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77 u— AEERE LEIL, 2L AT e COIEE R REICIR VAL v a7 7
—UNMENBICERET 52 L ThlERISh, itENREBREDY RV RT L7 5,
Y R Z X7 8 (HDL)WC X 2 MRE 5] &3 & BSOS IT, BRI P BB/ L 726
brET 2 EEAARK TH D,

% 2 ETIX, HDL ~EE Z Wk D% > /37 & ATP-binding cassette transporter Al
(ABCA1)IZH H L7z, ABCA1 OFEBIHEANIZ, EhIRAE(LE B DT Rk 2 i) 2 A #h7e B &
LTHBLIR TS, S nfilAl FTY720 132 M WAETEHREE & L TR TEA SN TER
0| BIREE(LE T L~ U AR A IRE RS S Tnd, Lav L, ABCAL FEBLIZxt
$% FTY720 DEIZIEE A EARHTH H, £ 2T, FIYT20 v 7 7 —U~DFE
FHER L OV ABCAL BHUC KT T HEICOWTRE LTz,

¥ 3 % ClX, HDL A% 737 B ® ApoA-I binding protein (AIBP)IZ# H L7-, AIBP I%
[FIE LRSI ETh D & &, fMlsh CoRER Rl s T& iz, L
L. 853 BERIMH T AIBP 28I & A S SRl b i S TR Y | AIBP D3
DWTIEARAZR RN L, £ 2 C, 18 LR X OUH AIBP O A%, Hiflast AIBP
DI 2 AEFR R S F 2 B BT LTe,

[RER - B4

FTY720 ORI E D ~27 a7 7 —VHlRTH 2 1774 ~OIREER-NI A B LT,
ABCAl OFHFEIZ LY FTY720 OBENITHHENIZZ E2vb, FTYT720 (2 X B IEEERED
WX ABCAL 20 LTV D Z EAR STz, £72, FTY720 OUINZ LY ABCAL ¥ >~
NRIZBEFB IO mRNA 8L T, LEXY, v 777 =280\ T FTY720 28
ABCAl ORBLAEE L, [FEOEEAIHT 52 L ZH LM LT,

b MG (n=30)I23 T AIBP 284kt 41, 44 AIBP LI 11.9 (£8.8) ng/mL T -
7oo AIBPIREEIZMF RV 7V Y NRELAFEREOHBEAZ R LI, MY 7V &Y RO
MASHERSE AIBP #DZE(bAE 72 b A MGET 572D, HEHM HepG2 (24 LA
i« NI FUBMEBRM LT, 7V FUBORINTMIESL AIBP EA2 M SE7-28, (A
RFICHIRSE N BIER S vtz U LIRFBOFE G X W IFEELZFE Lo~ v A TiEE L
1H AIBP &N L TWe, BLEX Y | IFREFE M AIBP 2N S E5WHED 1 D ThH
HZEWHBMNE ST,
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ABCAI1 ATP-binding cassette transporter Al

ABCG1 ATP-binding cassette transporter G1

acH3K9 Acetyl-Histone H3 (Lys9)

acLDL Acetylated low-density lipoprotein

AIBP ApoA-I binding protein

AIMLHIGH Atherothrombosis Intervention in Metabolic Syndrome With Low HDL/High
Triglycerides: Impact on Global Health Outcomes

ALT Alanine aminotransferase

ApoA-I Apolipoprotein A-I

ApoB Apolipoprotein B

ApoE Apolipoprotein E

AST Aspartate aminotransferase

BCA Bicinchoninic acid assay

BMI Body mass index

BSA Bovine serum albumin

BUN Blood urea nitrogen

CBB Coomassie brilliant blue

CCl Carbon tetrachloride

CCr Creatinine clearance

CETP Cholesteryl ester transfer protein

CM Chylomicron

DAPI 4',6-Diamidino-2-Phenylindole, Dihydrochloride

DHR123 Dihydrorhodamine 123

DMSO Dimethyl sulfoxide

eGFR Estimated glomerular filtration rate

ELISA Enzyme-linked immunosorbent assay

FASN Fatty acid synthase

FDA Food and Drug Administration

FTY720 Fingolimod

FTY720-P FTY720 phosphate

GTP Guanosine triphosphate




HDAC Histone deacetylase

HDL High-density lipoprotein

HDL-C High-density lipoprotein cholesterol

HMG-CoA 3-Hydroxy-3-methylglutaryl-CoA

IL-6 Interleukin-6

ILLUMINATE Investigation of Lipid Level Management to Understand its Impact in
Atherosclerotic Events

LDL Low-density lipoprotein

LDL-C Low-density lipoprotein cholesterol

LPS Lipopolysaccharide

LXR Liver X receptor

mlgG Mouse immunoglobulin G

MS Multiple sclerosis

NASH Non-alcoholic steatohepatitis

NAXE NAD(P)HX Epimerase

OA Oleic acid

ORO Oilred O

PA Palmitic acid

PI Protease inhibitor cocktails

rAIBP Recombinant AIBP

RBC Red blood cells

RIPA Radioimmunoprecipitation assay buffer

ROS Reactive oxygen species

RXR Retinoid X receptor

S1P Sphingosine-1-phosphate

S1PR Sphingosine-1-phosphate receptor

sHDL Synthetic high-density lipoprotein

SphK Sphingosine kinase

SREBP-1c Sterol regulatory element binding protein-1c

TCA Trichloroacetic acid

T-CHO Total cholesterol

TG Triglycerides




TLR4

Toll-like receptor 4

TNF-a Tumor necrosis factor alpha

TSA Trichostatin A

UA Uric acid

VEGF Vascular endothelial growth factor
WBC White blood cells

WHO World health organization




B1E Fia

World Health Organization (WHO)IZ L 5 & | ﬂ‘ﬁ* BIFHEENECEHEROFEITEH 147
DM LER, B2 MAEf & 7o TR, BTV AR ELTT T —AM
BRI 8 5, BIREELPERR BRI K én‘%ﬁlﬁt%‘éﬁ VAR 1500 T ALLETH D | BRDHK)
267 %a D5 L, ABRBIETH - FETRLE HITHMBER 2 TO D R TH
0. 77 v — AEBIREEA IS D A R IR RIEORFE R RO b T D,
77 v — AVEEREEVAE T ML O NI HRIR D 77 — 7 DNTER S 4L, BIREE AR O
DEREET 5 Z & TR EEZ SN DA BRIFREORIRCTH D, 77 1 — LPEEIREE L D5 AE
BEFFITBIE, RO X 95128 2 LTV % (Figure 1) %,
@O 1 DN~ E&{k L7z Low density lipoprotein (LDL)23#EfE L, v~/ 17 7 —VIZE
‘BINd,

© BREIT-olo~ 7 v 7 7 —I0%, Wik~ & ki KOs NE~D & 25|
SR L, RIEMEYA ML 25WTHZ LT, SbRLH~vI/uT 7y —V%HE
T

@ FEINI~r/nT77—VF, HOaLATFo—LxB8R8L, b - BT 5,

U bo7mt 2@ L T, MENE~D 3 L 2T 1 —/bis XKOVEIRGHIBOTEAE 34 D
RS, 7= BHRT L, HRLET 7 =271 3lE 2% L, SRVESCHILER &4
RIET D, S DITHENERT D L. 7T — 2 O 2 5285 & 92 WK O G I S O%ERE
A A — ROFEMALIZ L D MDD FERE SND 3, N TIARITFEIEAEAL D 5 U
VEFRIEE LB L s CREM A S & 2 L, Rl DR, AR ORE &R D,

Lumen

Chemical/ Oxidative

stress \

Endothelial dysfuncaon Tfﬂﬂs""'ﬂ"a‘m"

Monocyte
Cholesterol efflux £ v
iEndothnlialccﬂ @ @ 5 N
T e® S
lHerentlanon o
Fany streak
Lipoprotein /
modification . Llpld uptake
modified LDL /%If@rahon

Adheslon

Foam cell
Macrophage
Releases of cytokines Migration
and growth factors C Intima

e

Smooth muscle cells

Figure 1. Macrophage foam cells formation and fatty streak development?.
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BUTE, BREE( LR ISR D EHRIL TR - RGN ERFETHY . NaE] & &
IRETDIANTIEL 2, Fl2IE, MIEMEREOE —RINETHLHLAF T L, b Fe
X AFILTHE UL CoA iR THEFE (HMG-CoA reductase) & B2 Z & C. 1l LDL
AV AT =L LUV BRI T S, 77— 7 OFEREMHIT 23A & UCEH X
N4 LL, AL F AL DOIMERA X2 N OIHIRITH 24%FEE TH D Z & 23
Bl TERY  DMEA X MEAEROE 2 5K FIITHERIE O 270 53, T
T T DRENPMETHDL EEZ LTS (Figure 2) %,

N > =
S e S e

—_— Vascular Smooth Muscle Cell
Blood Flow
Blood Foamy Macrophage

vessel

Endothelial Cell

Figure 2. Plaque formation in blood vessels.

High density lipoprotein (F1%5 5 U AR 2 > X7 'E, HDL)IZ, AR OIEECHEEMEYE O 1
HER A 48 O EAS 10 nm BREDIFE ¥ v RV BEAWRL T Th %, LDL IZX LT [EE)
LRI S HDL 28, RS OBmE /s 2 L 27 o — L &=L L, fFlE~ Sk 5 2 & T,
L AT BRI S h, HEE~PEHE N D, —# @O HDL 247 L7c=a L AT
o —/LOERIT T VAT o — ViR LT, RO 2 L AT o — L ZBRET DM
—OfREEE LTHHTWD ¢ HDL OFEICIX, Ailalk > ATP-Binding Cassette Al
(ABCA1)X° ATP-Binding Cassette G1 (ABCG1) L FEENHIEE b7 v AR —HF —N K& <
o> Tnsd, ABCAL 5 LT ABCGl #, HDL © EZEMwR ¥ X7 HTh 5
Apolipoprotein A-T (ApoA-D~EPERIICHRE 252 1 F 9 Z & C HDL OJEAL - BT
% (Figure 3) 7,
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ApoA-1 Discoidal HDL Spherical HDL

Figure 3. ABCA1 and ABCG1-mediated lipid efflux to ApoA-I and maturation to HDL.

JMATHDL &, 2 VAT B —/Lifilk DA 70 b FHIHIENER ORI EM O, i/ Mkt
LI 100 AN RPEESGE . FOLHERTIBIIREEIEE 2R T Z LA L hE > T
& TRV RIS M HDL A & EBIIRR D A 2 b OBEEE S FFRRE 95 Z & 1250,
HDL % #5592 L SR LMAR 20BHE 25 2 & BamE ShTnad,

HDL (X, = D% o7 2 PrEhIRELIE D S MAEREEIERO X — 7y M S TE T,
1T, CETP OPREAEMAREF L 4% HDL = L 25 11—/ L (HDL-C)? L5725 L7 %k
FlX g TE < OBERFABRAITOIL TS, CETP HEHTH S torcetrapib & H V7
ILLUMINATE &35 L O dalcetrapib % iV 7= dal-OUTCOMES 5RBR C i3OI 75 RS |
730,000 ALL EIZxt U COMEEAT 4L 415, LaL, 2o OEAIFGIC X 5H E2RG
BRI ST, BUETIXIREY —% >~ & LTO CETP OF4MENREMEINDIC
BEoTWD 16, CETP I HDL FIZE 2 b TWhHa L AT 11— /L= A7 /L% LDL (Z5%
TS IRE R N7 E T D (Figure4), CETP PHEFIZML.H HDL-C 7' — /L OHN%
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7e59Z &L CHDL-C AN ER S50, (FHEFZEiE 225 L. HDLIZL 5 a1 X
T —LHRIRIZ IR E S B L 2w E b, HDL O EE R FEREIGTEN 77 —
I INLONEER EKHEICEDIREOBMHIC LV RIESND EVWIEEBETDLE, TT R
— LPEENIREE L ORI I, 7272 HDL-C 23S ¥ 5D TlidZe< , HDLIZ kb2 L AT 1
—NVWHSIE A RET D2 LD 74—y NERETLHMLERD L EEZ LD,

@ Cholesterol
i

ChoIesteroI Ester
HDL CETP
inhibitor

Figure 4. Transfer of cholesterol esters by CETP and its inhibition.

AWFFETIX, 2 L AT 1 — LRk HEIZ B 5 HDL B & o /7 B O A RN A
T =X LOFFBIZE D FLATE, 5 2 BTlE~ 7 n 7 7 —UICBIF % ABCAl OFRILUZHEE
L. S HHlAl Fingolimod (FYT720) S IFE&E OB 2 b1 bF A D =X L2 W B L
72, FTY720 I% Liver X receptor (LXR)$3 J UF Sphingosine kinase 2 (SphK2)% 4 L C ABCA1 @
FELAZW ESHETEY, ZORBERT T o — AMBEIRELIEOF IR Y — 7 > & LT
HHTHDAREMEN RSN, 5 3 ETIT HDL f5& % > /37 '8 T&H % ApoA-I binding protein
(AIBP)IZ#% H L7z, AIBP |Z HDL O = L AT o — Lk 2Rl 22 L XV ETHDH =
EREINTEY ., 77 v — AHEIRE(E~OIEFICHB RSN TS, L, ER
W TOIBLRLI W, BEREIC DWW TIIRIEAHZR AL, 5 3 & 5§ 2 fi Tl AIBP D430
e 25 E L, BREE(L Y 27 L1 AIBP &2 G425 2 & 2L MIZ LTz, AIBP Ol
PRI, FREEET AL~ ATHI I, 3 & 5 3 Hi Tl AIBP OAPIEEEZ R
7 L 72, Recombinant AIBP (rAIBP)D#s/J1iE Lipopolysaccharide (LPS)Z & 5 JJE & BHZE (2471
HIL., AIBP BHIRIEMEHZ AT D Z E RGN E o7, 553 % % 4 i Cld HDL 73 AIBP
DO N Kol Z FRACOIMT 5 2 L 2L E Lz, Ziux AIBP OMIBENRTE: & %27
HiT 2 et & Y . AIBP O 7 X BERHIDOZEAVIT D 2 HHHA I =X L% F R LT,

PLNICARIIZE T b e A 25k 3 5,
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2 E FTY720 iZX 5 ABCAl BEHEMZN LI-IEEEHE OB
%15 TR

ATP-binding cassette transporter A1 (ABCA1)I%, Lipid-Free 72 apolipoprotein A-I (apoA-I)~®
MifaN=a L AT a— e ) UIREORHEZRET AL VXV ETHY , BEBE) REA
(HDL)DAERZIZ 31 % EE RN - Th 5 1718, ABCAL 12X D HDL OFEAX, a L AT
2 — LR OGO T e A Th D | FEEE, ABCA1 OFERETELZL BT M 4 - HDL
DFELWRZ &R~ OIREEEOMMES 2§ 9, Iblce MBI UEYET IV
DT, ABCAl DEEIZ L) REIRNIEDOIEMEE S LD Z &b Tl 20,
rnu 7y —YnbDalb A7 u—LHHOE LW LU 7 o — AMEE)REE L o (2
NI D 2,

ABCA1 OFBLL, BENZEED Liver X receptor (LXR)Z L - THIFI ST\ 5, LXR I
VF A RXZER (RXR) T v ZEEZER L, ABCAl 7RE—F—~fEGT 252
& T, ABCAl mRNA OREGRMEHES D 224, ZOWEREICL Y . ABCAL # /37 HF
OFBIEIML, MEANO 2 L 2T o — gt nsigEt i+ 5, L7z2i> T, LXR/RXR ¥ 7
TV EIr L7c ABCALl OIEPLFH R BIINIG T, ~ 7 a7y —Uhboal A7ra—/b
Pt AR T 2772 FETH Y . BIREELIET 7 — 27 O E T8 5 L CEEREE
ERETZEDRHIFFEIND,

Fingolimod (FTY720)(%, &M B EEHO —FE CTh D Isaria sinclairii 7PELT 5 RKIRKY),
Myriocin % U — Fba & U TR S 724> Sphingosine-1-Phosphate (S1P)3 2 4
(SIPR)FAHIFK TH D 2, FTY720 117 B MMsiEH 246 L, ZRME(LAE (Multiple
sclerosis : MS)IZ %7~ 2 #% 1 Fe /&A% & L T Food and Drug Administration (FDA)IZKFE S 41
TS FTYT20 BEE eTy720(Fingolimod)
Sphingosine  kinase 2
(SphK2) T Lk » TV »igfk
Eh, HEMHERCTH D
FTY720-P 3 ER S b, A
% &t 7= FTY720-P 1%

S1PR OMSEEl T v # 2= l Sphingosine Kinase(SK)

A2 RELTIER L, SRzl

Koz mgg s F1Y720-P H,N OF

(Figure 5)*"2%, £ 7=, FTY720 & 0. .OH
OEHIZLY, 7T u—LA E‘OH
HEIRECET L~ T 2D

= £ HL S
77—/ MBEAHITE S Figure 5. FTY720 to FTY720-P conversion by SphK.

H,N ?H

“\\

OH
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ZEDHEINTVWD 230, FTY720 OBREE(L TP O FIX, S1P 7 F /L ORFEIC &
2 BIIREEA LI B~ O S M OWEEIH & WO BT A ETH D L EX LN TE 2, T,
FTY720 Z#%45 L7=t b ¢ HDL i;;%r#zﬁﬂfm“é Z LR E ., FTYT720 OHEh RS
LAEMA HDL =2 L AT a0 — Lififin ik OfEdE 2/ U CORHE S LTV 5 ATREME S BT 72 1R
EN3, L LINET, v7 v 77— I8 5 ABCAL ORBLCITE OERICHT 5
FTY720 OEMIFIZ E A ER S TR0,

AREFETIX, FTY720 23, ~7 07 7 — U ~OIFEEER L OV ABCA1 BT KT T
DWW TR L7z, FTY720 (%, SIPR ¥ 7 /L Cid7Ze< LXR 3 LU SphK2 %41 L C ABCALI
DORBEZEMEIETEBY, ~7/a 77y —VICBI3REERMOBVIEREZETHZ L 2R
W7iE LTz,

B2 R
FB1HE FTY720 DFEINZ K B J774 ~DIgEERB~DRE

F9°. FTY720 ORMAEIR LI I T 2 HIBANIEE OEREZ D S 50089 hE M
LT, JT74~ U A~ u 77—V MANIEE DY ARIE TH S OilRedO # HWT, #
NN AR E i DO ERE % 20 L7=, 7 & F /Lt LDL (acLDL)Z ¥shi4 5 = & T, ffapi gk o
ZRENBIER S (Figure 6A, B, acLDL), ApoA-1 2+ 2 Z & CHEE #2584 L= (Figure
6A,B, acLDL+apoA-I), ApoA-I X, ABCAl #Jr L7==2 L A7 1 — VO HIFNARE DAY
APEHICEBWT, IREOT 7872 —L LI 2 ERMoTEY, 1774 1 HHEH
SNTZRRE % apoA-1 2352 ELD 2 & CHIFINARE OO MERE S VTN D Z & DRE S 4L
72 V7, FTY 720 A ORI acLDL Afif~ 27 0 7 7 — BT D IEEMOERHIZIZ E A S
BT o 723, FTYT720 & apoA-1 OUFHAERIZ X 0 fFE OERE %A BEIZHf L7z (Figure
6A, B, acLDL+FTY720, acLDL +apoA-I+FTY720), FTY720 & apoA-1 O OFFALERIE apoA-I
B & e L Ch . KV ABERBMERZ R Lic, 26 ORRIZ, FTY720 235 )
5 apoA-1 ~OIFEOHEH ZEET 2 2 L2k, IFEOEHEA WL SEDH L E2RmmBe LT
W5,
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o
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ORO positive area (%)

(&)
T

acLDL 0 s — 1. 1 1 1 | i )
+ apoA-l + FTY720 acLDL

apoA-l — - B - +
FTY720 — - - + +

Figure 6. Effect of FTY?720 on lipid droplet accumulation in J774 macrophages.

