PFIC1 DREEZWIIEDRENL ZfEMm LT
bt FEERBAR~II 77 —IIBIT S
ATPSB1 DREREFEAT

EH  KEA




GNP PO PPPP P PPPPPPPIN 3
L = SO UPPPTRRPT 5
28 = S PSP PP PP P PP 26
BB <+t eeriteeetreeeeere e e e tae e e e e tae e e e e b e eha e e e e aaeeeeteetbaeeeantraeeenbaeansesenens 29
o - 3OO PUPPTPPPT 33
PP 51
e, 66
FERRE S DBE. ..o 71
Bl R . ettt ettt ettt e et et e e eeeaan, 76
PP 94



R
ol
O

ABC: ATP binding cassette

ATP8B1: ATPase, class I, type 8B, member 1
ABCA1: ATP-binding cassette, sub-family A, member 1
ApoA1l: Apolipoprotein Al

BSA; Bovine serum albumin

BSEP: Bile salt export pump

ER: Endoplasmic reticulum

FACS: Fluorescence activated cell sorting
FSC: Forward scatter

FXR: Farnesoid X receptor

v-GTP: Gamma-glutamyl transpeptidase
HDL: High density lipoprotein

IFN-y: Interferon gamma

IL-4: Interleukin 10

IL-10: Interleukin 4

LDL: Low density lipoprotein

LXR: Liver X receptor

M-CSF: Macrophage colony stimulating factor
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MDM: Human monocyte derived macrophage
MFI: Mean fluorescence intensity

mRNA: messenger RNA

PBS: Phosphate buffered saline

PFIC: Progressive familial intrahepatic cholestasis
PS: Phosphatidylserine

qgPCR: Quantitative real time polymerase chain reaction
RCT: Reverse cholesterol transport

siRNA: Small interference RNA

SR-B1: Scavenger receptor class B member 1

SSC: Side scatter

VLDL: Very low density lipoprotein



IVATO—VDRAFTAZ A

MfglcBWNWT, abxAT7Ta—El SHRE & TR 2R T 2 8E TH

BRDOFENESS, ZEMZHE L TR Y, OWTITHRR Mz I LA

VIR T MDY Bk, 2 7 EOMRERIE., £727 7 b LR D R

TEMERNC A PEDO AN B A A > DK FE L, fifaiEz i Ly 7 ) vis

EIZBWTHEELRRENZRZL WD Z ENE B ETORIBREHHA

ENZENTWVS (1), LER-ST, aLxFa—/LOMEN. B OMEERNT

OEEHIENL. T b OEEZ IEFICRODICHFICEETH L5 Z L BHEERS

N5, EREIC, 2L AT7Te—idEasif,. EMlan g v 2 I/IZB0NTh

BHBNRESER-TEY, 2O & Mz iR d 5 72 OISR IEMER

BRENFET D (AL AT B — /LR AFRAHZ T R)(2), ZOHFT, EAICEIL

al 27 o — )LOJESE TOSEERICHB WO TR, HRss MLTZURE

VRTBIC L DEREN EE R EE A S TRBY ., — ., KA~ L AT e —

JVHEHIC I, AREEEY) T & 2 BT IR O AETH PRt 2 28 B8 2 5, Al

RO A L AT v —/VEIRBIZOWTIE, MIlaRS ok, Mldi A0 77 % Z o

ik, de novo AARFRES, MEHHEES & o FREN B A b, ThENICHFLGT
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DRF RIS N TR RE SN TE TV 5,

BHERND = L 2T o —) VBRI

KRN~D L AT B — MG E 7R 2 DIXRFICE D L ONEERD 2 ~ 3 E|
ThHO ., KNTOEABRB T~8FZEDD, ANOa L AT a—E, RS
UEY R, UVIEE., ELTTRIYRY N\ 7F LT, R IROEED Y R
ZURTEELT, Vg MEZEY, IRERH 2 xS 5, A RGH
ol Eniza b 2ATe— i, RETR ) 70k RREERIRZ -
NWIEThHHIArI e LT, Vo NELEfRm U CIFR MR S i,
KO UVRZ L NXZ7EY—E (LPL) (2Xk0 N7 U &Y RRpfEESD 2
LThHAaIzaryLhFr bR, TN TRYRZ 78 APOB4S,
APOE L SZFEROMAEAEMZ L CTHFIRICIY IAEN D, MifZedo=a Lz
T = LERRIZEB W THOHRERIZHE S B THY . VAL a L AT R
— R, AR EINTaL AT e —vE, N7 UkY NICEATCBIRERE Y
NE R 7'E (VLDL) & L THd 5 Z & T, gD & Kz~ & oild 5
&% FFo, VLDL 100 U 27U &Y KA RS M PN R MR 2 AT
9% LPL, FFERY 77U &Y KU X—8 (HTGL) 1LY pfEE=2F5H Z & T,

VLDL 2> 5 HHE Y A& 378 (IDL) AKHE Y A& 378 (LDL) &7
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08, LDLIZ7T AR U R4 )78 APOB100, APOE & LDL receptor (LDLR)
OAHAAEM 2 U CRIIIZZIRICID IAEN D 72D Kz ~D = L %
Tr—VOREIRE 22D (B), —FH T, KRN D RF R =2 L AT v — /L&)
fifi~ L WL T AR OAFET D EDRHLNE RS> TEY , ZiULELEY
W&y 'E (HDL) 12k > THDLDITWS (4), HDL 1L, Kiblgas, +7-8)
REED~ 7 07 7 —Vnb0a L 27 a— LRI E 5T 58, ZO/EM
TR, BREEAL DT AR & 2 5 MENK T TO~ 7 17 7 —rOiaRIkic
%f L CHIHIAICE K 2 & 26, HDL OFEREE(LIEHR & LTabhTn5, %
fza VAT a— VR RELISMC b, S N RIIC B\ T HDL (R SEME Y
A FHA T 2D TNFa X IL-1 12 XD a o> ICAM, VCAM & o 724

HERNFOFEEMZHHMERDHY ., 2LV BERONLM~D#EE, L

I

TEZIUTHES . N T~OBEREZVIZ<<RDEBEx6NTWD (B), &6

|2 HDL 73 Scavenger receptor B 1 (SR-B1) %4 L T endothelial NO synthase

(eNOS) Z{EMELL T NO PEAZMRT Z EbHRESNTEY, ZoRITmE

BEDFEZ & 72 b3 2 FLREILIE O —&Z#H - Tno & E2 5D (6),
VAR O KBBLZ2 BE AR AFZE CIE, i HDL = L A7 1 — LR EE R EhRE LoD U A

7 EWFHRRT 5 Z R EN TR Y | EALENTIE, = L AT v — U,

LDL 2V A7 a— U lEREWZ &5, HIE - OIMEREOGRRIK T & L THL



FFBRTWER, BUETIHE HDL =2 L 27 v —/LIfiE (< 40mg/dl) & A5

BRESEO—o2 L LTHRMENDL LI oT (7,8),

HIFAN D 2 L 2T v — L ENREH|H

2L AT B —/WEHIIIC SO T O MR B IC LD . 2 v AT r—b
B, MilaN = o=k Ay MR 250 % — k> T D (9), #lleNo =
VAT — VEEMRT 572010, MlaNOa L AT e — gL, 20
BEld., B AR ZREO L, fHZEOT L AR R —HThR0ng

B, B IABZEL L, FHEZRO T VAR ANMETH DR, £
NEHUCE D 585 T D3 2 mRNA L~V Cillfii+ % 2 & THREIC T 2 Bk
NFET D, ER IZRFET DX X7 ETH 5 Sterol regulatory element
binding protein 2 (SREBP2) [X.ERIZEIT 5 a L AT a— &N bianigs,
SCAP LHiB L. 2BIEL LTINVIERA~LBITL, S1P, 82P &\ 5 7T T
— BRI LU EZ TENICBIT L, IERF & LTl < Z & T HMG-CoA
reductase X°, LDLR 72 EfifaN = L 27 1 — L @& & B9 8 n 1 DR G 2 (it
L. ABCAl1 72 &=L A7 m— e HICB 54 2 Bis ¥ OB I3 4 2
(10,11), Xxtic, ERICBITHalL 2T —LERL WS, SCAP D=L 25

O—)Lw T RAAL v alL AT a—LOAEICL Y, SCAP OiEELl
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23 Z Y INSIG (12 XV SCAP 237k =41, SREBP2 - SCAP - INSIG & — i
EBBELIND Z & T, TNIERAOEERIE S, BN~OBITITEZ S
72, Z O IR CEE TH Y, ERICBIT VRO L AT o —)LE
FICHINETHZ ERH LN LTS (12), Mdix= L AT m—/Loft
#WIRELTLDL 2, LDLR #/r L7 R A F— AT K DD ATe A, HL
VIAATE LDL 34— B Y — A B#lle v Y — A Lk 41, Lysosome
acid lipase IZ LV I L AT 0 — /L AT )VIFNKSREN ClFffa L AT 1 —
VLT ZOHBEA IR = R Ay Mgk IS (2), EEIREIZBWT
MfEAN D2 L AT v — /WTMEEIC > & H2<, VY Y —AZBTFHaL A
TRV EITDRNI LD ZOREITRMITON TN D Z & AHEH =
No, VY —ANn50a L A7 a—/LOlEikiZld Niemann Pick disease type
C1 (NPC1), type C2 (NPC2) 25 L TkV, ZOBRTFERIZIY VYV —AIZ
a L 27 u—/LRNEfET 5 Niemann Pick disease & 725 Z NN TNS

CEBVIAENTE 2L AT = AR EO L 912 ER IZHE S 7L, SREBP IZEA

ENDDOITONTIIARHZR R Z W (13),

VAT — )V RTFUVRAR—F—

A L AT m—/ )L OMININM@IZIZ B D2 R H1T, Bl n—=
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772 b B F A 2 T 6 6 EN TR D . Bk &
OEEN S ITEKAICHIZE &N TV 5, Niemann-pick type Cl Like 1
(NPC1L1) FfifFa v A7ue— 1%z FIF2 TSNS =EF I 72 L -
THEINDEN X 7B E UTHE S L, /NG ERGHE o Rl 7 f B 5
BL, BF, JHHHERkOa L AT e —LVORVIARIZEET DI ENHALNE
o TW% (14), ABCG5, ABCG8 iZ~T & Af~—L L THRET D h T %
N— 2 =T, MO BMAREM ., NERF A FB L, AT 1 —L
OHEHIC@ X, ZOBREXRBIZE Y Y VAT o —VEE 2D Z LN BT
W5 (15), My = L A7 v — L DSt ~OPEHITITEIZ ABCA1,ABCG1,
SR-B1 3BH5- T 5 Z LGN E 70> T D, ABCAL IIHFSEE A, /MG L
HRORKEREM, ~7 v 77—V Ea e %X 2|25 E L. Apolipoprotein Al
(ApoAl) & DI AANEM % LT, MilaN D fifast~E 2 L AT e — L 28k L,
HDL RO EZES N7 v AKR—2—TH 5 (16), KlkixicBiT D
ABCA1 OFSEEZMRIT T 5728, 2V E ChREFF RN ) » 7 T U b~ ADME
HENTWD 2, TR RS, » 7 70 b~ U RIZBW T HDL 2L A7 1
—VIREED T0%IE T35 2 &2 6 IFlgIC 31T 2 ABCAL 7 HDL JERKIZ 1T 5
FEREEEZHS>TNDEEZELbNTEY A7), /NNEFRRY ) v 2777 h~v
ZIZBWTHInd HDL =L 25 1 — LN 30%IK T4 52 &b /MEick
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7% ABCA1 OFS HLRENTND (18), E7fFlE. NEOX TNV v 7T
R~ A TIE 0% T 5 2 &b gzt 2 ABCA1 @ HDL JERRIC
ST DHFEIENEBZONTND, ERICY I/ v Ty —URRNR ) v o T
v kv 2T HDL = b 25 1o — L ORI R STV (19),

L LANG, sSHIEE#K AL AT e — L a2A8MLic~vr/n 77—V~ ADME
ENIZHER LT, 20k~ un 7 7 —UnbHEH Sz sHiE# a2 L A7 rn—/L
AN, EERIMAIEY . AFlEC Y A E . B E LTEP SN D 2 & &M
E L7, RCT 7 vtA &) EBRRIZEBWT, ABCA1 3/ v 7T v ka3l
~ru77—YEAVSEEar br—LORA L HE L CHEP~OPEH 2 D
THRERNEONTEY, KO~ 0 77— b FlE~Da L X7 o —u
HRIEIZIE, v/ r 77 —V0O ABCA1 a5 LTn5EE2 TS (20),

ABCA1 Ot MIRiF2HEEMIZ, ABCAL % 2— R4 25 ABCAI a1 DOREHE
KIBIZE D, i HDL 2 L AT n— L NREE e Lz v | BhiReE L & %8
JiE L9\ Tangler i & 72 5 Z E 0 LHfETH 5 (21-23), 2 L AT 12— /LD
HicBbH 5 ABC 7 U AR—#—L LTHH —2biFbhd0s ABCG1 T,
ABCG1 (ZEI% i, Pl 7 EIZRBLT oM, ~ 7 mn 7 7 —VIZHHBIBLL TE D,

MIN O 2 L 27 1 — VHEIRER @ < 2 & 25, RIFEELRICHE VT HDL
RTNTI VKT a2 T7 e — VR ERT5Z2 6060 E7R-T
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W5 (24), ABCG1 @/ v 7 77 h~UAMBEINR LI~ a7 7—U% AN

7ZRCT 7 v EAIZBWT, ABCAL1 / v 7 7 U hEAERICEF~Da L X T 1

—NVPEHDOBD RN A ENTWAZ Enh, 2L AT — )LOWEREIZZHE L T

WHEBEZLNTWADA (200, ABCA1 O XS ITRRN72T 787 2 — % Ffilz

Nz Enn, ABCG1iE. ABCA1 Offixic LV kSN za L AT —/L=

AT IVEARDD 7 HDL (HDLs) (2% L C, 22 L AT o —L 44 5@ & 2

HY . KA L7 HDL (HDL)OELIZEI< EE 2 b T, SR-BLIZA B

V¥ — 1T E—T I —DHILO—>THY, HDLHF DO =a L 2F5Fu—)L

DI AT, AN A L 2T 0 — L OPH OB G I ET 2@ E 03 dH 5 &

I EDPHEINTEY ., BIAPSRICI D ZORENEL2->TWDH EEZLN

TW5 (25), &5 SR-B1IZHDL O =L A5 o — LAV AT FAIC

& RIIZB W T HDL Ik L CHEH SNz L AT o — L& [mlRd 2 Bk &

HoTWBHEEZEZLNTWD (26), —H~7n1n 77— I8} 5 SR-B1L I1Z4:H

albATFu—,V% HDL IZZJETHEINH D EHTE I TWH 2, SR-B1

IAEN = VAT m— L LUV BERT L EEBREDNEDT D 2 ERME S

TWHZER, SRBI1D/ v/ 7 U~V AOY 70T 7 —VIZBWT WT =

JAD< a7 7= L TCRCT T v A TENRONRN LR END,

~ 7 77— Oiikemfl, RCT OREICE T2 & Wo =7 Xzl
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v (20),

JEHERE LT a L AT a— LAY

RCT (2 X 0 KIS A~E Sz a L AT v — i, AR TRk
(ZHEHEE & L CHE R~ PRt S 5. RN T o cholesterol 7a-hydroxylase
(CYP7ALD) 12X % 27-& FuXxi-a L 27 a— b ~OMEHE A IRHEE Gk D
WIHWEERE L 72> THB Y, ZOBREHEONRH, WAISIZ XY ARG S
%, M OFEERS THDREHERITIAT 04 REKEFEOmBBIEOFKT
=4 ThDH, FHRTOEKRET, BHFR~LHEHEND 3, ZOKEIIX
NHE CRWRIN A S, PR AT L CROFMENICERYIAENRS 27, 20
/N & AT D [ 2 T BR 9 2 BT B S PR S L 2 i@Fe o ¢, JEI R IIAE ~ D H
PR - TV D, TGV T, Bt ar AT LT 5Lt
7% —Td % Farnesoid X receptor (FXR) Z /L. REIHEE F & 04 o,
W ERERIF IS BT DI D X v e a— R4 S+ a2 LT
% (28), Fiz. FHIED S EBMALEN~O M EEOHEH X, MiafREz i LCh
VB —AF L THDLT NI U LA F 2 OO BMLE ~OBE 22T,
ZOBRIZAE UTRBEEZEL, BMIEEN~KZRA S, IR OERE) /) & 72

