suspected, computed tomog-
raphy and magnetic resonance imaging (MRI) failed to
demonstrate iron deposition in the liver or extrahepatic
tissue {Fig. 1). Lip biopsy revealed no iron deposition in
the salivary glands. Liver biopsy could not be performed
because of coagulopathy.

Although iron deposition in extrahepatic tissue was
not demonstrated, evidence of antenatal liver failure,
intrauterine growth retardation and high serum ferritin
concentrations strongly suggested that NH was the cause
of liver failure. Moreover, none of our findings sug-
gested any other condition, such as infection, metabolic
or hematological diseases. He was treated for 15 days
with exchange blood transfusion, consisting of high-
dose (1 g/kg) i.v. immunoglobulin (IVIG), 100 mg/kg
acetylcysteine iv., 3 ug/kg selenium, 0.4 ug/kg per h
prostaglandin-E1 and 25 TU/kg vitamin E, but his liver

Figure 1 Computed tomography (CT)
and magnetic resonance imaging
(MRI) findings in our patient. Attenu-
ation of the liver was not increased on
CT and the intensity of the liver signal
was not low on MRI Trweighted
images. Neither suggested iron deposi-
tion in the liver or extrahepatic tissue.
(a) CTI' plain. (b) CT contrasted. (c)
MRI  Ti-weighted image. (d) MRI
T,-weighted image.
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Figure 2 Histopathology = of  the
explanted liver from our patient. (a)
Multiple nodules on the liver surface
and a divided face. (b) Disturbance of
the lobular architecture, with severe
fibrosis and marked loss of hepato-
cytes. Inflammation was minimal
(hematoxylin-eosin, original magnifi-
cation x400). (c) Faint iron staining of
hepatocytes (Berlin blue, x400). (d)
Residual hepatocytes were strongly
positive for the Cb5-9 complex
immunohistochemically (x400).

function did not improve. At age 19 days, a liver trans-
plant was performed. The liver was obtained from a
deceased 30-year-old male, with 138 g (graft/recipient
weight ratio, 5.1 %) of the split allograft transplanted to
the patient.

Pathological examination of the explanted liver
showed cirrhosis with the formation of multiple micro-
and macronodules. The liver architecture was deformed
with marked pseudo-lobular formation and smaller
numbers of hepatocytes were isolated with massive
fibrous septa. Regenerative nodules were present. Inflam-
matory cell infiltration was minimal. Bile pigments and
plugs were observed in all areas, indicating severe
cholestasis. Granules faintly positive for Berlin blue
staining were scattered among a few hepatocytes. Immu-
nohistochemical staining with murine monoclonal anti-
human SC5b-9 (QUIDEL, San Diego, CA, USA) showed
strong staining for the C5b-9 complex in 80% of the
residual hepatocytes (Fig. 2d). The activities of the mito-
chondrial respiratory chain complexes in the explanted
liver tissue were normal, and congenital mitochondrial
respiratory chain disorders were excluded.

Postoperatively, the patient received immunosuppres-
sive therapy with prednisolone and tacrolimus. Acute
cellular rejection was not observed. His liver chemistry
tests were normal, and he was discharged 82 days after
transplantation.

Gestational alloimmune liver disease in neonate 603

DISCUSSION

CUTE LIVER FAILURE in the neonatal period is

rare, but its etiology is diverse. Early diagnosis and
treatment is essential but limitations of examinations
due to neonatal physical immaturity can be an obstacle
for adequate evaluation and management, and therefore
the mortality rate is still high. Causes of neonatal liver
failure include infections, metabolic defects, NH and
hematological disorders. NH is a rare antenatal liver
failure, associated with secondary iron deposition in
liver and extrahepatic tissues such as the pancreas and
heart. Its unique pattern of high recurrence in siblings of
the same mother, not the father, suggests a maternofetal
alloimmune mechanism rather than a hereditary condi-
tion.” Hereditary hemochromatosis (HH) also causes
iron deposition in tissue but HH is caused by defects of
iron metabolism with autosomal recessive inheritance,
and is therefore an entirely different disease from NH.
Treatments for NH are IVIG, exchange transfusion and
cocktail therapy containing an iron chelator and anti-
oxidants."® Liver transplant is performed on those who
fail to respond to medical therapy. Recent accumulating
data demonstrates that IVIG administration for women
during pregnancy with proven NH of recent gestation
can prevent severe recurrence of NH.” This preventive
method is based on the hypothesis of a gestational

© 2014 The Japan Society of Hepatology
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alloimmune mechanism of NH; therefore, the efficacy
of this treatment supports the hypothesis.