(A, B) J774 cells were incubated with acLDL for 24 h, then treated with FTY720 (1 pg/mL = 3.25
uM) and/or apoA-I (25 pg/mL) for 24 h. Cells were fixed and stained with Oil Red O, and Oil Red O
positive areas were quantified for each of the nine random images using image J. The scale bar
indicates 20 um. The magnification of each panel was x200. Each value represents the mean = S. D.

(n=9). *** p <0.005. N.S.: not significant.

W TLFTY 720 OFMHE AR R OWMERIZ DWW CUIRE T O e Y i3 ¢ & 5 Nile
Red THIFTZ1T>72, Oil Red O Yuta L [AERIZ, acLDL & DA »F 2~_— MI L Y Hifla
NEE i OERENBIER S 7z (Figure 7, acLDL), ApoA-I OFRIMNC L ¥ . Nil Red OH: 65
W U, ABE PN AR O 23R S 37 (Figure 7, acLDL + apoA-I), FTY720 & apoA-1 O
DFABEINC £ Y | NileRed DHEETREEA & 5123 L7z (Figure 7, acLDL +apoA-1-+FTY720),
PLEX V| Figure 6 T HA7z OilRed O Yotz V25 & FIERIC, FTY720 12 X 5 apoA-
[ ~DOIFE OHEH RS X ORI E SO BBl sz,
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control acLDL apoA-I apoA-1+FTY720

Figure 7. Observation of the effect of FTY720 on lipid droplet accumulation using Nile Red
staining.

J774 cells were incubated with acLDL for 24 h, and then treated with FTY720 (1 pg/mL) and apoA-
I (25 pg/mL) for 24 h. Cells were fixed and stained with Nile Red. The scale bar indicates 50 pm.

H2IE FTYT72012 K5 ABCA1 OB LR Z N L2 IEEE# OB

ABCAL1 [3fifan b OIFEHHIC W T, FEARRER - TH L Z ERMBENTND 1,
ZIZT 174~ 707 7 —UIZBWT, FTY720 OEFINC L5 ABCA1 ORBEZ BT L
720 FTY720 OUHINZ LY. ABCAL # /37 L~V TBERFN D SFEIC A L
(0.25, 0.5, 1.0 pg/mL) (Figure 8A, FTY720), —J7. FTY720 ®V U f{tf& TdH %5 FTY720-P
I, EIRE (1.0 pg/mL) TO A ABCAL Z L /37 B L~UL 2N & (Figure 7A, FTY720-
P). ABCA1 BELOMENMERILFTY720 £V &/hE o7z, F72, FTY720 BRI LV J774
~7 a7y —O ABCAl mRNA LUL38/I L, ABCAL BERENENINT 5 Z & AR &
72 (Figure 8B), FTY720 DIFE LRI MEH DY ABCAl ORBUMKATFT 2008 5 &R~
5 7=®IZ, FTY720 FIEGHILIC ABCAL BEFEA] PSC833 Z##M L., Ml OfEE R % Oil
Red O TYufh L7z 2, Figure 8C, D IZ/”d K 912, apoA-1 & FTY720 OOFHALIRIZ L D15
B OWA D, PSCIB3 WMLV FEL MBI SN TWNWD Z LR SNz, D DR
i, FTY720 28 ABCAl ORBELZBME 52 L2k v, HlaNIRE OB ZmH 35
ZEETRTHLOTH D,
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Figure 8. FTY720 upregulates the expression of ABCA1 and reduces lipid accumulation in J774
macrophages.

(A) J774 cells were treated with indicated concentration of FTY 720 (0.25, 0.5, 1.0 pg/mL = 0.81, 1.63,
3.25 uM) for 24 h. The protein expression of ABCA1 and B-actin was determined by Western blot
analysis. (B) Cells were incubated with FTY720 for 24 h, and ABCA1 mRNA levels were analyzed
by RT-qPCR. The results are representative of 3 independent experiments. (C, D) Cells were incubated
with acLDL for 24 h, and then treated with FTY720 (1 pg/mL) and apoA-I (25 pg/mL) for 24 h with
or without PSC833 (10 uM). Cells were fixed and stained with Oil Red O, and Oil Red O positive
areas were quantified for each of the nine random images using image J. The scale bar indicates 20
pm. The magnification of each panel was x200. Each value represents the mean £S. D. (n=9). *, p <

0.05 **, p <0.01 *** p <0.005. N.S.: not significant.
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PSC833 X ABCA1 LIF® ABC k7 > AR —4%— H T ABCBl ORLEEMEZFF> 2
ENFEENTWD 3, X512, FTY720 1. ABCB1 B XY ABCCI #&Tr—#50 ABC
N7 U AR—=Z —ORBZRET D RN HE ST D 34, 22T, ABCAl ZF
HIZPHLE T 5 7212 ABCALsiRNA 2 L. NileRed |2 X D FEYRAEIT ST, DR
J. ABCAI1 siRNA OfFFIC L Y FTY720 (2 X 2N IEEERE OB 3 A Z ICHH Sh
72 (Figure 9A, B), Z Ui, FTY720 (2 X% ABCAL O3H EF- 2N IENAEE D 1278
MWD L ERE L TEY , Figure 8 OFER L —H§ 5, —J5 T, siABCA1 OALERIE, FTY720
DIER % Z 2T B S 220 - 72, 2 acLDL & ABCA1 siRNA O [RIRFALERIZ 10 |
MR FEINDMEHANH -T2 Z ENRKTH D & & %2 TW5 (Data not shown),
ABCALI siRNA (3 PSC833 L ¥ & RRFH DALIRNEE T oo o 72 72 OITHIfEDN FHE S v 7
EEZ LI, IBEEHEICKT 5 ABCAl OFENFEEEL Y AKX B S 7z ATRetEn &
%,
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Figure 9. The lipid accumulation reducing effect of FTY720 is counteracted by siABCA1
treatment.

(A, B) J774 cells were incubated with siABCA1 and acLDL for 24 h, and then treated with FTY 720
(1 pg/mL) and apoA-I (25 pg/mL) for 24 h. The cells were fixed and stained with Nile Red, and
Nile Red positive areas were quantified for each of the three random images using Image J. ***, p
< 0.005. Each value represents the mean + S.D. (n = 3). The scale bar indicates 50 pm. Each value

represents the mean +S. D. (n = 3).
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HNT, FTY720 3 X OVFTY720-P OEINC L 0 o> ABC 5 > AR—Z —DFEH N E
FAINDDE I DEFM~TZ, ABCBl DY 7 4% A 7 Th % ABCBla, ABCBIb 35 LY ABCCl
XA RIS ABC b7 v AR—2—Th Y, BHHIZIZEWT FTY720 ORI
XOHEINT 2 Z EMESIN TS 3, ABCGS I COAT v —/LyghitA2H > N T
AR—=H—L LTHBHINTWD 36, KBFFEDEBRSA:TIE, FTY720 12 ABCBla, ABCBIb,
ABCC1, ABCGS5 OB ZIZEALE LR S H2 02 LB L7z (Figure 10, ABCBla,
ABCBI1b,ABCC1,ABCG5), — 5 CFTY720 DI LV, ~7 07 7 —JHiEn S OIS
M 25 E3/2 ABC R 7 AR —4%—@ ABCAl LT ABCGl OFREIHMN L=
(Figure 10, ABCA1,ABCG1), Z Ui Figure 8C,D Tir L7=, FTY720 |2 X 5 Ml E DE
FE A P25 ABCAL FEHEMZ N T 5 L VW IHFERE LTV 5D,
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Figure 10. Alteration of ABC transporters expression by addition of FTY720 and FTY720-P.
J774 cells were incubated with 1 pg/mL FTY720 or 1 pg/mL FTY720-P for 24 h. Relative mRNA
levels were analyzed by RT-qPCR. *** p < 0.005. N.S., not significant. Each value represents the
mean = S.D. (n=3).
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#FH3IH FTY720i2 X5 ABCAl1 EH EAIZREBIT2 LXR 0EE

INETEZL ORI E D, LXR OIEME(EDY ABCAL ORBEZEET LK+ THDHZ &
DREFTN D B LXR 2 FTY720 #4 L7z ABCA1 ORBHIACE G- L T\ DEa 0 E 2 0%
TRD 72012, 1774 flE% FTY720 & LXR 7> % 2= h® 5CPPSS-50 CTHF AL L 7=,
Figure 11A (27" 3 & 912, 5CPPSS-50 DALERIZ LV . FTY720 @ ABCA1 mRNA FEHL DN
TERMAHEA Lz, 51T, FTY720 22U L7z 1774 filaicis V0T, LXR O FitEfa 1 Th
% ABCGI1, FASN, APOE ® mRNA L~V ZHIiE L7 (Figure 11B), FTY720 ALEIZ LV |
ABCGI1, FASN, APOE ® mRNA ZELAHEIM L7 Z &5, FTY720 75 LXR OiEHALZ
L, ABCAl Z 5 DB T OB AR T 2 2 L BRE S iz,

A B
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Figure 11. LXR is involved in the upregulation of ABCA1 expression induced by FTY720.
(A, B) J774 cells were incubated with or without 1 pg/mL FTY720 (3.25 uM) and/or 0.5 pM
5CPPSS-50 (LXR antagonist) for 24 h. Relative mRNA levels were analyzed by RT-qPCR.*, p <
0.05, *** p<0.005. N.S., not significant. Each value represents the mean + S.D. (n = 3).

#ATE FTY720 2k % ABCAl1 38 LRI2k1F 5 SphK2 D5

FTY720 i34EANTY b &AL CTFTY720-P £ 720 SIPR (FEIZSIPR)D Y Ho RE L
TIEH L, 2872 Ty 7 T /URIER K 2R L5 2697, SIPR 2% ABCA1 OFEIFHHEIIC
BE L TWAEMNE IMERRDIZDIZ, 1774 ~7 a7 7—V% FTYT720-P OV T R TH

20



% SIP THLEE L7z, SIP X ABCAl OB A M W72/ 7- (Figure 12, Lane2), & b,
SIPR €V = L—% —Tdh 5 W146 GERY) SIPR1 7> ¥ Z=A |), SEW2871 (iR SIPR1
7 IA=AR), 71T VPC23019 (SIPR1 33 LN SIPR3 7 > % T =R )%, ABCAl # L /37
BL ) E G 2 e o122 v, SIPR EZ D Tty 70k FTYT720 12X 5
ABCA1 OIEMHACIZIZES 5 L2 W ATREME S E X D7z (Figure 12, Lane 3, 4, 5),

(-acCtin | o —————

Figure 12. S1P receptors may not involve ABCA1 upregulation.
J774 cells were incubated with S1P (3 uM), W146 (1 uM), SEW2871 (1 pM) or VPC23019 (1 uM)
for 24 h. ABCAI1 and B-actin were analyzed by Western blotting.

£, FTY720 X 32 Sphingosine kinase 1 (SphK1) Tld72 < | Sphingosine kinase 2 (SphK2)
WX TY UMb S D 2 EHAE Siuiz 2728, FTY720 O%hHE2Y SphK1 F 7213 SphK2 (&
BIEL TWENE I MERHRD720IC, Mg 8&IRA SphK1 FLEHAI PF-543 (Ki = 3.6 nM)*®
F 72 IR SphK2 FLEH] SLM6031434 (Ki= 0.4 uM)* THLEE L, ABCAI # > /87 EHE &
UYmRNA L ~L %3l L 72, SLM6031434 X J774 353 L O'RAW264 ~ 7 10 7 7 — 28U T
ABCA1 O X X7 R B A BTN S /723, PF-543 13 1774 1280 T ABCAT BN
% PRREE IZFEE L  RAW264 (23T ABCAL # U X7 L~ UL BN S w72 0v > 7= (Figure
13A, B), %72, 1774 #TlE, SLM6031434 (2 X > T ABCAl @ mRNA L~ULAEEIC k-
F U, PF-543 |2 & » CTHREEIZHEE I L7 (Figure 13B),  KIZ, FTY720 OZhEHS SphK2
DOREBUMRIET D008 9 MEar Li-, FTY720 (2% 5 ABCAI O3H EHIE, SphK2 / v
7 X0 llaTIEIEA L7e (Figure 13C, D), [AARIZ, SphK2 @/ v 7 X7 /2 K V) LXR %
BB FOFBIFFEICKT 5 FTYT720 OEMEL L7z (Figure 13E), ZiLH DERIT,
Figure 13A 33 X O Figure 13B & & (2, SphK2 BERIEMEDLE CTIX72 <, SphK2 LA &
DFRERIN, ~ U A7 77 —UIZ81F %5 ABCA1 OFIUENNZEE S L T 5 AlREM: 2 7Ri2
T5HLDOTHD,
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Figure 13. SphK2 is involved in the upregulation of the ABCA1 expression induced by
FTY720.
(A, B) J774 and RAW264 cells were incubated with PF-543 (40 nM) or SLM6031434 (4 uM) for
24 h. The protein expression of ABCA1 was determined by Western blot analysis. ABCA1 mRNA
levels in J774 were analyzed by RT-qPCR. (C, D, E) RAW264 cells were transfected with negative
control or SphK2 siRNA, and then treated with FTY720 (1 pg/mL = 3.25 uM) for 24 h. ABCAI,
ABCG1, APOE, and FASN mRNA levels were analyzed by RT-qPCR. The protein expression of
ABCA1, SphK2 and B-actin was determined by Western blot analysis. Each value represents the



FS5E FTY720 12X % SphK2 /- L1zt X h o TR F /LD LY ABCA1 DFEHL
Dt

Figure 13 {2779 & 912, SLM6031434 & FTY720 i% ABCAl ORI ZHINSH, ZDE
X SphK2 DFEBUKAT L T, Hait HI1E, W@ SphK2 7% histone deacetylases 1
(HDAC1)E 7213 HDAC2 & 554 LT co-repressor AR ZTE L, FEREG 1 DR E % =
YR T 4 v ZICHIET 522 MEL WD Y, 22T, FIYR0&E5 (e A N T
T F ISR E 5 2 5028 9 &R L7z, FTY720 (X Histone H3 lysine 9 ®7 & F /L
{b (H3KOQac) &M &5 Z &b hr- 7= (Figure 14A,B), F£7-. FTY720 (2 L % H3K9ac
DOHENNE, SphK2 / v 7 X7 A2 X W g9 L7- (Figure 14B), & 512, HDAC1 B LW
HDAC2 DBHEA|TEH 5 Trichostatin A (TSA)Z MAIZHSINT 5 &, ABCAl # /878
(Figure 14C)3 KUY mRNA L~ (Figure 14D)2 EH-L7=, 216 DOFERND | FTY720 1%
SphK2 Z/r L CE A R T EF /ML EINS®H 5 Z L12XK 0, ABCAl ORBLZHHET 5
ZEDPIRBE I LT,
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Figure 14. FTY720 enhances ABCAL1 expression by increasing histone acetylation via SphK2.
(A) RAW264 cells were incubated with FTY720 for 15 min as indicated concentration. The
expression of H3K9ac and Lamin A/C were determined by Western blot analysis. (B) Cells were
transfected with negative control or SphK2 siRNA for 24 h, and then treated with FTY 720 (1 pg/mL
= 3.25 uM) for 15 min. The expression of H3K9ac and Lamin A/C were determined by Western
blot analysis. (C) RAW264 cells were incubated with trichostatin A (TSA, 1 uM) for as indicated
time. The expression of H3K9ac, Lamin A/C and ABCA1 was determined by Western blot analysis.
Western blot analyses are representative of three independent experiments. (D) RAW264 cells were
incubated with TSA (1 uM) for 6 h. ABCA1 mRNA levels were analyzed by RT-qPCR. Each value

represents the mean = S. D. (n = 3). *** p < (.005.
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% 3 & /N

FTY720 |Z. First-in-class ® SIPR & = L—& —& LT, U L/ EROFECHLIIE S
728 Bia RER T S Bl CH D 207, FTY 720 1%, #REE(LET L~ 7 A
T % LDLRF 721% apoE~ 7 A%t LC, BREILOTERZ T 5 2 & BNHiE s
T D 2930, —TJ5 %@%%ﬁ%ﬁ@btwﬁwvﬁx“%¢&f®%%ﬁ%@@bt
LDLR"~ T A R D7 T — 7% LTiE, #80AIC LA FTY720 OZEN 7 570
o7z, UL, FTY720 OFTEhREE L 1E iﬁﬁ@@iﬁﬁ%iﬁﬁ}wm@ ITEIZ L > T
ZTHZEERBELTNDONE LILZR, *ﬂx Z. invivo 31T 5 FTY720 OBfJRiE(L

TR EIL, SIP v 7 LA FEiT 5 Z L H;ﬂ%i@v& 0 77— OEREE L
REA~OWEEZ T 5 Z L ICERT S & %z SBINTE, &, Kan 51X, FTY720 @

EN MS 250 HDL 2L 27 a0 —/LED FFEEELTWD Z L 2H|E L, FTY720
OHEREELIER A ABCAL IZ K o TS STV D AIREMER RIB S 4072 31, L L72e#s
b, v/ 7y =BT HREEME LN ABCAL BELUZXTT 5 FTY720 D% RIT
NERBHTH -7z, AWFFETIE, FTYT20 R~2 a7 7 — VI Téﬂbﬁ”@*ﬁfﬁfﬂﬁéw
% Z L (Figure 6), 33X OVFTY720 78 ABCAl O%8i% EH &, Mlan o OfRE O
e+ 5 Z £ LT LIz (Figure7,8), ABCAL Z 4 L7-IEEHEHIE, fEPN O 4 F
NEE 2SS D apoA-T IZHH SV T HDL 24K T 57X THY a2 L AT u—/Lifi
BB T DA DA T 7 ThDH V7, Lizid->7T, FTY720 OFEIREELIEA L, HDL
ENLIEa VAT o — iRk 2B 5 2 L TREIN TV A RREMERES 2 bl s,

S HIZ, FTY720 (2 X5 ABCAl OFHL EHD LXR IZX > THA SN TNWD Z & 48
52 LTz (Figure 11), NZAIKRTH D LXR (X, ABCA1 =° ABCGl & T < DD
BEHEEB R T OEERHMEK 7 THY, I VAT E— VDR AFAHX AT
TEREREEZH TS 2, BEOHEICEBVT, LXR 7 I =2 |k T0901317 23~ 7 &
77— VIR HREOY AR L 8, ~ v A2 T DR OUETT 2445 2 &
AL ENTWD ¥ ARBFFETIL, LXR 7 ¥ T=A A, FTY720 I K » CTHE X
L5 ABCAl OFBL EH #[HES 5 Z & %2/~ L (Figure 11A), FTY720 23 LXR i&ME(LAl &
U CHRET D Z L VRIB S Tz,