HIZENMBENT WD, HIZ, IHE~L WS BIL, fREtte# I v
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ThHhHEXILVA D KRaLxFa—, L&D N 7 Ut Y RS &
I BAZR L, EEICR T 2WINZRET L2 LnmbhTnd, =
DX DT EEIE, RN THERBEELZH S TWDIN, £O—JT, AT
A REHICHEIT 2 REEEER. &2 WIEBUKEOMEIZ X 0 . MIN T
BHEEZRFOZ EBHMOLNTND (29), EMITEFRHIIL, 2 b OEMEICK L
T, MEICEEND ALV AT =, AT A3 THRT7F
DA s Sk EiERA KRN, TV VA AF AT D 2 & T
LT3 (30), FMHFEOFES ., I ERS I BEfih 3 2 R & HIBR 32 &
&b, MHHENZIEFITRS, BIHIEEN 2B ORERKRZ< 2 L
X0 B EROMRENED D OB — & 2> Tn5 (30,31), Lo T
BB PG BR (2 351F 2 BEHFRs 50, AV oM B O AE R R 7y M LT 5 Z LI &
V. BHEOH LRSI, R, TM-SCEE 2GS L e
%o MV ORI ~OHR, BEIERICOVWT A D F T U AR —Z —0
BN LM > TWD, AN ~DOIY IAZEFEIL, Nat-dependent
co-transporting polypeptide (NTCP/SLC10A1) (32) & Na*JEKAFRI72 organic
anion transporting polypeptides (OATPs/SLC21A) (33) ATl & EHMALE
~DOHEHIEFRIZ B TIL, taurocholate, glycocholate & Vo 7= D FEfif % £5F
SfEVERIZE LTI Bile salt export pump (BSEP/ABCBI11) (34) . it s &
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AT BB S A O E v 2 FF O EH B2 IZ B L CTIX multidrug resistance
associated protein 2 (MRP2) (35), & ERAIIEAN~DEL Y IAAiEFE X, apical
sodium-dependent bile acid transporter (ASBT/SIC10A2) (36). 54 LRzl
25 PRI ~DPEHEFE I, organic solute transporter o (OSTo) & organic
solute transporter p (OSTB) O~Tr X A <v—|2XKDZ ERHFESINLTVD

(37,

EATHEF S TNIEH 5 o #HE 2, 3 % (PFIC2, PFIC3)

AR BRTAA (C B -7 D Wk R D ER S 2T AT 2 EEMIT, ABC R 7
Y AR—=Z =77 I ) —IZET % BSEP, ABCB4 OFERER TIZ &V | FFREN
FIETDHZ EMbHEMAL Z LN TE %, BSEP BinFOERITL DR
BERE AN 20X, EATYEREIEFNIEH 5 o HiiE 2 &Y (Progressive familial
intrahepatic cholestasis type 2; PFIC2) OFRIERIA & 72 %, PFIC2 #3& Tid,
fET A~ DR PR MR T35 720, T D ol ER SN D L & biZ, AT
PIZIE T 72 AT ER 2N £ FE T 2 72 B 2RI RERRE 234 U 18 b 2 /5 2R,
JEEHIRTNATEZE~ LT L, SEICED (38,39), ABCB4 OBIZFARIZL D
TR S, BHHA~D 7+ 27 7 F 202 OPlEME T3 55

R MR OFENEZEERT E 220 o FRIARE R ORI
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PEZIRVEFFINREH 5 o WE 3 8 (Progressive familial intrahepatic cholestasis

type 3; PFIC3) &\ 9 BIEMED R B DO RIEIZ D721’ D (40-42),

EATHERIERMERFNAEH 5 o WHE 1 5 (PFIC1)

—HTABC h 7 U AR—F—7 7 I ) — @& WViEs 1O Iz L8R
PERFANREYE 9 ol b A b TW D, EATHEREMETNAR 5 o #iE 1 3
(Progressive familial intrahepatic cholestasis type 1; PFIC1)%, LYZHIZATP
ARV S oW 2 RIE L. BRI L, AR e~C#ITL, JEICEDLRET
H Y. PFIC2 LIFFICLIEREZRT Z LA MbNA TN D (43,44), PFICL 1%
P4-type ATPase 7 7 X U —I|ZJ@ 3 5 ATP8B1 Di&En 2 ENFEK TH 5 M3,
ATPSB1 HEIIMAH LAY N TV AR—F =TIV EZEZLNTND
(45), P4-type ATPase 7 7 X U—I37 2 / U VIRHE % N5 O MFa Ml A
AR EM OB~ LT 57V v R—BIE AT RS NV B a— R
THHEBTHEEZLNTEY, TOEHICL Y| IFE ERONMEICE
LDVUEE, avATe—)b A7 rAIx ) U EIEE OIERIPRRELE D
REFIZH G L TWD EHEE STV D (46), ATP8B1 i3 BSEP, ABCB4 & A
RIS, ITEEMROBMHLEMBEICREE L TWD 2 ERHEIILTWV DN,

ATP8B1 #EHEXRIE~ 7 A DIHH sy DT Tl BAM <~ 7 X TIER 20
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THARTFFUALE Y CBRIMSH, EREHTOa L 2T o — LRSS

(47, LT, HEXT 7 LT BSEP OMHEZ i3 5% ICB W T, O L A

Fu— A REABT 5 & BSEP OB F25E 2 % L\ 5 i (48) 28 &hT

BV, Wb ZzEhE T, ATP8B1 OEREREIC LY | NEHE ~HIEOHEFME

PRI, VAT r— Vg R ED L, HEEIZ BSEP OBREME T 5

Z L TIHAEH S o R ERE IS WO ERBIRE STV D (49), — /T,

ATP8B1 OFKREXRHEIZ LV, FXR DX T LF 2 L—I 3 ENBITOHNH

PEEZ % ZE T, FXR (&0 B REIH#E 2521 T % BSEP OFHIKT,

ASBT OREBEANBKEZ D LN HMD 7 N —T N BRESN TN D)

(50). B A W2 RNA T2 L 5 ATP8B1 o/ v 7 X7 iz kb . FXR

DI B ALCTEHEAL ORI R b enwz & (51), ATP8B1 HRERIE~ 7 &

WCBWTRERICEEN R bW & (52), PFIC1 BEORFHEMRICB VT

BSEP O EF BB FIENRONDIGEAERHHZ L (53) PO HEEMIZR B

TWwW5, PFIC1 @& Tk, HEITE< Wb DD, g ORER & L THfi%k,

g . BERE NSRS SN TEHEY . 26X PFIC2 BETITZA LTV AW (54),

ZHX, ATPSB1 1 HEGHNIC 2 B X RZHBLTH X NI ETHHZ &b,

FNEERIZ BT 5D ATPSB1 OMSEERIEIZ L DD EEZ BN TWD, HEFEIZ DU

TiX ATP8B1 OZERIC LV | EITHTIIARWARIERNRBT 9 o2 215
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BRIC1 ¥, 72 ATP8B1 OERERI~ 7 2 ITB W T, & OIRE & #R IR 2
DB I NEORBHRNEEL T0D 2 ENEEINTRBY ., ATPSBI
NEEBMIBOMERICEETHDL Z ENFRBENTVDS (B5), LLARBS
ATP8B1 DA FHIREREDS I LN E 2o TE LT, ZENENDIERN E

DEICLTEIEHISNDDD, 531 A=A LIRBHTH D,

FAR - LRBIDEN 5 o #fiz B 1T 5 PFIC D&

S2125k 7= PFIC1, PFIC2. PFIC3|2/nx. #i/ER - FLIRHNCAEIF 5 - %
FIET DB B EH I S TR Y . WU RBE T OREIIT NS %
FHNZ2Wr - R0 2 ENEHETH D, MKRELD . T O, E
Bryrey, AST/ALT (oW CRIEA A b, BMERRTEIC LV HEO R
DL B2 WG EIZ PFIC 285040, & B I Ifify-GTP iEE D &\ 35 723 PFICS,
EFETH 254G PFICL, PFIC2 OR[N E 2 bivd, Ll ZDOEEREIZE
WTIE, ZOMOEBORREMELZEZ LN, S HRLIMEIMTHOIL T
Do FFAEMRYT 7 V& Az, iRERRAEIL, PFIC &Mk R 2 &7
flDPRE L 2 XHT 5 DIZHETH S, PFIC3 %V &2 v, ATk OBIZE
7B BHTE bR O B Sz 554 PFICS OREWE L W sRE v . Alagille i

BEC, FEIOMERRHESE . al-antitrypsin KIBIEZR EORREMEZ RS Z LMW TE 5
18



(56), L22L 7228 5 PFIC1 & PFIC2 (21T & < L7 Stk 2773 TJP2, BAAT

RIPERE, BEOMAETITHRTERWRELFET LD (67, £ I THE

DEALELFOEW TH D F ™7 E OB 2 G L0 i~ 5 Tk

LATRY, BABALNLRVWES, A%EIRFORRICE > THRIAENEF L

SWHHLTWAZ LAHERT A ENTESD, 1272 Lar b — L& EEIZE

NI, B EE I BT SRR D Lo, ZERIC X D RO 0

T AEAITENTERNZ ENLHRETRY, LED Xl ELR T, &
B PFIC i< b DA%, MEBZWIZED 72D KM ML A MmER) S &

J 5EFELL PFIC 0% S{El{E T ORI ZMITT 5 2 L1272 %, PFICL, 2,

3 DEENER T CThD ATPSBI. BSEP, ABCB4 3% E# 28 D= Vv

MO DTeD, TNENDT Y Y o Z2tke 774 ~—1& v FTPCRIZL Y HE

LU 72EY) DY IR 2 fiffT 45 Z & C, SBIn Oy V2, Fl-id=r V-

A by OEREBICOVWTEROARAZFTINL N TED, £ LT,

WrofER., BEIRESNTAT TA4 2 U TITHEORER, FRERbZ &

N

PDIHEOREC, BROMWENOHLNREN (ZL—Lv 7 b, TV R)
ICBWTERNFE, HDHWVITEE~T v CRE SN HEILHEZRNICES
ZLERD, LLROELETHITIC L > TOZWNEE R 7 — 2B FET

5 (ZHUZHOWTIEF@RmIZB N CRLIR T 5),
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P4-type ATPase 7 7 I U — DAFRZEA#ER

P4-type ATPase 7 7 S U —iIT7 I VU VFEDO 7 Y v X—EBTHDH T L b,
fRE —HROMEE 2 Z bS5 Z LI L » Thix efliflaféte 2 o Cnp Z &
DR BSCEERE 2 W EIC LV RIB S LTV D (B8), D H T bR /Na
WL ~DBEGRH LN > T D, BERZHWZHIZETIZ, =D OB F%
RKBPLTHIEICELRWGE, b —DOBETFZFRFICRIASEL Z LT,
FEIZE LD E D a5, AREBFEEZ MW FIENG . ERErIZBE
HBETHEAZ Y —=2 T ERTW5, T LY | BEREO P4-type ATPase T
&» 7%, DRS2 X° NEO1 & ORHEE - & L ThHIT b bR I3~ 2k
N/NEE IR D 2838 £ (59), T DEEFER DR AT N5 |
T RY A h—=T R IATERNDED55UW, ER D IV IR~/ Malfink e &
i 2 DEGERIE~DOBRENRRIN TS (49), 78R P4-type ATPase
T 5 TAT-1 OFERERIEIZ X 0 AMAMEIC 3B & 7= & b Transferrin receptor,
t h GLUTL OV H A2 U IRAEISND Z ERMESATHS (60), ML
D P4-type ATPase (ZOWWTH | Mt NiEO LN TETBY, 7 U vy—
BIEME & EAUTHE S MRBERED U > 7 B il ST 4, Caco-2 #fifig
AWz ATPSB1 OEFR / v 7 X0 U HIETIE, 7 B A VBRI 585K

DR UINTEDRT T 4 oF U TICERENR LT, RERRoNDZ



N BITRPER S D Z LD IMIEED TR AICIEFE L TV T, 2 O
DD E NI BITHBENE TV D EHEEINL TS (61,62), ATP8AL X
ATP8B1 & [FkE. T D P4-type ATPase D—2>Th DN, VA 27U r=x
VRV —AEHIRBEIZRE L, TA AT 7 F NI ) —)LT 2 DR AR
RS2 8, ELTED/ v I7 X4y AZKY | MililEEsTHlisns 2 &
MEEINTND 63), 7A A7 7Tt D7V v R—BIEMEAH S
£ 7o TN D ATPIIC IZ DWW T RIMERDILREHERFIZH B LTV D 2 & (64),
B Mo bicB 592 2 & (65,66), T LTI AR M=V ADBIIHREISND Z
ETT7H A7 7 F Ut oMl ERET 22 L (67) 7L Bk 2
FMSBE~DE IR ENTE TS, 6D Z &b, Pd-type ATPase 73,
TV o R—=BEREROZ LI VMAEO S A T I 7 XCHFELTNWD 2 L

PMAA %

~/uT7y7—VORR, BT T

HHEORIEEAINL 2> DIFERICA - T HEKIE, MAEPEC PRI L, ARk~

BiTT AL L bicv Ty — UMbt 5, v/ u 7y — DI AR

WTRRDLRENZH->TND Z &b, BHIZFHREMLOENTHEN RS

THEY, ZREVEME (B), 72707 (B, i~ 2 a7 57— 0,
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FERRER (REGHERD. 27 v v —flle () R ERARDAFTTHEIN TN D, v 27 1

25

77— VI ARGEICB W THEEREE A H - TR | MRS ERYOBRE,
PURIRR, T LTCT A P =Y AL ACHMEOREE T, RIEOHIIIN b REHE
TG LTV DA, RIEDOK BRI T, B2 E, Mgtk oZ &
NG~ 7 a7y — DI AR E A FAOBREEITS U OBEBREAR R EL
WHEZ ST D ERHALNE RS TETWS, £z, A URIENIZE N
THb, BB E2FoTa~/n 77—V RNEFEAELTVWDLZ b,
heterogeneous 72 MifBEH TH 5 LA LN TEY  FMHE-EE2HETH~/u 77
— VR HMET L0, BESLRETURDOENNO T T A TSI TE
7= (68), T L TEZDIFWMICEY, BV T XA TOWEEESTHZ L0 G
NEleoTETEY, Z OB polarization (FREIE(L) &9 REBH VS
N5, ¥z, H<BHF3EE L, LPS X° IFN-y & W o 72 K v itk L,
PAENTHF U CTHRAER @ < PR 2 5> 7 % A 7% classically activated, M1
YT H AT LR, T4, TL-13 12 & o TR L, RIEIS 5 L CHnil o128 <
ME % Ff>9 7 % A 7 % alternatively activated, M2 %7 % A 7 L FES (69),
M1H 75247 M2Y T LA TDENE LTETONDLDIINO DEETH D,
M1 Tidinducible NO synthase GNOS) 23#5E S 41 . NO ZFEAET 2 DIt L,
M2 Tl arginase DNFFE S, NO FEEICKMERT A= 2RET 5720
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NO FEA 124 S5, F 72 M1 %7 % £ 713 reactive oxygen species (ROS)
PEAEDIER TH Y, NO L HCEwmEE R0 1 & LT, ARIMAED DREIZET S
LTV, M1 %7 XA S DRIEOER, B OHEBRIEBRE TIX, JEFE O
HIEELTLE IO, RIEOKSS & ILIC, MHOBENLEL LB, 22

TM2 VT XA TOMRENEEL 25, M2 V7 % A FI3HMERE I T 5T 5k

“

HEZEREIR D Y5 - /3 b 27584 5 TGF-B. PDGF <°, M #HAEZiHE T 5 VFGF
o L, HAHAR ORI, Miast~ U > 7 2O S OREIZEH TV D
(70,70, F1iEFE M2~/ 07 7 —V L LTHRA LN TW YT XA TD O 5|
PMRIET A R A ThD IL-10 RFEE a/LF a1 N2 XY i ersFEash
DY T ZATIZONTIE, BARDMEERSZ LG, IL-4, IL-13 12 X 0 ik
b 2972 A 7% M2a, IL-10, #EE 2 /LVF a4 R X0 ifbd 507 24
7% Regulatory, M2c 7 4% A 7 & LI= BB I, EELDOOHDHDON
B TH D (72, M2a %7 % A 7% Fluid-phase = F¥ A h—> 2, <~/
— 2R EN LI R A b= 23 E T (73), MHC class 1T % & 568
TLHLZENG, MVAALLETRZRER T OHEEZH-TEBY, 77 I A b—
VATIEBREINRWEAEAROHFRERICHEEG LTS, —HTM2e U744

TIE I b ORE, MHC class I OFIIIMA S TWDH, M2 7 7147
Fr Bt )72 fe & L CIXT AR F =3 A D 7 7 9 A4 b= 2R3 H D (74), =
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DEEREIZ K > T, M2c 47 % A FNIRIEDKFKERFIZ, 7R b— A L7ZH M
Bl GFpER) ZleMe 7 7 YA b= A LT, HOHFICHT DB
FEHELTWD, EBRIZ, TR M=V 2RO 7 7 TY A b — REEOEFITH
AN ZRAL LTHLME 2572 LXRa/f. PPARSE: / v 77U kL=~

U AL, HOSMEWMOREEZRIET S5 Z E2URSNTWD (75,76),

a7y —I% T F AT OO HIHE

WAEAL ORI EICF LB, A UL DRI LV FHFES N
%o M1 7 % A4 7 OMAL 229 IFN-yIZ, IFN-ySZ FIRICHES T 5 & JAKL,
JAK2 28U 7 )b— k&4, STAT1 # U U fefb 25 2 & TENBITZMIRL, U
feft STAT1 235K+ & U THEEET 5 2 & T, M kI E R B s T OB %
FHETDH, ETROIERTFTHD IRF OBERNBITHLILZ 5 Z LML T
%o 77 Lt E M aEES R O A5y T d % Lipopolysaccharide, LPS & M1
~OWEAL & 7559 % A3, 12 Toll like receptor 4 (TLR4) (2 X > TRAFEIND
Z & T, MyD88, TIRAP %4/ L T 7 FMaiES L, NF«B, AP-1, IRF
EWV O TCHRB R FRENTEM LT 52 & T, B rREOHFMEIDITHON D,
GM-CSF & M1 kD7 = /) 4 A T aFH T HHF L LTEALND LT -

T&ETW5H7A, STAT5, NF-«kB, IRF ZiEMfbs¥ 5 Z & 006, IFN-y . LPS
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FE LRI CnD, — T, M2a 7% A7, M2c %7 %A 7 DAt %
4% IL-4, IL-10 1%, IFN-y & R H64% (JAK-STAT pathway) TEiLZi
G KA 2 TEMAL S8 5, IL-4 13 STAT6, IL-10 i% STATS Z{EMfb S8, 4%
Y75 A AR IRBIR FRBAFHET 2, BHEa LT aA N IL-10 &Rk
M2 V72 A THFET LR T ThHDHN, AT 02— /VEREROIREMED R

ST Ch DI, MlaRE RS I CER L, BNZREEKTHLIEEa VT a4

RZEEDOY T FE LTER L, IRIECH < Blor oG 2#ET 5, £

Ry

M2a, M2c %72 A FRPRIEDOY 7 H A4 7L LTIRZABNDLFTLLE LT,

IL-4 . IL-10 DERIC X Y Jelci L M1 37 % 4 F okt ¢ 54 % IL-1.