At birth, our patient showed signs of liver failure,
including cholestasis, hypoglycemia and thrombocyto-
penia, suggesting that the onset of disease was antenatal.
NH is one well-known cause of antenatal liver failure.®
One of the most important diagnostic criteria for NH is
the demonstration of extrahepatic iron deposition.'
However, the mechanism underlying iron deposition
remains unclear. Recent findings have shown that iron
overload does not result from an inborn error of iron
metabolism but from fetal liver injury.**°

Whitington et al. proposed an alloimmune mecha-
nism of NH."" A maternal immunoglobulin G alloanti-
body against an alloantigen expressed by fetal
hepatocytes may pass through the placenta, with the
subsequent antigen-antibody reaction activating the
classical complement pathway in fetuses. This, in turn,
produces the membrane attack complex (C5b-9
immune complex), which causes hepatocyte injury.
Immunchistochemical staining with antibody against
the C5b-9 immune complex is strongly positive in the
hepatocytes of patients with NH, indicating that con-
genital alloimmune hepatitis is the etiology in most or
all patients with NH.?

In our patient, neither MRI nor lip biopsy demon-
strated extrahepatic tissue siderosis. The MRI and lip
biopsy each have approximately 60% sensitivity for
detecting extrahepatic siderosis and negative tests do not
exclude NH.* However histopathology of liver showed
only weak iron deposition in hepatocytes, atypical in
patients with NH. In contrast, the finding of the C5b-9
complex in hepatocytes strongly indicates that an
alloimmune disease process was the cause of liver
failure. Debra et al. reported a similar case of neonatal
liver cirrhosis.'? This case showed no iron deposition in
both liver and extrahepatic tissue, C5b-9 was strongly
positive in hepatocytes. C5b-9 complex was initially
demonstrated as a specific histological marker of NH
and proposed the gestational alloimmune mechanism
of its pathogenesis.” Therefore, these cases without extra-
hepatic iron deposition suggested that siderosis of the
liver or extrahepatic tissue may be a phenotypic differ-
ence within the same spectrum of gestational
alloimmune liver diseases.

Whitington eral. suggested a term “gestational
alloimmune liver disease” (GALD) for liver injury due to
this alloimmune mechanism and the term “gestational
alloimmune liver injury” should replace the term “neo-
natal hemochromatosis”.*'"* Our case also demonstrated
that GALD can occur even in cases of neonatal liver

© 2014 The Japan Society of Hepatology
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failure without extrahepatic iron deposition. The iron
deposition in extrahepatic tissue is just a phenotypic
difference of GALD and those who show strong iron
deposition in the extra hepatic tissue may have been
diagnosed with NH among GALD cases. Therefore, as
Whitington et al. pointed out, NH is a phenotype-based
terminology and neonatal liver injury due to a gesta-
tional alloimmune mechanism is to be comprehen-
sively called GALD.

In patients who present with antenatal liver failure
but who do not meet the criteria for NH, gestational
alloimmune liver disease should be differentiated as a
cause of liver failure. C5b-9 staining of liver tissue is
helpful for diagnosis but often difficult because of
coagulopathy. Treatment should be initiated concur-
rently with diagnosis and exchange transfusion or
immunoglobulin  is  theoretically  effective for
alloimmune diseases.™® Our patient did not respond
well to exchange transfusion or immunoglo-
bulin therapy but was successfully treated with liver
transplantation.