Figure 8A IZB W T, U UL & T2 FTY720 (%, U » gk &h7z FTY720-P &
D HENEMIIC ABCAl OFBLAIEIN S 72, FTY720-P I% SIPR 1Z%f L CBIFMEDE Y
Hy RELTELHLNATEY, ¥Z SIPRI ~OFEAHMIINENZ ENRHL MM E 2o
TW5, —J T, FTY720 (X SIPR IZxt L TIRBIRIMETH 5 2637, I 51T, SIPB LV 3
MOSIPREYV 2 b—4— (T A=A MEIEIT v ¥ 2= b2 ABCAl ORI B
5.z 7¢ho72Z £ B (Figure 12), SIPR B L ONFE Y 7 F Vi FTY720 12 L% ABCAL
HEFEDO AN = XL E LTV RN I LR X Tz,
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FTY720 O U Vb &3 283213 SphK2 TH 0 78 a2 ETe < DD AL 4 *
TTHILTNDLZENRMBI TS ¥, BIRZENZ &2, BINO SphK2 (% HDACI ¥
JOVHDAC2 L& LT co-repressor A ARZ AR L., ERESFDOETZHIH+ 2 2 &
DS ST D 4046, B 2 13 FTY 720 1% NIH3T3 #RMEZEHIALZ 351 C Niemann-Pick type
ClBXONC DX 7 ERB %A LA S siSphK2 TS 25 & FTY720 ORhE 4
THIENRESNTND YT, LB, SphK2 DA /) v 7 X35 & FTYT720 12 &
% ABCA1 ORHFFEDO RN L7z (Figure 13C, D), ZDZ &b, FTY720i2L 5
ABCA1 OFEBL EF 7% SphK2 OFEBUMKAF L T\ D Z &R Sz, —75 ., Figure 13A,
B 1278 X 91T SphK2 OFLEARITH 5 SLM6031434 1%, ABCA1 % /X7 /& F (" mRNA
DORBFEEZMIMESETEHY, —H, Figure 13C, D OFER L IZFELTWD X H Iclbh
%o mERED FTYT720 (=30 uM)7S SphK2 1E P4 R 92 AIREMES SR STV 5208 277
ARFFEICE T D FTYT720 OFEE (=3.25 pM)2Y SphK2 1HVE A BL#E 4 2 AlferE 3KV,
FTY720 X U SLM6031434 7% SphK2 [T &35 2 L 2 E 25 & L&) SphK2 ITHE &
T5 Z LA ABCAL OFBUEANZ D723 5 AIREMES RIB S D, UL ED Z &35 [ FTY 720
@ ABCA1 HEAMER X, SphK2 DOEEETENEIZ )T D HEFEIEH TIE72 <, SphK2 73U #/ o K

LHEAT D2 LI L DEEEIEEOMINEKFEL TWD EEZX LD,

VTAE, FTY720 #5012 XV MCF7 flilfild C HDAC PLENE Z 5 Z L0 %, FTY720 D5
1250 NASH ETF A~ T ZADHETE A RO T BF AL HINT 5 2 & 9 RfiE X
2o AWFFETIE, FTYT720 7% SphK2 DFEBUKAFRC E XA o T FMLEFET L2 &%
BH & /2 L7z (Figure 14A,B), & 512, HDACI 3 X UVHDAC2 OFLEAITH D TSA DAL
HZ XV ABCA1 OIEHNTHZE I THIIN L7= (Figure 14C, D), Z4 5 OFEHRIL, FTY720 A3
EARNUBT B F AL ZLETHZ LI2L Y ABCAl ORBEZMEMT 52 L 2R LT
Wb, —JF, TSAIZL Y, ABCGI & APOE ® mRNA ZBLIHEIR X 7228, LXRA B &
TN FASN OFEBUITCHE L7\ 2 & 3o 7= (Figure 15), TSA X, 7 7 A 1 BLU21Z
JB3 % HDAC #HEIASET L2 LML TWD, 2D £, FTYT720-SphK2 #
BARIXFFE D HDAC FED 7% VT LXR & ABCAI ORHEHH L CWDHZ ENEZD
L% 03, SphK2 3 LXR {EHEAL 2 Hl#1 9~ 2 5 LW TR CTH Y S H%OBETH 5,
SphK2 @/ v 7 7w b~ ZAXERE(EA LT 2 2 ERME I TERY 2, SphK2 (T
X% ABCAl BLU LXR EHEEFOTE Y = 2T (v 7 2Hl#El2Y FTY720 OFHH)
ARG A 77 = K LRI O & 72 5 ATHEMEDS B 5,
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Figure 15. Changes of LXR-targeted genes by Trichostatin A (TSA) treatment.
RAW264 cells were incubated with TSA (1 uM) for 6 h. ABCG1, LXRA, APOE, FASN mRNA

levels were analyzed by RT-qPCR. Each value represents the mean = S. D. (n = 3). *, p <0.05, **,
p <0.01.

PLEXD, KETHE, FTIYR0 3~ T A~27 07 7 —VIZ8B\\ T LXR 3 XL OV SphK2 %
/LT ABCAl OFBARET 2 Z LICL 0 FEOEREIHT 22 L 2B oMM

(Figure 16), ZH O OFERIX, 77 v — AMEBEIRIELOIEFIZIIT D FTY720 OfEMHIZD
WCTHTE A Z T 25D TH S,
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Figure 16. Graphical Abstract of ABCA1 increase by FTY720.
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% 1XE Materials and Reagents

RPMI-1640 medium, penicillin and streptomycin solution, 4% paraformaldehyde, and SCPPSS-50
were purchased from FUJIFILM Wako Pure Chemical Corporation (Osaka, Japan). Fetal bovine serum
(FBS) was purchased from Gibco (Grand Island, NY). ISOGEN II reagent was purchased from Nippon
Gene (Toyama, Japan). Lipofectamine™ RNAi Max transfection reagent was purchased from
Invitrogen (Carlsbad, CA, USA). One Step TB Green Prime Script RT-PCR Kit and CellAmp™ Direct
RNA Prep Kit for RT-PCR were purchased from Takara Bio (Shiga, Japan). Mouse monoclonal anti-
B-actin antibody (M2), mouse monoclonal anti-vinculin antibody, protease inhibitor cocktail, and Oil
Red O solution were purchased from Sigma-Aldrich, Merck KGaA (Darmstadt, Germany). Rabbit
monoclonal anti-acetyl histone H3 (Lys9) antibody was purchased from Cell Signaling technology
(Danvers, MA, USA). Rabbit polyclonal anti-SphK2 antibody was purchased from Proteintech
(Rosemont, IL, USA). Lamin A/C antibody was purchased from Santa Cruz Biotechnology (Dallas,
TX, USA).Horseradish peroxidase (HRP)-conjugated goat polyclonal anti-rat IgG antibody were
purchased from Jackson ImmunoResearch Laboratory Inc. (West Grove, PA, USA). HRP-conjugated
goat polyclonal anti-mouse IgG antibody were purchased from Bio-Rad Laboratories (Hercules, CA,
USA). PSC833 was purchased from Novartis Pharma (Basel, Switzerland). Lipid Droplets
Fluorescence Assay Kit (Nile Red), FTY720, FTY720-P, W146, SEW2871, VPC23019, FTY720, PF-
543, and SLM6031434 were purchased from Cayman Chemical (Ann Arbor, MI, USA). Rat
monoclonal anti-ABCAT1 antibody was kindly provided by Dr. S. Abe-Dohmae (Chubu University).
Acetylated low-density lipoprotein (acLDL) was kindly provided by Dr. M. Tsujita (Nagoya City
University).

% 2T Cell Culture and siRNA Transfection

Mouse macrophage cell line J774 and RAW264 (Japan Health Sciences Foundation) were cultured
in RPMI-1640 (10% FBS, 100 pg/mL streptomycin and 100 U/mL penicillin) at 37 °C in a 5% CO»
humidified atmosphere. Cells were transfected using Lipofectamine ™ RNAi Max following the
manufacturer’s protocol. siRNA targeting SphK2 (sense 5’-UUAUUGCAUAGACCUUUUCAA-3’
and antisense 5’-GAAAAGGUCUAUGCAAUAAAG-3") was purchased from Sigma-Aldrich. Pre-
designed siRNA targeting ABCA1 (AM16708) was purchased from Thermo Fisher Scientific. A
negative control siRNA was purchased from RNAI Inc. (Tokyo, Japan).

% 3I8 Evaluation of Lipid Accumulation by Oil Red O Staining
J774 macrophages were seeded on 12-well plates (2.5 x 10° cells/well). The cells were incubated

with 50 pg/mL acLDL for 48 h. Subsequently, the cells were treated for 24 h with FTY 720, apoA-
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I, and/or PSC833, as indicated. The cells were washed with PBS and incubated with 4%
paraformaldehyde for 10 min. After rinsing with 60% isopropanol (Nacalai Tesque, Kyoto, Japan),
cells were incubated with Oil Red O solution for 10 min, and then washed once with 60%
isopropanol. Stained cells were then observed under a fluorescence microscope (BZ-9000, Keyence,
Osaka, Japan). Nine images of each treatment were used to calculate the Oil Red O positive area

using Image J software.

% 4TH Evaluation of Lipid Accumulation by Nile Red Staining
Cells were fixed for 20 min at room temperature with 4% paraformaldehyde. Following fixation
and washing using PBS, Nile Red compound (1:1000, 500001, Cayman Chemical, Ann Arbor, MI,
USA) was added to the wells and incubated for 10 min in the dark. The wells were then washed
using PBS and subsequently cell nuclei were counterstained with 4',6-Diamidino-2-Phenylindole,
Dihydrochloride (ProLong™ Diamond Antifade Mountant with DAPI, Invitrogen™, P36962,

Carlsbad, CA, USA). The cells were imaged with a fluorescence microscope.

% 5I8 Reverse Transcription-Quantitative Polymerase Chain Reaction (RT-qPCR)

Total RNA was extracted using a CellAmp™ Direct RNA Prep Kit from cells grown in 96-well
plates using the manufacturer’s instruction. mRNA expressions were quantified using a
StepOnePlus™ Real-Time PCR System (Applied Biosystems, Foster City, CA, USA) with a One
Step TB Green ® PrimeScript™ RT-PCR kit (Takara Bio Inc., Osaka, Japan, RR066A) and the
following gene-specific primers: GAPDH sense 5’-TGCCATCAACGACCCCTTCA-3" and

antisense 5’-TGACCTTGCCCACAGCCTTG-3’; ABCALI sense 5°-
TCCAGGCCAGTACGGAATTC-3’ and antisense 5’-ACTTTCCTCGCCAAACCAGTAG-3’;
LXRa sense 5’-TCTGCGGTGGAGCTGTGGAA-3’ and antisense 5’-
TGACGCTGGGCGGAAGAAT-3’; apoE sense 5’-TCTGCGGTGGAGCTGTGGAA-3’ and
antisense, 5’-TGACGCTGGGCGGAAGAAT-3’; ABCG1 sense 5°-

TCTGCGGTGGAGCTGTGGAA-3> and  antisense  5’-TGACGCTGGGCGGAAGAAT-
3’;ABCBI-1a sense 5’-CAGCAGTCAGTGTGCTTACAA-3 and antisense 5°-
ATGGCTCTTTTATCGGCCTCA-3’; ABCBI1-1b sense 5’-CTGTTGGCGTATTTGGGATGT-3’
and antisense 5’-CAGCATCAAGAGGGGAAGTAATG-3; ABCCI1 sense 5°-
TGATGGCTCCGATCCACTCT-3’ and antisense 5’-TCCACAGAAAGAATCCTAAGGCA-3’.
PCR was performed under the following conditions: denaturation at 50 °C for 2 min, followed by
38 cycles 0f 95 °C for 15 s and 60 °C for 1 min. Gene expression was normalized to internal controls
and fold changes were calculated using relative quantification (2-AACq). The amplification

specificity was checked by melting curve analysis.
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% 6 TH  Western Blot Analysis

Cells were lysed on ice with RIPA buffer (20 mM Tris-HCI, 1% Triton X-100, 0.1% SDS, 1%
sodium deoxycholate, 150 mM NaCl) containing protease inhibitors. Nuclear extract was prepared
by NE-PER™ Nuclear and Cytoplasmic Extraction Reagents (Thermo Scientific, Rockford, IL,
USA). Equal amounts of protein extracts were separated by Sodium dodecyl sulfate-Polyacrylamide
gel electrophoresis (SDS-PAGE) and transferred to PVDF membranes. Following blocking in 4%
skim milk in water at room temperature for 1 h, the membranes were incubated overnight at 4 °C
with the appropriate primary antibodies (ABCA1 or B-actin). The following day, membranes were
incubated with the respective secondary antibodies for 1 h at room temperature after rinsing three
times with TBS-T buffer. ImageQuant LAS 4000 system (Cytiva, Tokyo, Japan) was used to capture
the protein bands. The optical density of each band was quantitated using Image J software and

normalized to the intensity of B-actin.

% 7TH  Statistical Analysis

The experiments were performed three or more times. The data are presented as the mean =+ standard
deviation (S.D.). The statistical significance of differences between groups was analyzed with
Student’s t-test or one-way ANOVA with Tukey’s post hoc test using GraphPad Prism 5.0 software.

Values of p < 0.05 were considered to indicate statistically significant differences.
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% 3% HDL S % v /27 & AIBP OB FEH

Bl ER

7T a— AMEBIARE L IR AN 2 L AT o — LV EDIEE N ERT A LTS T
— 7 EMHEIN DR A TR T 5 2, 2 BICBWTCHDLIZL 57 7 — 7 OiRfE & (edEd
L E R T D ABCAl OFRBUEHEA W= X L% R L1, aL AT a— g Xk
ZVEMZ i & L7z HDL BERE DTEMEAICBI I 289818, BTEE TR LR RE2 S0,
ABCA1 OO FIZHEH L7 b OMFEALETH D ¢, — 5T, HDL HEREZ AE
T2 K 9 7 s R+ (HDL DR TiE & A ERE S TR0,

ARETIEHDL ~EG L, ZOREREZHIRT 5 % /X7 E Toh 5 ApoA-I binding protein
(AIBP)IZF5H L7z, AIBP IZE&HIZ2 XX A7 EN R 55 28.8kDa DX /37 &
Th 5, Ritter 51X ApoA-1 AT DX L /T EETRIRT 572 Yeast two-hybrid A 7
U —=2 7 %17\, AIBP Z[FE L7z 5, AIBP (ZEMFER CEEICRESNTND I L
DHAERICE > CTEERBEZEI X I ETHDLEEZLNTWDLN, £ OFEHE
A PR 70 TS I DU CIERB 72 523 %\ 5254

ARWNIZE T 2NHEME AIBP Offe & LT, HDL ~® 2 L A7 a— LgEH OfEiE
L ENIHEORE T 7 FOBRERRBIIFESH TS 5, IFEZ 7 MIar AT n—
IR EDIRE NG MIEI 7 a RAL D 1 ETHYD . Fix 7 ABERE BRI LT
W56 20134, AIBP RIEET T 7 4 v =2lZB 0 Ta L AT e — iHMME T L,
MAEFAENIR SND Z EBW|MESNTYT, 20T =) ZATORBGF A=A L
LT, AIBPICLBEET 7 FORREEN Y 7T IARELH S 4 L 7 & Vascular
endothelial growth factor (VEGF)SZ IR DORE A AICHHEI T2 2 & T, A& A0
FIRITOND Z ENHLTENTWND 5759, £7-, 2017 421X AIBP / v 7 7 v bk
¥ U ADITIC LY . 7T v — AMEREE S D Z LD TH b E o T
0, ZDAH=ANIFERITITHAL L 2o Ty, AIBP OHRIEER OB 523K
N TS, REAIBPIIRET 7 MARESEL 2 LT, RKIEWS 7 T znET
% Toll-like receptor 4 (TLR4) D — &Kt Z[L &, MIREEMZBIET L 5bhTnb
6162, T HOWEN GBI, AIBP ISR CHRE 7 7 b &R 2 srsh iR ik o 2
VRTETHDEBZZDHILTND 45,

—J5C, AHAEPN ATBP 2SRRI RS E L-MRER2 A9 2 Z L b iiE SN T 5,
AIBP (¥ 1A XF X ) BERE, WALEMIIC B W CE TREWE O 1 fTh 5 NAD
(P)H /KF1#¥ (NAD(P)HX)D T E AT —¥ (NAXE)E L THERET 5 Z SN E 725 C
WD 6365 R AIBP OEREBF LI b3 U THRERENME ORI 2R
6670 GHEHNHT T H 75— AL ZHMESNTEY . & MEERNICBWTHETRE
R TOREREEEAA L TWNAZENRBINTND, DT, YaAf XFXFIZ
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BWTABP AL I B6 DAEGRIZED S Z ERHLMNER-oTEY . ZHREME DR
% (moonlighting protein) Cd» % L L ST 5 7, FllaN AIBP #6RED2FITH 5 &
2o TRV, ZAbOWEZEEE % 5 & MIaN AIBP O BLN A REEREIC 2 % 5.
ZHZLITHMENTHD EF R D,

WIAPE AIBP OBEEE DFEEIIZ LRV, T4 Tl AIBP OVRHISHICEI T 242803 72 S 4
TW5b, AIBP OBENEGI1X, VAT T7FURLPS Lo THERINDLIT T 4 =7
(FIRIE) 2 [ S, IR N 2 » AL EE T 5 2 LA Sz ¢, 72, AIBP
ZRFPEHL X 7o~ 7 A TITHIV OERNED L2 2, 2 b OBRBLSNIE AIBP
(3, WRASIBCHT A L 585973 RuERFIRARESEMRE ™4, KIS 7>, IFlEeRs ¢ 72 Eloxf L T
BRI PRENTEY . BRSOISARHIRE STV D,

AIBP OG-8 2 WITBRIFEBUC LV | Hix RBEBE T /WSS DB RBIZE S
D ZENHEIN TS, AIBP OSSO U DN TR IR L L Tl DR
ARSI TS, RIEINTYY), AIBP IS N ETHDH EEZ LTV
b MRSEALITAL R ANE F RGN Cd 5 HK-2 ~ ApoA-l £ 72IX HDL 245 Z &
T AIBP O WBMEES D Z LR &7, £, AIBP [FHUIE B O,
Cerebrospinal fluid (CSF), JR72 E b &z, FEEE. 7 F iyl —v
SignalP % FV\/ZHRGEE Tt AIBP O N KignN iy 7 FVECHI E 72D 5 B 2 E R EIT
WD ST L L—J5C, AIBP ORI B ER R mE bFET 5, B2 1X. HEK293T
A TR S 72 AIBP XX b2 RUTIZRELTE Y AR~ W IR
ENehot=T, Fi-. TF IE T A VAR X —% T AIBP % @RS H X ¢7-
~ U ADIMETIE, AIBP B S N7223>72 6, Choi 5%, AIBP O/EARRK ITA— b
I IA NTTTAENLTEY, SIS/ AIBP 28RNl R ~FE AT
HEHELTWD ™, ZoOMGEE, MEs o AIBP A S WERH 23 L 9 %0
H LIV, EEICA— T TA 2 T 7T UREOFIEZFENT 5 X 9 7efb R
FERE AU TW R, AIBP OMIRSN~D /UM B L TIEZE D A 7 = X LR A3 N
THEBMEE, ERZEIIFHOEETH D,

ARECX HDL B#K - AIBP OB 220 QW T 21T o 72, 8 2 Tl
AIBP O3 Ublidas DR E 2 58, Il AIBP SEAMEINT 5 AFRA 225 2 5 Mz Lz,
%5 3 i Tl AIBP OAEFRBEERICBI T D MFt 21T o 72, 55 4 HiTlT AIBP O 7 X/ BERCS
EHEREIC OV TR R T o 72,
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% 2 & AIBP D73 ibfigasds L OYRRBRF DI AIBP BEEIZEE3 2 &t
F1E ~UREHR/IBT D AIBP EHOEEK

AR D X 912, AIBP B3 S5 B2 I >\ CTEim O R R & 5, £2C
AIBP D55iblignaHEET 5720, ~ 7 XI2BIT5H AIBP Ok % 4 L7~ (Figure
17A), A L7AEMkD o B g, KIS, BT AIBP ORELENZ 0 o> 7o, i - FEH -
N - Ml CTlXIE & A & AIBP OFBLN R 720> 7o, BIT Dlifds OfEB L O~ v
AP EIER L, S 525Mal%{T -7 (Figurel7 B), Recombinant AIBP (rAIBP)(X%f; 4
i 5 1HTHRT L HETIERLL, v—TF g7 arbe— e UTHERALE, ZEA
EOE# T AIBP FELDN AL G223, HELRIIMERHM CTR2 - T, D, B, B,
KRENRZR & DR TIE, MERIZEZ YD AIBP OFRBLENLCLHEML TWDH LD Thote, i
2 il BB RIG, KEFETIE. AIBP L-Ubidb 3 i LTz, #lisic k53, i
it L OV iR AIBP R EL & (T m o7z,

(A)
< o 9
FELELSELS 5§58
@ T I S$OJT ok QLagR
- 32
AIBP —
- 28
: . —_ - 141
-—— '100
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Figure 17. Tissue distribution of AIBP in mice.