IL-6, IL-12 DO RIEMET A A o Z2IflS D Z EnzEiFonsd, 20 X9

‘F"

2. WAL ORRE TIXFEEG RN FIC L 2B FRIOFHEE, MfLy A5y
D LICk Y BV T XA TR IRMEEERNATREIC R > T D (T7),
512, BRERFIZ X 28 FRIGE O 72 63, xR BRE T OMHIE %

YT EA T OMMHACIZTEEL TWDHZ EREFHLNER->TETEBY, 20

& LT miRNA IZ & 5 mRNA OFERE (78,79) . £ A hr DA F 1L -

72 FALHNC X % epigenetic 72 E n A BLHIE (80) I B,
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2E

HEATHEFIEMEFNAEH 5 o WHE 1 8, 2 B (PFIC1. 2) I EFLE#2 6 FNE
H o oW aRIE L, &7 CEEMN L CloFAe~ & L F AR EOER
PR TH 5, PFICL, PFIC2 [FAERMEEEIL TRV . BRIRPT RILESEIL T
D05, TRROBFRETIIERDBO b, FITBHEO PENRE SRR D, 2
I E TIZ PFIC2 T PEMMERERL TH 5D DITxt L, PFICT CTIIABIAER % A3
EARE IZRR D DAL, BRI OMEEEIE~LEEDL Z EBHALMNE RS TE TN,
Z ZCHEYIRIGR T 2 ETE D L 9. PFICL, PFIC2 % RHIZHERIT %4
ELNRBH LN, ENENOEMEEFThDH ATPSBI. ABCBI11 (BSEP) O% =~
7 VEBN DN 2T > CTh, W7 LVICHK & LTI SRR AR E T
BROFEFI L A bR RE— X —HIRICE T A A RIC L D mRNA &
DWIPPBESIND X ORI —AbAOND, TDTD, Bin T EM Tl
PFIC BlOERNC A+ TH D, £ Z TAMIETIX, B TEW THDHZ 3T
EHEREDOFHM S, XV EHEERRRRORFEIC RN D & B X, ATP8B1 D41
PERERTAM 2 ~— 2 & L7z PFIC1 ORZWEOHELZ HigE L=, ATP8B1 #°
BSEP L H7a0  FIRLSMZ b HETHZ LICEB L, b MRrs oL

FHMERICB T DB L LIZE 24, HERiik~27 n 77— (MDM) (28
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WTORFEHPHER STz, =2 TATPS8B1 OXKHHICE Y MDM TR 6D 7
= ) ZATERRL, TOFBIC Lo TR2kiarlct 222 L. £F
siRNA |2 X W ATPS8B1 %/ v 7 #w7 > L7= MDM, #%7- PFIC1 &% MDM I

BB H 7 EHEH % Western blotting (IC L VM L7=& 2 A, MDM O
THA TRRN e~ — D —ORBEIZEH N RN, £, FT—0RRS
MDM [#liZ#1T 5 ATP8B1 DI B &EZAHE) & M2e 7 % A 7~ —7%—CD163 ®
FHEEOHEEZ M L2 &b, ATP8B1 28 M2c 7 % A 1@ EBLL TE

v . ATP8B1 787 L 72 PFIC1 % MDM Tld M2c %7 % A T HD 7 Z
EERALMNE LT, 22T, IL-10 BRIZ XY M2c B 7 ¥ A F~DfpiEAb %23
G352 LT, ATP8BlL KO T = /) XA THREDKREABND 2 & & HifF
LT, ATPSB1 ®/ v 7 X7 > FTIL-10 LHEZFTV, M2c Y7 & A 7 ~Dfi
PEALDORRE 2, M2c ~— W —OFB, 7R M= ZfildD”7 7 T A F— R
BE. MIRROTERE L VD 3 4KIC DWW T FACS #HVWTHET 2L Lz, 2D
fEd. ATP8B1 / v 7 ¥ FIZBWT, M2c v— U —Tdh 5 CD163, CD14
DOFBENPKE KT LA (CD163: 75%, CD14: 53%), — 7T CD16 O3
BICEEIIR N L, TR b= AMlaO 7 7 YA b—T AL IL-10
B XV EFICHEEIN TS Z EDRH LN E RS T, HRIC M2e 7 4
AT ~DBHEAREZ > TWNDHEZZBHILDH CDI6hish A2 L — 3 D
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ATP8B1 / v 7 ¥ 7 N X DMlaERE D ZLIC >V TR L7 & 2 A, SSCE

PAEZEICELS 25 ZEPBE S, ZHIBEMREROBR L ST 52 &N

BN o7-, ATPSBL @/ w7 X FTO IL-10 LB K Ronh=Z

N7 ) 247, PFICI BE MDM ICBWTHERRICBIZ SN, 209

b EVHRSEREOFHIL, FENES TH 5 Z & PFIC1 & £ DM ORER T,

K2 BEREOENROND Z L, BAME#I SN L (32 hr— L H O

CV fa: 14%), WIEMEAAEMEE L TRHECTE 2 2 &b, Zlrd LTHN SIS

I +07%7 2 ) 24T THDHEEZ LT,
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i

HATHEF RPN AT 5 > #E PFIC (Progressive familial intrahepatic
cholestasis) (FFLVEHI LV TR 5 oW 250 L, BENE TIOFRe~t £
HIBEMEB TH 5, PFIC X, WYAEEEOBEHKKTH Y | oA
(3 50,000 7% 100,000 (2 1 AFREE L HEE SN TV D, £ DOFEAEEIR T DE
& v PFIC1,PFIC2, PFIC3 IZ /3 fH &S 4L, £ E i ATPS8B1. ABCBI11 (BSEP).
ABCB4 (MDR3) WEATBEIE L LTRIESNTEY , 20X b IFRE
AR O F BB ERIEIC BB T D N T o AR—F—Th s ATP8B1, BSEP,
ABCB4 (MDR3) #=2— RLTC\% (38), PFIC i, AW HEZ BT 5 EHF
OHT, MEHRAE LY MEPESEE UL RIEYFEREE O SE AR, i
WESFER N B D | B ERRAIC LV IEEC DR BN G E LD
D8, & BIZMiEy-GTP &l T H L PFICS, 1E#{E/MEE THhiE, PFICI,
PFIC2 2355 Z LiZ7e %, PFIC1 & PFIC2 1%, FIEN HIRHEN & 5 R
EATT2ETOM., FERSCHBMAM TOZEN LSS, BRI Z KIS Lz 5

DOERNIHEETH D (54),

L LERSZEOEREICHT AL AR R IREL ALY . BHICHREZH

~E#E 25 Z L%, PFICL, PFIC2 Oiit) e i st # kg4 2 ECEHETH 5,
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MWFRETIIINE T, REFEV A 7 VEFIERFKIE TH 5 4-phenylbutyrate
(4PB) 2MEV-FEEEM kT v AR —% —Th %5 BSEP Oz 23l &%s
ERASELZLERHLTEY, TOWRBHIREFGET D720, PFIC2 BHIC
*9 D RBAIERIRRIR 21T o 7o #5%. BSEP ORBLENME T T H2EREZ AT D
PFIC2 HZ 2RV T, 4PB# 512k v . BSEP ORIBENMOMICEIE T S &

EBIT, TR S oA dEE L, FREESBBIND Z 2P one LTE
7= (81-83), —J7 T PFIC1 IZBW\ T, ATP8B1 O#HEXRIEIZL W, BSEP O
FRIKTFAEZ D ENRBAD =L L LTIRESLCWEZ Evh, 4PB A
RINT D ATREMEN S 2 LA, BRRBR O R, B OB &S h -2
JFNABH 9 SRR OSEIZ R bz o 7z (84), F£7-, PFIC1, PFIC2 I3Af
ReE~L EBDLANIFBEI R S, BUEE CIZE OEFRENEFI LT
TW5 2, PFIC2 BF IR % RAF Ch D DIk L, PFICL BEIIBMHEAT

(ZHERGMERF R A RIE L, IFEAE~NEED Z R LN L5 TE 2 (85-87),

ZZTCHEEZK~EEDL DT, BIETFEIIOENTIZCEY, ZNENOEMTE
BARFCTh D ATP8BI, ABCBI1I1 \ZJRIR & 72 5B ROFENRFT SN D03, W
HEBRGTFICERPELONORWGE, FHOT LIVZDBRERIRB SN
B FHOERNFEE S, TOEBRRNTHLILEARENEZLEBD LD

o, BT LLHEEBERNICESRWORILRTH D, FFICHBIEFICZERDFE
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EENR2WEEFIT . PFIC W & L CEIETFREZZITZEEZED S H 30%I12 15
ZERMESNTEY (88) . TOMOEEEEFOFEL RBEIN TS, =
DX 9 725 LV  PFIC1,PFIC2 & BB E DB 1Y Th H ATPSBI,

BSEP D38l &, ez BEMRE ORI 2 TIENLEL SATND

BSEP (X ABC N7 U AR—F—7 7 IV —IZB L., ZORBUINIFFEMIED
BRI IRR LT 0 . REIE 2 Ml PN 7 & B0 A AR R~ % 3~ 2 1B
AT D, BHEENRICIT HRBENEFICEHN L6, FERIC

BoNTBRIEN D, IR Z/ER L, 1 BSEP Hiikz W\ Tt sr 55 2
CIZRY, HERTAHAZENTE, AR ALNARWEE, BAIBERIEEICE
J B REICRE N RSN DHAIZ PFIC2 TH D LR <D (89) , —F T,
ATP8B1 & FEMIHEMBEIZHREL ST 5 Z LML TWDH A, £ ORBEITIK
<L YA K Y ATP8B1 ORBLOFE « (EL R TEDIELEDRKEDH
5 EBCRITHESL S LT WV, F72, ATP8B1 (37 XV U UFEDO 7 U v /3—
L L THR EI TS Patype ATPase 77 X U —IZE L, 2L T2, IFE
THEEOMMBEANMUD T+ 2T 7 F Ot Y v (PS) YA YA~ S
7Yy N—=BIERE AT DI EPMEINTE (90,91) A3, ATP8B1 % &%
B9 % Caco-2 MifiZi W T ATP8B1 %/ v 7 XU LTH, Ml PSDO 7V

I R —VIEMICE BN W & (62) <P, \EIRHZAICBWNTHE PSO 7Y vox
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—BEHIIRE ST, ZRETITHRE SN TR T+ AT 7 FVa
Jr (PC) o7 U v/ —EEERRE SN & (92) BilE SN TEY | BIfE
THiEmDRHPK SN TNDLDONEKRTH D, ZD &5 7REEH) 6 PFICT ©
ERIDT=H, ATP8BL O 7 U v X—BIHMHEA H & BFERENDHEET 25 Z & 1X
N#fETHDHEEZBND,

ABFIECIE, RRMEEREZ ML SED 2 L THLNDLHEkEk~7 17 7 —
¥ (MDM) OH T, FIRIEERZH I V7 X2 A4 7 Th D M2 7 % A 7120
TATP8Bl W@EHBTHZ L2 AM L2 LD, M2c 7 & A 7 ~tfb %
P8 L7 MDM (23T ATP8B1 RIEIZ LY o d 7 =/ %4 7 PFICL
DZWi~——E L THWAZENRTELLEWIREE S & IR ZIT o T2,
Z DGR, ATP8B1 KIIC XV IL-10 I K 5 M2c V7 & A 7T~ Dl b3
EFICEISRNWI &, BMERENERT 2 22608 L, RV
HEREIIMERES THDH Z L. £ LTHIE LicHaxtHiEn b PFIC1 O WA alhg

ThHLZ b, ZHi~——L LTAMNTHL LEX BN,
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PFIC 8% L t M

AWFEIARFOMEEZE RS, ROSEFRKEEICK T 2 mMEEZERIT X0 AR
EZITTEBY, BA-A—ADA T x—L K- arkrbobe e MRfED
et 21T, invitro DFEBRIZE L7, =2 b o — UKD EZZ T 5 I2H T
ST, FFEEDREZF D, PFIC AV, 20 mELTORBEE R L L
oo BE (MIEEHEE Y Ve AR L) RIEH R B A R OSEFEER 5 2 — 7,
MiEy-GTP & L5, BEPASHFT Lo H S0y PFIC SV 0 BE O 4 h»
5 Wizard® Genomic DNA Purification Kit (Promega) (2 XY %7/ A&t L,
BigDye® Direct Cycle Sequencing Kit (Applied Biosystems) & %358/)727 5
A ~—%M\T, ABCBI11 k()N ATP8BI D% 27T~V & x 7Y v —A |
7 B SRR A e (T A BEIE L Sequence A fif#T L 7=, ATPSB113 AF038007,
BSEP1Z NM_003742 % Reference sequence & LTl L, 7 L /LIZZEE2 3
FEIN7=%6E. BEC PFIC OFKE L7050 2 s S Tuniuid PFICT,
PFIC2 ZNEIICOWTHEERZWI & LTz, —HESR L EROXBNIT —H <
— Z (www.ncbi.nlm.nih.gov) % & &1 To72, —#DHBE TIT AR EZITV,

gl 317 5 BSEP, ATP8B1 OF 8l & % Western blotting | X W fi~XTHEY |
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ZOFER D EDBENTON, KFK: Table 1. IZ&EH Pt. 1 ~ 9 IZFE LT
ATP8B1. BSEP DERFAN Z R LTz, Pt. 9 IZ oW TidkEim Wik s LTo
HHAMEIZOWT) ITBWCEEMZ LR L7z, Genome sequencing (ZH V7= & 1E