In conclusion, gestational alloimmune liver disease
should be suspected in neonates with antenatal liver
disease, even in the absence of obvious iron depaosition.
Liver transplantation is indicated in a patient refractory
to exchange transfusion and immunoglobulin therapy.
Additional studies are needed to understand how fetal
hepatocytes are recognized as an antigen in the maternal
immune system and to identify the causes of phenotypi-
cal clinical differences.
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Successful treatment with 4-phenylbutyrate in a patient with
benign recurrent intrahepatic cholestasis type 2 refractory to
biliary drainage and bilirubin absorption

Hisamitsu Hayashi, '* Sotaro Naoi, '* Yu Hirose,'* Yusuke Matsuzaka,’ Ken Tanikawa,?
Koji Igarashi, Hironori Nagasaka,” Masayoshi Kage Ayano Inui,” and Hiroyuki Kusuhara'

'Laboratory of Molecular Pharmacokinetics, Graduate School of Pharmaceutical Sciences, The University of Tokyo,
Tokyo, *Department of Diagnostic Pathology, Kurume University Hospital, Kurume, >Bioscience Division, Reagent
Development Department, TOSOH, Ayase, 4Departrnent of Pediatrics, Takarazuka City Hospital, Takarazuka,
and ®Department of Pediatric Hepatology and Gastroenterology, Saiseikai Yokohamashi Tobu Hospital,

Yokohama, Japan

Aim: Benign recurrent intrahepatic cholestasis type 2 (BRIC2) is
caused by mutations in ABCB11, a gene encoding the bile salt
export pump (BSEP) that mediates biliary bile salt secretion,
and presents with repeated intermittent cholestasis with refrac-
tory itching. Currently, no effective medical therapy has been
established. We previously provided experimental and clinical
evidence suggesting the therapeutic potential of 4
phenylbutyrate {4PB) for the cholestatic attacks of BRIC2.

Methods: After examining the potential therapeutic use of 4PB
treatment by in vitro studies, a patient with BRIC2 was treated p.
0. with 4PB at gradually increasing doses (200, 350, and
500 mg/kg per day) for 4 months. Biochemical, histological and
clinical data were collected.

Results: The patient was diagnosed with BRIC2 because he had
non-synonymous mutations (c.1211A>G [p.D404G] and 1331T>C
[p.V444A)) in ABCB11, reduced hepatocanalicular expression of

BSEP and low biliary bile salt concentrations. In vitro analysis
showed that 4PB treatment partially restored the decreased ex-
pression of BSEP caused by p.D404G mutation. During the first
2 months of 4PB therapy at 200 and 350 mg/kg per day, the patient
had no relief from his symptoms. No beneficial effect was ob-
served after additional treatment with bilirubin absorption and en-
doscopic nasobiliary drainage. However, after starting treatment
at a dose of 500 mg/kg per day, the patient’s liver function tests
and intractable itching were markedly improved. No apparent
side-effects were observed during or after 4PB therapy. The symp-
toms relapsed within 1.5 months after cessation of 4PB therapy.

Conclusion: 4PB therapy would have a therapeutic effect on
the cholestatic attacks of BRIC2.

Key words: benign recurrent intrahepatic cholestasis, bile salt
export pump, intrahepatic cholestasis, 4-phenylbutyrate

INTRODUCTION

AMILIAL CHOLESTATIC LIVER disease comprises a
variety of clinically and genetically heterogeneous
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disorders. Benign recurrent intrahepatic cholestasis (BRIC),
a rare inherited autosomal recessive liver disease, is charac-
terized by intermittent episodes of intrahepatic cholestasis
with normal serum y-glutamyltransferase (y-GT) activity,
refractory pruritus and jaundice.'™ In contrast to progres-
sive familial intrahepatic cholestasis (PFIC), which pro-
gresses to severe cholestasis with sustained intractable
itching, jaundice, diarrhea and failure to thrive, leading to
liver failure in the first year of life,' in most cases of BRIC,
the symptoms last from weeks to months, but resolve
spontaneously without progressing to liver failure.” How-
ever, a reduction in the number and duration of the attacks
is highly desirable, because intractable itching accompa-
nied by cholestasis disrupts patients’ activities of daily liv-
ing and their ability to sleep, making the patients
disabled and depressed, and consequently decreases their
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quality of life and that of their families. There are case
studies of medical therapy for cholestatic attacks in BRIC
patients with rifampicin, cholestyramine and corticoste-
roids, and of invasive therapy with nasobiliary drainage
(NBD).*"? However, all of these treatments are symptom-
atic therapy only, because of the lack of understanding of
the molecular mechanism underlying intrahepatic chole-
stasis in BRIC, and inconsistent results have been reported
for each treatment.*™