(A, B) Distribution of AIBP in mouse tissues. 10 pg extracted protein of each tissue from 5 (and 37
(B)) weeks old male Balb/c mouse was analyzed by Western blotting with anti-AIBP and B-actin
antibodies. 10 ng of rAIBP was loaded as a reference. rAIBP: recombinant AIBP, eWAT:
epididymal white adipose tissue, sSWAT: subcutaneous white adipose tissue, BAT: brown adipose

tissue.
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Figure 17 T/R L7 K 91T, AIBP |3l CHRIEN R LD, HBLOL > T IFE, &
g&oE7 LAl E LT HepG2, HEK293 A4/ L. MiflaNis L OMINLSN D AIBP FEAE % 1
7 L72, HepG2 35 L UV HEK293 OHEfENIZIE, AIBP 232 < 3881 L Cu /= (Figure 18A, Lys.),
HRAk D> AIBP 1% HepG2 3 X ONEME# 0 HEK293 1% CTHERR S 7278, Ml AIBP (2t
RB LHEENTH 7= (Figure 18A, Sup.),

F o BRI T O AIBP BB CTORBLL U 7 LTWA DA HERT 5729, AIBP
FHDOE - - AR OET L E LT~ 7 A 3T3-L1 #ili> AIBP BEAIZ SV TR
AT o 7o, Ror{bd 3T3-L1 Tid, Mlal « flast O WUz oWV TH AIBP O3 RiX
T & A BRI N/~ 72 (Figure 18B, Non-Diff.), 73k &7 3T3-L1 TiX, Kokt
g5 EAENIANY RREMLTWD X9 Tho7ehd, HepG2 3 L OVHEK293 (2~ T
7 VBRIE X BAE (289> 7= (Figure 18B, Diff,, Lys.), IEMifIIE~D43{bi%, ORO Yifh %
W IEE R OERIC LV FMi L7 (Figure 18C), LA EDOFER LV | AIBP O E T /LAl
b LT HepG2 T2 & & LT,
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(A) HepG2 HEK293

Sup Sup.
Lys. Sup X8) Sup. (x8)
- 32
AIBP
- 28
B -
(B) 3T3-L1
Non-Diff. Diff. 8. &
¢ <
Lys.  Sup. Lys.  Sup. =3 =
- 32
AIBP ——— 08

Non-Differentiation Differentiation

W,

B -

Figure 18. Production of intra- and extracellular AIBP in cultured cells.

(A) Cells were seeded, and after 24 h, lysate and supernatant, and 8-fold concentrated supernatant
were subjected to Western blotting. Protein loading was confirmed by Ponceau S staining. (B)
Differentiation of preadipocytes 3T3-L1 to white adipocytes was performed as shown in Materials
& Methods. Completion of differentiation was confirmed using Oil Red O staining. The
magnification of each panel was x400. (C) The medium of differentiated 3T3-L1 cells was changed
and incubated for 24 h, followed by collection of lysate and supernatant, and 8-fold concentrated
supernatant. Western blotting was performed, and protein loading was confirmed by Ponceau S
staining. Mouse liver and rAIBP were loaded as a reference. rAIBP: recombinant AIBP, Lys.: lysate,

Sup.: supernatant.
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F2HE IfLETO AIBP HBH

AIBP D73 WAZEA L TIFEERNRERE W< 20vd U (RIZH— S iz R 0078,
P, I AF TRy T A ERANTY T AB LU MLIERO AIBP DR &
7= (Figure 19), rAIBP [X3.1~50ng £ CTT 77 A & & B L7z F‘%ﬁﬁ@ﬂ“ﬂ:mﬁ.ﬁj &
Niz, = HTvoABLOE MLiEZE 025 uL 777 4 L7234 Tk AIBP O30 Rt
EAEBEET, 025 uL IMiEFIZ AIBP (£ 3.1ng LA FTH D Z &SRB Sz,

rAIBP (ng) Mouse Human
50 25 13 6.3 3.1 serum serum

AIBP S - 32

- 28

Transferrin L e— -_

Ponceau S

Figure 19. Western blotting of mouse and human sera with anti-AIBP antibody.

The rAIBP was diluted in PBS. Male Balb/c mice (5 weeks, n=5) serum was collected by tail vein
blood collection. Human serum (n=3) was purchased from BiolVT. Both serum samples were
diluted 20-fold with PBS and subjected to ponceau S staining and Western blotting. 0.25 pL of

serum was applied to each lane. rAIBP: recombinant AIBP.
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FWNT, VA7 ayT 4 7 L0 BEHRSYEAMEY Y Enzyme-linked immunosorbent
assay (ELISA) (Human APOA1BP ELISA Kit, LS-F34255, LSBio, Seattle, WA, USA)%Z fI\» T
b MIIET O AIBP Ot A 58772, BiolVT #h & W A L7z 30 iAo f@s v b gz >
VT AIBP 23R HE S 4, SE)IMIE AIBP J2 £ 1X 11.9 (+8.8) ng/mL C & - 7z, Black, Caucasian,
Hispanic O AF&fH] Tl AIBP R IZA B 72 213D > 7 (Figure 20A), & 512, [fiLiF AIBP
I & Age, Total cholesterol, Triglyceride (Figure 20B-D)DAHES Z s L7= & Z A, FHEIR
BULENE 4 R?==0.0348, 0.039, 0.3926 & 72V | [ AIBP £ & Triglyceride DFHEIITHE
AR Ch o T,
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Figure 20. Detection of AIBP in human serum using ELISA and testing for correlation with
several statuses.

(A-D) Human serum AIBP levels were evaluated by ELISA. Human serum (n=30) was purchased
from BiolVT. Serum AIBP concentrations by race are represented in a bar graph (A). Correlations
with age (B), total cholesterol (C), and triglycerides (D) are shown in scatter plots. p-values were

calculated using Student's t-distribution, with p < 0.05 considered significant.
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F3H AELFREMEL O

MH T D Triglyceride L~/L {3 fE]i#E<°> Nonalcoholic steatohepatitis (NASH) 72 & D JE'E 1
WIECHR 5415 7, Figure 20D (28 W TR & M ifjE T AIBP L~/ & Triglyceride DA
B EOFHBENBIEZE SN2 LD AIBP L IRERFIE & OBHEN RB SN D, % 2T,
JEEREEIED E N LIFIC DWW TILTE AIBP L~UL % 3l L7z, ML AIBP L ~L 3 i RE
(R TIRE CA BICE 2~ 72 (Figure 21A), F£72, AIBP & IEIZHHBAT 5 14 [HOMRAE
HHEHBLXORICHET S 3 EOMAEEE D, ZNENFEIEICH B2 HBERERICH 72
(Figure 21B), i AIBP &% Triglyceride fif & fix & 3RV IEDOFERS (R=0.72)% 7~ L7z, 12,
HDL-C & fx HiRWVVEDOFE] (R=-0.48)3l52 S 7z, IMH T @ Triglyceride /L35 X
OME HDL-C L~bid, 27 7 v — AEERECED U 27 7 7 7 24— & L TH LN T
WD 12 2B OFERIT MG AIBP &3 7 v — APEEBNREEL Y A2 2L TV D 2
L aIR IR LTV D, foe TR BIER F - B HEEE - ITHERE O 2 fH L, ITRL
7= (Figure 21C-E), AEMEDEK T 5 6. 6 DT EDBI %/~ L7z, HDL-C {KXAEI XL 3
FOT 7 v — AMERE L OMERIKFTH O . AIPB L EADOFHBZ R LIZZ &b, Al
&I AIBP 2N IEIZHBA T2 Z 3RS, ETFMRDOX A —V~——Th % y-
GTP - ALT -AST I ZWTh b EDOFHREZ /R L7z (Figure 21D), 7=, BHrED & & & AIBP
PR IIFARE U 72 (Figure 21E), Z4U5 OfEFIL. AIBP OIEHN LT « B0 Ml
B L L TAIBP B SV 5 AlgetE 2 Rmie LT\ 5,
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Figure 21. Correlation of blood AIBP with biochemical test values.

(A) Comparison of serum AIBP in normal and obese subjects. Serum AIBP was measured by ELISA.
The bars represent the mean = S.D. (n = 20). P-values were calculated using Student's t-test. (B)
Biochemical tests were performed as described in Materials & Methods. P-values were calculated
using Student's t-distribution, with *, p < 0.05 considered significant. (C-E) Correlation values
between serum AIBP levels and obesity-related factors (C), liver injury (D), and kidney function

(E) are shown.
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#ATE Triglyceride ¥INIZ X 5 AIBP 53 ~DE

Figure 21B T AIBP Ifi{f &3 Triglyceride & i bMAHET 2 Z &N BN E -T2,
Triglyceride (327 V & v —/LEk&~ 3 531 DONENIEEN = X T Vi & LTS D & 72 2 ik
HEE D 1 FETd %, Triglyceride Z M7 2 AENIERIT 20 FEFALL BAFAE L, & ORERCELITER ©
7o EBRRORSRE I B % - 2 5, Oleic acid (OA)F & OF Palmitic acid (PA)I Triglyceride % ##
I DREMEEOFT TH L OFEIGEZ EHTIE Y, OA, PA OUINIE Triglyceride DA k%
MESELZENRSFHEO LA TVD (Figure 22) 8081, % Z T, Triglyceride (2L D AIBP 47
WPMEE S LD AIREME A MRGET 572, OA B LN PA & VT, invitro IZF1T % AIBP ©
FEEL L WA~ DB OW TR LTz, F 7z, Triglyceride &H UARNEHED 1 lETH D
acLDL & ffF& Tt 21T o 72,

0
Z OH
Oleic acid
0
//«\v//\\//\\v/A\\//\\//N\v/ﬁ\\/JL\OH

Palmitic acid

Figure 22. Structural formula of oleic acid and palmitic acid.

41



Figure 18 OF5HR L 0 flfaix, & MATHE Atk HepG2 & Vv 72, acLDL, OA, PA
ML, EiEdk KONl AIBP 88 L~V 28 L=, acLDL 3 XU OA OIRINT
I, BIE &I AIBP OB 2B WIZ R 72> 7= (Figure 23A, B), — /5 CPA @
TEEERAFAIC EIB D AIBP 238800 L, #I AIBP 334> L 7= (Figure 23C), PA JEEE(AF
H7¢ B3O AIBP #9A01%, & NTHE2S AHEIEE JTHHS CH 81 S v/ (Figure 23D), 24U
D OFERN G, R ~D PA IRINAHEA AIBP O AZ 72632 LR LN E
o7,
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Figure 23. Effects of addition triglyceride production sources on intra- and extracellular
AIBP production in human liver cancer cells.

(A-D) Following cell seeding, acLDL (A), OA (B), and PA (C) were added to the cells at the
concentrations showing in the figure. After 24 h of incubation, supernatant and lysate were
collected and subjected to Western blot analysis. acLDL: acetylated low-density lipoprotein. OA:

Oleic acid. PA: Palmitic acid. BSA: Bovine serum albumin
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PA 3 LU OA OIRINEHIRRSN AIBP SIZxf L CENEIERLR DELE KFE LTz, T
AR~ iR 72 OA 3 LUV PA OB I AR 2 51 &L Z 9723, FHIR O SOt 1 i
DI THEZR > TN D 828, PA PITREA b LA/ AR LR, I har R T kE
F . Lipotoxicity 72 EMINaFEEMED RIS 2 5| & L 29725, OA DAL EREDFA & DBIG )
Bl B, AFZRICE VLT 0.4 mM O PA JLERC L 0 ks N Bl sh
7= (Figure 24), #fEst AIBP E~DFHEN PA & OA THRARDZZ L E2EET D L, T
DFEFEIZL Y AIBP 25HIfasb~HU S5 ATREVEDR B 2 i,
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Figure 24. Effects of addition triglyceride production sources on cytotoxicity in human liver
cancer cells.

Following cell seeding, acLDL, OA, and PA were added to the cells at the concentrations showing
in the figure. After 24 h of incubation, supernatant was collected and subjected to lactate
dehydrogenase (LDH) assay. Each value represents the mean = S.D. (n = 3). *, p < 0.05. *** p <
0.005. acLDL: acetylated low-density lipoprotein. OA: Oleic acid. PA: Palmitic acid.
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AIBP mRNA (% 0.1, 0.2 mM @ PA IIITIXIE & A EZ{EET, 0.4 mM TIEK 1.5 /%1
HM L7= (Figure 25A), PA (2 X Bfliflnsh AIBP O I%, AIBP mRNA OEEANAERSTHIIC
FHLTWAHEEMERH D, o, PA ORIV EEINT 2 Z LR HL TS Sterol
regulatory element binding protein-1c (SREBP-1c)?> mRNA FEHLOHIMA R S, BEH & —
# L7 (Figure 25B) %5,
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Figure 25. Changes in AIBP mRNA in HepG2 upon addition of palmitic acid.

(A, B) Following cell seeding, PA was added at concentrations of 0.1-0.4 mM. After 24 h of
incubation, mRNA was collected and analyzed for AIBP and SREBP-I1c¢ levels via RT-qPCR. Each
value was normalized using GAPDH mRNA levels and represents the mean + S.D. (n=3). ** p <

0.01, *** p < 0.005. SREBP-I1c: Sterol regulatory element binding protein-1c.

HW5IE REEET L~ XADIME AIBP &0

~ 7 ZA~D Tetrachloromethane (CCly) DG IXBMENFEEET L& L TR HEH ZT
W5, CCly 3 LOZORBIIIFIRT Y U IRESCH 3T B 7 & OBy ~IHEAHEA
L. D 5 22 R 2 e S & 5 36, CCL B EMEIFREEE T /L~ U ZADMFIZ OV T,
VIZAZ Ty T 4 U7X IfiE AIBP &Rl L72 (Figure 26A, B), 1fil{E AIBP (X
CCly DIEFERAFHNTIEM LTIV . Z AU PA BN & 2 AFHIRFEE 23 f sk AIBP &4
gt WnWHIET L E—ET 5,
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Figure 26. Evaluation of serum AIBP levels in a mouse model of CCly induced liver injury.

(A, B) Balb/c mice (5 weeks old, male) blood was collected from the tail vein and CCl4 (10 or 30%
in corn oil) was administered. After 24 h, blood was again collected from the tail vein and separated
by nonreducing SDS-PAGE (A). The band intensities were quantified and shown in a graph (B). Each

value represents the mean + S. D. (n = 3). *** p < 0.005.
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3 AIBP OABEEREIC R4 D8RS
# 138 AIBP IZ X % Palmitic acid 3534 EFE~DEEE

55 2 fiC, HepG2 IZHBWT PAMSINC L 0 | ffash AIBP 234895 Z L 2B b b7
STz, % Z T s AIBP OIS PA IZ X ARSI B L B 2 5 )RGET 5720,
AIBP ORI E ) v 7 X0 %475 72, HepG2 IZ AIBP-3xFLAG & =2 — K L7277 X
I RE721% AIBPSiRNA SIAIBP) 2 ZNEN N T A7 =7 23 > LTz, AIBP OiafFEE
(2 & 0 AR AIBP 23832 Z & | siAIBP (2 X Y AIBP OFHNBAD T2 2 & 3 s &
7= (Figure 27A-C), #i\ T, @EIBHBLV v 7 X7 LIZEEO OA 1 L PA O
falGEMEZREE L7z, ZHE TOME L =L T, OA DRI TITMIREFNIZ L A LH
WY, PA BERFAOICHIEEEE N BEM L7, LovL, AIBP OREPRBERB L v
0 AR HRMAEE~OR B EEIIBE I T, AIBP @ PA S8 MEFHAE~D T
HlI/h&E W&z b7z (Figure 28),
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Figure 27. Overexpression and knockdown of AIBP in HepG2.

(A) pcDNA3.1(+) encoding hAIBP-3XxFLAG was transfected into HepG2. Western blotting of
supernatants and lysates was performed. (B) siRNA targeting AIBP was transfected into HepG2.
Protein levels were assessed by Western blotting and mRNA expression were assessed by RT-qPCR.

Each value represents the mean + S. D. (n = 3). *** p < 0.005. rAIBP: recombinant AIBP.
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Figure 28. Effect of AIBP expression on the cytotoxicity of fatty acids.
After 24 h of transfection into HepG2, PA or OA was added and incubated for 24 h. Cytotoxicity
was assessed by measuring LDH activity of the supernatant. OE: Over expression (hAIBP-

3xXFLAG), OA: Oleic acid. PA: Palmitic acid.