FrD7 7 A ~—%LL R D Table. A (2R,

Table. A Primer sets for genome sequencing

Primer sets for ATP8B1
Exon Forward primer 5' to 3' Reverse primer 5' to 3'
2a tgtaaaacgacggccagtccatgecaggeagtattcaac caggaaacagctatgaccctgctteectgttgactegg
2b tgtaaaacgacggccagttcagectaatgacgaagtgg caggaaacagctatgaccatcatctttggcacgtgtgg
3 tgtaaaacgacggccagtgggatggaggtttaggactt caggaaacagctatgaccaggcaggtgtagcatgaagg
4 tgtaaaacgacggccagtttgtcactgtaagetgtggg caggaaacagctatgaccctacagcttaaatgttatcgag
5+6 tgtaaaacgacggccagttggacacacacataagecect caggaaacagctatgaccgaatgtgtttctaggecagag
T+8 tgtaaaacgacggccagtgeattttctectgtgacttge caggaaacagctatgaccagecgtetggtccacaatge
9 tgtaaaacgacggccagtgettcatgtccaggtatgge caggaaacagctatgacccaataggaattgaaccaage
1 0 tgtaaaacgacggccagtgttgecttggttcaattecta caggaaacagctatgaccaggacagaaaagcaatccce
11 tgtaaaacgacggccagttggtgagetagtgaattgat caggaaacagctatgaccatgagagatctactgagatg
12a tgtaaaacgacggccagtggttggaaatccatecttcag caggaaacagctatgacctgtategtcettetecatea
1 2b tgtaaaacgacggccagtttattgggaagcacaggtgg caggaaacagctatgaccatgttgggagaaggtacaac
1 3 tgtaaaacgacggccagttatcgagcetctctacggaaa caggaaacagctatgaccaggagacaggctatagtcca
14 tgtaaaacgacggccagtagectgtccaggeecgtatat caggaaacagctatgaccggcaacgaaagagtctteece
15a tgtaaaacgacggccagtaccttgectttgaagaaaagtt caggaaacagctatgacctgtcgtacttctggetet
1 5b tgtaaaacgacggccagtgectgatgggaagettgeatt caggaaacagctatgaccaacctggtctctaatgectg
1 6 a tgtaaaacgacggccagtagcagaggcectcaacaatga caggaaacagctatgaccgcaagaacattgtaagtce
1 6b tgtaaaacgacggccagtgacccagaacaccatcac caggaaacagctatgaccgggcacaagcaacatctaaa
17 tgtaaaacgacggccagttgagecgatactgaactgetge caggaaacagctatgacccagacagcatcagagagtaag
18a tgtaaaacgacggccagtctattetttgecattggtggatt caggaaacagctatgacctttatccagagettegteee
1 8b tgtaaaacgacggccagtcectatgectttgetacaag caggaaacagctatgacctaaccttcttccattgtgee
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19 tgtaaaacgacggccagtacatggecagectteectgtt caggaaacagctatgaccgcaaaggaaacggcagctat
20 tgtaaaacgacggccagtcagcaggaatgacatttgac caggaaacagctatgacccccaagtgacacatcgtaac
21 tgtaaaacgacggccagttctcagagtcaagggectat caggaaacagctatgaccggcagttaacatgtgaaage
292a tgtaaaacgacggccagtatcttggaatggtactectg caggaaacagctatgaccgatgactgegetgeacte
2 2b tgtaaaacgacggccagtagcageggecagaaaaactttg caggaaacagctatgaccagcacgttgggectcactg
23a tgtaaaacgacggccagtgttttgectcaacaateggt caggaaacagctatgacctatcgtaggaacttgcacatce
2 3b tgtaaaacgacggccagtagaggcetactgetggtgeat caggaaacagctatgaccgtaaggagacacagccccaa
24 tgtaaaacgacggccagtctttgttggtgacatggage caggaaacagctatgaccacgtttgettgggacttete
25 tgtaaaacgacggccagttatctetgactgetttgace caggaaacagctatgaccgacactgaatacggecaatg
26 tgtaaaacgacggccagtcteccccaaaatgagtgetet caggaaacagctatgacccactgtgcccagecatteca
27 tgtaaaacgacggccagtccacacctggegaaatatta caggaaacagctatgaccacgctttggtttectgtgagg
28a tgtaaaacgacggccagtatectcectggtgtggatet caggaaacagctatgacccgatggecatcaageggegag
28b tgtaaaacgacggccagtggetacgeggaccteatcete caggaaacagctatgacccacacaaagtcctgagagte
Primer sets for BSEP
Exon Forward primer 5' to 3' Reverse primer 5' to 3'
1 tgtaaaacgacggccagtecactetgeteaatttgeete caggaaacagctatgacctgtgaaatcattaatgeatectgtaag
2 tgtaaaacgacggecagtttgttetttegtttggetactttg caggaaacagctatgaccccttgaaacttgaccagettgtee
3 tgtaaaacgacggecagtttaatgactgegttgeattttgte caggaaacagctatgaccctctgetttgtgectttgatatg
4 tgtaaaacgacggcecagtetcataaaateaccacctagggag caggaaacagctatgacccactccectcatgatctaaacaat
5 tgtaaaacgacggccagtagtaactaaattaagtagtectee caggaaacagctatgaccgecagtaaaatecectctatacat
6 tgtaaaacgacggccagttccacaaatgtaatetetggtgge caggaaacagctatgaccgtggcaacacattgcatctcattg
7 tgtaaaacgacggccagteccecttttetcaactgttgtattg caggaaacagctatgaccgccatgccacatatgaaageccaa
8 tgtaaaacgacggccagtggaaagactgagactttcagcaagata caggaaacagctatgaccctgtttatgaaggeaaatgtette
9 tgtaaaacgacggeeagtectgteaatgatgttacagtgagaate caggaaacagctatgacccctcttgaacaagtacttectetg
10 tgtaaaacgacggccagttttttcteectgaagetgetetgtgtt caggaaacagctatgacccttgtttccacagacagactecata
11 tgtaaaacgacggecagtctgataactetetgegttaacatgga caggaaacagctatgaccaactttaaggtaaattcttcaggagtt
12 tgtaaaacgacggccagtacaatttgaattgagttgtgeate caggaaacagctatgaccgaaaatgagcaatttgtggttatg
138 tgtaaaacgacggccagtcacaaageatetgeacetgtagee caggaaacagctatgaccgtttgatcaatatactgccatttg
14 tgtaaaacgacggccagttgtttccattagaatcttattggecte caggaaacagctatgaccttcagatgaaaggaaacactcatggta
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15 tgtaaaacgacggccagtagaggaatatttacacageecagt caggaaacagctatgaccgcacaageatttecacatggacctgta
16 tgtaaaacgacggecagttcagtgteagetetgtetcacagt caggaaacagctatgaccaaccgtaaagcactatagacatt
17 tgtaaaacgacggccagtgaattetacttggatatggttet caggaaacagctatgaccgagatattctctgaggattaggac
18 tgtaaaacgacggccagtcttggacaccagttgatectg caggaaacagctatgacctagtctgacttgaaacactgetag
19 tgtaaaacgacggccagttcataactaatcaaactatgacte caggaaacagctatgaccgagctaaatacatgaaaacaaaga
20 tgtaaaacgacggccagttcattatcacagatecacagettac caggaaacagctatgacccatgaagagggagatgttagag
21 tgtaaaacgacggccagtatgttatttttcagtaagtgatt caggaaacagctatgacctgecaggtgattgtcagaatgetcta
29 tgtaaaacgacggccagtgactgtgtgtetgagacgggttgat caggaaacagctatgaccgtgggetgacagettecttcag
23 tgtaaaacgacggccagtccagatgatgeattctetgatttg caggaaacagctatgaccccaagettgggatggtttgetaag
24 tgtaaaacgacggecagtaagtetgaagtgacttgetcaagg caggaaacagctatgacccttatgagtgagaacatgtggtg
25 tgtaaaacgacggecagttatactttgeactttggeageatgg caggaaacagctatgaccgaagcagcaaatgactgggactgg
26 tgtaaaacgacggccagtaagcaaaccaaatgtectgeataacac caggaaacagctatgacccagattagggatgeteaacctgta
27 tgtaaaacgacggccagtttcctaagtggatttgacatecteeat caggaaacagctatgaccaatcttatattaaatcacttgetctag
28 tgtaaaacgacggecagtgeegtcaagtataggattgttattcagg caggaaacagctatgaccgetgagetgecacttgacattgg

AEIE

hM-CSF (X Peprotech fl: #300-25) X VA L7-, hIL-10, hIL-4, hIFN-y

i< Biolegend #t #571002, #574002, #57202) X Y i A L 7=, Human AB

serum /T Lonza ff #14-490E) LA L7,

Oil Red O !X Sigma Aldrich

H #00625) X VEEAL7-, Nile Red 1% WAKO # #144-08811) kv AL

7. Dexamethasone % WAKO # (#041-18861) X WA L 7=, Dil-LDL %

Biomedical Technologies I #BT-904) X V[l A L7-, Affinity purified rabbit

anti-ATP8B1 HL{KIZ bio synthesis fHIZ/ERZMKHE LEEA L7z (BWURATF R

peptide 2; 1171-1190 Cys-WPSESDKIQKHRKRLKAEEQ), & DAt D HiARILLA
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Db O % F A L7 mouse monoclonal anti-ABCA1 antibody (Abcam,
#66217), mouse anti-Na* K+ ATPase a-1 subunit antibody (Abcam, #ab7671),
anti-B-actin antibody (MP biomedicals, #69100), Alexa-labeled secondary

antibody 1342 C Molecular Probes & Y lEA L7z,

b MEERBAR~72T7 77— (MDM)

b NHERKIT EDTA2K £RILEICERIML L7 KR 755 Monocyte enrichment
cocktail (STEMCELL Technologies, #15068) % > TH EAE I EIZ LY
HEEL7-, F9RMIMIZ 50 ul/ml L% @ Monocyte enrichment cocktail % /Il x.
EREJRAIER . 20 /3 MHIRRE L, ik & % & PBS () + ImM EDTA2Na + 2%
human AB serum (Lonza, 14-490E)Z il 2 . #EEM L 7=, T %,
Ficoll-Paque PLUS (GE Healthcare Life Sciences , #17-1440-02) @ L&
J& L, =i 1200 g T 20 min 120 L7212, Ficoll J& & i 5%/ o fit i 2 [ L 72,
Z D%, IRIMEREMERR (1.7 mM Tris HC1 + 140 mM NH4CI, pH7.5) (2 X 5%
MmAEE, PBS (-) 12X % 2 [ Wash #2117V, 1572 A0 0O Ml fa B0 i BR G450
M MW T F L, Culture medium (RPMI-1640 + 10 % human AB
serum + 1 % Penstrep + 10 ng/ml M-CSF) T 0.6 x 106 cells/ml {2725 X 9 il

L C7 L — MIFERE L7z, Culture medium /% 2-3 days (2 —EA#2 L (day 3,
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6) . Assay ® 16 hour Fij (day 8) (ZiZ PBS () C—f£ wash L. Serum free
medium (RPMI + 0.02 % Fatty acid free albumin + 2.5 uM T0901317 + 10

ng/ml M-CSF) (Z23#a L7z,

b SR i i BRAH L o 45 R

b RRRYMEER, R OHERBR~ 7 77 7 —VORBHT BRd 05k b hHEER
HX~27nr 77— (MDM) ) ([ZHIL CTITV, HERHIR~ 27 17 7 — 1% Cell
scraper (IWAKI) THIEEL ., =09 252 LIV, DM MmERD B
UTDE ATz, £, b bA&IMIC 1/25 ED 15 % Dextran £ FRAHE K%
. 1/50 #® 500 mM EDTA2Na (pH 8.0) #/1x 7, 40 min ik, FTEZ
1.5 mL tube (Z[EX L. 4 C 400 g 5 min Ti:.0%. EEEFRE . FRILERH

13, AMERDECTH S EEIT 15 ml #ILEICE L, PBSOZEIL-& &
HFEN AR 15 mliEEE I2 T 9 07E L TRV 4 ml D Ficoll-Paque PLUS
IZERE L, =R T 400 g 30 min .0 L7=, HEZERSTECTH 5 Ficoll & & Mt
DBy, BREKDBETH L XLy EENEE L, 5 ml PBS (-) TR
L T4 C 400 g5 min &0 L7z, XL v b% 4 ml OFRMEREMR Ok & b
HEkpok~27 77—y (MDM) ) Ci#EMAALHE#% PBS () T Wash L, XL v

k& UTHRRER B A 15970, Wi ALBl U7 B ER 53 EiL, RPMI + 10 % FBS +
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1 % PenStrep T L 3.0 X 106 cells/ml (ZFHFL L T, 10cm ¥ ¥ — L (G F#
L7, 1.5hours 4, U >/ gk & U CIEBE MR A [ L 7o, & M ERSy Bl

Lysate Z #8425 £ C-80°C CHRIAF L 7=,

siRNA Z /= ATP8B1 D/ v 7 ¥ v~

hATP8B1 % EIRWIIZ /) v 7 X7 T % siRNA OFESNILLT O H D% FHu
7= : hATP8B1 siRNA (sense : 5- GGATGTGCAAGTTCCTACGATAT -3’ and
antisense : 5'- CGTAGGAACTTGCACATCCATAT -3"), £7- 2> b o —/LZiF,
Control siRNA, Negative control (= ZAE /31 4, #S20C-0600) % fEH L7-, 12
well plate ® 1 well 729 (Iml O HT-0), 60 pmol O siRNA, 4 uL
® Lipofectamine RNAiMax (Invitrogen, #13778150), 200 uL ® OPTIMEM
iR LT Premix Z/ER L. 15 min 22353 #KIZ 180 pL i F L7z, Plate 7
R 55651203, B5BEOMEIZHA] L T Premix Z/ER L, SEIRENFE L2

HE DT LT,

Whole cell lysate MRS

PBS () THil@Z ¥ L, MlaZ R L7, UYL 7=#lEX cell lysis buffer
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(Cell Signaling, #9803) + 1 % protease inhibitor cocktail for use with
mammalian cell and tissue extracts (Sigma Aldrich, #P8340) % Fi\ T on ice
T1lhour DA U FaX—T 3 2L AL L, 20000 g4 ‘C 10 min Dzl
#% ® L5 % Whole cell lysate & L CTHW /=, BCAEIZ XL Y Whole cell lysate
a2 T BEERIE LTIk, X /N7 mER—EIL D £ 9T cell lysis buffer ©
#iBt . 3x SDS sample buffer (New England BioLabs, #B7709) % 1/3 &,

2-mercaptoethanol % 1/30 &(Z72 5 L H I L7z, ZDH 71 % 60CT5H
min f ¥ a2X—T 3 L7%, onice T2 miniEE, HiRICELLEY 7

% Western blotting (Zfit L7z,

RT- PCR

24-well plate (Z 1 well 729 0.3x 106t MHEERAZFE X, Eid (HiE b
NEEKHR~27 77 7 — (MDM)) @i Y 43t & 72 MDM @ Culture medium
%# %% . RNeasy Mini Kit (Qiagen) % H\»T Total RNA %4l L7, RNA
HIFPOCEREIC LV REL (260nm) | HH 710 RNA &2 —EICHH L
T ReverTra Ace® qPCR RT Master Mix with gDNA Remover (TOYOBO) (Z
£V W#RE 2470 cDNA % 1EAk L 72, cDNA % ## & L ¢ KOD FX (TOYOBO)

% v T PCR (Denature: 98 ‘C 2 min, Annealing: 55 ‘C 30 sec, Elongation:
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68 C 20 sec, Cycles.: 35) &#17\ ., PCREM% 100 bp ~—H— L2 3 %7

Hua—2A4 )L (Biotium f® GelRed™ Nucleic Acid Gel Stain Z&dr) T 100

V15 min kB L, d0t&M L7c, LU @ Table. B 1245185+ mRNA fi

W=7 T A ~—Be5 &2,

Table. B 1 Primer sets for RT-PCR

Gene Region Ar.nphcon Forward (5’ to 3) Reverse (5’ to 3)
Name (bp) Size (bp)
GAPDH | 466-876 411 ggggagccaaaagggtcatcatet | gacgectgettcaccaccttettg
CDC50A | 496-672 177 aaaccaattgctecttgtgg ttccaggttgtctectecag
CDC50B | 149-367 219 geetgggectetactactee geeggttgttectggtagaag
ATP8A1 | 1860-2062 203 ggagtggcgageagtctate tgtccectgtaaggatecag
ATP8A2 | 2539-2703 165 accaacaactcggattacgc tccattaacaaaggcgaacc
ATP8B1 | 2297-2504 207 atgcaaggatggaaaaccag cgcateegtetttettette
ATP8B2 | 234-457 224 gcetgtecaacctetttgage tgatcagcacctgagactgg
ATP8B3 | 2025-2234 210 aatggaatttgccacagagg acaccgtectggagtctgte
ATP8B4 | 2809-3025 216 tgtceccagetctacaaace gcacactgaccacaatgacc
ATP9A | 1431-1658 227 tgtgactgatcaggctgagg atgcccatacgtttgettte
ATPI9B | 1863-2030 168 ggtectecagettetgeatte cactcctettecagecagte
ATP10A | 486-619 134 aatccacgtgggagactttg tcaggttggtctctecatee
ATP10B | 1490-1693 204 gaagccaaaaaggtgctcag acaaggtctccaaccacagg
ATP10D | 153-299 145 gattgttgttccccacatee ttggcagctctgtgaaattg
ATP11A | 3142-3343 202 ctctggggaggagtgatetg ggcactggctcttagtetgg
ATP11B | 3350-3502 153 tggactccatgtgetgttte tcaagatgctectgtegttg
ATP11C | 2850-3064 215 caatgccatgctacagttgg tccagaatcgggtatccaag

EEH real-time PCR (qPCR)

{ER L7 cDNA 28 & L, PCR %2 THUNDERBIRD® SYBR® qPCR
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Mix (TOYOBO) % H\>, LightCycler 480 system II (Roche) T H HJiis 1% H
g <72, PCRIE, 95 C 1 min © BEERTEMAGLIEREZ, 95 C - 10 sec. 55 C -
15 sec., 72°C - 45 sec D Cycle % 40 cycle &5 (M TiTo7=, &M PCR
D7 T A ~—IXLL T Table. C IZ/r L7 b D% VY, hATP8B1 &Y hCD163

DRBEIINTAXF—VE 7 V— 2 ThD hGAPDH THEHE(L L AEXTHY 72 38 B

ma Lz,
Table. C Primer sets for Quantitative real-time PCR
Gene Name Forward 5’ to 3’ Reverse 5’ to 3’
hATP8B1 atgcaaggatggaaaaccag cgcatcegtetttettette
hCD163 ttgccagcagcttaaatgtg aggacagtgtttgggactgg
hGAPDH ggggagccaaaagggtcatcatet gacgcctgettcaccaccttettg
Western blotting

Y27 ix, SDS-PAGE (25 Y 140V T 80 min 43 L7z (3.75 % stacking
gel / 8 % running gel Zffif), /71 2IX Precision Plus Protein™ Standards
(Bio-Rad) Z [RIFFIZIKENT 2 Z LIZ X W IGE LTz, EBXRUKEIZ OV LD 7R
> % — (Mini-PROTEAN Tetra System, Bio-Rad) % H\»C 100V T 70 min &
JEZ 0T 5D Z 128 Y, polyvinylidene difluoride A > 7 L > (Pall) ~LH#RE
Lice AVTZLUEER Lhour 7ry ¥ 7 L, D%, A7 Lk —kit
KR & 4°C overnight TR E 5 L7z, —IRPUAKIGHEZ, A7 V% wash
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L. HRP #E#% — W& bt{Kk horseradish proxidase-labeled IgG antibody

(Amersham Pharmacia Biotech) &K & =1L T 40 min £ & 9 L7z, Uik L=

M & X7 G E OREE 1T ECL Prime Western Blotting Detection Kit ¢ L < (&

ECL Advance Western Blotting Detection Kit (Amersham Biosciences) %

W, fBFF % LAS3000mini (Fuji Film Corp.) (ZX Y #H L7-., Band

density % Multi Gauge software Ver 2.0 (Fujifilm) #HW\WCE&EL, &£ ¥ %

7 'E OFEBLEIIBactin OFEBLE T normalize L, tHXIE TR LT, AW

v F TR, —IRGUR, “IRGURDREM 2 2 LU T @ Table. C IZR7,

Table. C Antibodies for Western blotting

Anti- Company Cat. No. Blocking Buffer, Dilution

ABCA1 Abcam ab66217 | CGS blocking | CGS, 2000 %

Peptide 2 | 5% skim milk 5

ATP8B1 Bio synthesis CGS, 500 fi%
Lot.2 /TTBS

NatK*-ATPase B

Abcam ab7671 CGS blocking | CGS, 2000 fi%

al subunit

5% skim milk 5

SR-B1 Abcam ab52629 CGS, 1000 f&
/TTBS

B—actin MP biomedicals 69100 CGS blocking | CGS, 5000 1%

Protein Tech 5% skim milk

ABCG1 OV T 13578-1-AP| CGS, 1000 f

Group /TTBS
Santa C 5% skim milk

CD163 | TR ges3559 | CGS, 500 fiF
Biotechnology, Inc. /TTBS

5% skim milk -

CDh23 Abcam ab92495 CGS, 500 fi%
ITTBS
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Santa Cruz

5% skim milk

CD16 . sc20052 CGS, 250 fi%
Biotechnology, Inc. /TTBS

5% skim milk »

CD93 R&D systems AF2379 CGS, 250 fi5
/TTBS

5% skim milk B

MerTK R&D systems AF891 CGS, 500 fi%
/TTBS

CGS: Can Get Signal® mmunoreaction Enhancer Solution 1 (TOYOBO)

CGS blocking: PVDF Blocking Reagent for Can Get Signal® (TOYOBO)

RBRGLE

12 well plate (BD Falcon) (Z A#17- Culture cover (Matsunami Glass Ind.