Benign recurrent intrahepatic cholestasis is subdivided
into BRIC type 1 (BRIC1) and BRIC type 2 (BRIC2) based
on the causal genes. BRIC1 and BRIC2 are caused by muta-
tions in ATP8B1 and ABCB11, respectively, which encode a
member of the P4 subfamily of P-type adenosine
triphosphatases and the bile salt export pump (BSEP).'%!
BSEP is an adenosine triphosphate (ATP)-binding cassette
transmembrane transporter located on the canalicular
membrane (CM) of hepatocytes, which mediates the bili-
ary excretion of monovalent bile salts.'*”'® Therefore, al-
though no direct evidence has been provided, it is
suspected that during the cholestatic episodes in BRIC2 pa-
tients, biliary bile salt secretion and the resultant bile flow
formation are impaired because of the decreased function
of BSEP, leading to accumulation in the body of bile con-
stituents, probably including pruritogens.

We have published experimental evidence that
4-phenylbutyrate (4PB), a drug used to treat ornithine
transcarbamylase deficiency (OTCD), has an additional
newly identified pharmacological effect that increases the
hepatocanalicular expression of BSEP and the capacity
for biliary excretion of bile salts by hepatocytes.'®™'® Fur-
thermore, our group and Gonzales et al. reported recently
that 4PB therapy restored decreased BSEP expression, im-
proved liver functions and relieved intractable pruritus in
patients with PFIC2, a subtype of PFIC caused by muta-
tions in ABCB11."%?° These results indicate the possibility
that 4PB therapy may also be effective for the cholestatic
attacks in a majority of BRIC2 patients, because all
BRIC2-type mutations studied so far reduce the cell surface
expression of BSEP, but not the transport activity of BSEP
perse?!??

The present study provides the first direct clinical evi-
dence that a patient with BRIC2 actually presented with
impaired bile salt secretion into bile during a cholestatic
attack because of lessened expression of BSEP at the CM
of hepatocytes. To test the therapeutic potency of the 4PB
therapy, the patient was treated p.o. with 4PB at gradually
increasing doses (200, 350 and 500 mg/kg per day) for
4 months and then followed for 8 months after the ther-
apy. We collected and analyzed data on serum liver tests,
histology and the clinical course for this patient. This is
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the first report to investigate the therapeutic effect of the
4PB teatment on cholestatic attack in a patient with
BRIC2.

METHODS

E OBTAINED APPROVAL for the study from the in-

stitutional ethics review boards. Informed consent
was provided by the patient’s parents before assessment
because the patient was under 18 years of age. All materials
and methods used standard techniques and commercially
available reagents. A detailed description of the materials
and methods is presented in the online supporting
information.

Case report

he patient, a Japanese boy who is currently aged

16 years old, was born normally to healthy parents
with no clinically documented consanguinity. He had no
cholestatic episode in the newborn period, was entirely
healthy and developed normally. He experienced the first
cholestatic episode with jaundice and intractable itching
at the age of 9 months, which was preceded by the appear-
ance of cutaneous pruritus. No apparent symptomatic re-
lief was provided by treatment with ursodeoxycholic acid
(UDCA), cholestyramine, phenobarbital and fat-soluble
vitamins. Parameters of liver function tests were elevated
except for normal y-GT activity. Those values 6 months af-
ter onset of the cholestatic attack were 110 U/L. aspartate
aminotransferase {AST), 71 U/L alanine aminotransferase
(ALT), 49.6 uM total bilirubin (T-Bil}, 37.6 uM direct bili-
rubin (D-Bil), 20 U/Ly-GT, and 164.8 uM total bile acids.
The cholestatic episode lasted for 8 months, then gradually
improved and liver function tests were normalized
completely. Percutaneous liver biopsy was performed after
the relief of cholestasis. Histological analysis showed intact
hepatic lobular architecture, no lobular inflammation and
near absence of cholestasis (data not shown). Immunochis-
tochemical analysis showed reduced immunosignal of
BSEP at the CM of hepatocytes (Fig. 1b). At age 15 years,
his second cholestatic episode occurred. Blood tests on ad-
mission showed 74 U/1, AST, 83 U/L ALT, 265.1 pM T-Bil,
188.1 uM D-Bil, 16 TU/L y-GT and 426.1 uM total bile
acids. The clinical course in this patient is similar to that
in previously reported cases, who experienced more than
two cholestatic episodes and initially no signs of liver
damage."’