#2IH  AIBP 2 L D HBRLVER OBEt

VTR, MAIEHII T AIBP OREJ/N I b2 KU 7 ROS Z#HINE w2 2 &7 B
INTEY ., AIBP BHUBLIEHZ AT 5 AlRBME e ST 5 ¥, £ 2T, AIBP Ofit
FR{bAEH 2 5l L 7=, HepG2 |2 AIBP Z iR HL F£ 7213 rAIBP #5545 Z & T AIBP &
NS, 2~ EYWE CTH 5 HO, £ 721X Menadione Z iR L., &7 12—
7 T % Dihydrorthodamine 123 (DHR123)% H W\ CTiHEEEEFE (ROS : Reactive oxygen
species) DFAE A E R LT, Hy02 3 KX O Menadione D USINIE LI I FE AR AT 72 8 58 D
%7~ U7= (Figure 29A, white column), L7>L. AIBP OifIFEIIC L 5 A ITHIR S
727> 7= (Figure 29A, black column), —J5C rAIBP OIRNNIC X Y ROS DFEAE A HH] X
N DM EIE S 7z (Figure 29A, gray column), I HL & rAIBP OUSIICT—E L7
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FERMHEINTZRRNE LT, WSO 0HEEANEZ NS, £7°, rAIBP ORI TILH
fugt AIBP 23 EIZHEAN L, @ REPEEL CIEMIALN AIBP S EIZHINT 5 &2 6hd, 83
B OH i TR K 5 AIBP ITHIIRNAN THERE S B2 5729, AIBP OFLl LAE A I3/
Jash CHRIEI N D RN D D, Fio, FEATEZE 2 2 1 TlE AIBP 3l Nst 217 &
KTEDZ EITERE LRITNIEAR B 7220, fllladt~ AIBP 23 it &5 Z & 14, Figure 18A
T/RLTZEY ThbH, Mllast AIBP BSHIIENICEY IAE D Z & 1E, Hann & 3HEE00%
eta e O CTHAE L TRY 8, 46 rtAIBP 2 H W= EHORMN THLHERL TV 5D
(Data not shown), AIBP OAINI L~ L DFEBZRZ L Z ] NS 5 2 L iX, Hiie{blk
DG4 A B =X LERIZORMN B L, S 51T, \EIFEILE HepG2 (Wi FLEEH
fi) THT > TV D23, rAIBP X KAGE MM CIER L= b O &R L TR Y . BIRRZEH
FEN—IRR DR D D, AIBP DHIRMUIEHORAELI N b 2B E R TS 672 5%
FRMETHDL EEZEZTND,

rAIBP ORI K 0 G LAER NS BICBIZZ SN 2 L2 B | invivo TORGETE1T -
7. EIEMI BB~ v 21 L7 7 — AEBRE(LET L E LTEA S TR Y BEA k
L ZDOEMDBSERO Hid ¥, £ 2T, mlE AR~ 7 A~ 1AIBP 245 L., H o2t
A ML ABLOHEBE I ZRIE Lo, SiEEEE~ U 205 b )Z@E o~ v A
L [RIFRECTdh ~ 7= (Figure 29B, Normal diet vs High fat diet), =B BB~ 7 A ~D AIBP
DOFET X 0 HLER L S OB IMEE 2 R 5= b DD, HEHICA B TlI )~ 7= (Figure
29B, Before vs After), 2t A b L A L@ EEEUC L 0 K 3 FICE L7 (Figure 29C,
Normal diet vs High fat diet), £72. AIBP OFLHIZ L VLA N LA DOT 0 BH Lz
(Figure 29C, Before vs After), F&{LA N U AN L2/ KNI A TH D3, — DO DORGER &
L T rAIBP % KGHE > H AR 2 BRIC Lipopolysaccharide (LPS)23 2% I x—3 3 » L
THEY ., RIENFE SN TV AL H D, 4%, LPS Z58RIZFRE L7z rAIBP 2 flu
5 L TELA N L ADOBINAIIHEI T X 2 ATREMEN B 5, FRHIFE LA b L A BT E
NERFRIZ X 0 2 L < L7223, rAIBP OWSINC X 2 B IE8lE S /e n - 72 (Figure
29D),
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Figure 29. Antioxidant activity of AIBP.

(A) HepG2 was overexpressed with AIBP-3xFLAG or added rAIBP (0.5 pg/mL). Hydrogen
peroxide (H20;) or menadione was added and incubated for 6 h. DHR123 (10 pM) was reacted for
1 h to detect ROS. (B-D) Mice fed a normal diet or high fat diet for 12 weeks and 7.v. injected with
5 ug of AIBP in PBS. Blood was collected from the tail vein before and 2 hours after administration.
The profile of BAP (B), d-ROMs(C), and BAP/d-ROMs ratios (D) are shown. Each value represents
the mean + S.D. (n=3). *, p <0.05, N.S., not significant. BAP: Biological Antioxidant Potential d-

ROMs: diacron-Reactive Oxygen Metabolites.

% 31 AIBP 2 X 2HKEER ORE

b hv2 a7 7 — Ao THP-1 20T, AIBP OFURGEEM 2t L7=, THP-1
~ rAIBP ZifsnL., RIEMY A R A > ThH % Tumor necrosis factor-o (TNF-a)35 L Y
Interleukin-6 (IL-6)D /3 Wii: % ELISA TiE & L7= (Figure 30A, B), LPS O¥SHIC L 0 HEHn
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L7 RIEMEY A S A D430, HDL OIS X 0 il vz, AIBP B, F£7-0%
HDL & o4, HDL & RS 5 WIEF L EORBIEER 2R LTz, b DR R
DD invitro \IZBIT D AIBP OFIRIEERANH L E 72 o7,
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Figure 30 Evaluation of the anti-inflammatory function of AIBP.

(A, B) THP-1 macrophages were incubated with or without 25 pg/mL rAIBP, 5 pg/mL HDL and
1000 ng/mL LPS for 24 h. The secretion levels of TNF-a (A) and IL-6 (B) were determined by
ELISA. Each values represent means + S.D. (n=3). **, p < 0.01, *** p < 0.005 vs. the LPS group.
AIBP: apolipoprotein A-I binding protein, LPS: lipopolysaccharides, TNF-a: tumor necrosis factor-
o, IL-6: interleukin-6.

VT, invivo IZB1T 5 AIBP DHFIRIEMEM Gt L7z, ~ 7 A~ LPS 3 XU rAIBP %
eh L. 6 K £ TRIFIICHRIILZIT 5 2 & TMIEFR O A S A o \EAFHE L 72
(Figure 31A, B), LPS OFHIZ LV IMiEH D TNF-a 38 LN IL-6 &I L7=, AIBP O
L, YA S A o EOEIMZ T M H 7o b DD, FERAITBE 7
MoTo, MHFFREDOMEDOKRF T, #HIRNE G L7z AIBP IZEIFH T L A ER A 76
HRTDHZ PRI TEY (Datanot shown), A B 7RZEDERR S LR > To EIKD—
DOThDHEEbNS,
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Figure 31 Evaluation of the anti-inflammatory function of AIBP.
(A, B) Male mice (Balb/c, 5 weeks) were injected intravenously with AIBP (0.2 or 0.6 mg/kg)
immediately after intraperitoneal administration of LPS (2 mg/kg). Blood was collected from the
tail vein for up to 6 h after administration. The secreted levels of TNF-a (A) and IL-6 (B) were
determined by ELISA. Each values represent means + S.D. (n=3-4). AIBP: apolipoprotein A-I

binding protein, LPS: lipopolysaccharides, TNF-a: tumor necrosis factor-a, IL-6: interleukin-6.

b MLIFIZIB T D RIEEY A b A 2 HE L, MiF AIBP R & OFABIRIMR 2 fesd L
7= (Figure 32A, B), AIBP & TNF-q, IL-6 IZAHBIRIMRIZBIE SN2 o T2 b O D ik
AIBP 2MEWEETILEWWEE & el U RIEMEY A b1 A VBN S WMEAIZH - 7= (Figure
32C,D), ZHiE., b FoIfHIZBWT S AIBP NHIRIEMEA A3 L T\ 5 Z & 2R
HHDTHD,
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Figure 32 Evaluation of AIBP and inflammatory cytokines in human serum.

(A-D) Correlations between AIBP and TNF-a or IL-6 in human serum are shown. Samples were
divided as low and high groups around the median AIBP concentration. Inflammatory cytokine
levels in each group were compared. Each value represents the mean = S. D. (n = 20). AIBP:

apolipoprotein A-I binding protein, TNF-a: tumor necrosis factor-a, IL-6: interleukin-6.

52



%4 5 HDL IZ X % AIBP O N K BH 72 R R
F1E KBERIHREZ AW rAIBP OFEHR

FPTRIBEFEHRRZLZHWTE b rAIBP Z{E L7z, FELSHE 5 rAIBP (33 7 F X7 F
RToHDH7 I/ (Amino acid: AA) 1-24 ZFRZ . C Kl 6 X His Z 0 L7, ERIE Nit
71T LWz, EETORIGEEEY) (Lysate), 818 Y Hi5) (Flow through), #Eid sy
(Wash), ¥4y (Elution) % %24 SDS-PAGE (21t L7z, CBB ¥z L v, ¥EH M
FBUWVTHKI 30 kDa fFiTiC sy Z Ny RSB SN Z L b MEOmmWE 37 BH S
H SNz 2 ERER S L (Figure 33A), £72, VA X7 vy T 4 780
I3\Z AIBP MFET 5 Z E ML E 7257 (Figure 33B), ZHUHOFERMNS, MEDH N
AIBP ¥ S 7= Z LR & Tz,
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Figure 33. Expression and purification of rAIBP.
(A, B) The samples were collected at each step in the purification of rAIBP and subjected to
Coomassie Brilliant Blue (CBB) staining and Western blotting.
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# 2T HDL L DEREABIZX D AIBP OE4L

AIBP |[Z HDL O FZHEf & 7 ETh D apoA [ LHEET DI ENMBNTND S, #
AR A L DHRE~ DB E IS 2 72®121X AIBP & HDL #RA L. HAKREIAK
SHLMENDH DN, HEBEENTORSE 03*14&%3 AIBP ~DEIIAH TH D, £ T,
HDL & DIEA - FHEIZ X D AIBP ~OE LTI T 2720, VZRAZ L TuyT 40T %
1T~ 72, rAIBP % HDL % 7= BSA (control) & J& A L, 37°C, =R (Room temperature:
R.T), 4°CTENZNEE L7= (Figure 34), 2 COIREIZIBVT, AIBP HMCHE L7-5%
AlEANY RSN o T2, ZhUE, AIBP N F a2 — T NEE~NRET L5720 ThHhD &
ZZTW5D, —H T, HDL F£721XBSA ZiRET 5 & AIBP O/ RABIE S L, WEEA~
D ABPWENRT Oy 7 SN2 EARBIND, 37°CEB LOERIZH VT, HDL RES
L ONBERAFH 723 RIREDWF RO 7 N Z T U pg sz, 2k, HDLIZ XY
AIBP O—HOEFIAUIMI S TnD EEZ D,

37°C R.T. 4°C

+ + + 0+ + + + o+ o+ + + + o+ o+

+

AIBP (1.25 pg/mL)

HDL (ug/mL) 0 5 25125 0 0 5 25125 0 0 5 25125 0
BSA (ug/mL) 0 0 0 025 0 0 0 025 0 0 0 025
. — -— - — —_— —— —— 32
AIBP —— - - 28
- 32
ApoA-I _ o8

Figure 34. Alteration of rAIBP when incubated with HDL at three different temperatures.
Recombinant AIBP was mixed with HDL or BSA (control) at the indicated concentration. After
incubation for 24 h at the temperatures shown in the figure, Western blotting was performed on each

sample. R.T.: room temperature.

ApoA-1 135 - EH I 28.2kDa ThH 5728, SDS-PAGE (Z LV AIBP L 0 N2 T T
v RRBIER S D, Figure 34 T AIBP O FHICEIZR ST K23, RAE L7-HDL IZ& %
L% ApoA-l HRD NN R THDHZ EEEBET H72, HDL O L—2 2B L, Ehk
%S:ﬁo 72 (Figure 35A), HDL HUR T3 Ny R8N0 o722 & 725, AIBP & HDL DR

ZEVBIEIND /N RiX, HDL ST 2R R R U I 27 —F7 4 77 7 b
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TIEBRWZ LA RENT, £72. HDL & [FREED BSA 2N L 72556133 R EE O

PRIV 7 MU URBIEINT, HDL R R EEZSNDBR TH D Z & AR
SN7-, £7-. rAIBP & HDL Z{EA& L. 72 W% £ T FEBIZ L-, 24 BT

T NE T LT Ny RBBIER S L, RERURAFAII N R3S L 72 (Figure 35B),

(A)
rAIBP (1.25 pg/mL) + — + + + + + +
HDL (pg/mL) — 125 5 25 125 @ — @ — _
BSA (ug/mL) — — S — — 5 25 125
— ye -45
-32
e GRS s S a——
- -28

-32

-28

Figure 35. Cleavage of rAIBP via incubation with HDL.

(A) Recombinant AIBP was mixed with HDL or BSA (control) at the indicated concentration. After
incubation for 24 h at 25 °C, Western blotting was performed on each sample. The rAIBP sample
(Lane 1) was stored at -20°C until use and was used immediately after thawing. The HDL alone
sample (Lane 2) was incubated for 24 h at the 25 °C and used as a control. (B) Recombinant AIBP
(1.25 pg/mL) was mixed with 25 pg/mL HDL. After incubation at the 25 °C for the time indicated

in the figure, samples were collected and stored at -20 °C until subjected to Western blotting.
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®3IE AIBP OUIWricBIiF 3 v Tr 7 —EnEEE

AIBP DY A 71 = X LB D78 #:0E HDL (boiled-HDL)35 & UX protease inhibitor
(PHZEHWIRE 21T o 72, ZAVE CTORER & [RAEIC AIBP D/3 RIZHDLIZ LD > 7
&7 L7223, boiled-HDL TlE> 7 M &0 U in@IER S 72 hr o 7= (Figure 36A), Z il
X, HDL FUCE R ENDZ T EPMBUZ LV RIE LT ThH LB 2 b,
AIBP OBHZIT HDL D & 2 R 7 IEVHEIFIICIR Z o T D Z E R S b, — 5T
boiled-HDL & (3R, PI ORI TII AN ROV 7 M D 2l T&E Iedvo Tz
(Figure 36B), &%, AEBRTHWZ PIOFEFEH &2 bW mT 7 —BIZ67T 5
EREZHO, EORDIMFAEITOMLENHDH LB 2 HLDH (Table 1),

(A) (B)

rAIBP (1.25 pg/mL) ~ + +  +  + o+ rAIBP (1.25 pg/mL)  + S
HDL (ug/mL) 0 25 125 625 O HDL (625 pg/mL) - + + + + Bo

Boiled-HDL (ug/mL) 0 0 0 0 625 Pl _ - - DMSO PI

F 32

AIBP | s -
r 28

=32

AIBP DS mw | — 28

Figure 36. Inhibition of rAIBP cleavage by HDL boiling or addition of protease inhibitor

cocktail.
(A) Boiled-HDL was prepared by incubating HDL at 95°C for 5 min. Recombinant AIBP was mixed

with BSA (Lane 1), HDL, boiled-HDL at the indicated concentration. After incubation for 24 h at
the 25 °C, Western blotting was performed on each sample. (B) When rAIBP was mixed with HDL,
DMSO (control) or protease inhibitor cocktail (PI) was added at 1%.

#ATH HDL IZ X % AIBP Sl 08B DRRE

HDL (Z L 28153 AIBP FF A Z > TWH DN EH S ZT 5728, mouse IgG
(mIgG)Z& H W dHli 21T > 72, HDL & DIRAIZE D migG D/ > FOZ kI, HHHB X
DBHEOWT N THEE SN T, boiled-HDL B L OPI Z ML THRBETH - 7=
(Figure 37A,B), 2O Z &6, HDLIZ L ABHZUT, AIBP ~ORIRMEEZ G T H G TH
HTEDRBIND,
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(A)
migG (1.25 pg/mL) + + + + +
HDL (ug/mL) 0 25 125 625 O
Boiled-HDL (pg/mL) 0 0 0 0 625
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Light chain
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(B)
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-32
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Figure 37. Specificity of HDL-mediated cleavage.
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(A) Boiled-HDL was prepared by incubating HDL at 95°C for 5 min. Recombinant AIBP was mixed

with BSA (Lane 1), HDL, boiled-HDL at the indicated concentration. After 24 h of incubation at

25 °C, Western blotting was performed on each sample using HRP-conjugated anti-mouse IgG

antibody. (B) When recombinant AIBP was mixed with HDL, DMSO (control) or protease inhibitor

cocktail (PI) was added at 1%.

Protease inhibitors

Targeted protease

AEBSF

Serine protease

Aprotinin
(derived from bovine lung)

Serine protease

Esterase

E-64

Cysteine protease

Leupeptin
hemisulfate monohydrate

Cysteine protease

Trypsin-like protease

EDTA

Metalloprotease

Table 1. Components and Targets of Protease Inhibitor Cocktail (#04080, Nacalai Tesque,

Kyoto, Japan).
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AIBP OYJWis, U RZ L7 GO T HDL FF RS & Z SN D OO0 EREET
578, HDL UAAD VR 2 x0Tl Z1T > 72, Acetylated low density
lipoprotein (AcLDL)(Zf2{t2 > LDL & L CEMREE( L OJFREHEITIZF G- L T 5 %,
Chylomicron (CM)IZAMAMENEE &2 RAMERR I CH LT DV RZ 7 ED 1 TH D,
Apolipoprotein B-48 (ApoB48) Z f# [kl & L T ¥ | FIT triglyceride DIEMITEIIO - T
% %, Synthetic HDL (sHDL)IZ ApoA-I #{ii-=7"F I L) VEE TRk E N H AL
HDL T& % 2, L72>L. acLDL,CM, sHDL & DiREIZ LD AIBP O/ 3 ROZELITWT
nbElgEsnT, BAREEY RY R ETHRETH o7 (Figure 38A-C), b X
V. AIBP D/ RDZAKi% HDL/AIBP MICHRFERA RIS T D Z & D3RR S 7z,

(A)
rAIBP (1.25 pg/mL) + + + + +
acLDL (ug/mL) 0 5 256 125 O
Boiled-acLDL (ug/mL) 0 0 0 0 125
- 32
AIBP = NS S - e s
(B)
rAIBP (1.25 pg/mL) + + + + +
CM (ug/mL) 0 5 25 125 O
Boiled-CM (pg/mL) 0 0 0 0 125
- 32
AIBP «==p 4D -
-_—
(C)
rAlIBP (1.25 pg/mL) + o+ + + +
sHDL (ug/mL) 0 25 125 625 O
Boiled-sHDL (ug/mL) 0 0 0 0 625
- 32
AIBP == s s
- 28

Figure 38. Activity of rAIBP cleavage via mixing with other lipoproteins.

(A-C) Boiled samples were prepared by incubation at 95°C for 5 min. Recombinant AIBP was
mixed with untreated or boiled acLDL, chylomicron (CM), synthetic HDL (sHDL) or BSA
(control) at the indicated concentrations. After incubation for 24 h at 25 °C, Western blotting was
performed on each sample. The rAIBP alone sample (Lane 1) was stored at -20°C until use and

used immediately after thawing.
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%51 AIBP BIWTrERAL D4 E

GIWr S 7= AIBP OFERI A 3 772, ABFFECTZ Z £ THU =5 AIBP #ii/&8 (NBP2-30626,
Novus Biologicals, Littleton, CO, USA)I%, AIBP ®7 X / FEELS| (288 7 X /EE)YD H b 218-
287 HD 69 FRILN B2 DT F REHURE LTER L7 H O TH Y . AIBP O C K] 2
T 7L LRI 5, BIZMED AIBP N HUA TR SN S Z &b, YIWFALAY N
Kl T 5 Z LRI D, tAIBP 13X C KiGlZ 6xHis tag Z ML TV A Z &b,
Nit 1 7 L% W COIWr% o C Kinfill AIBP Z F5#C& 5 & & 27, HDL & rAIBP ZiEH
L72%. Ni'h 7 L CTHRRLL., Rz VTR L7z, ZOkEE. Elution 47 Y] Hi#
@ rAIBP (SR RN &L, 6xHis tag AN ENT=EETH D Z EBNRBI LT
(Figure 39),

=
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Figure 39. Silver stain of rAIBP after incubation with HDL and purification with Ni*
column.

Recombinant AIBP (1.25 pg/mL) was mixed with HDL (125 pg/mL). After incubation for 24 h at
25 °C, each sample was purified by Ni+ column and stained with silver stain. Red arrow: AIBP.

