BT 2V FERF

YO R T BERE T O — Eﬁlg E] D U
RXRa ;

DTHY . RXRa, B,y 3w L™ s Design 1, Mo

SDYT Z A THRME 5 nny emase 7|\ e ik R o, i

CoH

NTWB P RR7 I=
AMIAEFT T
MHEIL A AR Z F V) —
S VTHER A ACE AT
hprELlLTEAINTVS, LarL, R
K72 RXR 72 =X  (Figure )i, f§
BN EEESRBEIZR Y iy
ZE, EBIIERR IZEOLND 3ODY
TEA TR UBIRMER RN LR Y
RIET RERENEZ Ao, £ZT
BUFEL I VT LA TEREDH D RXR
TIA=ZAM2HETHIET, XS0y
=7 FOERTDHHABAREEHDE
DORIBITET B EE LT,

INETHTZA BRI RR 7=
A MBRHINTWAWERBE LT, RXR
YT HATETDY H Y RRESELOT
) BEEHIOMERIMENRED TEHWZ &8
BFohd, TOL okt Fx32BEF
D RXR 7 T=X hDOHFTYH, IEEMEDORE
ECTHD ClogP ODEBMMOT T=RX b &
0 HIEVY PA024 ()P ICTBWTHES T H A
THEID ECy, EICENRLNDZ LIZEHR
L. BEEMHEOERBIZ L 0 Y7 & A4 &R
MERBOLNDIO TRV EWVWIRERE
ST EZ A, FHZRR TI=A D
BIHIC R LT,

A7alxs T, vV ABIEPA
RS C26 MfaE AW, T b7
Bl X 2EMFMETFEL TV D, £2
TH¥ILEWHTHD NEt-3IP AT o
=2 MIBWTHS ThENET LD H
BT, BARILAHD C26 MARIZxT 5
R TEHN MR R DUV TR,

B. ML

(ChemMedChem, 3, 454, 2008.)

il X=CH,N
N

COH

Figure 2. H# RXR 7 I =R b D4y FaRETHRE.

OIL BRI DN T
TR

—f%E972 RXR 7 ==& b, Figure 1
WIRTIEEMDO L S7, T NI AFALT
Mok FatFT7F RN R DKM
fiL& RXR DT I /B E DKRFBRHEEFRIT
5.2 NVAK CEEEOBERAM SRS
N5, EHF X, T E TIZBEH O RXR
WRONAIHEHEES L LT, BHEET
HBANKT I NEOEAIZL YD RXRa
It LEEmtEOBVMEE®m 5 # REHL T
W= (Figure 2), L2>L7Z2A356 5 @O RXR
EMEIZBEED RXR 7 =R M5B &
59V, TZTILEW 1-4 OFT T AF L
/\ﬂét‘/fﬁ%ﬁﬁfﬁ‘b\ AV TFa il
BHEDOHDBT I axL EErEALLE
W8I L9 % FTHA L L= (Figure 2),

komorn
AL EHDE LI, schemel IZHEVMT o
7=

CLogP DOEH
CLogP »E %, ChemDrawUltra 7.0 %

AW T{To7=,

ViR—HF—— T oA

BARILAHOIEMEN RXR &5 LA
THHOMEFEL, SHIZH RR Y7
BATTED ECyy ZEHT B0, v
V72 T—EBUVR—EF - =T S
T8
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EREY
HEMEICR~U R (FE 15-30g) BLW
HEMESD T » b+ (170-200 g) Charles River
i@ﬁﬂb445ﬁ%Mﬁ$@%%ﬁm
T2 b Lk, ERATBLVEEL,
mﬁaééztoﬁk@%%%i\%m
RFEBYESRIEEHIE wﬁoto ‘

{t&%in B ERE
1% =& /J—JL + 0. 5% CMC KIBHKRIZ TAHR
L7- 8a (NEt-3IP) %. 3 mg/kg 3L T30