Genomic sequencing analysis of all encoding exons and
flanking areas of ABCB11 was performed and identified a
heterozygous c.1211A>G (p.D404G) mutation and ho-
mozygous ¢.1331T>C (p.V444A) mutation in ABCBI1I

® 2015 The Japan Society of Hepatology
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B Figure 1 Diagnosis of BRIC2 in a patient
. who developed episodic intrahepatic cho-
BSEP MRP2 MDR3 lestasis with normal y-GT activity. (a) Ge-

BRIC2

Control

(Fig. 1a). No disease-associated mutation was found in
any encoding exons or flanking areas of ATP8BI, a causal
gene of PFIC1 and BRIC1; these have similar clinical
symptoms to PFIC2 and BRIC2, respectively. The mutation
c1331T>C (p.V444A) in ABCBII is a polymorphism
associated with reduced hepatic expression of BSEP.>* In
vitro analysis using HEK293T cells and McA-RH7777 cells,
a rat hepatoma cell line that develops CM through the
formation of couplets as hepatocytes, ectopically ex-
pressing HA-BSEPY" and HA-BSEP™*0*C showed that
the c.1211A>G (p.D404G) mutation markedly de-
creased cell surface expression of BSEP without affecting
its mRNA expression (Fig.2a,b). In immunofluorescence
analysis of HEK293T cells, HA-BSEPP***“ showed an

© 2015 The Japan Society of Hepatology

netic sequencing analysis. The compound
heterozygous ¢.1211A>G (p.D404G) and
homozygous ¢.1331T>C (p.V444A) mu-
tations in ABCBII identified are shown
by the arrowheads. (b) Immunohisto-
chemistry. Liver sections prepared from
the liver biopsy specimens of the BRIC2
patient after relief of the first cholestatic
attack and of control subjects were sub-
jected to immunohistochemistry as de-
saibed in Methods. A typical image
under each condition is shown (original
magnification, »400).  y-GT,  y-
glutamyltransferase; BRIC2, benign recur-
rent intrahepatic cholestasis type 2; BSEP,
bile salt export pump.