Black arrow: Cleaved AIBP.
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TR UMRIIN K7 X VO 1 BBEZ DT D2 FIETHY, Zo"IEDOT )
RS OB SND FIETH S, Figure 39 LI NETOUVTARAZ T YT 4V
750 AIBP OUIWHI N R CTEZ > TWA Z EAURIBENTZZ LD, = Ry
fift 2 FV N C AIBP YW & AT O 45 E 217 - 7=, Figure40 (239X 912, AIBP OYJi % CBB
Yot THERR L72 & 2 A, tAIBP /3 K (A, red arrow)?s HDL & DIRAIC LW 7 b4
7> L7 (A2,blackarrow), Z4L5H D/ RIZOWT, = K< 4RI K D N RSO 6-
77X BERE LT, Al X MQTIACR OEH|THY | TIN5 rAIBP OFS & 524
\Z—E L T\ 7= (Table 2, left), A2 (% LNSGGR DELFIA K H, S 41, AIBP O 39 &K D
R (R¥)& 40 D L (LD TE Z > TW\D Z & BN/ - 7= (Table 2, right) (Figure
41),

HDL rAIBP rAIBP+HDL

Figure 40. CBB stain of rAIBP after incubation with HDL.
Recombinant AIBP was mixed with HDL. After incubation for 36 h at 25 °C, CBB stain was
performed. Yellow arrow: HDL (apoA-I). Red arrow: AIBP (A1). Black arrow: Cleaved AIBP (A2).
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Untreated (A1) Cleaved (A2)

Cycle AA pmol Cycle AA pmol

1 M 5.1 1 L 5.1
2 Q 10.2 2 N 34
3 T 5.2 3 S 4.5
4 I 6.9 4 G 34
5 A 5.6 5 G 2.9
6 C — 6 R 2.7
7 R 24

Table 2. Identification of N-terminal amino acid sequence of AIBP and cleavage products by

Edman degradation.

Signal
peptide 24 288

Full length IMSR...

288
Cleavage
40 288

A1-40 (Cleaved, A2)

Figure 41. Model figure of AIBP sequence and cleavage.



AIBP O Cleavage site T 2 RYLY (i OREIER 2R Z TR D T2, # X7 E DOk
& T — /L AlphaFold2 Z VT, ffdai&iE Tl 21T > 72 (Figure 42A) 3, AIBP @
N ARl 60 F HAHEDT X VB E TLER IR « ZRIEEE L b2 ERFHlsn:
(Figure 42B), Z D K 5 72, FEED AL 2 & O 22 W EEIRI IR SRZS VEfREE & R4, /8
— =T EREET D L CIEEERFHREIND, EiaEETRORMRELEEE XD
&, AIBP @ N KUl AA1-60 (%, HDL/ApoA-1 &#5E4 2 RAREMER TH L1 LA
7200,

o

50 100 150 200 250

Scored residue

I
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Expected position error (Angstrms)

Figure 42. Predicted Structure of AIBP by AlphaFold2.

(A) Predicted structure of human AIBP by AlphaFold2 (UniProt: QSNCWS) is shown in PyMOL.
AA1-24 is shown in cyan, AA25-40 in orange, and AA41-288 in gray. (B) Predicted aligned error is
shown. The color at position (X, y) indicates the expected positional error of AlphaFold at residue x

when the predicted and true structures are aligned at residue y.

HFO6IH AIBP ODHIIBNRBIEICRTT 5 N K 7 FARTF RS

H2 IS 5 T, HDL IZ LY AIBP @ N ARl ROLO RN UrEn s = &L &< L
7eo AIBPIZNKIGIZS T FTAXRTF REeFLTEBY, ZORSNINI Fa R T ~D
Bl ez LD 2 ENMBILTN D L8, AIBP O N Km0 HlaN SR ED L H
IR RAF T D E D 720 IMRIFEEL L 72 N Kb /K HHZ 52 AIBP 5 KX O M
AIBP # X hay RU 7 4@ L, MlaNRBTEEZBILZE LT-, HepG2 IZB\W\ T, &K
AIBP R Fay RUT~NEELTWD Z EEIE I L7z (Figure 43, Upper panel), & 5
W2, WIRPEAIBP X b2y KU T EOHFTEZR L, HepG2 (2351F 5 NIKMH: AIBP
X, &F AIBP Tob 2 AlgeMENVRIR X7z (Figure 44), ey 7 iidd & PRI ST
WD AAL-24 Z/RIBEEET/Z AIBP 1L, 2 b3y RU T ~DRIEE RS- 7= (Figure
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43, Middle panel), X b2 RUTJRTESZF L LTHFHISN TS AAL-S] ZKE S
W72 AIBP (XX h=ay RU 7 EILFEET, BEENZ LT, —HOv 7 FABENT
BlE2 X7z (Figure 43, Lower panel), Z 4L 56 OfERIZ, AIBP @ N K hS AN JRTE DR
ERFTHDHZ EaE/RLTEY, HDL IZXL Y UK S 4u7- AIBP (A 1-40) 23 AHIAN I fFAE

T5%6, I har R 7 TERSHIRE D 2 WIEAJRET 2 iR 2R LT
Do

AIBP
(3 X FLAG) Nucleus Mitochondria Merge

1-288

25-288

52-288

Figure 43 Localization of N-terminal deletion mutant AIBP in HepG2 cells.
pcDNA3.1(+) encoding N-terminal deletion mutant AIBP (AA1-288, 24-288, 52-288) was
transfected into HepG2 cells. The mutant AIBPs were visualized by using an antibody directed

against the 3XxFLAG tag attached to the C-terminus. HepG2 cells were counterstained with DAPI
and MitoTracker™ Red CMXRos. Scale bar indicates 20 um.
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AIBP Nucleus

Mitochondria Merge

Figure 44. Endogenous AIBP localization by immunofluorescent staining.
Human hepatocellular carcinoma cells HepG2 were cultured 24 h. Anti-AIBP antibody was used to
label an endogenous AIBP. MitoTracker™ CMXRos was used to label the mitochondria and the cells

were counter stained with Hoechst to mark the nucleus. Scale bar is 20 um.
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BO5HT  BH

AIBP (34K £ 1q21.2-1q22 IZALE L TER Y . WL D00l L ORIz B8IT 5
mRNA FE R X Tz 3, F72, Northern blot (2 XY 8 igi#i> AIBP mRNA £
SN b H 0 . RO FREFIE L2 mRNA OB IF — 2 2R L TR
% B Ry EFBLO R IR s = & OFEBULEIIAT DAL TR, ABFZET
IZ. AIBP O ilbigies 2 #EE S 5720, 18 FOER I 1T 5 AIBP OIEEL &4 i L 72
(Figure 17A, B), AIBP (X8 « Mg <% <. BB TR o7, THUdEEMac
BT D AIBP PEA T RO 27~ L7z (Figure 18A, C), — RO ClZv =R
TRYT AT DR RRET Ly MIR>TND 2 ENHERESN, D FEORRD
AIBP MFET 5 Z EMRB I NIz, ZOHFEDEWT, U Ul (S®)XT7T Tk
(KP8, K72 EOFRRZERT S, NT A2 VT MR T U e ERFERELTEZD
H, LML, & MAIBP D AAL-24 [ 353W T NARTF RThHD LTSN TEY
ST FNRTFE—BIZEI DO Sns 2L 2BETH L, HTEOENIY VT
NATF ROUWHITER L TWa AlRetEd i b vy, 5 1%. AIBP Ofifigs 704 & 73w
BREMRIAT D720, ZRENONRY ROT 2 ) BREAIfEITe L 7 T F K8
AIBP Z Wzt 21T 9 TiETH 5.

AIBP | X, #HfuSL CHREZ RHET D 2 L L2 T I_TF R PRI ZRILE LT, Hifle
AW END EDRFGTBFERTH D 5, —I5 T, BRI EIR S -flixo 0
Th v, T LAMISN AIBP 23E & A R SR WET S L S5 07278, ko
T, vV AMEB LR & MIIETOT AKX T 0y T 17T AIBP B3 &
g 5160 RHFZE T L R ORE RS S - (Figure 19), — 5T, YZAZ Ty
S4 70 LERRE MR TH D ELISA TiE, b IS AIBP MFEET D 2 & A
P 7 (Figure 20,21), & 512, HepG2 ¥ X OVHEK293 D53 i~ AIBP 2370 S 4
TUW5 Z & DHERR 7= (Figure 18, 23), Alexandre 5 (% AIBP % i H|FE 8L L 72 HEK293
THERRAMZ AIBP 23R S e o722 &b AIBP O3 f57E L TN 5 28 78,
Figure 18 (27”3 & 912 HEK293 TO /M IMEN R T2 Fid& LIETH O & ™ 7 E 2 i
THZETHRMEBAREE 725 L b D,

AT T, PA ORI LV e MRS AMIEO 3G T AIBP M5 Z E 0N G
M & 7p o7 (Figure 23), Z#UIE Lactate dehydrogenase (LDH)ETED N ZE->TH D | T
M OHBEIC L D MIBARY ORI RS S (Figure 24), ZOREHRE—H LT, E
M IfLiE AIBP LU 3 fFEE ~— B — AST « ALT & EOFHB% R L (Figure 21), in
vivo TlT CCL FBEMNTIEE £ 7 /L~ 7 2D IMIF AIBP 7335 L < HiN L TV 7= (Figure
26), AIBP Ol E&AEINT 2T 2 E THUMEDO AT L MG ST 6T S
JFPEEFE~ U AWK AIBP O WMFRIZHK T 2 FHRERET LV ERD 55, —
75 C, IFHIRaPE IR A e & N BN A BT b LD 5 2 E0n, AlkuS AIBP
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OB BB RELE TH D0, TRbHENN L= Mask AIBP 2 EEZ A LT\ 50
EWVD RUTHOWTIIRMEA TH 5, rAIBP HIRIEEH A L T\ e Z & 1E (Figure 30,
31,32). AIBP OISR R SRIE LI T D5 AT 4 =— & — & LT E 5 5 gtk &
L TW5b, E7z, HIEEIZ LY 75U S 45 53 18D Damage-associated molecular
patterns (DAMPs)I&, RIES T TN AT 4 =—5—& L TOMREDIHESL STV D %,
AIBP |3 DAMPs & [AIERIZHIIASE— 73— RIEMIAE & W 5 EHIBEFFIZ & W . DAMPs (2 &
2B 22 JNE 2 ] LTV D O d LivZeuy,

t ~ AIBP (288 7 2 /A CHEA SIS Y . HDL O EFRERK X > /X7 E T D ApoA-1
EREBT D ENWME STV 515702 35 4 i ClX HDL |2 X % AIBP @ R¥L4Y ] To
U2 @Bl52 S 7z (Figure 41, Table 2), AMFFEDORS & LT, AIBP Ul AERHIE K %
R TE TORWENEIT 55, AIBP O AAL-24 (XI5 7 F AT F R& LT,
AALSLIER hay RUTRES 7T e LTEIK Z 8RB ST\ %, AIBP Ok
DMERN - HIlENTHE Z 2854, AIBP OHIFENRITED 2 M T 05U % il 5 A PR
RBAZH S TWDHOE Ly, Eo, RIEMFEERICOEALGT 5L E 2 b
%o AIBP [ZTLR4 DxZ | A A DG %I L TRIEZIHIT 28, Z OREEITIE
AIBP @ AA24-51 RAA L ZHLTNDHZ ENRBINTWND 2, HDL IZL % AIBP @
IErIX, TLR4 ~OfE G FrEZ 2 S8, FIRIEFEMZ 2 e —/L LT 5 ATREMED
»H D,
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5 6 KB IE

% 1E Resources

Resources Cat.No. Company Location
Antibody

APOAI1BP Antibody NBP2-30626 Novus Biologicals, LLC Littleton, CO, USA
Monoclonal Anti-p-Actin antibody produced in mouse A2228 Sigma-Aldrich Louis, MO, USA

6 % His tag Polyclonal antibody 10001-0-AP Proteintech Tokyo, Japan

Anti-Apolipoprotein B Goat pAb

178467-1MLCN

Sigma-Aldrich

Louis, MO, USA

Apolipoprotein Al Polyclonal antibody 14427-1-AP Proteintech Tokyo, Japan

beta Actin antibody (mouse Polyclonal) A2228 Sigma-Aldrich Louis, MO, USA
beta Actin antibody (Rabbit Polyclonal) GTX109639 GeneTex Texas, USA
anti-Rabbit 1gG-HRP 172-1019 Bio-Rad Laboratories Hercules, CA, USA
Goat Anti-Mouse 1gG (H+L)-HRP Conjugate 172-1011 Bio-Rad Laboratories Hercules, CA, USA
mouse anti-goat IgG-HRP sc-2354 Santa Cruz Biotechnology Texas, USA
Transferrin antibody GTX21223 GeneTex Texas, USA
Normal Mouse 1gG, Whole Molecule, Purified 140-09511 FUJIFILM Wako Pure Chemical Co. Osaka, Japan
Anti-Vinculin antibody V9264 Sigma-Aldrich Louis, MO, USA
Monoclonal ANTI-FLAG® M2 antibody F1804 Sigma-Aldrich Louis, MO, USA
Alexa Fluor Plus 488 goat anti-rabbit 19G A11008 Invitrogen Carlsbad, CA, USA
Alexa Fluor Plus 488 goat anti-mouse 1gG A11029 Invitrogen Carlsbad, CA, USA
Chemicals, Peptides, and Recombinant Proteins

Protease Inhibitor Cocktail for General Use (100x) 04080-24 Nacalai Tesque, INC. Kyoto, Japan

XV PANTERA GEL MP

Extra PAGE One Precast Gel, 5-20%, 17wells
APOAIBP Protein, Human, Recombinant (His Tag)
Immobilon-P membranes

Ponceau S Staining Solution

Skim milk

Can Get Signal(R) Immunoreaction Enhancer Solution 1

Can Get Signal(R) Immunoreaction Enhancer Solution 2

Enhanced chemiluminescence detection kit

NXV-378HP20
13064-64
13421-H08H
IPVH00010
SP-4030

N/A

NKB-201
NKB-301

WBKLS0500
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DRC Co., Ltd.

Nacalai Tesque, INC.

Sino Biological Inc.
Millipore

APRO Science Group
YUKIJIRUSHI Nyugyou Ltd.
Nacalai Tesque, INC.

Nacalai Tesque, INC.

Merck KGaA

Tokyo, Japan

Kyoto, Japan

Beijing, China
Burlington, MA, USA
Tokushima, Japan
Sapporo, Japan
Kyoto, Japan

Kyoto, Japan

Darmstadt, Germany



DynaMarker® Protein MultiColor Stable 11
IBMX

Insulin

Dexamethasone

Human serum

Oil Red O

DMEM (High Glucose)

DMEM (Low Glucose)

RPMI

Opti-MEM | Reduced Serum Medium
Penicillin-Streptomycin Mixed Solution
Fetal Bovine Serum

LPS

Phorbol 12-myristate 13-acetate

Bovine Serum Albumin

Albumin, Bovine Serum, Fatty Acid Free, pH7.0

5A peptide

1,2-Dipalmitoyl-sn-glycero-3-phosphocholine

Lipid removable agent
Palmitic acid

Oleic acid

4%-Paraformaldehyde Phosphate Buffer Solution (PFA)

William's E Medium, no glutamine
Carbon Tetrachloride (CCla)

Corn oil

FUGENE® HD Transfection Reagent

Lipofectamine™ RNAIMAX Transfection Reagent

SiRNA
H202
Menadione
DHR123

High fat diet

DM660
15879
1-1882
D4902
N/A
01391
08458-16
08456-36
30264-56
31985070
09367-34
173012-500ML
L4391
P8139
A7906
08587-84
N/A
D3925
13358-U
165-00102
156-03431
09154-85
12551-032
030-15731

032-17016

E2312

13778030
1181-007- F#806
18412

M9429

85100

F2HFD2
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Biodynamics Laboratory Inc.
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
BiolVT
Sigma-Aldrich
Nacalai Tesque, INC.
Nacalai Tesque, INC.
Nacalai Tesque, INC.
Gibco

Nacalai Tesque, INC.
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Nacalai Tesque, INC.
Scrum Inc.

Tokyo Chemical Industry Co., Ltd.
Sigma-Aldrich
FUJIFILM Wako
FUJIFILM Wako
Nacalai Tesque, INC.
Gibco

FUJIFILM Wako

FUJIFILM Wako

Promega

Invitrogen
Sigma-Aldrich
Santoku Chemical
Sigma-Aldrich
Cayman Chemical

Oriental Yeast Co., Ltd.

Tokyo, Japan
Louis, MO, USA
Louis, MO, USA
Louis, MO, USA
Hicksville, NY, USA
Louis, MO, USA
Kyoto, Japan
Kyoto, Japan
Kyoto, Japan
Carlsbad, CA, USA
Kyoto, Japan
Louis, MO, USA
Louis, MO, USA
Louis, MO, USA
Louis, MO, USA
Kyoto, Japan
Tokyo, Japan
Tokyo, Japan
Louis, MO, USA
Osaka, Japan
Osaka, Japan
Kyoto, Japan
Carlshad, CA, USA
Osaka, Japan
Osaka, Japan

Madison, Wisconsin,

USA

Carlsbad, CA, USA
Louis, MO, USA
Hiroshima, Japan
Louis, MO, USA
Ann Arbor, MI, USA

Tokyo, Japan



MitoTracker®Red CMXRos 9082S Cell Signaling Technology Danvers, MA, USA
ProLong™ Gold Antifade Mountant with DAPI P36935 Invitrogen Carlsbad, CA, USA
HDL N/A kindly provided form M. Tsujita Nagoya City University
acLDL N/A kindly provided from M. Tsujita Nagoya City University
Critical Commercial Assays

Protein Assay BCA Kit 06385-00 Nacalai Tesque, INC. Kyoto, Japan

Human APOA1BP (Sandwich ELISA) ELISA Kit LS-F34255 LifeSpan BioSciences, Inc Seattle, WA, USA
Mouse APOA1BP (Sandwich ELISA) ELISA Kit LS-F52905-1 LifeSpan BioSciences, Inc Seattle, WA, USA
LabAssay ™ Cholesterol 632-50981 FUJIFILM Wako Osaka, Japan

LabAssay ™ Triglyceride 632-50991 FUJIFILM Wako Osaka, Japan
Capturem™ His-Tagged Purification Miniprep Kit 635710 Takara Bio Inc. Shiga, Japan

His Mag Sepharose™ Ni 28967388 Cytiva Washington, DC, USA
Human TNF-alpha DuoSet ELISA DY210 R&D Systems Minneapolis, MN, USA
Human IL-6 DuoSet ELISA DY?206 R&D Systems Minneapolis, MN, USA
Mouse TNF-alpha DuoSet ELISA DY410 R&D Systems Minneapolis, MN, USA
Mouse IL-6 DuoSet ELISA DY406 R&D Systems Minneapolis, MN, USA
CellAmp™ Direct RNA Prep Kit for RT-PCR 3732 Takara Bio Inc. Shiga, Japan

One Step SYBR® PrimeScript™ RT-PCR Kit RRO66A Takara Bio Inc. Shiga, Japan

LDH assay CK17 Dojindo Kumamoto, Japan
Silver staining kit 291-50301 FUJIFILM Wako Osaka, Japan
Experimental Models: Cell Lines, and Mouse

HEK?293 RCB1637 Riken BioResource Center Ibaraki, Japan

HepG2 RCB1648 Riken BioResource Center Ibaraki, Japan

3T3-L1 86052701 European Collection of Cell Cultures Wiltshire, UK

THP-1 RCB1189 Riken BioResource Center Ibaraki, Japan

JHH5 JCRB1029 JCRB cell bank Ibaraki, Japan

Balb/c mouse N/A SLC Shizuoka, Japan
Instruments

MULTI BEADS SHOCKER MSHO003(S) YASUI KIKAI Osaka, Japan
ImageQuant™ LAS 4000 N/A GE Healthcare Buckinghamshire, UK
Fluorescence microscope BZ-9000 KEYENCE Osaka, Japan
StepOnePlus system N/A Applied Biosystems Japan Tokyo, Japan
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CFX maestro
Plate reader
FREE CARRIO DUO Redox Analyzer system

Confocal microscope

N/A Bio-Rad
SH-1200 Corona Electric Co. Ltd.
DI-601M Wismerll

Zeiss LSM 700 Carl Zeiss

Hercules, CA, USA
Hitachinaka, Japan
Tokyo, Japan

Oberkochen, Germany

Software

Image J https://imagej.nih.gov/ij/download.html

EZR https://www.jichi.ac.jp/saitama-sct/SaitamaHP.files/statmed EN.html

GraphPad Prism https://www.graphpad.com/scientific-software/prism/

AlphaFold2 https://colab.research.google.com/github/sokrypton/ColabFold/blob/main/AlphaFold2.ipynb
PyMOL https:/pymol.org/2/

N/A : Not available
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2T Animals

Balb/c mice (male; 5 weeks old) were purchased from Japan SLC (Shizuoka, Japan). Animals
were maintained under controlled environmental conditions (23 + 2 °C, 50-60% relative humidity,
and 12:12 h light—dark cycle). All the procedures for manipulation of the animals were approved by

the Animal and Ethics Review Committee of Tokushima University.