LTD) k228 L7- MDM (2%} L T.-20 ‘C?® Methanol T 10 min [#&E.-20 C

® Acetone (Z 30 sec i& LIEZHEWLEE, & L <% 4 % paraformaldehyde T=ii

10 min OEEZITV (XFED legend IZ5E#H D@ Y ). 5%FBS/PBS () T 30

min 712X 7 EITWV, 5 % FBS/PBS () THNL7-—RPUAL=HIET 1

hour [ &8 72, £ D%, PBS (-) T 3 [RI¥EE# . B FIzBWT 5% FBS/PBS

() T 250 fF AR L7z ksl S 7= kbR & =IEC 1 hour BRI K G S H 72,

¥ o2 TOPRO®-3 Iodide (642/661) - 1 mM Solution in DMSO

(Invitrogen) % —KPUALSIGIRFICSISIEIZ 1000 AR CTHRMNT 5 Z & TiT-

7o “IRFURRSH T % . VECTASHIELD Mounting Medium H-1000 (Vector
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Laboratories) (Z CH A L., HE S L — ¥ —FHHBE (TCS SP5, Leica
Microsystems) ZHWTHEIE L7, HW=—kPK L, TNETNOFEMELLT
@ Table. D (2779, &Pk iL Molecular Probes THEA L. Alexa Fluor 455
Tk S AL AS —IRGUARD Host (2316595 b D& Az, 3 Y EAICITHEOEAR

L LT Alexa Fluor 488, Alexa Fluor 546, Alexa Fluor 647 % fH\ 7~

Table. D Antibodies for Immunostaining

Anti- Company Cat. No. Dilution Host

CD163 BD Pharmingen 556017 50 Mouse

CD93 R&D Systems AF2379 50 Rabbit

25F9 eBiosciences 14-0115-82 50 Mouse
Oil Red O #+,

12 well plate (BD Falcon) (Z A#17= Culture cover (Matsunami Glass Ind.
LTD) kicH:#& L7z MDM (0.3 x 106 cells/well) %, PBS ()T 10 {5 R L 7=
=Y A K VIR T 15 min [H@E L, milli Q T 3 [Al wash L7z, ¥&RIZ 60 % A
Y 7asR ) —vEZ 1 min %, faf0 Oil Red O 60 %A 7' 1 /3 ) — VIRIR %
Mz ER 10 min A > % =X— k L . milli Q T 3 [l wash L7=%. culture cover
Z 7 LT — RIT 90 % glycerol Z VW CTENA L e EEMEE (LEICA DM 3000,
Leica Microsystems) (2L D #l%E L7-, BBIOMEE X 131, L X1 20x
W, 1T coE e &b 4 BOERE TS L, A E§RIZ 1T 5 B
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SEIR O R, AT WinROOF (MITANI Corporation) & AW TE®R L7,
Qe el RGBEZRE L, mifgh b H#E TR L7z (R: 57-255, G: 0-160, B:
0-233), YL fEIR O Ef A4 Ml TR~ % 2 & C. Mifad 7= » o Y fEIR o i f
AR U4 BOEZEOEH LIEO B LS DT —2 L LTHY

77*4
—o

Nile Red ¥u5,

CELLview 77 AKX F LAY ¥ — L 4 43 35x10mm TC #LEE (greiner
#627870) |Z#5HE L 72 MDM (0.36 x 106 cells/well) % PBS (-)C 2 [a] Wash L,
5 ug/ml Nile Red PBS (1) &% /M4 37°C 10 min A > F =~_— k L72% . PBS
(-)C 3 [a] Wash L. Culture medium (5% b FNEEKHK~I/n 77—
(MDM) ) Mz, 87°C 1 hour %5 MR L —F —BAKEE (TCS SP5, Leica
Microsystems) % HVNCT#I%ZL L 7=, FACS OfENTIZE 1T 5 Nile Red staining (3.,

T 51k FACS 12 L Af#MT) 1ZFE L7,

FACS 1T & % g4

RepCell 3.5 cm dish (Cellseed #CS1003) (Z#%f& L7~ MDM (1.8 x 106
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cells/dish) % onice C3 ml ® PBS (-) + 1 mM EDTA2Na + 0.1% Sodium Azide
T2\ Wash L, 5% 1 ml ®[F/N> 7 7 —%/1 X, onice T 15 min ff&E L7z,

TOBRENY T 4 TIZEHVT 4 v v 2 THAE LICMiia 21323 LT 16 ml =ik
FICEIN LTc, &6 1ml DRy 7 7 —& Wz BRI EE 2 B0 IR LT
#%. 4 °C 400 g 5 min =0 CUBEOEMNIETIOERMETIT>72) L, XL v b
Z 1ml ORIy 7 7 —THEE LT 1.5 ml tube 2B L THERELEZIT>72, X
L N % 200 pL > FACS fI/Y» 7 7 — (PBS (1) + 5 % FBS + 1 mM EDTA2Na
+ 0.1 % Sodium Azide) TH# L. 10uL Human BD Fc block (BD Biosciences
#564220) =Nz, Xy T 4 72XV EFI% onice T 15 min & L7=, £

D% 250 b @ FACS /Ny 7 7 —Z Iz B %, 50 ul 972 1.5 ml tube (257

1]

EL, ZLENICEAER S 7P 2 L. on ice T 1.5 hour & L 7=,

Bt

B, 700 u @ FACS NNy 77— MA By T 4 U 72X DB L,
LLULTEEZBOuUL AL TRET S &9 Wash #/E% 3 BV K L7721, 150
uL @ FACS iy 7 7 — %2 T L, FACSAriall (BD Biosciences) IZ
X v FSC, SSC, & tmE 2K L7-, Nile Red (2 X% Lipid droplet %k
%, RepCell 3.5 cm dish 7> 5[ L7=#ifd% . 5 pg/ml Nile Red PBS (-) &
R L 37°C 10 min #ET 5 2 & TITW, Yk, FACS Ny 77 —T
3 [0 Wash #fEZ#VRK L, 150 uL @ FACS ARy 77 —I2 X V&L T
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FACSAria Il iZ X A f#HT 21T > 7=, Nile Red O Eifs
BMH7e harirHwnwie, 7—

FlowdJo_V10 (FlowJo, LLC) Z M 7=, LA F® Table. E T

21X, Texas Red-PE @

X2 DORNT. BRI - v 2 N T AOERIZE

Flow Cytometry {ZH

W B S T HUR 2 R
Table. E Antibodies for flow cytometry
Anti- Fluorescence | Company Cat. No. Host Dilution
CD14 APC Biolegend 325602 Mouse 20
CD16 PE Biolegend 302008 Mouse 20
CD163 FITC Biolegend 333618 Mouse 20
CD163 APC Biolegend 333610 Mouse 20
MerTK PE R&ED FAB8912P | Mouse 10
Systems
Ctrl mouse IgGxk FITC Biolegend 400108 Mouse 20
Ctrl mouse IgGxk PE Biolegend 400112 Mouse 20
Ctrl mouse IgGxk APC Biolegend 400120 Mouse 20
Phagocytosis D #EAffli
Assay OfiHIZ Eit Ok v b RMIMIMEGRO/>EE) ([CAIL CTe k21

HEERIER 245 8E L. RPMI+ 10 % FBS + 1 % Penstrep T 1 x 108cells/ml %%
IR Z L C 20 hour 5895 Z & THRMART R h—Y A Z2FHE L, 5

., Mz 156 ml @& IZEI L, IR T400 g 5 min @ L, Ly M &

10 ml ® RPMI TH## L., FFE=IET400 g 5 min =m0 L7Z, XL v b & KE
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J£ 2.5 uM C Cell Tracker Green (Invitrogen, #C2925) % /il x.7= RPMI Ci&)
L. ¥v—VbT37 C 40 min §5#% 9 %5 Z & T, BREROYEE1T 7o, s
ORERIERIT, #EIR 400 g 5 min =L L, XL v b RPMI CTR#E L TRRETR %
RepCell 3.5 cm 7 o« v ¥ 21283 L, 13 hour AIICE;#E K% Serum free
medium (5% b FHERBEFK~7 07 7 —2 (MDM) ) [Z73# L7 MDM (2R
MMLT37 °C 8hour f v Fax—v a3 Liz, Z0% kit FIEFACSIZLD
FEET) DIRIZH D K HIT, MIfaZ [EI, R S Lo HiR & ORISR EATV,

FACSAriall Z# T FSC., SSC. &atmEa it Lc, ffricid, FSC,

SSC Z il & L7-#cAi X X W phagocytosis LTV /R WERIER T FR &, MDM
D H T Cell Tracker Green [5G D #lifi 2 phagocytosis L7-#lifid & L TEDEIE

(%) ZFHl L7,

W ETARAT

TRTOERITD R D 2 EOHBINEZMER L. GEMIZXIE legend IZFL
), EET —F DT 77 OERK, KOREHFHIAEZDMEIL Prism software
(GraphPad Software, Inc.) % H\\TiT-72, 7 7 7HNDOfEIE means + S.E. T/
L7z, 2 MO OGE, £ F REZITV., AEENES E5BEET

= 55561% student’s t-test 125V BUEFHKETIMI L., FMREICAEEND
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LA . Welch’s correction % & A7- student’s t-test (2 X 0 FEAl L7=, 3 FELL
Lo dgA . One way ANOVA (2 KV 95%(EHE/KYE TR L7=1412. A=

RFENHIVEE 2 BE %2 Bonferroni £I2 LV f#E LT,
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i

ATP8B1 i3t FREIMEERBANR~ 7 v 7 7 —VILRET B,

AW TIE. & MR T ATP8B1 KEDMIKAL ~IVTDT = ) X A T %3
MT5ZZ2HBELTEY, REMEDIRE, MTORS I 6, MmEkE x5
ELTERET 21T o7, 0. RAFRICEB W TRIKZ VW72 7272 PFICT,
PFIC2 B# X, ATPS8BI, BSEP \ZERZFE L, TOERNEBEIKT 5]
T, b LIIFAERY 7 L& = Western blotting (28T
ATP8B1, BSEP 23t S22 & 28 LT 5 (Table. 1), B RMMLERIZ
7% ATP8B1 OREBUZOWTOFEHRNZ LrnoTclcd, £3, mEKICEIT S
ATP8B1 ORBLOAM, F-AMERTORBEDOLE AT Z L& Lz, FAZ
ZAVETITATPSBL N~V A~ 7 0 7 7 —VICBNW TR L TNWDHZ &%
ERL T\ s, HEkKh b~ a7y —U~Epfb S BlEkik~ 2
777 — (MDM) (Z81) % ATP8B1 D% Hatd 2 2 & & Lz, MDM i%

HERZ 8 L T D iR D IME, XX M-CSF Z 5 ek # il a2 W TEERT 5 2

[V

CIZEVETEY, BEAIN U TEEZSEZ Y, 9 HRIZITMaDiE
WEFN 2D Z 2R LTS (Figure 1. C), F7=. #F 1 HZIZITHER~

— 7 —CD93 NETOMI CREAN R ONLIN~I/a 77— ~<——25F9 ©
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FBEUIR 72— 7, 9 BHIZIZIX CD93 ORELN R 64T 25F9 ORI 4T
DRI CTHER SN2 Db, w77 7 —U~DIMENEZ > TWnDHZ &R
g &N 7= (Figure 1. B), MIZHRAD S 408E L 7R IER, FERIER, U L /3EK,

HER, % LT MDM @ whole cell lysate #Z L EHiHfl L, Western blotting
2150 ATP8B1 O % L RV BERBUCHOWTHRETL7ZE 25, MDM 123\ To
Z» ATP8B1 D%y F- 81247~ % 140kDa OALEIZ/N Y RV &7z (Figure 1.
A), HEK)D MDM O LiRFRIZ I\ T, ATP8B1 ORINFEIND LB 2
LN, BEAEEAEZ TRNA ORI ELY qgPCRICEVHAIELZEZ A,
FEHRATOHEK (day 0), KO¥EfE2H 1 AH (day 1 1Zi%. ATPS8BI ® mRNA
EIIRHRALL T Th o722, 3 A HLURED b3t S 47z (Figure 1. D), =
AUTHERZ#H L TERROIZRB DHERROTEE~E ZL L TV OB A B
0 LR TH 5, w2, MDM I281F 5 P4-type ATPase family D¥EHLIZ

DNTDOERRI R IERD D> 7272 RT-PCRIZE D & A 2 /3—D mRNA ©
HHREZFME L& 2 A, ATPSA2. ATPSB3. ATP10B XFi%1)72 PCR FEW)
IR SR o T2y Z DM DOV TIZHBI O A XD PCR EMNRD Hil
7=, SN o T BETDI B, ATPSA2 B . X2 EHINE (93,94),

ATPSBS R RIICEBLL T D 2 & (95) STl v, MDM 128
WTIERBLL TWeWeEEB 2 bhbd, £7-. ATP8B1 &1 P4-type ATPase
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family D> ¥ Xu X X7 E LT, TOMBBNRDE, HEICKLETHD
CDC50A, CDC50B (Z2OWTHEDRKBLZMAT L& Z A, CDC50A D J5n

dominant (238 L T\ 7= (Figure 1. E),

ATP8B1 k3 MDM Tit= L 27 u—nA#H b 5 AR — % —ABCA1 DHH
BHMEW

ATP8B1 A IfERIZI T MDM IZRFRANICHEBLL TW\W5H Z L, MDM I
BiTS ATP8B1 XKD 7 = /) 4 A THRFETH & & Lz, £D72HIZ MDM
(2% LT siRNA I25 % ATP8B1 »/ v 7 ¥ v %17y, ATP8B1 XKEDET
LELTHWSZ & & LT, ATP8B1 @/ v 2 # 713 mRNA, protein T®D
B % ZnZi1 gPCR. Western blotting (2 X ¥ #Ei8 L. mRNA Tl 90% D1
T, protein [THRFERAY2 N FOHERA SN2 Z L6, 1ZIF7ERIC ATPSB1
D)y I H TN TETCND I EEMRTE (Figure 2. A, B), 21 E Tz,
PFIC1 BFITBWTIIE U R Z X7 EOEE) « 77 v — L PEEIREE (L o i 7,
MEHNDZ L (96), E-MlENaT VAT B —/LE&OJITL L THEINS
miR-33 125V, ATP8B1 N L 27 1 —RHEH R T o A R— & — L |l %
ZFHEVIHE 97 BNHDHZENDH ATPSB1 KHBICL Y 2 L AT n—/L#)