endoplasmic reticulum (ER)-like distribution (Fig. 2c,
top), suggesting that, as has been reported for cystic
fibrosis transmembrane conductance regulator (CFTR)
AF508,% this mutation induces incomplete folding of
BSEP molecules that are retained in the ER followed
by proteasomal degradation, resulting in a decrease in
the cell surface expression of HA-BSEPP*%*C In McA-
RH7777 cells, HA-BSEPP4%*C was expressed just beneath
the CM marker, MRP2, but was not colocalized with
MRP2 (Fig.2¢, bottom). These results, combined with
the repeated cholestatic episodes with normal y-GT ac-
tivity and with reduced immunosignal of BSEP at the
CM of hepatocytes (Fig. 1b), were the basis of the diag-
nosis of BRIC2.
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Figure2 Characterization of ¢.1211A>G (p.D404G) mutation in ABCB11. {a,b) Determination of mRNA and protein expression levels
of BSEPP*7*C_ v, HA-BSEP™T or HA-BSEPP#%C HEK293T cells were subjected to (@) quantitative polymerase chain reaction and (b)
cell surface biotinylation, and then analyzed as described in Methods. (¢) Cellular localization of BSEP™**¢. HEK293T cells (top)
and McA-RH7777 cells (bottom) expressing HA-BSEP*™" (left) or HA-BSEPP***C (right) were fixed and stained with the plasma mem-
brane markers and analyzed by confocal immunofluorescence microscopy as described in Methods (scale bar, 10 pm). (d,e) BSEPP*%4C.
mediated uptake of [*H]-TC. Membrane vesicles (30 ug in [d] and 10 pg in [e]) prepared from EV, HA-BSEP"Y" and HA-BSEPP**4¢
HEK293T cells were subjected to (d) immunoblotting and (e) an uptake assay. In (d), Image Gauge software was used to quantify
the ratio of band intensities of HA-BSEP™" and HA-BSEP™*™*“ relative to that of NaK. For the uptake assay, membrane vesicles were
incubated at 37°C with [* H]-TC (1 uM) for 5 min in the presence of 5 mmol/L ATP or AMP. The uptake of ligand was obtained by
subtracting the value in the absence of ATP from that in its presence. A representative result of two or three independent experiments
is shown. Bars represent the mean + SEM of each experiment in triplicate. *P< 0.05 vs EV; ***P < 0.001 vs EV; and ***P < 0.001 vs
WT. [PH]-TC, [PH]-taurocholate; AMP, adenosine monophosphate; ATP, adenosine triphosphate; AU, arbitrary units; BSEP, bile salt
export pump; EV, empty vector; IB, immunoblotting; NaK, Na*, K'—ATPase a1 subunit; N.D., not detected because of low expression
levels; SEM, standard error of the mean; WT, wild type.
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The ATP-dependent uptake of [*H]-taurocholate ([>H]-
TC) into membrane vesicles isolated from HA-BSEP™'
and HA-BSEP™4%*¢ HEK293T cells was almost linear up
to 5 min {data not shown). Its uptake value per minute
was approximately 118- and 12.1-times higher in vesicles
from HA-BSEPY' and HA-BSEP”***“ HEK293T cells,
respectively, than in vesicles from EV-HEK293T cells
(Fig.2e). Normalizing the BSEP expression levels in the
membrane vesicles based on the results of the
immunoblotting, which indicated that the expression
of HA-BSEPY' was 6.7-times higher than that of
HA-BSEP™*%¢ (Fig. 2d), showed that the transport activ-
ity of [’H]-TC mediated per unit mass of HA-BSEPP#%4¢
molecules did not differ significantly from that medi-
ated by HA-BSEP™'. Treatment for 24 h with 1 mM
4PB, a clinically relevant concentration in patients with
OTCD, " 18202% increased the cell surface expression of
HA-BSEPY" and HA-BSEP*?*¢ by 2.6- and 2.1-times,
respectively, in HEK293T cells (Fig.3b), without signifi-
cantly changing the expression level of either mRNA
(Fig.3a). These results suggest that 4PB treatment at a
clinically relevant dose for humans could increase BSEP

Hepatology Research 2016
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expression at the CM in BRIC2 patients with the
¢1211A>G (p.D404G) mutation in ABCBII and, con-
sequently, expand their capacity to secrete bile salts into
bile. Therefore, the patient was enrolled in the interven-
tion study to examine the therapeutic effect of 4PB on a
BRIC2 patient.

Oral administration of 4PB (AMMONAPS; Swedish Or-
phan, Stockholm, Sweden) was started at a daily dose of
200 mg/kg per day divided into four doses. After 1 month,
the dose was increased to 350 mg/kg per day and this was
maintained for an additional month. Bilirubin absorption
and endoscopic NBD were performed during treatment at
the doses of 200 and 350 mg/kg per day, respectively. In
bile specimens collected by NBD, concentrations of phos-
phatidylcholine and total cholesterol as well as of total bile
acids in the BRIC2 patient was much lower than that of
two control patients whose values were within or close to
the reference range (Table 1),%?® supporting the diagnosis
of BRIC2 in the patient enrolled in this study. Because nei-
ther any therapeutic effect on serum liver tests and the
itching score nor any side-effects were observed, the dose
was increased to 500 mg/kg per day, which is a dlinically
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Table 1 Biochemical analysis of bile specimens from NBD.
Disease BA (mM) PC {mM) Ch (mM) BA (mol%) PC {mol%) Ch (mol%)
Patient BRIC2 0.18 0.01 <0.04 N.D. N.D. N.D.
Control 1 Cholecystolithiasis 15.8 3.8 2.1 72.7 17.6 9.7
Control 2 Choledochal Cyst 20.6 44 1.8 76.8 16.5 6.7
Reference values (8, 25) 21.3+3.1 8.0+1.8 1.1+03 69+2 221 91