# 38 Detection of AIBP in tissues
Balb/c mice were sacrificed by carbon dioxide asphyxiation. Organs were immediately collected
and homogenized in RIPA buffer. Samples were then centrifuged at 16,000 x g to remove debris,
and protein concentrations were measured by the BCA assay. 10 pg of tissue extracts were analyzed

by Western blotting.

% 4TH  Western blot analysis

Protein extracts were separated by SDS-PAGE and transferred to PVDF membranes. Ponceau S
staining was performed to establish that loading per lane was equivalent. Following blocking in 4%
skim milk in TBS’T (0.02% Tween 20) at room temperature for 1 h, the membranes were incubated
overnight at 4 °C with the appropriate primary antibodies (AIBP at 1:4,000, Transferrin at 1:4,000,
6xHis at 1:1,000, apoB at 1:4,000, apoA-I at 1:4,000 and B-actin at 1:10,000). The following day,
membranes were incubated with the respective secondary antibodies (1:10,000) for 1 h at room
temperature after rinsing three times with TBS’T buffer. An ImageQuant LAS 4000 system was used
to capture the protein bands. The optical density of each band was quantitated using Image J software

and normalized to the intensity of control protein.

#5I8 Cell culture

HepG2 and HEK293 were cultured in DMEM (30% or 10% glucose) supplemented with 10%
FBS, 100 pg/mL streptomycin and 100 U/mL penicillin. The cells were maintained at 37°C and 5%
COa.

Mouse 3T3-L1 preadipocytes were cultured in DMEM supplemented with 10% FBS, 100 pg/mL
streptomycin and 100 U/mL penicillin at 37°C in a humidified atmosphere of 5% C02/95% air. Cell
differentiation was performed as we previously reported®’. The procedure was initiated 2 days after
the cells reached confluence. The cells were cultured for 3 days in differentiation medium containing
0.25 uM dexamethasone, 0.5 mM 3-isobutyl-1-methylxanthine (IBMX), and 1 pg/mL insulin. Next,
the cells were cultured for 2 days in maturation medium containing 1 pg/mL insulin. Finally, they

were cultured in growth medium again for 2 days.
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% 6 TH Preparation of cell samples

HepG2 and HEK293 cells were seeded in 24-well plates at 5 x 10* cells per well. The medium
was then exchanged to DMEM without FBS and penicillin-streptomycin and incubated for 24 h. The
culture supernatant was collected and centrifuged 2,000 x g for 15 min at 4°C. The supernatant was
used as the supernatant sample. Half of the supernatant was precipitated and concentrated with
protein using trichloroacetic acid (TCA). Briefly, TCA was added to a final concentration of 20%
and incubated in ice for 30 minutes. Centrifuged at 12,000xg for 15 min at 4°C, the pellet was washed
with ice-cold acetone to remove TCA. The pellet was dissolved in an appropriate volume of RIPA to
make an 8-fold concentrated sample. Cells were lysed in RIPA buffer with protease inhibitor cocktail
and used as lysate samples. 3T3-L1 was differentiated, and samples were prepared by the same

procedure as above.

% 718 Oil Red O Staining
3T3-L1 were fixed in 4% formaldehyde in PBS (pH 7.4) for 15 min, rinsed with PBS, and stained
with 0.3% Oil Red O dye for 15 min. After washing with 60% isopropanol, the cells were observed

under a fluorescence microscope (BZ-9000).

% 8IH Preparation of Mouse serum
Blood was collected from the tail vein and left at room temperature for 30 min. Centrifugation was
performed 2,000 x g for 15 min at 4°C and the supernatant was collected and used as serum. Serum

was stored at -80°C until use.

% 9I8 Enzyme-Linked Immunosorbent Assay (ELISA)

The levels of AIBP and inflammatory factors were quantified using ELISA kits according to the
manufacturer's instructions. Specifically, in AIBP detection, human or mouse serum diluted 30-fold
with sample diluent was added to the wells coated with capture antibody. The plate was then
incubated at 37 °C for 90 min. Subsequently, a detection antibody and HRP-Streptavidin conjugate
were added in sequence, and the wells were reacted with 3,3°,5,5°- tetramethylbenzidine (TMB)
substrate solution. The reaction was terminated by addition of a stop solution, and absorbance was

measured at 450 nm.

10 Measurement of serum cholesterol and triglycerides
Serum cholesterol and triglycerides were measured using a Triglyceride or Cholesterol
Colorimetric Assay Kit. Briefly, serum samples were incubated with Enzyme Buffer solution for

15 min at room temperature, and absorbance was read at 530-550 nm using a plate reader.
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F11H Preparation of palmitic acid and oleic acid
Sodium palmitate or oleic acid was mixed with 150 mM NaCl solution at 55°C until complete
dissolution and conjugated with fatty acid—free BSA for 60 min. The pH of the PA or OA solution
was adjusted to 7.4 using 1 M NaOH and stored at —20°C until use. Before use, PA and OA were
thawed in a water bath at 37°C and incubated at 55°C for 15 min.

F121F Cytotoxicity assay
Cytotoxicity assay was performed by measuring the activity of lactate dehydrogenase (LDH)
released from cells. LDH activity measurements were performed according to the manufacturer's
manual. Briefly, the reagent was added to the cells and incubated for a certain time, and then the
supernatant was collected. The supernatant was mixed with Working solution and subjected to a
color reaction for 30 min at room temperature under shielded light. Stop solution was added and

absorbance was measured at 490 nm using a plate reader.

#1317 Reverse Transcription-Quantitative Polymerase Chain Reaction (RT-qPCR)
Total RNA was extracted using a CellAmp™ Direct RNA Prep Kit from cells grown in 96-well
plates using the manufacturer’s instruction. mRNA expressions were quantified using a
StepOnePlus™ Real-Time PCR System with a One Step TB Green ® PrimeScript™ RT-PCR kit and
gene-specific primers. PCR was performed under the following conditions: denaturation at 50 °C
for 2 min, followed by 38 cycles of 95 °C for 15 sec and 60 °C for 1 min. Gene expression was
normalized to internal controls and fold changes were calculated using relative quantification (2-

AACq). The amplification specificity was checked by melting curve analysis.

141 Mouse model of carbon tetrachloride induced acute liver injury

Male Balb/c mice (5 weeks old) were purchased from Japan SLC (Shizuoka, Japan). Acute liver
injury in mice was induced by intraperitoneal injection of CCls at a dose of 4 mL/kg body weight (10
or 30% CCly in corn oil). After 24 h, blood was collected from the tail vein and left at room
temperature for 30 min. Centrifugation was performed at 2000 x g, 15 min, 4°C, and the supernatant
was collected and used as serum. The serum was diluted 20-fold in PBS and dithiothreitol (DTT)-
free SDS sample buffer was added. After incubation at 37°C for 1 h, proteins were separated by SDS-
PAGE.

#®15F Transfection of nucleic acids

pcDNA3.1(+) coding human AIBP (A1-24) were transfected using FuGENE® HD Transfection

Reagent following the manufacturer’s protocol. siRNA targeting human AIBP were transfected
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using Lipofectamine™ RNAi Max following the manufacturer’s protocol. Each experiment was

performed 24 to 48 hours after transfection.

F16IH Evaluation of the antioxidant capacity of AIBP in vitro
HepG2 was cultured in 96-well plates, with overexpression of AIBP-3xFLAG or addition of
rAIBP (0.5 pg/mL). After 24 h, various concentrations of hydrogen peroxide (H>O,) or menadione
were added and the cells were incubated for 6 h. The cells were then reacted with 10 uM DHR123
for 1 h, and the levels of ROS were detected using an excitation wavelength of 485 nm and an

emission wavelength of 525 nm.

B17IH Evaluation of the antioxidant capacity of AIBP in vivo
Male Balb/c mice fed a normal diet or high fat diet for 12 weeks and i.v. injected with AIBP (5
pg/mouse) in PBS. Blood was collected from the tail vein before and 2 h after administration. The
serum levels of d-ROMs and BAP were measured using the free radical analyzer FREE CARRIO
DUO.

¥181F Evaluation of the anti-inflammatory effect of AIBP in vitro
Human monocyte THP-1 cells were differentiated into macrophages by the addition of PMA for
48 h. The cells were incubated with LPS, HDL, and rAIBP for 24 h. The supernatant was collected
and centrifuged at 2,000 % g, 5 min. The levels of secreted cytokines were evaluated using ELISA

kit for TNF-a and IL-6. The ELISA was performed according to the manufacturer's protocol.

193\ Evaluation of the anti-inflammatory effect of AIBP in vivo
Male mice (Balb/c, 5 weeks) were injected intravenously with rAIBP (0.2 or 0.6 mg/kg)
immediately after intraperitoneal administration of LPS (2 mg/kg). Blood was collected from the
tail vein over time up to 6 h after administration. The levels of TNF-a and IL-6 in the serum were

determined using ELISA kit.

F20IH Evaluation of inflammatory cytokine levels in human serum
Cytokine levels in human serum purchased from BiolVT were detected using ELISA kit for TNF-

o and IL-6. The ELISA was performed according to the manufacturer's protocol.

w21 Purification of recombinant AIBP
pET-32a(+) encoding human AIBP-6xHis without signal sequence (AA1-24) was transformed
into DH5a and cultured in LB medium until the optical density (OD) reached 0.4-0.6. IPTG was
added and the culture was incubated at 25°C for 20 h. The cell pellets were stored at -20°C until use.
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Recombinant AIBP was purified with Capturem™ His-Tagged Purification Miniprep Kit according
to the manufacturer's protocol. Briefly, xTractor buffer was added to the pellet. Lysate was added to
an equilibrated column and centrifuged (11,000 x g, 1 min, RT). Wash buffer was added and
centrifuged (11,000 x g, 1 min, RT). Elution buffer was added and centrifuged (11,000 x g, 1 min,
RY).

F2 21 Preparation of synthetic HDL
sHDL was prepared using a previously reported thermal cycling method®®. Briefly, 1,2-
dimyristoyl-sn-glycero-3-phosphorylcholine (DMPC) and ApoA-I-mimetic 5A peptide were
dissolved in acetic acid. The solutions were mixed in a 2:1 weight ratio and lyophilized overnight.
The lyophilized powder was hydrated with PBS and cycled between 55 and 4°C (3 min each cycle,
3 thermal cycles). sHDL was dialyzed using 8,000 Da cutoff membrane and filtered through a sterile
filter (0.22 um). It was stored frozen at -20°C until use.

¥2 317 Silver stain
Proteins were separated by SDS—PAGE and visualized by silver staining using the protocol
provided by the manufacturer. The silver staining kit was obtained from FUJIFILM Wako (291-
50301, Osaka, Japan).

2418 Fluorescence immunostaining

HepG2 cells were genetically engineered to overexpress the mutant AIBP-3XxFLAG and
incubated in 8-well chamber slides. MitoTracker® Red CMXRos was added according to the
manufacturer's protocol. Following rinsing with PBS, the cells were fixed in 4% PFA for 15 min.
Subsequently, the cells were treated with PBS containing 2% BSA and 0.1% Triton-X100 for 1 h
for permeabilization and blocking. The cells were then incubated with an anti-FLAG antibody (at
1:400) for 1 h, followed by the appropriate secondary antibody (at 1:1,000). After being washed
with 0.1% Tween-20, the samples were mounted with ProLong™ Gold Antifade Mountant

containing DAPI. Fluorescence images were captured using a confocal microscope.

#F25IH Statistical Analysis

The experiments were performed three or more times. The data are presented as the mean =+ standard
deviation (S.D.). The statistical significance of differences between groups was analyzed with
Student’s t-test or one-way ANOVA with Tukey’s post hoc test using GraphPad Prism 5.0 software.

Values of p < 0.05 were considered to indicate statistically significant differences.
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R U7, BLlEk, ABCAl ORBUEIICEH Lz, FTY720 I LD IREEROWAD A =X
DB LT,

%3 % AIBP OAEFRFARIZ OV COHE

#28  AIBP O Wi e KON &2 N3 2 R REIC B9~ % kit

~ AL 18 EERD 9 b, I TR H %< AIBP 3FHL L TH Y, HEEFHRICB W T
% AIBP 3% < 3 L CU 2, kB MILIEIZIIT D AIBP JREE 1T Triglyceride X° AST + ALT
ER< BB L7z, B5EAFMARICI T D PA OFRINE X OV CCL 2 L B AFkEEET L~
T AT Tori AIBP 3B ICHIN L= Z s AIBP IIFHIE~D & A — IR
LTHWShDd Z epmmeaini, YLERY | FREEOFEN S AIBP OMERERFTIZ 35
FHAEMRETVE LT TE 2 etz R Lz,

38 AIBP O/EFEEREIC BT D Mgt
HIRELFER « B b A N LA « RIAEIZKTT % AIBP OEF Z2fi L7-, AIBP % PA T
INAFEE I K L TR 52 o T-, BIEVIBIZLZVB{LA ML AZFEL

76



7o~ U AIZHEWT, AIBP O ITMF LA b LA DRAMER 27~ L7z, THP-1 flifaic
BT LPS THE L7-KIEIX, AIBP O L v Ml S, 612, & MjFickswn
T, AIBP EfEOBHIMEMEORE & bhlg LT, RIEMEY A M A U LR KD 5Tz, LR
LV, AIBP IIKIEEMZ AT LB BN E 5T,

%48 HDL IZ X% AIBP O N KU B8 72 45 s

AIBP (I HDL & DIREIZ LY N RGN UIE S D Z EnNB 6N E o7, ZOMY R
KRB XD AIBP (3UIKF S udT, HDL (X 1gG 72 E DX X7 F &YW Lo -7z
Z L5, HDL/AIBP IR MR SIGTH D Z EBNRBR S, — R~ Uik &
V. AIBP O RYLYBYIMr SN D Z En LN E o, 2FABPIZI ha v RU T

(2. A124 ITAEMETIC . AL-S1 3R K OIREICRET 2 Z &R bMnE o7, Th
X HDL IZ X % AIBP @ N Kin Ul 23 ML N RTEIZ 8 4 RAZ T RTREME 2 7Rmie L TV 5,

PLEIRARTE 72K 512, AMFFETrE HDL BI#EA 7 & LT, ABCA1 3 XN AIBP DK
WL A B = X DZBET Dt 21T > 7=, ABCAI | LXR/SphK2/HDAC #%# % /i L T
BB END Z ERHLNERoT, £72, AIBP IIATREEICH O THWB ML, 1
RIEEAZB L TWD Z ERH LM E 2o 7=, AIBP X HDL (2L Y Ul <, AN
RIS EBE 5 2 B AalREMEN R S vz, 2 b oAV, HDL BER 1 TdH 5 ABCAL
BLOWAIBP OFi7= 2 ABAFREMEZHO ML b0 TH Y, 77 v— APEE) IR L
DOIEHRIZ I8 7= HDL 72D — 8 & 2= Th 5,

77



B ESE BEIM

10.

11.

12.

13.

14.

15.

The top 10 causes of death. https://www.who.int/news-room/fact-sheets/detail/the-top-
10-causes-of-death.

Ooi, B., Goh, B. & Yap, W. Oxidative Stress in Cardiovascular Diseases: Involvement of
Nrf2 Antioxidant Redox Signaling in Macrophage Foam Cells Formation. Int. J. Mol.
Sci. 18, 2336 (2017).

Asada, Y., Yamashita, A., Sato, Y. & Hatakeyama, K. Pathophysiology of
atherothrombosis: Mechanisms of thrombus formation on disrupted atherosclerotic
plaques. Pathol. Int. 70, 309-322 (2020).

Almeida, S. O. & Budoff, M. Effect of statins on atherosclerotic plague. Trends
Cardiovasc. Med. 29, 451-455 (2019).

Collins, R., Armitage, J., Parish, S., Sleight, P. & Peto, R. MRC/BHF Heart Protection
Study of cholesterol lowering with simvastatin in 20 536 high-risk individuals: a
randomised placebocontrolled trial. Lancet 360, 7-22 (2002).

Ouimet, M., Barrett, T. J. & Fisher, E. A. HDL and Reverse Cholesterol Transport. Circ.
Res. 124, 1505-1518 (2019).

Ogura, M. HDL, cholesterol efflux, and ABCAL: Free from good and evil dualism. J.
Pharmacol. Sci. 150, 81-89 (2022).

Bonacina, F., Pirillo, A., Catapano, A. L. & Norata, G. D. HDL in Immune-Inflammatory
Responses: Implications beyond Cardiovascular Diseases. Cells 10, 1061 (2021).
Negre-Salvayre, A. et al. Antioxidant and cytoprotective properties of high-density
lipoproteins in vascular cells. Free Radic. Biol. Med. 41, 1031-1040 (2006).

Mineo, C., Deguchi, H., Griffin, J. H. & Shaul, P. W. Endothelial and Antithrombotic
Actions of HDL. Circ. Res. 98, 1352-1364 (2006).

Tran-Dinh, A. et al. HDL and endothelial protection. Br. J. Pharmacol. 169, 493-511
(2013).

Cooney, M. T. et al. HDL cholesterol protects against cardiovascular disease in both
genders , at all ages and at all levels of risk. 206, 611-616 (2009).

Parolini, C. et al. Infusions of Large Synthetic HDL Containing Trimeric apoA-I
Stabilize Atherosclerotic Plaques in Hypercholesterolemic Rabbits. Can. J. Cardiol. 35,
1400-1408 (2019).

Barter, P. J. et al. Effects of Torcetrapib in Patients at High Risk for Coronary Events. N.
Engl. J. Med. 357, 2109-2122 (2007).

Schwartz, G. G. et al. Effects of Dalcetrapib in Patients with a Recent Acute Coronary
Syndrome. N. Engl. J. Med. 367, 2089-2099 (2012).

78



16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Mohammadpour, A. H. & Akhlaghi, F. Future of Cholesteryl Ester Transfer Protein
(CETP) Inhibitors: A Pharmacological Perspective. Clin. Pharmacokinet. 52, 615-626
(2013).

Yokoyama, S. Assembly of high-density lipoprotein. Arterioscler. Thromb. Vasc. Biol.
26, 20-27 (2006).

Heinecke, J. W. Small HDL promotes cholesterol efflux by the ABCA1 pathway in
macrophages: Implications for therapies targeted to HDL. Circ. Res. 116, 1101-1103
(2015).

Muratsu, J. et al. Accelerated atherogenicity in tangier disease: A case accompanied by
extensive atherosclerotic lesions, leriche syndrome and bleeding tendency, and review of
the literature. J. Atheroscler. Thromb. 25, 1076-1085 (2018).

Bochem, A. E. et al. ABCA1 mutation carriers with low high-density lipoprotein
cholesterol are characterized by a larger atherosclerotic burden. Eur. Heart J. 34, 286—
291 (2013).