%. 1oL OKGEEEETF LD (LED
M EIT 72, 0 ORIV T v 7 R,

FREBICTHE L%, 4,400 g 2
TEIB 30 FRLE LB L7, 800 uL @
HEft T VB x BBk, ERTAICTH
RS ZEALLIZOBLHPLC A Z ) — L
100 pL ICHfE LTS D% HPLC o 7L
& L7, _

HPLC iX, BB/ u~ /77 4— A

7 A ( SCL-10A
LC-10AD pump,

system- controller,
SPD-10AV UV-Vis

mg/keg IZ722BH XK 5. 5ml/kg TT7v b (1 spectrophotometric detector, SIL-10AD
Me Me Me
Me):© H,SO,, HNO, Me)j@\ NaNO,, H,SO,, H,0 Me
HoN qy. HN NO, 75% . HO NO, ,
10 11 12a ‘ RX, K,CO;, DMF
. 68-94%
HO. H,SO,, HNO, H
Mep 27% Me NO,
Me Me
13 12b RC
Cl. N,
. RO 1) AcOH, Uco,u Mo NH
H,, Pd-C, ACOH . N L. ACOH  2) MeOH, H,SO, e A
qy. © 2 44-62% P
Me
o 15a 16va OgMe

Me

RO
>

Me->7~Z “No,
Me

Cl N.
Lo
NP coet

H,, Pd-C, MeOH, HCI K,CO,, DMF Me -
14 2 Meﬁ@\ HCI T - D e ‘
_ q.y. R NH_ 33-69% 3
15b RO NH
N’L\N
R |
FTEAGN 16b =
g CLogP = 4.89-6.23 .
1) NaH, Etl, DMF MeCAA NN e OR X 2Et
2) NaOH, EtOH _ NEt-3IP (8a) 3GOi-Pr CH
- Me = N NEt-3NP (8b) 3GOn-Pr CH
40-91% L NEt-31B (8¢c) 3G0i-Bu CH
NEt4IP (8d) 4G0i-Pr CH
8,9 O,H PEt-3IP (9a) 3B0i-Pr N
PEt-3IB (9b) 3G0i-Bu N
Scheme 1.
B n = 6-8)ICIOBE L, SOML  autoinjector, CTO-6A column oven,
2T, Ty MIz=—T VBB L7-%.0.25  DGU-14A degasser ¥ & U C-R7A

ml OmEE gL VER L, &y
TlE, 4 C 12T 4,400 g 5 ofEhELD
BEARE L. E¥F 100 uL 3L 100 uL
DKB LTS mMBFEET VE=U LRy T
7 — (BEBRIZC pH5.0 ([ZFA%) &Mz i

Chromatopac) #HWT{T~o7, LEilL
7o HPLC #7NV% 10° C FA— b4
T —IZT20 uylA vy NIz, 72
B4 F 2021 Inertsil ODS-3 (4.6 i.d. x
250 mm, 5 pum,

GL Sciences, Tokyo,
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Japan) %A — K745 A (Inertsil ODS-3,
4.0i.d X 10 mm, 5 gm, GL Sciences)

Z 40° CIZTAV, BRBLSIZIE, A -

F/)—/ 5 M BFEET ' =v b (B

BEIZ T pH 5. IZFA%E) (80:20, v/v). &R,

PR 0. 7ml/min (2 THERR. UV IR YEEE 278
nm (CTCTHIEL, RBILEYHEEIX. v
—7ﬁﬁioﬁﬁbﬁmbto

EHEAR

O EMRBUL. IR ~vUR SD Iy b %
AWTIT>7, 1 8 n = 4-5 ILizxt L.
8a (NEt-3IP) % L <i% LGD1069 (1) D 1%
ethanol, 0.5% CMC /KiF#& % 5 mL/kg T5
BREEARE L, FERAEEIT7,