RBICEERNLLZENEX DN, £TZTE9., MDM TATP8B1 ®/ v 7 &
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TUEATV, AL AT r— A HHICED S R T AR —F —DRBLEEZTND
i, ZORESE, ABCG1, SR-B1 OFRBLEIZE(LITE) > 7=, ABCA1
DK N EFRBLED 4A0%RERD T2 2 ENR R 57 (Figure 1. B, C), f >
T, Ao 7=2bn ATP8B1 # /K7 % PFIC1 BEFIZE W TH Ao D 0%k
A 272oic, PFIC1 4. PFIC UADIHEEZFA T L5 hr—/LEBED
MK B Zi £+ MDM Zai%d L, Western blotting (Z 8V # > /327 H 3§
BEA U7z, 2 OfEER LRNAT > T2 FERY 7L TOMGET (84) &Rk,
PFIC1 ## (Table 1. Pt. 1, Pt. 2) ® MDM T ATPSB1 O3> RiFH &
7o te, F£i-, PFIC1 3 MDM T ABCA1 O BLE MRV MEM 23 WL 547z
Z B, ABCAL OHFETH D ApoAl (KFHIRa L AT a— Lk 2 e
%2 rick v, PFIC1 3% MDM & PFIC2 %, = hr—/Ld®> MDM Tz
PROI, ZWOIEEL LTHATE 2 6527208, Ao b ZICkd 5 ER
72 3T & P KE < (PFICL # & PFIC2 BE D7 40 %, CV i 20%)., FEAME
DBLENGHEEL W E# 2 5172 (data not shown), & Z T, ATP8B1 M /KIEIC
£V ABCA1l ORBIEBKTNEID AN =R LEHEDLZ LD, L ELE
ART W T = ) BATERKFTHZ L& Lz, ABCAl ORBENR~I/ 07 7 —
VOV T ZA AR EI D L) I (98) . M-CSF T/r{tihE L7 MDM (2
BWCHRDLY T2 A TOEEEZ R ET H5A (99), £ LT, ATP8B1 72331k
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ICEVHBER L, 2> br—LEH MDM IZBWTHEAMZERH D L)
AFER LV, ATPSB1 OKHENS MDM OW 7 X% A ST BE 5.2 5 &) )i
AT, INEMIETHZ L L L, w2077 =32 0mE0E NN,

K& ML, M2 7 %A 72X 0B ETHY . FIZ Human MDM Tl
M2 78 & HIZ M2a, M2c #7214 7 LI, TNENOWEEDFHEST 6
nNTETND (72) , £Z T, M1, M2a, M2c V7 ¥ A4 7N d~—H—
By LTHOLBATWS, CD80, CD23, CD163 (100) % PFICI
& MDM, = hu—/L#3E MDM Tl L7 & 2 A, PFICI ##% MDM 25
W, CD23 O3B E <, CD163 OFBNMRNZ & RBIE ST, o, B
BRIRVNZ &1, ATP8B1 OB EDOEAF THOEE &, CD163 DIFEHEDOZLH)
MIEOHBAZ R L, CD23 OZE#E & XA D Z R L Tz (Figure 2. D), =
DFEHRIL, ATP8Bl &~/ u 77—V W74 A7 KR M2 %7 2 A4 7L DR
A LV RBRT 56D Tholclow, Wiz, M-CSFIZmx T, ¥4 FuA
YERWDZETHEY T XA T~ LA TFE L, ATP8B1 O &Nl

ToOMRETHZ & L LT,

ATP8BL1 i IL-10 i & Y ftfbFEE S 5 CD163keh v/ 7 7 — VI EHFEH

ER)
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M-CSF (212 T IFN-y, IL-4, IL-10 2%+ b h A2 & LTHWTRE L,
ZhEN M1, M2a, M2c ¥ 7 % A 7 ~Of b %75 L7 MDM % H\\C,
ATP8B1, 2L AT u— /L b T v AR —F —DORBFEDOHN 21T o772, KL
HIZEB T 2L OFHEEIL, VT XA FITRHRN e~ — T — % LRI E DR
Bl 5 % Western blotting & MYt CHER T 5 Z LIC L ViTo 72 (M1t
CDS80 Figure 3. B, M2a: CD23, M2c: CD163 Figure 3. A), ATP8B1 O % > /37
BHBEIITH LTy T4 A K0 U (R T) . KK,
IL-10 JIZ k0 BER U7z (3 fFFEE), £z Z OZ{kiL ATPSB1 ® mRNA O &
Exflis LTz (Figure 3. C), —J7, IFN-yLEEClZ ATPSB1 D % > /37 B35
BEICEITIR O T-, £7- ABCA1 OFBLE L, ATPSB1 & [AERIC IL-4
MU L, IL-10 B C EHF 5 2 £ 26| Figure 2. D T/x L7z PFICI &
# MDM Tid, M2c kD% 7 2 A TORIG R D7 M2akkDV 7 2 A T3 %
X7BpZ ik, £HAERLE LT ABCAL ORBENMELS oo TND Z &
MR X, %V T, ATPSB1 23, IL-10 AERIC L 0 P LifE S b M2c
7 # A 7T enrich SNVTWDNERFTT 2720, M2c ~— %5 —CD163 % f5iF
& LT, &FEBL (CD163lw), FEFHL (CD163hish) DR = L — 3 > % FACS
2LV EL (BEIXETRC M-CSF ALBEE, +IL-10 LBRRECTENZ
DA% V7=, M-CSF: 600; +IL-10: 4000), &5 5 O4EMIZ ATPSB1 2355
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L T\ 57> Western blotting (2 X D L7z, £Of5%, ATP8B1 |3 IL-10 4L
PUZ L VFFE SN D CD1638hish AR = L— 3 VTRRCIRS BT 5 2 L 03k
Az (Figure 3. D), IL-10 #¥E|Z & - T Tyrosine Kinase T#& % MerTK
NEFL, 2E2N L7 R b —3 2o phagocytosis BENFFE SN D
2. ZiE Glucocorticoid (ZX > THEARICFHEEINL Z BB TS
(101), % ZC. Glucocorticoid ZLERIZ L - T, ATP8B1 O¥BLE EH 235
N0 ERE L7 25 Dexamethasone ZLHEIZ X - T, CD163, MerTK i
FHLEN EHT 2012 L ATP8B1 ORBLE 2L Leh -7 (Figure. 3 D),

ZDZ Lint ATP8BL IFHIRIEIED T 7 2 A 7 Th | KR IL-10 LR K- T

WHEALHEESND T T HZA FICBWTEHETHDL Z EBREBINT,

ATP8B1 D/ v 7 7 FIZBWTIL-10WBIZ LD M2 Y T X2 A S~v—F—

DHERBEEEFEENEFICTEZ LW

Figure 2, 3.0fE R L v . ATPSB1 7’ IL-10 ALFRIZ L v Wt bk E St b M2c
YT XA TIEBEB L, TOXREN M2 V7 % A T ~OMALFHEIC L &
EFTEBEXONTEZ LD, ZhEREET 272, siRNA 2LV ATP8B1 @/
7 B 2 T 7= MDM & LT IL-10 ALBE 24T\ \M2¢ ~ — /1 — DI HL &

apoptosis #ffifid ™ phagocytosis G, MO REIZOWTIHDH Z & L L
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(Figure 4. A), IL-10 LB % B4R T D550 C ATP8B1 MIIEFHERIZ ) v I XD v
TEXTW5AZ L (data not shown), = LTHK7T v&A 2179 BERIZEBWT Ctrl
siRNA ALEERE T, IL-10 ALEE%IC ATPSB1 ORBEN EF LWL Z &,
ATP8B1 siRNA ZLERHE TIE IL-10 LLBUZ 2303 5 ATP8BL O/ v 7 &7 L)
T2 V5 Z xR L (Figure 4. B), M2c ~— 7 —{ZoW\W ik, ZNET
DIEFHZHAWT = CD163 1214, CD14, CD16 7 M2¢ %7 % A 7z @3Bl
THZERFEINTWZ (101) 20D, 2O 3ODO~—T—X 2 XIED
B A FACS IC K W i#Mr L= & 2 A, Ctrl siRNA ALEEEEC R TIE,
IL-10 #LFRIZ L W CD163, CD14, CD16 OFEHEMN L7 L CEHEOETRE MFI
»Z4k CD163: 10.4 f%, CD14: 6.7 %, CD16: 2.8 %), CD163hiet/CD16hish,
CD14high/CD16hish R E = L — = U RN KE S Z T (69.7%, 63%) DIZXF LT,
ATPS8B1 siRNA MEBECIERIAE 2L — 3 L OEAEBMEL 20 (38.5%,
45.8%), CD163lw/CD16bigh, CD14lew/CD16hish /K = L—3 3 » DEIE M E <
72> TWiz (Figure 4. C), £~—N—® MFI #E& L7t 24, CD16 X
ATP8B1 siRNA ALEEEET Ctrl siRNA AEREL D §00m0y (1.4 f5) 73,
CD163, CD14 {225\ T ik ATP8B1 siRNA ALERREIZ B W T EICEL 722> T
7= (CD163: 0.25 fi%, CD14: 0.47 £i%) (Figure 4. D), &~ — 7 —OFREEITH L
THEZREL. SEHT LR 2 L—3 3 (CD163high, CD14high CD16hich)
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DEE (%) ZERELEERICOVWTHRBEOZ/ENE SN TS (CD163:

63 %5, CD14: 28 %J§, CD16: 20%#) (Figure 4. E),

ATP8B1 / v 7 ¥ UV FIZBWT IL-10 AHEIZ X » FHE I 50 apoptosis

D phagocytosis REIZEEII R b2

WIZ, M2c V7 4% A 7 ORINEEEE & LTRSS BT %, #1H# apoptosis
#MAR D phagocytosis fE (74) (Zxt9° 2% ATP8B1 @/ v 7 X0 v DB AT~ 2%
Z L L7, FEBRICHV - apoptosis Alifid & L Cik, & Mligi 6 5B L 72 f8kL
ERZ FHV), 20 BERE D 1528412 P1, Annexin V (2 K 5440 1 0 H 3 /7% apoptosis
MEIEEZESNTEY, 60~ 70 %Ol Annexin V it PLEVEE W 5 4]
H apoptosis IZH T DIREETH D Z & # il L7z (Figure 5. A), Zih a0t E
F# Cell tracker green (2 X ¥ Yufa L7, MDM O£ HIZHEIN L T, MDM
\Z & o T phagocytosis &415 &, MDM WIZ Cell tracker green D8 E7NE15%
=5 (Figure 5. B), Z OJFEEIZ XV | apoptosis MdDOEAN 3 FifE % 12 . MDM
7L — 0 BiEA L M2e v —F — MerTK OHif/ATMDM % 4:£4 L T FACS
WX VT 5 Z L2k Y. phagocytosis L7= MDM D[4, B L8,
phagocytosis L7=Hi@icis i 5%~ — 0 —% XV B ORBLEIZ OV THENT %

Tolc. ZDfEE, Ctrl siRNA ZLPRREIC IV T, IL-10 &PRIZ L Y . CD163,
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CD14, CD16, MerTK 12 h @8l L7223V T phagocytosis 723
ZoTEY (BED 15 ~ 16%), AEBRIZLY M2 F7 % A F IR 725
FUBSEE DS FEM C& TWAD 2 &R TE 72, —J T, ATP8BI1 siRNA WLPHE T
t. IL-10 ZLERIZ L W phagocytosis BEA EH- LTV, CD16, MerTK 2o\
TIEEFEEAL D A5 phagocytosis L TV =23, CD163, CD14 (22U Clid3g
BEDOIWHIALIZ W T S phagoeytosis 132 Z > Tz (Figure 5. C), F7-.
AR R IZ %9 % phagocytosis L 72 #ifa D E| &1L Ctrl siRNA WLEERE &
ATP8B1 siRNA WLER#ECE{LIT M - 7= (Ctrl siRNA: 15.3 %, ATP8B1
siRNA: 14.2 %) (Figure 5. D), Z Of5RIL, ATPSB1 ®/ v 7 ¥ 7 T2\
T, MerTK % & ¢e apoptosis #llfE? phagocytosis (24 E+55 72 K F- 122\ T
(T IL-10 W KV FEENE Z > TV D 2L 2R T 26D THY . M2 H7

B A T ~OFMHALD —EUZIEFITE Z > T b E#E 2 b7 (Figure 5. E),

ATPSB1 D/ v 7 ¥V FIZBWTIL-10 ABIZ X Y FHFE X 5 CD16hish i
DI RI2 D

ATP8B1 ®/ v 7 X7 FIZEWTH CD16 DI HiEIL IL-10 AFIZ LY
Ctrl siRNA MLERRE & [FERIC B2 (Figure 6. A) Z & 725, CD16hish 7R E =

L—a BN, M2 7 Z A T ~OMHALO—EBITE = > TV D L E %,
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CD163, CD14 &\ o7z M2c ¥~ — B — DR ELISMNZ ATPSBL O/ v 7 X5 v
DEIEN R SINT A—=FIZONWTHEZ1T2 2 L& Lk, £Z T, TNETIC
PFIC1 /% MDM DBEMEE COBIED O, HIBIDOTEREN A A1 O, 245 H 23
NSRRI N L & R LTz (data not shown) Z &G HHEDIERE
IZEB LTI 21T D) 2 & & Lz, FACS TOMHTIZEHW T, I OFED
A2 BMICHWS LD FSC (Forward scatter : Bij 7 #EL). SSC (Side
scatter : IFHED 1ZFNZE, MO K E &, MIENOBEHMENEZ K3 58
TA=HETHD, BT HATPSBL O v I/ X7 v OB R A,
IL-10 LB L7 CD16high ;R "= L — 3 5 238\ T FSC - SSC o#fild (55
BUIZ LV FR) IZBWTHMOEER R 5T (Figure 6. B), FSC, SSC O+
LA NS T AERDE, FSCAEIZOWTIEE WM (FSC > 100000 ~ 150000)
D3 UL SSCEIZ DWW TR m < &7 R LT Y (Ctrl siRNA; 35000,
ATP8B1 siRNA; 68000), “F-¥) FSC, SSCEZH I Liz& Z A, AEAREIN
Roi7- (Figure 6. D), fit\ T, ATP8B1 ® ./ v 7 X7 FTH L= FSC,
SSCEDZA L, M2c ~v— I —DRBEZEOEIZOWTHITT 2720, %
henz Yl Xolo & oeBmXaEl Lz 24, a2 br—A R
T, FSCEREWAE 2 L— 3 > (FSC>150000) 1% CD16 Z mAsEL L T
7= (Figure 6. E), =52, CD16hish B o L—3 3 2B\ T, FSCIEME
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WARE = L—y 3> (FSC>150000) (X CD163, CD14 # & HITEFEILL TV
HZENHABMNERoT=, BB, Figure 6. C IZHBW T, Ctrl siRNA ALEERE TR,
5415208, ATP8B1 siRNA HHETIX R 6472V FSCERmWAE 2 L— 3
> (FSC > 150000) 1 M2c 7 ¥ A F~v——Z@BHRT 52 LRI,
F7=. CD16 OFH T SSC Iz 572\ (Figure 6. E) 23, CD16hish /R E =
L—3 3 UIZBWT, CD163, CD14bigh /RE = L—3 3 > Clid, SSC MKW
MR OFIG S 2 TV, ATP8BL /v 7 X0 UBETIZE O AL D 7e

o7z (Figure 6. F),

ATP8B1 / v 7 ¥ 7 V FIZBW TR &S EMNT 5

ATP8B1 ® / w7 #7280 SSCHED EHR e A N7 T A THRMMEDZE
fbELTRLNZZ EE, MDM 281 % ATP8B1 @ general Z2F%FEDIK T
ABRL TS EHEI S, ZORRZEESD Z &5, ATP8B1 O LV EHEH) 2
WHEZ MY 57 = ) XA TORIEICORND LB 2, 2T SSC N
AN OIZH T 202702 LR, ZhETvora 7y —
IZ8B1F %5 SSCHE & XM T % /37 A —X DIFHRITHRE ST\ iehotz, FFFEE
MAIZ BV Cix SSC il & MRIAG YL CsREE SMBI T 2 2 L3S Sh Tz

(102) Z &b, w7 v 77— bIFFEMIRFEIRR ., MR 2 R S
62



5 EnBEHEL T, MDM WOREM & A H~25 2 & & Uiz, IBMIEY G
FA S D605 TdH 5 Nile Red 2 VT, T ORI L FSC, SSC &
FhEnE Oxhs % Rz & 2 5 Nile Red OG5 & SSCEA MR R =
0.11 (Nile Red V.S. FSC). R =0.78 (Nile Red V.S. SSC)) # /R4 Z & 8 5
& 72 o7 (Figure 7. A), = Z CTATP8B1 ® / v 7 Z 7 FIZBWT IL-10 4L
{7V, Nile Red IZ X 2Yetaz{To7-& 2 A, SSCED LH & —# LT, Y
BRIE O EFAHERE S (Figure 7. B) NI 2 Rl Yt 35 4R Th 5 Oil
Red O # MW THERICYEETTV, Yefafiik & BiG T O Y 7 N 7 = 7 % Fv
THRWEFIOEIL & L ORR L, @RmELERET D22 LT, Mladbzb oje
Gz LI 2 A, ATPSBL O/ v 7 XU FIZBWTHEICKE /2

S>TWbHZ Enrailz (Figure 7. C, D),

ATPSB1 @/ v 7 #7213 LDL BV AR I EE 5 % 72\

ATPS8B1 ®/ v 7 Zv v FCIL-10 ALEE L 7= MDM (238 T S RE o3 1Y
RKUZRKE LT, MENIEE DM ~OHEH oA £ L TIRE DI A
HDEFEPAREEE L TEZXLNDLD, 2L AT e — LOFEHIT DN TIE
ABCA1 OB BN TWAHTED, 2 —REfHoTns B2 b5, £

2T, B IABIZOWTHRHT A 720121, HBEICHOD WA MIGICEEN D
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MgV ARZ T EHKEDOIREDOI Y AHZFHMTIT A2 ERNH D LB X, &
kS L7 LDL 2 W CEF O AL 2 Ll SRS K Vst L& 2 A,
IL-10 AAERIZ L BV IAB N ER T 50, 2 br— gt ATP8B1 / v 7 X