Van Eck, M. et al. Leukocyte ABCAL controls susceptibility to atherosclerosis and
macrophage recruitment into tissues. Proc. Natl. Acad. Sci. U. S. A. 99, 6298-6303
(2002).

Venkateswaran, A. et al. Control of cellular cholesterol efflux by the nuclear oxysterol
receptor LXRa. Proc. Natl. Acad. Sci. U. S. A. 97, 12097-12102 (2000).

Westerterp, M. et al. ATP-binding cassette transporters, atherosclerosis, and
inflammation. Circ. Res. 114, 157-170 (2014).

Wang, B. & Tontonoz, P. Liver X receptors in lipid signalling and membrane
homeostasis. Nat. Rev. Endocrinol. 14, 452-463 (2018).

Stepanovska, B. & Huwiler, A. Targeting the S1P receptor signaling pathways as a
promising approach for treatment of autoimmune and inflammatory diseases. Pharmacol.
Res. 154, 104170 (2020).

Brinkmann, V. et al. Fingolimod (FTY720): Discovery and development of an oral drug
to treat multiple sclerosis. Nat. Rev. Drug Discov. 9, 883-897 (2010).

Paugh, S. W., Payne, S. G., Barbour, S. E., Milstien, S. & Spiegel, S. The
immunosuppressant FTY720 is phosphorylated by sphingosine kinase type 2. FEBS Lett.
554, 189-193 (2003).

Billich, A. et al. Phosphorylation of the Immunomodulatory Drug FTY720 by
Sphingosine Kinases. J. Biol. Chem. 278, 47408-47415 (2003).

Nofer, J. R. et al. FTY720, a synthetic sphingosine 1 phosphate analogue, inhibits
development of atherosclerosis in low-density lipoprotein receptor-deficient mice.
Circulation 115, 501-508 (2007).

79



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

Keul, P. et al. The sphingosine-1-phosphate analogue FTY 720 reduces atherosclerosis in
apolipoprotein E-deficient mice. Arterioscler. Thromb. Vasc. Biol. 27, 607-613 (2007).
Blumenfeld Kan, S., Staun-Ram, E., Golan, D. & Miller, A. HDL-cholesterol elevation
associated with fingolimod and dimethyl fumarate therapies in multiple sclerosis. Mult.
Scler. J. - Exp. Transl. Clin. 5, 205521731988272 (2019).

Nagao, K., Maeda, M., Mafiucat, N. B. & Ueda, K. Cyclosporine A and PSC833 inhibit
ABCAL1 function via direct binding. Biochim. Biophys. Acta - Mol. Cell Biol. Lipids
1831, 398-406 (2013).

Engle, K. & Kumar, G. Cancer multidrug-resistance reversal by ABCB1 inhibition: A
recent update. Eur. J. Med. Chem. 239, 114542 (2022).

Honig, S. M. et al. FTY720 stimulates multidrug transporter— and cysteinyl leukotriene—
dependent T cell chemotaxis to lymph nodes. J. Clin. Invest. 111, 627-637 (2003).
Ritter, M. et al. Cloning and Characterization of a Novel Apolipoprotein A-I Binding
Protein, Al-BP, Secreted by Cells of the Kidney Proximal Tubules in Response to HDL
or ApoA-1. Genomics 79, 693-702 (2002).

Yu, X.-H. et al. ABCG5/ABCGS in cholesterol excretion and atherosclerosis. Clin.
Chim. Acta 428, 82-88 (2014).

Chun, J. & Hartung, H. P. Mechanism of action of oral fingolimod (FTY720) in multiple
sclerosis. Clin. Neuropharmacol. 33, 91-101 (2010).

Schnute, M. E. et al. Modulation of cellular S1P levels with a novel, potent and specific
inhibitor of sphingosine kinase-1. Biochem. J. 444, 79-88 (2012).

Kharel, Y. et al. Sphingosine Kinase 2 Inhibition and Blood Sphingosine 1-Phosphate
Levels. J. Pharmacol. Exp. Ther. 355, 23-31 (2015).

Hait, N. C. et al. Regulation of histone acetylation in the nucleus by sphingosine-1-
phosphate. Science 325, 12547 (2009).

Klingenberg, R. et al. Sphingosine-1-phosphate analogue FTY720 causes lymphocyte
redistribution and hypercholesterolemia in ApoE-deficient mice. Arterioscler. Thromb.
Vasc. Biol. 27, 2392-2399 (2007).

Poti, F. et al. Effect of sphingosine 1-phosphate (S1P) receptor agonists FTY720 and
CYM5442 on atherosclerosis development in LDL receptor deficient (LDL-R-/-) mice.
Vascul. Pharmacol. 57, 56-64 (2012).

Verschuren, L., de Vries-van der Weij, J., Zadelaar, S., Kleemann, R. & Kooistra, T.
LXR agonist suppresses atherosclerotic lesion growth and promotes lesion regression in
apoE*3Leiden mice: Time course and mechanisms. J. Lipid Res. 50, 301-311 (2009).
Ma, A. Z. S., Song, Z. Y. & Zhang, Q. Cholesterol efflux is LXRa isoform-dependent in
human macrophages. BMC Cardiovasc. Disord. 14, 80 (2014).

80



45.

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

Diaz Escarcega, R., McCullough, L. D. & Tsvetkov, A. S. The Functional Role of
Sphingosine Kinase 2. Front. Mol. Biosci. 8, 971-980 (2021).

Hait, N. C. et al. Active, phosphorylated fingolimod inhibits histone deacetylases and
facilitates fear extinction memory. Nat. Neurosci. 17, 971-980 (2014).

Newton, J. et al. FTY720/fingolimod increases NPC1 and NPC2 expression and reduces
cholesterol and sphingolipid accumulation in Niemann-Pick type C mutant fibroblasts.
FASEB J. 31, 1719-1730 (2017).

Hait, N. C. et al. The phosphorylated prodrug FTY720 is a histone deacetylase inhibitor
that reactivates ERa expression and enhances hormonal therapy for breast cancer.
Oncogenesis 4, e156-11 (2015).

Rohrbach, T. D. et al. FTY720/fingolimod decreases hepatic steatosis and expression of
fatty acid synthase in diet-induced nonalcoholic fatty liver disease in mice. J. Lipid Res.
60, 1311-1322 (2019).

Ishimaru, K. et al. Sphingosine kinase-2 prevents macrophage cholesterol accumulation
and atherosclerosis by stimulating autophagic lipid degradation. Sci. Rep. 9, 18329
(2019).

Ritter, M. et al. Cloning and Characterization of a Novel Apolipoprotein A-I Binding
Protein, Al-BP, Secreted by Cells of the Kidney Proximal Tubules in Response to HDL
or ApoA-1. Genomics 79, 693-702 (2002).

Jackson, A. O., Rahman, G. A. & Long, S. Apolipoprotein-Al and AIBP synergetic anti-
inflammation as vascular diseases therapy: the new perspective. Mol. Cell. Biochem. 476,
3065-3078 (2021).

Qiu, X., Luo, J. & Fang, L. AIBP, Angiogenesis, Hematopoiesis, and Atherogenesis.
Curr. Atheroscler. Rep. 23, 1 (2021).

Zhu, L. & Fang, L. AIBP: A Novel Molecule at the Interface of Cholesterol Transport,
Angiogenesis, and Atherosclerosis. Methodist Debakey Cardiovasc. J. 11, 160 (2015).
Fang, L. & Miller, Y. I. Regulation of lipid rafts, angiogenesis and inflammation by
AIBP. Curr. Opin. Lipidol. 30, 218-223 (2019).

Levental, I., Levental, K. R. & Heberle, F. A. Lipid Rafts: Controversies Resolved,
Mysteries Remain. Trends Cell Biol. 30, 341-353 (2020).

Fang, L. et al. Control of angiogenesis by AIBP-mediated cholesterol efflux. Nature 498,
118-122 (2013).

Zhang, Z., Shen, M. M. & Fu, Y. Combination of AIBP, apoA-I, and Aflibercept
Overcomes Anti-VEGF Resistance in Neovascular AMD by Inhibiting Arteriolar
Choroidal Neovascularization. Investig. Opthalmology Vis. Sci. 63, 2 (2022).

81



59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Zhu, L. et al. Combination of apolipoprotein-A-I/apolipoprotein-A-1 binding protein and
anti-VEGF treatment overcomes anti-VEGF resistance in choroidal neovascularization in
mice. Commun. Biol. 3, 386 (2020).

Schneider, D. A. et al. AIBP protects against metabolic abnormalities and
atherosclerosis. J. Lipid Res. 59, 854-863 (2018).

Woller, S. A. et al. Inhibition of Neuroinflammation by AIBP: Spinal Effects upon
Facilitated Pain States. Cell Rep. 23, 26672677 (2018).

Navia-Pelaez, J. M. et al. Normalization of cholesterol metabolism in spinal microglia
alleviates neuropathic pain. J. Exp. Med. 218, (2021).

Marbaix, A. Y. et al. Extremely Conserved ATP- or ADP-dependent Enzymatic System
for Nicotinamide Nucleotide Repair. J. Biol. Chem. 286, 41246-41252 (2011).

Niehaus, T. D. et al. Plants Utilize a Highly Conserved System for Repair of NADH and
NADPH Hydrates. Plant Physiol. 165, 52 (2014).

Becker-Kettern, J. et al. NAD (P) HX repair deficiency causes central metabolic
perturbations in yeast and human cells. FEBS J. 285, 3376-3401 (2018).

Maalej, M. et al. Identification of a novel homozygous mutation in NAXE gene
associated with early-onset progressive encephalopathy by whole-exome sequencing: in
silico protein structure characterization, molecular docking, and dynamic simulation.
Neurogenetics 23, 257-270 (2022).

Kremer, L. S. et al. NAXE Mutations Disrupt the Cellular NAD(P)HX Repair System
and Cause a Lethal Neurometabolic Disorder of Early Childhood. Am. J. Hum. Genet. 99,
894-902 (2016).

Manor, J. et al. NAXE deficiency: A neurometabolic disorder of NAD(P)HX repair
amenable for metabolic correction. Mol. Genet. Metab. 136, 101-110 (2022).

Chiu, L.-W. et al. NAXE gene mutation-related progressive encephalopathy. Medicine
(Baltimore). 100, e27548 (2021).

Mohammadi, P., Heidari, M., Ashrafi, M. R., Mahdieh, N. & Garshasbi, M. A novel
homozygous missense variant in the NAXE gene in an Iranian family with progressive
encephalopathy with brain edema and leukoencephalopathy. Acta Neurol. Belg. 122,
12011210 (2022).

Niehaus, T. D. et al. Plants Utilize a Highly Conserved System for Repair of NADH and
NADPH Hydrates. Plant Physiol. 165, 52-61 (2014).

Dubrovsky, L. et al. Inhibition of HIV Replication by Apolipoprotein A-1 Binding
Protein Targeting the Lipid Rafts. MBio 11, (2020).

Mao, R. et al. AIBP Limits Angiogenesis Through y-Secretase-Mediated Upregulation of
Notch Signaling. Circ. Res. 120, 1727-1739 (2017).

82



74.

75.

76.

T7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Choi, S.-H. et al. AIBP augments cholesterol efflux from alveolar macrophages to
surfactant and reduces acute lung inflammation. JCI Insight 3, (2018).

Zhang, T. et al. AIBP and APOA-I synergistically inhibit intestinal tumor growth and
metastasis by promoting cholesterol efflux. J. Transl. Med. 17, 161 (2019).

Sun, B. et al. NAD(P)HX epimerase downregulation promotes tumor progression
through ROS/HIF-1a signaling in hepatocellular carcinoma. Cancer Sci. 112, 2753-2769
(2021).

Teufel, F. et al. SignalP 6.0 predicts all five types of signal peptides using protein
language models. Nat. Biotechnol. 40, 1023-1025 (2022).

Marbaix, A. Y. et al. Occurrence and subcellular distribution of the NAD(P)HX repair
system in mammals. Biochem. J. 460, 49-60 (2014).

Gutiérrez-Cuevas, J., Santos, A. & Armendariz-Borunda, J. Pathophysiological
Molecular Mechanisms of Obesity: A Link between MAFLD and NASH with
Cardiovascular Diseases. Int. J. Mol. Sci. 22, 11629 (2021).

Andersen, L. F. et al. Evaluation of a Food Frequency Questionnaire with Weighed
Records, Fatty Acids, and Alpha-Tocopherol in Adipose Tissue and Serum. Am. J.
Epidemiol. 150, 75-87 (1999).

Ricchi, M. et al. Differential effect of oleic and palmitic acid on lipid accumulation and
apoptosis in cultured hepatocytes. J. Gastroenterol. Hepatol. 24, 830-840 (2009).

de Sousa, I. F. et al. Dose- and Time-Dependent Effects of Oleate on Mitochondrial
Fusion/Fission Proteins and Cell Viability in HepG2 Cells: Comparison with Palmitate
Effects. Int. J. Mol. Sci. 22, 9812 (2021).

Zeng, X. et al. Oleic acid ameliorates palmitic acid induced hepatocellular lipotoxicity by
inhibition of ER stress and pyroptosis. Nutr. Metab. (Lond). 17, 11 (2020).

Palomer, X., Pizarro-Delgado, J., Barroso, E. & Vazquez-Carrera, M. Palmitic and Oleic
Acid: The Yin and Yang of Fatty Acids in Type 2 Diabetes Mellitus. Trends Endocrinol.
Metab. 29, 178-190 (2018).

Wu, L., Guo, T., Deng, R., Liu, L. & Yu, Y. Apigenin Ameliorates Insulin Resistance
and Lipid Accumulation by Endoplasmic Reticulum Stress and SREBP-1¢/SREBP-2
Pathway in Palmitate-Induced HepG2 Cells and High-Fat Diet-Fed Mice. J. Pharmacol.
Exp. Ther. 377, 146-156 (2021).

Boll, M., Lutz, W. D., Becker, E. & Stampfl, A. Mechanism of Carbon Tetrachloride-
Induced Hepatotoxicity. Hepatocellular Damage by Reactive Carbon Tetrachloride
Metabolites. Zeitschrift flr Naturforsch. C 56, 649659 (2001).

83



87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

Choi, S.-H. et al. AIBP protects retinal ganglion cells against neuroinflammation and
mitochondrial dysfunction in glaucomatous neurodegeneration. Redox Biol. 37, 101703
(2020).

Low, H. et al. Cholesterol Efflux-Independent Modification of Lipid Rafts by AIBP
(Apolipoprotein A-1 Binding Protein). Arterioscler. Thromb. Vasc. Biol. 40, 2346-2359
(2020).

Li, H., Horke, S. & Forstermann, U. Vascular oxidative stress, nitric oxide and
atherosclerosis. Atherosclerosis 237, 208-219 (2014).

Li, J. et al. Novel insights: Dynamic foam cells derived from the macrophage in
atherosclerosis. J. Cell. Physiol. 236, 6154-6167 (2021).

Krauss, R. M. & King, S. M. Remnant lipoprotein particles and cardiovascular disease
risk. Best Pract. Res. Clin. Endocrinol. Metab. 101682 (2022)
doi:10.1016/j.beem.2022.101682.

Zhao, Y. et al. Mimicry of High-Density Lipoprotein: Functional Peptide—Lipid
Nanoparticles Based on Multivalent Peptide Constructs. J. Am. Chem. Soc. 135, 13414—
13424 (2013).

Jumper, J. et al. Highly accurate protein structure prediction with AlphaFold. Nature 596,
583-589 (2021).

Jha, K. N. et al. Biochemical and Structural Characterization of Apolipoprotein A-I
Binding Protein, a Novel Phosphoprotein with a Potential Role in Sperm Capacitation.
Endocrinology 149, 2108-2120 (2008).

APOA1BP (human).
https://www.phosphosite.org/proteinAction.action?id=12842&showAllISites=true.
Gong, T., Liu, L., Jiang, W. & Zhou, R. DAMP-sensing receptors in sterile inflammation
and inflammatory diseases. Nat. Rev. Immunol. 20, 95-112 (2020).

Sakuma, S. et al. Comparative Effects of Sulforaphane and Allyl Isothiocyanate on 3T3-
L1 Adipogenesis. J. Nutr. Metab. 2022, 1-8 (2022).

He, H. et al. Synthetic high-density lipoproteins loaded with an antiplatelet drug for
efficient inhibition of thrombosis in mice. Sci. Adv. 6, (2020).

Han, Y.-H. et al. Enterically derived high-density lipoprotein restrains liver injury
through the portal vein. Science (80-. ). 373, (2021).

Michell, D. L. et al. Elucidation of physico-chemical principles of high-density
lipoprotein—small RNA binding interactions. J. Biol. Chem. 298, 101952 (2022).

84



e

ARBIFEDZITIZH T2 Y | RAREZRIE 2 DHFEE, HHiEZ Y £ LI RIRIERSERR
FHEEAC S5 B O B RE — BRBIR TR G EL L £ 97, RBHMEDRBEEZHIZoT, 2
ZETHEDTIOENIDIFTRFRAD THREH > THOZETHY £,

TR R A SR EhRE R0 B O A R SL B . REBEEAR. HKKRBRHE
B, Zifserc e 2, MRELERICIRS BB L £ 77, RERFETOA L X2 T =70
WIEEENICERLE L Th, TERIRERBLOE KRR I EWTZE, 22 TKRD
ZEmHRE L

VRZ R BORFBBIOERHB TOT RAAAL R E2WEEE LELTRH Y RE
O3t HFRACE 1218 < s L £,

AL OFEEICER L, A2 2HEE SRz B Y £ LR RY K72 A
BAL 225 BF OO ) 1 BRI R TR < G L 97,

2022 4E 4 ASOAREENC LIRS AN TV &, HW 7RI TIC 21
7272 & F LIs KIREREER R a4 L 5200 B O Ve A R R Bz 2R < B L £ 77,

KRR OMEAFICE L, # TR ZE 2150 % LR R T RESRE O
AL Ik iy B TR < B L £,

AIFFNIIE R KPR FBEIPI LB (BRAN e 528, KB -
2, KIKERSER R AP H CirbnlbDTh Y | Kibh k7D Z1E
BOZBE, KOERICBWTERRD S 2 TEE £ L7k - R - %RAEIEHH
L EFET,

MRBEOFEDOP TR LL S ORI Z LA L, FIZUBEKE TS 5FETH > KR
ERHR R AR OMARSE IO LV EHE L BT X4, B LI3ES HATY
FaBZLFMNFIEITELZZ LT, RESHETLHZENHRE LT

AWFEDZATIZ W1V T=2%, F12, FREORWEHSKZE-> T aZniz e
By T st FHEO L) KEAS L, &L st, KKAEEL, FHhRs
T NINEEES, ARG ESA, MAFERIAICE#HEZP L BT ET,

85



FEyE BRI P OBUE LA Om BARRY L, RER T IR b
HAREL, @l AP @@ a2 f L BT ET,

ABFFEDZITIZ TN 12 & £ LT RIREREER R ORTHERAE & Ay A1
K& oy FHBRBRIT S AT 2 B L BT £,

IRBAMIED —HBIT, HEIMFFEBI K, TR R PRI IERIIEE TR 7 7 7 F A
OFLBTrY = b)), ARARARBESFRINIEER & OBk 22 F 72 b D TH Y |
B L BT ET,

BZIZ, TNETHE L TCWEWEFER, HhE LETmANE, £ L TEWEL
fif 7> CTH 2 T NTIERIE OWNIEZAEZ LI 00 BV - L E T,

2023 4 NTAEDEE

86