BA, bile acids; BRIC2, benign recurrent intrahepatic cholestasis type 2; Ch, cholesterol, NBD, nasobiliary drainage; N.D., not determined (because
PC and CH concentrations are close to and below limit of detection, respectively); PC, phosphatidylcholine.

relevant dose for OTCD, and this dose was maintained for
the next 2 months. The serum levels of AST and ALT started
to dedline when the dose was increased to 500 mg/kg per
day. These values finally reached close to the reference
range {(AST, <55 U/L; ALT, <40 U/L) (Fig.4 a, upper). Con-
sistent with the decrease in AST and ALT levels, the concen-
trations of T-Bil and D-Bil decreased significantly after the
start of 4PB treatment at 500 mg/kg per day. Two months
after this dose was started, both parameters were almost
normalized to within the reference range (T-Bil, <18 uM;
D-Bil, <5 uM) (Fig. 4a, lower). In contrast, the concentra-
tion of serum bile acids (BA) also declined, but remained
above the reference range (BA, <10 pM), probably because
of the co-administration of UDCA (600 mg/day). The
itching score decreased during 4PB twreatment at
350 mg/kg per day (Fig. 4b). Almost complete and persis-
tent relief of pruritus helped improve the patient’s ability
to sleep and thus increased his quality of life. However,
the itching score did not correlate significantly with the se-
rum levels of autotaxin (ATX) and BA (Fig. 4b), both of
which have been proposed as potential pruritogens in
cholestasis.*®

The patient was followed up after the 4PB therapy. The
liver tests and itching score remained unchanged for
1.5 months after the end of 4PB therapy but gradually
returned to values almost equal to those before his enroll-
ment in this intervention study. Four months after the cho-
lestatic attack relapsed, the liver tests and pruritus
spontaneously improved (Fig.4). No severe side-effects
were observed during or after 4PB therapy. The administra-
tion of the original drugs, UDCA and fat-soluble vitamins,
was maintained during and after the course of 4PB
treatment.

DISCUSSION

LL OF THE treatments currently available for the cho-
lestatic episodes in BRIC patients are symptomatic
therapy because the mechanism responsible for the
intrahepatic cholestasis during the attacks is poorly

understood. Therefore, the development of a new
mechanism-based medical therapy for this disease is
highly desirable. Here, we provide the first direct clinical
evidence that a patient with BRIC2, a subtype of BRIC
caused by mutations in ABCB11 that encodes BSEP, pre-
sented with impaired bile salt secretion into bile because
of lessened expression of BSEP at the hepatocanalicular
membrane (Fig. 1b, Table 1) and that 4PB therapy at
500 mg/kg per day, a clinically relevant dose used in
OTCD patients, markedly improved liver function tests
and relieved intractable itching refractory to bilirubin ab-
sorption and NBD (Fig. 4). In vitro analysis in the current
and previous studies showed that the patient harbored
two mutations, ¢.1211A>G (p.D404G) and ¢.1331T>C
(p.-V444A), both of which decreased the cell surface expres-
sion and transport function of BSEP (Fig. 2)** and that 4PB
treatment partly relieved the effect of the p.D404G muta-
tion on BSEP (Fig. 3b). Together, these suggest that 4PB is
the first mechanism-based drug that may be effective
against the cholestatic attacks in patients with BRIC2. All
BRIC2-type ABCB11 mutations that have been studied de-
crease BSEP expression at the CM, but have less impact on
the transport activity of BSEP per se (Fig. 2).”"** Therefore,
4PB therapy should be effective for the cholestatic episodes
in the majority of BRIC2 patients.

We cannot completely exclude the possibility that the
symptomatic relief in the patient was due to spontaneous
resolution rather than to the 4PB therapy. However, the
fact that the liver tests and itching score exacerbated imme-
diately after the end of the 4PB therapy and that, in gen-
eral, asymptomatic periods in BRIC patients last from
months to years® strongly suggests that 4PB therapy re-
lieved the cholestatic episode in this patient with BRIC2,
which was refractory to the medical and invasive therapy
proposed by previous studies as optional treatments for
BRIC.*7?

How the 4PB therapy improved the results of liver func-
tion tests in this study is not fully understood. We previ-
ously provided experimental evidences indicating that
4PB treatment decreased the ubiquitination of cell
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