RO
BEBROBERIT. VTR L EHE +
SD TR L7, AEZERTEIL. Dunnett’ s

multiple comparison test {2 CfF-o 7=,

O C26 MRz x4 2 T mE /e
AR ¥ T R
SHEETERAIZ 5 D C26 #ifa % 0.25 X 10°
DRI 72D X D IZEE L, 96 <A
s A E—FL—RDEK TN 100
ul TR L1k, BAIBE 0.1, 1.
10, 100 WM (2722 B K S iz ez amL
71,2 BRIRBET A A ¥ 2 _R—F —F
IZTHEE LT, £ D#. Cell Counting Kit-8
R (Dojin) %4 7 /L2 10 ul Fo8M
L. REETAA F a_X—F—NT 4 B
MERRIGEITo 0L, <4717
— MU —&—% A\, 450 nm ORNEZ
BIE LT, {LEMIERERE L OHTERE
LB L ALB Y OETEMGIE &2 346 L /-,

C. HFEERER
ORR(LAYM D AETIEM I ST
TNaxLEEFTHEYD RXR IEH

Thaxi BrxF5T5LEHMEERL.
C0S-1 #ifZHWINL Y T =25 —F LR
— == T oA CER{ToTmE A,
WTFRDIEEWIZH RRR 7 =& MEM
BHbHZ ENREINTZ (Table 1),

FCH 3 WA YT bxVEEZFED 8-
(NEt-3IB) IZZF N ENDY T ¥ A FITxt

95 ECyp A5, 0.58%0. 02 nM, 23+10 nM,

3EIMTH Y, BEFEDRR 7 T =R hZ
B DEEMEZ RXRR 7= FCho T,
ZDkEMIREE TR DI LoD, Y
TH A TRIRMITIE D o, —FF . 3L
A Y 7TaRF L EERED 8a (NEt-3IP) i3
ENENDY T H A TIZxT D ECy 25,
32+0nM, 368 nM. 37613 M T&H ¥
BEfED RXR 7 T =R MIICE$ ATEMTT
&5 & FEFIZ, RXRa/BIZxtd B IBIRMEA
Roivic, BIEEMIDOEEM DY
TEA TERREEZETHHFYIO RXR 7
T=APNTHDHEERD, '

SMEED L U 0 RINEER

NEt-3IP (Ba)izxtL ., w7 A& Hu /-
SHEHRRELITo70 & 25, 300 mg/kg
DEERTR BBV THEE BN

bR ott, T, Ty hEANE
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8 O RUNERER DFER . NEt-3IP 30 mg/kg
BREHTIIRO®RS 0.5 BE#%ICERMm
HRIREE 17 uM (5. 8 pg/mL) 7~ L. 3:mg/kg
FKEHTIE 1| RERICRROLFEE 0.8
uM(0.27 pg/mL) #7RL7- (Figure 4),

LULEDZ & h b  NEt-31P i3 HLEHgsE <R
WM~ 2 2 EAEREN, &O
BEICBWTEOERYENMFIN,

ORRZALE Y DA A ETEMFIER I

DT

C26 A Iz XT3~ 2 TR INHIVEH
FZ{LEMTH D NEt-3IP I L D=7

CRAFERG DI AUHEES colon26 (T4 A HETEHD

HEREFAREZ A, 100 pM THERE
RGN R ool ZDZ Lk
Ay MIBWT RRR7IT=2X
T, OB ER LEWNEEEB X 6N
B,



Table 1. 8B LIUBEMIRRR 7T I =X FD L
R—F—— 0T AL MEEH O

fe¥atE (CLogP)

RXRa RXRB RXRy
ECs Eux  ECs E.x  ECsx Exx  Clo
mM> %) (M) (%) (nM) %  gP
b .c
8a . 32 136 - 36 115 376 96
(NEt- =+ + o+ + o+ + 56
3IP) 0 118 9 13 6 !
8c 0.58 114 23 140 3 103 6.2
(NEt- = + + + + L+ )
31B) 0.02 4 10 13 1 6 3
8d 410 112 1180 80 1430 81 5 6
(NEt- =+ + + + + + :
41P) 40 11 210 4 30 15
9a 9 113 36 103 55 105 8
(PEt- =+ + =+ + + + 9'
3IP) 2 4 18 3 15 7
9b 4 106 5 144 4 105 s s
(PEt- =+ + + =+ + + 0'
31IB) 2 2 0 14 0 13
LGD10 3 106 6 114 5 104 8.2
69 =+ + + + * =+ 3
1 o 12 1 12 2 3
3 24 8 7.2
S
1 0 1 .