VRECEIIR BN o 72 (Figure 8.),

PFIC1 2% MDM 28\ T IL-10 LIz X 5 M2c ¥ 7 & A F~DistE{L A3 1E
BiITEZ bR

%2 ATP8BL @/ v 7 #'7 o FC IL-10 ALBR AT o T Miat b B STz
DT = ) 2 A 72O\, IL-10 28 L7z PFIC1 23 MDM (28 W\ T 6 [A]
BRIZA OGN0 MR LT, M2c ~— 7 —D%3BlE% FACS IZL Vit Liz & =
4. PFIC1 % MDM TiZ, PFIC2 &3 MDM 2kt L T CD163, CD14 %5
HELT HMIROEISNIEEIC D72 <, CD16, MerTK OFBL&EIZZRITA O
7o 7z (Figure 9. A), F7-. FSC. SSCEDk#k&#{T~7=& Z A, PFIC1
F MDM 28\ T, SSCENRKETWMENA LY £ Ao (Figure 9. B), &
512 Oil Red O B2 & 0 5 OF 27kl L7z & Z 5, PFIC1 &# MDM
ICBWTEE 2B EOH K IBIEZE Sz (Figure 9. C), Oil Red O Y448
O E B CIXEEOMMEEZ BT 22 L6, JEHOEWVICREEI LN

e, BHRICHBL, g LY IV EOBENAIRETH D B2, #
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BHICblE>THENET—4% %% & ® T PFICL, PFIC2, 2> ha—L® 3
FECOE % 1T & 2 A, PFICL #£ & PFIC2 #ffH]. PFIC1 #fL =2 hr—
NERDENENTHEREN SV | FEEIL PFICT FEICHB W THORED 2 £F
FREECH -7 (Figure 9. D), F7-2Wrike L THWAITIZEABOEOIX S S
INEBEL D0, CVIEEZREHLIZEZ A, av be— BB CVE
1% 14% Toh o7z, UL ED IL-10 A3 217 - 7= PFIC1 8% MDM TH b7z R
FERIX, ATPSBL @/ v 7 X7 FCIL10 F L7-fER & —FH L TEh, =

NHIX ATP8B1 XIBICEK T 57 =/ ZA TFThDHEEZI BN,
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=1

ATP8BL D~ a7 7 —IIZBIT A RBICHOWNT

I E T, ATPSB1 (IAFSEE MR A2 13X U, B ERAElE (103,104), fifi bRz
i (105), FORR ERGE (55) L\ o7z ERAIO T B A AVEIZEBWTO
FEDRNHE SN TV, AFFEIZE W THID T ATPSB1 28 MDM ([R5
Z L. £ LTMDM @9 BRIEFMIZHTH 2 M2c B 7 2 A TR =
<, KHFHZ M2a 7 Z A FIIHMERNZ ERHA LN E o7z, o, HERIZEBW
TI% ATP8B1 @ mRNA OFRBUTERRFUT ThHho/12Z &b, v /r7y
— U~ T OB THRIEANFEINLTWVDLHEEIOLND, ZILE TIT
ATP8B1 OFREBEOFIHIFEH & LTl BETER E OBENRESNLTEY,
U ADRRBFEICIBWN T, IR OGEIEBR AL L, RN ORETTER 7 — /L 723
EHT 5 3 Mmoo/ EEMIZE T S ATP8B1 ORIEN LHTHZ &
(103), Fiza—nABMINEE 527~ 7 A28V T ATP8B1 DOFBL&E /MY,
R BV T ER7+ 5 (106) Z L BRRHEEE U T2 RETHRNZRERTH
% FXR IZ k% ATP8B1 OFEHIH HEH S 523, FXRD/ v 77w M, K&
O'FXR7 2= MLEEIZ L > TH ATPSB1 OB EIZELN TN LS EE

INTW5 (97,107), £7-. & b RKIGH L HEDOEEFEMIL TH 5 Caco-2 Mifinic
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BT, 852 B IS CTEBBRICHET DI Lz, ATP8B1 @ mRNA

IR L2V, 2o ERBEN LA 52 Lanb, IR OFIEH O

HRBENTWNS (62, —FH., v~7 a7 7—I~O8bFEERRICBWTIX

ATP8B1 ® mRNA &ML TWH 72 BB L HHIHTH D B2 D,

~ 77y —U~O0kide ML E M-CSF 2RI L7 TE#ET L2 &

TP o T BT, MRS, M-CSF Ik % v /M £ ETHE ST

WD EHERI S AL, MBS O F ST MLIE S A RV TR SRIZEB WL T ATP8B1

DRBFBICERDPH LD EHRETTHZLICXY | REETE5EEZ 2 b5,

ABFFETIZ, BBREEWZ &2, M-CSF (2hn%x., IL-10 2433+ 5Z LIz kD

ATP8B1 D38 &N - L, PO IL-4 Z2MMA 5 LR35 Z LA LNE R

o7, ZOZEIE ABCAL O L EXIR L TWD Z &b, 2 OfilfE IR+

ELTHEGEEENEWVEEZ BNADIT., ABCA1 & ATP8B1 Ol OFEH]

FIENCEE S35 Z &b TWS, miR-33a 8% 515, miR-33a 13/

RIZB T D AT a2 —LEORDIZ X0 IEMH LT 285K Th 5 SREBP2 D1

v R SR XD mIRNA THY (108). ABCAIZH%. ABCBI1

(BSEP. ATPS8B1 » mRNA ® 3UTR Z4ErgE L, BEZIMBT 52 & nm 5

T3 (97, MDM D&Y7 % 4 F~OfMHAbicBWT, N2 L 25

O —/LEOEENEX S, HRANO AT a—L& |25 LT miR-33a D3H
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PR L . R E R D BInFREBAZHIEH L T L AREERE X 6N D,

ATP8B1 RBIC XV R b7 =) ZA4 FRITOBEHEIZOWT

ABCA1 2EMEHRD 22 L AT m— VO MIZEH T2 & v ) #fdE (109),
%72 ABCA1 %K1 $ % Tangier 74 MDM (2B W CIEMIH RN A5
Lo HE (19,1100 2855 Z &b, MO L7z ATP8B1 XHEIZ LD
ABCA1 OFEHET & BHEROHEKIITEEE)RH 5, v~V A7 nT
7= BV TR IL- 10 Za b 27 o — L odE & & B ICEV AR Z FHSH
52 ENHRESNTIEY (111), ABFEICBWTSH ATP8BL @/ v 7 X7 /(T
{53 LDL OBV ALN ERET 52 EnA 50 TW5 (Figure 8), L7=73-
T.ATPSB1 ® / v 7 Zv  FCiE, IL-10 LBC L W 2 L AT o — LD HLY iA
FTHEINT 253, ABCAL I X 2P O ORRE MR 2D, WE DT A
w0 NAET, REIO = L AT o — LAKHIBERNICIER E LTERShD L
IAN=ZRLBEZ HND,

HERATZEOI A L M2c ~— 5 —CD163, CD14 OREUK T & ORE#E IS
T, FACS (2 X 2#r 2~ BRI & SSCIEDMHEEZH 6 E L TnAH 720,
SSC it H~—H—DOxtEERD Z L THRFITE B2 LND, £ZTay

Fr—/LREICERIT S SSCE E CD163.SSC L CD14 DRAfRMEZ Rz & Z A,
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CD163, CD14 O3 BLEN EWWHER Tid SSC EDMEW AL O FIG 23 8 < 72 H
Mz o7 (Figure 6. F), — )7 CTATPSB1 D/ v 7 X7 L DR Z T /2o
72 CD16 & MerTK IZDWW i, T H DOFBLOEIKIZEK ST SSC D =\l
i, WA OEISIXIZIE—E THh -7 (CD16: Figure 6. E, MerTK: data not
shown), 2D Z &0 n, —OHDGLE LT IL-10 I L Y | CD16, MerTK
DFRBENFE S DN —EFEFEL, £OF TS HIZ CD163, CD14 @
FEENRKE L EATLIMREPA—ERDHY ., £ L9 2Mila Tl SSCIEOIET
NERZDENIZ L, OB E LT, SSC DKW TIX IL-10 ALEE

12X VW CD163, CD14 ORBNFHEE INLT VY, SSCED W CIELikE

$

Iz nweknwsr ZenE2X6N5, £ZT, ATP8B1 O/ v 7 X7 FITk
7% SSCfE & CD163, CD14 Oxhiia 7% &, CD163, CD14 OFEHLH =0 Vil
fafE L . ARV T, SSC O mWIE, [RWMIROFIAEITIZE A EEL
TWro 7z (Figure 6. F), L7223 ->T, =D HDIGRDO TN AGIITHY
ATP8B1 ® / » 7 X FTiE, IL-10 ZHIZ L 5 CD163, CD14 OFBLDK
72 bR SSC OB L WO BB E TV RNWEEZX bND, LEXD,
ATP8B1 » / v 7 #v » KU PFIC1 £ MDM TiZ ABCA1 DI T & —I[k &
L TR &R R Lo9 <, IL-10 AAPRIZ X % CD163, CD14 OFBLFHE
(ZPE S BB DWW A3 Z D 12 < v &y — @O AL HER S 5 (Figure. 10),
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<7177 —IIBIT 5 ATP8B1 O#RE/R1E L REEDEEEIZ DO\ T

AWFFEIZ BT, ATP8BL RIFIZ LY, RIERMIIFEGTH~vorun77—2
YT EA T ThHDH M2 7 Z A T~ BN RE S ND Z 05
METpol=Z b, PRICT BEICBW TR LD, RIEZEFE D ER & OB
NEZHID, PFIC1I BE TRONDRIE L BET 2ERD 5 BB TR
Lo bD L LT, % ORENIMTR (86,87). 77 v — AMEE)REE(L O P
o(96), £ L TIRBEE TIEH 203 MESNTND D & LTHIR, BERRH D |
Z 61X PFIC2 BFE TILR SN2 ko ATPSB1 O KIBICKINT 5 &
Zz bbb (54), ATPSB1 KHBIZE D ZNHNEL D AN =X AOFEMIZHA L
NETRS TN, M2e 7 X A F~OMALEFIC I Y | RIEDO M IE
HICHEEL RN ER K ERo TV D ATRBIEN B X HiLd, FRCEARE O
HEAT &V 9 REEIZE WV T, PFICT 35 MDM ([ZRW CHiEhREE LIz < M2c
VT EA T OWYMEACIZEZE N H Y | FTERHEEN/ERL T2 L,
ERIZBNTHMENZIE T~ v 7 7 =V OWIKMEREIT LT, 771
— LMEENRAE L DR & e > T D EHEIIE N D, 4% S HIZ, ATP8B1 @/
v 7T R~ AW, PFIC1 BEFofflicBis~rn 7y —v
RN T HZ E T ARIRONTEMDM O 7 =/ A 73 invivo IZEBWT E D

KISTDMMRALNERD EHFFL TN D,
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fame KOS BRORE

MDM % W e B0 F IOV T
ABFSEIC &0 BH L7z, IL-10 ZLEE L 7= MDM {28\ T ATP8B1 73 36 Bi§
52 &, F7- ATP8B1 KIHIZ L V., Oil Red O 12 X 2 Yafiil s iR+ 25 2 &
6, PFIC 8V & 72 BE )N PFICL THAHERT HAF—LNE 6N
7= (Figure 11.), & 52, MDM (Z81) 5 M2c 7 ¥ A 7' ~—#—CD163,CD14
DRBBEOWD LN T = ) ZA T EDOE T2 2 & T, ERRE X
DHR—FTEDHEEZTND, ZNET, PFICI OZW% BN BERIEE
MWT ATP8B1 O % /7 EHBEBLELZ KRG T 2 7-0I121X. FEREZITV,
Western blotting |2 & W iRHHT 20BN H o703, FFAERIT, BE O H T
MLETHDLHZ L, LRBHNHOATADMFIZR OGN TND Z &b XERITAT
Z B TIEAR Y, AWFZETIEZ MDM (2815 5 ATPSB1 O A2 50 e Liz
ZEmb, BRIMIZE Y ATP8B1 OFRBLEOFELRN T2 Z LN ATREIZ R 72
X, REORBMEZED, a7 T4 T RAER LSS L0 B TE
Witk ® 5, £7-. MDM @ Oil Red O #efaic->\ Tk, Figure 9 D OfER X
V. 450 um?/cell # BZC, £ LEEfEE LT, PFIC1 2ot L 55175

ZENTES, ZOBRMEICOWTIE, 4% PFIC 2%, 2 ha—L & HicHl
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BaEPLL TN ZET, WAEANEZ VIS WMEEZRETE S EEZIOLND,

L DO, BISFENT & 22 RARENTIZEE MDM Ot &3 T L TITVy, M
F L7236 PFIC1 ZfEEZW TX 500, Mt L TV RERZH D, T
TUORER, TV =LAV T b EEITER, £/IXPFIC1 OFRER DS Z
EDIRENTND I A U AEREZRESCHEHAE~T 1 TROYAIX, PFIC1T @
eEZWIIBIBE TMRITOLTHRETH D, LA LARn6, oI A AL
HERFEESNTGE, bLLIE, FHFOT VML EREZRETE o iz
5t (Table 1. Pt. 1, 2, 8 72 &) (JIXMEEZWNIITE S22V, F72, ATP8B1 ©
RHBOMAT OLTIL, HREK TR 2 2 8 BHEE TITE 2 A2 WER R
K &R TWDH/AICHMBTES, 20X I RELR L mRNA BZKTFSE5

by LT eEe—% —fHEBEOL

%ﬂr

rEE~T B TR YA,

ATP8B1 OHEBLENYFRRE T, hox 2y VALY X/ BREH A O BRN—

DLMADIERNWE WS Z & T, Z2WiR#CcH 5, £7-. PFIC1 A& TlE

B DR WERIANES . SR UFROLENBE O -> T D LTRSS,

TORBIIONWTERRZAER L THRAT 2 LB LTS 2B 6150,

ATP8B1 DOHERE % & EWIIZFMT 5 FEER A IIR TN L TZgyy, L7223 » T,

K72 T ATP8B1 OMSREA KM LT- 7 = ) Z A T4, BE A ko MDM %

TRHMEATREIC L2 2 &3, BRR LIERICEHETH D, EBRIZ, AR E T
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L TCATP8BL (27 X/ gfE#HLZ il 2 A BN FE S 7203, iR 72 PFIC1
LIIRARDIERERTHZ LD, PFICLT TIHARWEEZ BND 7 — AN

STz, Y%A (Table 1. Pt.9) (X, PFIC At 52, @5 O PFIC B
TROLNDHIE, FEEOEITNALNTE LT, EZKN TE TV R)1o
2o & 2 CHEG T 21T o712 & 2 A ATPSBICT X/ fRiE#i % £ 5 SNPs (7
VIOVBERE: #) 5%) & — o, ROFHTHOLE R E — SRS Z LR LN L 2R oT203,
PSREICELRE 92 ATPase IEMEINICRIT 2 BB CIIM< , 2 b SNPs, A#N
ATP8B1 [ZKIFTTHEIIAH TH 7o, ZNEMRFT D720, BERE(ER
U CREMT L7 ARG, FBBLE, MIANREIXIER Th o7z (84), AlG, ARBEIZ
FBWTIE, ATP8B1 D% L /37 I B D82 KT LGS T 2/ BREH)
FAET DN, TORBEFHITH 2 LIXTETHARY, ERARBE IR
[Zfth> PFIC1 BEICHARTEETRVWI LD, ZOT I/ RERIZEY
ATP8B1 OISREMNFERICMELS 705 Z L ITBEZ bW, HRED M EE
ST PFIC #ROJFERDBH TN DD, B HIOBIRF B L TV 5 AlgEME S
EZ2bNb, REBRFIZOWTIZMDM @ Oil Red O Jetaz17-> TV D28, Yufh
HifE L Control B & ZDRUVMETH Y (Figure 9. D PFIC1?) . M2c ~— 77—
OFRBEHIEFIZH 5172 (data not shown) , L7223 > T, KREFFETIRET D
MDM O 7 = ) Z A F&H W A7 V—=227TiX, PFIC1 $kDIEMR &~ T D3,
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PFIC1 REHE ThRWERE & A7 PFICT BFHZ TN TVnLH EEXH
N5, BROBI T, PFIC I3MZ R RE LS TEGREEE L THFEL TR, K
TR G| R EIC PRICT BE 28R TEX 5 L 210 -72 2 & T, BHlic
eEZWr &2 DI TR IR A AR TE 5 L 912720 (41% O PFICL G OHFIE,
K& PFIC #RIER 2R TREITH T 22O EICEIRTE 5 &2 TV 5
& 512 ATP8B1 OEEXRIRIZL Y, MDM TRONSE 7 =/ Z A 7L, JFTARE
o oWHER, RS - B L OEIT & ORNERH B2 L 725 TWITIE, MDM
W6 RO TR, £ L TRIETEORENREIZR D & W L T

W5,

ZWrEE L L TOHREIZONT

ARIEH S 72, MDM 2B HIEMRZBEOE K &V 5 PFICT AR
7=/ A 7%, Oil Red O RAUZ L DWENE S TH D | Getardllli 2 gt v 7
MKV EBEMICEHT2 LD THDL 2 &b, — KRR ELZHE &
NThH, BEEDBALRWG BERTVWD LEE XD, 2lriks LT, ATP8B1
D& T BFFBLE % Western blotting (8 0 Bt 23R & B L TH .
EBRAKOBIENHETHY . WEEOHMETHETE D2 L0 b, HHE 2

b=z EPR EGHBIRARETH D Z &b, FMMEOBIR TERAL
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Thbd, MERE LTI, HEROZHE, MDM ~D b & V9 TIEAVLETH D
i, YUTNEBDLE TCOEENEMTRRZETLHZ L THDH, £2
T EAT LA A vEE R L, b BEEELS T 52 EnTEIR,
SOICHEEZR DA Z N TELEBXTND, o, AERAZATIEHRO b
FiEEZAVTHEEL TR, Lot ZIC X2 FEEAROES, A MIA V&
DZEFIZL Y . MDM ORI I E A 52 5 2 REBEZHND 70,
EPMEZEH LW T3 L MDM O5bEIC—ERED U RZ 0B
EWNT 52 &L CRRHEMAZHFLL, ChiBlgds28 T, LVRBERS

WEBGRIZZR D EBES LD,
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X%

Patient Genome sequencing
aN':” Diagnosis Gender Age ATP8B1 BSEP
) mutationl mutation?2 mutationl mutation?
Pt. 1 PFIC1 M 2y C'30?§S')34de' ? - -
Pt.2  PFICi M 6y C'(1F5§25§;§;§je' ? ; ;
c.1371del Cc.2941G=>A
PL.3  PRICL P&  (Gas7Fs) (E981K)
c.916T>C €.2854C>T
Pt. 4  PFIC1 F 1y (C306R) (R952) - -
c.3692G=>A c.3692G=A
Pt. 5  PFIC2 F 2y (R12310) (R12310)
c.386G>A c.1460G=>A
Pt. 6  PFIC2 P (C129Y) (R487H)
c.386G>A c.386G>A
Pt. 7 PFIC2 F ly (C129Y) (C129Y)
Pt.§  PFIC2 F 9m ; ; C(gfggﬁ ?
c.2021T>C
(M674T) c.1729A>G ) )
Pt. 9  PFIC1? Mo 17y 53acsc (1577v)*
(H78Q)*

Table 1. ATP8BI1 and BSEP mutations in PFIC patients

All exons and exon-intron boundaries of ATPS8B1 and BSEP gene were
screened by direct cycle sequencing as described in 575 (PFIC B3 & & Mg
{K). Mutations with asterisks are reported as SNPs (Allele frequency of
c.234C>G: 5 % in Japanese; c.1729A>G: 5% in Japanese). (?): Another
mutation in intron or promoter region is expected because ATPS8B1 mRNA
levels were low in liver specimens of Pt. 1 and Pt. 2 and because Pt. 8 showed
very severe cholestasis and liver damages (Liver transplantation was done
for Pt. 8 after this study ). (-): Screened but not detected. Space: Not
screened.
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Figure 1. ATP8B1 is expressed in MDMs.

77



D 0.000025+ Donor 1 0.000025- Donor 2

c
g 0.000020+ 0.000020+
7]
o)
‘5_ 0.000015+ 0.000015+
X
3 0.0000104 0.000010+
>
2
% 0.000005+ 0.000005+ =)
& zz
0.000000 0.000000-
013609 013629
Differentiation Differentiation
(days) (days)
E 8A 8B 9 10 11 Qéb
1 21 2 3 4 A BAUBIUDAUBC &
ook -
— -y -— =
y - e -e
CDC50 Qo‘b
A B &
-
o

Figure 1. (Continued)

(A) Whole cell lysates of erythrocytes, granulocytes, lymphocytes, monocytes,
and MDMs prepared from peripheral blood of control volunteers were
subjected to western blotting with anti-ATP8B1 antibody and anti-B-actin
antibody. Expression of monocyte marker CD93 and macrophage marker
CD163 and CD23 were reprobed with anti-CD93, anti-CD163 and anti-CD23
antibodies after stripping. Arrow head indicates ATP8B1 (140 kDa).
Asterisks represent non-specific bands. (B) 1 or 9 days after seeding
monocytes, they were fixed and subjected to immunostaining with anti-CD93
or 25F9 antibodies. TOPRO3 was used to stain nuclei. Scale bar: 20 um. (C)
Photomicrographs show representative morphological change 1, 3, 6, 9 days
after seeding monocytes. Scale bar: 50 pm (D) Expressions of ATPSB1 mRNA
during differentiation from monocytes to macrophages were determined by
qPCR. Representative data from 2 donors were shown. ND, not detected. (E)
mRNA expression levels of 14 members of P4-type ATPases and 2 members
of CDC50 family in MDMs were assessed by RT-PCR. Band with asterisk is

non-specific PCR product.
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Figure 2. ATP8BI1 deficiency causes down-regulation of ABCA1
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Figure 2. (Continued)

(A-C) MDMs from control volunteers were transfected with negative control
(Ctr]) and ATP8B1 siRNA. 3 days later, cells were harvested and used for
cDNA synthesis from total RNA (A) or for preparing whole cell lysate. (B, C).
(A) Expression of ATPSB1 mRNA was determined by qPCR. Values are
means = SE of n = 4, expressed as relative expression compared with Ctrl
siRNA treated cells. (B) Expression of ATP8B1, other cholesterol
transporters, and CD163 protein were examined by western blotting.
Representative results of three independent results are shown. (C) Band
densities in (B) were quantified using Multi Gauge V2.11. Values are means
= SE of n = 4, expressed as relative expression compared with Ctrl siRNA
treated cells. (D) Whole cell lysates of MDMs prepared from PFIC1 (Pt.1 and
Pt.2 shown in Table. 1), Control children and adult patients were subjected
to western blotting. Statistically significant difference *p < 0.05, **p < 0.01
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CD163higk subpopulation (M2¢ subtype)
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Figure 3. (Continued)

MDM:s from control volunteers were treated only with 10ng/ml M-CSF (A-E)
or with 20ng/ml IL-4 (A, C), 40 ng/ml IL-10 (A, C, D) and 40 ng/ml
IFN-y (A, B) in addition to 10 ng/ml M-CSF for 6 days to induce polarization
of M2a, M2c¢, and M1 subtype respectively. Cells were harvested for
preparing whole cell lysate (A) or for cDNA synthesis from total RNA (C) or
fixed, then subjected to immunostaining (B). (A) Protein expression levels of
ABCA1, ATP8B1, B-actin and subtype specific markers; CD23 (M2a), CD163,
MerTK (M2c) were determined by western blotting. Representative results of
three independent results are shown. (B) Expression of M1 marker, CD80
was assessed by immunostaining. Scale bars: 20 um. (C) mRNA expression
levels of ATP8B1 and CD163 were determined by qPCR. Values are means
+ SE of n = 3, expressed as relative expression. Representative results of
three independent results are shown. Statistically significant difference *p <
0.05 (D) Cells were stained with FITC labeled anti-CD163 antibody and
sorted by FACS into 2 populations with high or low expression levels of
CD163 as shown in histograms (Top). Whole cell lysate of each population
was subjected to western blotting. Representative results of two independent
results are shown. (E) Whole cell lysates of MDMs treated only with 10 ng/ml
M-CSF or with 40 ng/ml IL-10 or 100 nM Dexamethasone for 3 days were
subjected to western blotting. Representative results of three independent

results are shown.
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Figure 4. ATP8B1 knockdown affects polarization

IL-10

83

of MDMs by



D [JM-CSF mm+ IL-10 E CM-CSF mm+ IL-10
* %k * ok %
kkkr— T ~ kkkr— 1
o~ 20000 1 o\o 754
E —t
E 15000 -En 5ol
C * %
Q 10000 8 —
= oo E *
(m]
Q . Q N
% %k % % %k
Kk T % IE—
=~ 12000 1 S T
o ua:a % %k %k
= 900 [ —
; * % -E" 504
6000 =
- <
8 3000 E 1
[ I [ : ] o 0
L
% *
25000 ] —~ 1
o % K %k BQ 100 * %
LL 20000 >k ok ok - % %k %
= (— e ™
~~ 150004 o
= .
2 100004 ©
=] E 25
5000+ I——l u
u 0 T T U 1]

siRNA: Ctrl ATP8B1 siRNA: Ctrl ATP8B1

Figure 4. (Continued)

(A-D) To assess the effect of ATPSB1 knockdown on IL-10 mediated
polarization of macrophages, MDMs differentiated with 10 ng/ml M-CSF for
8 ~11 days were transfected with siRNA (Ctrl, ATP8B1) and 3 days after
transfection, cells were cultured with 10 ng/ml M-CSF with (closed bars) or
without (open bars) 40 ng/ml IL-10 for 5 days. 2nd siRNA transfection was
performed 4 days before assay to keep knockdown condition until assay. (A)
Schematic procedures are shown. (B) Whole cell lysate of each sample was
subjected to western blotting. (C-E) Cells were stained with fluorescence
labeled anti-CD16 and anti-CD163, or anti-CD14 antibodies and analyzed by
FACS. The data were analyzed by Frowjo_V10. (C) Representative data
were shown as contour plot. (D) Mean fluorescence intensities (MFIs) of
CD163, CD14 andCD16 were determined. Values are means = SE of n = 3.
Representative results of four independent results are shown. (E) CD163high,
CD14high and CD16high cell percentages were shown. Values are means =+
SE of n = 3. Representative results of four independent results are shown.
Statistically significant difference *p < 0.05, **p < 0.01, ***p < 0.001
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Figure 5. (Continued)

(A) Early apoptotic cells were obtained by incubating human granulocytes,
1solated from peripheral blood of control volunteers, in 10% FBS RPMI for 20
hours. According to Annexin V and propidium iodide (PI) staining, 60-70 % of
granulocytes show early apoptotic status (Annexin V+, PI-). (B-E) To assess
the effect of ATP8B1 knockdown on IL-10 mediated induction of phagocytosis
of early apoptotic cells, MDMs from control volunteers were treated as
described in Fig.4 A and then incubated for 3 h with early apoptotic cells
stained with cell tracker green. Cells were stained with fluorescence labeled
anti-CD163 (B, C), anti-CD14 (C), anti-CD16 (C) or anti-MerTK (C, E)
antibodies and analyzed by immunostaining (B) or FACS (C-E). (B) Cells
were fixed with 4% paraformaldehyde and immunostained with anti-CD163
antibody without membrane permeabilization. Representative data is shown
as XY, XZ, and YZ plane of merged figure (left) and each staining figure
(right). Scale bars: 20 um. (C) FACS data were analyzed by Frowjo_V10.
MDMs were gated using FSC and SSC values and free granulocytes (not
phagocytosed) were excluded. Representative data were shown as
pseudocolor plot. (D) Phagocytosis of early apoptotic cells were determined as
percentage of cell tracker green positive MDMs. Values are means = SE of
n = 3. Representative results of two independent results are shown. (E)
Expression levels of MerTK protein were determined as MFIs. Statistically
significant difference *p < 0.05, **p < 0.01, ***p < 0.001
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Figure 6. MDMs with ATP8B1 deficiency show morphological

abnormality.

87




Ctrl siRNA + IL-10 CD16hish ATP8B1 siRNA + IL-10 CD16high

260K 7 20k | 280k7

200K 7]
n (1)
100K ]
50K <] 50K <] ¥ S0K ) 50K 7]
0 o o o
L J T T g m T 1 4 e v v
s 3 3 4 5
‘|DJ 0 103 |D.‘ 10 -\03 o t03 VD4 105 AIDJ o lOJ 104 105 -10 o 10 10 10

B i 160K
T8 0

200K <] 200K |
8 )}
3 | g | 100K <]
50K ] 80K <] 50K <] 50K 7]
o o o o
S S — A N — S s
|L73 0 10 10 !05 -n)3 0 103 |04 \05 403 0 |03 10 105 <10 o 10 10 10

Figure 6. (Continued)

(A-F) To analyze the effect of ATPSB1 knockdown on cell morphologies of
MDMs treated with IL-10, MDMs from control volunteers were treated as
described in Fig.4 A, stained with fluorescence labeled anti-CD16 and
anti-CD163 or anti-CD14, and applied to FACS. FACS data were analyzed by
Frowjo_V10. (A) Expression levels of CD16 were not altered by ATPSB1
knockdown. Ctrl siRNA, histogram with dotted line; ATP8B1 siRNA, gray
histogram. CD16high populations (indicated by double-headed arrow) were
analyzed for ATP8B1 knockdown effect on cell morphologies. (B, C)
Morphological difference of CD16hish populations between Ctrl siRNA and
ATP8B1 siRNA treated MDMs are shown as contour plots with FSC and SSC
(B) or histograms of them (C). (D) Bars represent means = SE of FSC and
SSC (n =3). Statistically significant difference *p < 0.05 (E, F) Relationships
between values associated with cell morphologies and M2c¢ markers, CD16
(E), CD163 and CD14 (F) were examined by making contour plot with them
(Ctrl siRNA; red, ATP8B1 siRNA; blue). (F) For CD163 and CD14, CD16hish
populations were analyzed.
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Figure 7. ATP8B1 knockdown induces lipid droplet accumulation.

(A-D) To evaluate the effect of ATPS8B1 knockdown on lipid droplet
accumulation in MDMs treated with IL-10, MDMs from control volunteers
were treated as described in Fig.4 A, stained with Nile Red (A, B) or Oil Red
O (C, D) and analyzed by FACS (A), confocal microscopy (B), or light
microscopy (C, D). (A) Correlation between values associated with cell
morphologies and lipid droplet amount was examined. Peason’s correlation
coefficient R values between fluorescence of Nile Red and FSC or SSC were
calculated. (B) Representative images of Nile Red staining are shown. Scale
bar: 20um. (C) Representative images of Oil Red O staining are shown. Scale
bar: 50pum. (D) Areas of Oil Red O staining per cell were calculated using
WinROOF. Bars represent means = SE of n =4. Statistically significant
difference **p < 0.001, ***p < 0.001.
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Figure 8. ATP8B1 knockdown does not affect IL-10-induced LDL

uptake.
To examine the effect of ATP8B1 knockdown on LDL uptake of MDMs

treated with IL-10, MDMs from control volunteers were treated as described
in Fig.4 A, incubated with 10ug/ml Dil-LDL for 45 min, fixed with 4%
paraformaldehyde, followed by immunostaining with anti-CD163 antibody
without membrane permeabilization. TOPRO3 was used to stain nuclei.
Representative images taken by confocal microscopy are shown. Scale bar:
20pm.
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Figure 9. Abnormal polarization and evident lipid droplet
accumulation are observed in PFIC1 patients-derived
MDMs treated with IL-10.

(A-D) MDMs from PFIC1 and PFIC2 patients were treated with 40 ng/ml
IL-10 in addition to 10 ng/ml M-CSF for 6 days, and then subjected to FACS
analysis (A, B) or Oil Red O staining (C, D). Results from a representative
pair of PFIC1 and PFIC2 patients (Pt.1 and Pt.7) are shown (A-C).
Comparable results were obtained from other 3 pairs of PFIC1 and PFIC2
patients. (A) Expression levels of M2¢ markers, CD163, CD14, CD16 and
MerTK were determined. PFIC2, histogram with dotted line; PFIC1, gray
histogram. (B) Morphological difference between MDMs of PFIC1 (blue) and
PFIC2 (red) are shown as contour plots with FSC and SSC. (C)
Representative images of Oil Red O staining are shown. Scale bar: 50um.
Areas of Oil Red O staining per cell were calculated using WinROOF. PFIC1,
n =4 (Pt.1, 2, 3, 4 described in Table. 1); PFIC2, n = 4 (Pt.5, 6, 7, 8); Control,
n = 11; PFIC1? (Pt.9). Statistically significant difference **p < 0.01, ***p <

0.001.
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Figure 10. Phenotypes of MDMs polarized by IL-10 under

ATP8B1 deficient condition.
ATP8B1 deficiency causes downregulation of M2c markers (CD14 and
CD163), cholesterol efflux transporter (ABCA1), morphological abnormality,
and enhanced lipid droplet accumulation. On the other hand, phagocytosis of

apoptotic cells, which is a M2c subtype-specific function, was not affected by
ATP8B1 knockdown. Induction of ATP8B1 expression during differentiation
from monocytes into macrophages might be essential for acquiring specific

properties of M2c subtype by IL-10.

92



iR ILRMICRAN AR
B=E

P Ty =T

M55 GTPIEES ‘ PFICREL)

3\ VR

ABSEEREH L I MG HRiELDMDMEARS (IL-1042)

> ATPSB1ODOFIR=EMFT Western blot

No Normal

> Oil Red OZEfHlkDES
High (> 450um2/cell) I Normal

RREET FREPSIER - WEET PFIC 2
PFIC 1 or other causes

Figure 11. Scheme for discriminating PFIC1 patients from
patients with PFIC-like cholestatic diseases.

If bile duct obstruction is not detected by ultrasound scan in infants with
jaundice, high serum bile acid level, normal serum y-GTP level and
intractable itch, it is probable that they are PFIC patients (PFIC1, PFIC2, or
other PFIC-like cholestatic diseases). The present study revealed that PFIC1
patients can be discriminated from such patients by measuring expression
level of ATP8B1 and area of Oil Red O staining region using MDMs treated
with IL-10. Threshold of Oil Red O staining area is set at 450um2/cell
according to the data in Figure 9 D.
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