a) All values represent the standard error of the mean
value of at least two separate experiments with
b) ECy, values were
determined from full dose-response curves ranging
from 10® to 10 M in C0S-1 cells. c¢) Luciferase
activity of PA024 (3) at 1 uM was defined as 100
percent.

triplicate determinations.

-
(o]
o

10+

“

Log concentration (uM)

°
-

4 8 12
Time (h)

Figure 3. NEt-3IP (8a) 7 v MRO & 5FF

omFEE. O: 30mgkg, A :3mgke

/3—% SD.

o

D. E£ :
HYEORBEL-HFHBE RR 73 =X k

IX RXRo/BIZt§ 2B IRMED H 2 HHE
MThdH, BELEBIIOVWTEENAM
R4 HEREMERE L AT & A,
100 M IZBWTHBELRISIB R b i
Mmolz, AT xr hOERT BLE
ME LTI RR 7 =X FTIIR+57
AIREMEDI RV,

IR DEABZEBZ X, IBEERL
7 4V R RIS L7 ok T B
WX LBERT 5 2 & T FoREEE
EHELD BLF /A MLAMAILT
ZEThHB, L@ ko, HUELD
BEF L7~ RRR 7= b8, A7 < -
7 MZBWTRIHT 2~ X GBS AM
i C26 FARAIZ T L2 OHE R 8 RE ) /E
FRETDOLELANL TS, BERY
HEFOERIIFBNZ ENShotz, 5%
RXR TiX72< RAR (x93 2{ERAME R E
ARHETAFETHD,

F.  BEARER

L
G. HFIEREEK
1. mXHER

1) K. Takamatsu, A.Takano, N. Yakushiji,
K. Morishita, N. Matsuura, M. Makishima,
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H. Kakuta. Reduction of Lipophilicity
at the Lipophilic Domain of RXR
Agonists Enables Production of Subtype

Preference: RXRalpha-Preferential
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- Moiety. ChemMedChem. 14, 454-460

(2008) .
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20

Yakushi ji, K. Morohashi, K. Morishita,



N. Matsuura, M. Makishima, A. Tai, K.
H. Kakuta. The First Potent
Subtype-Selective Retinoid X Receptor
(RXR)
3-Isopropoxy—4-isopropylphenylamino
Moiety, NEt-3IP (RXR B /B-dual agonist),
ChemMedChem. In press

Sasaki,

Agonist Possessing a

2. FRFER

1) MkmiEE, SER, SHRSE, E
EiFEE., ZRTRE—. ME—f8. KEF
', FHEE, EHET. BBEE. nEiE
FE. HEE 3. Hamed Ismail Ali. #REEZE
—. KEBEF L. HAZH, BHEE, Lx
AEEZ RXRo/PiEIREY T = = & k NEt-3IP
DBA%E L A BIEN | _
FISEBAARLF /A NS B, 2007
%11 A 23-24 B

2) EMER, BEEE., KMFEE, &
TE—, KEBLRE. BEHET. BHEE.
HE B3, Hamed Ismail Ali., FRFE&E—,
M=, Ex K@, IkBtEE.
RXR 7 = =R MBTAMEIRAL DS TEMEIKE
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EERE

BEAESBRFMERMHIE (ERBSEAREEMREFTE - 7/ AT 4 V%)

DR FRIEIRICE D2 SRR ERINE F / BRI OB
SEMEREE

BRI 7 U L NET ) ER DTS T 0 X O

BB MILRFERERRESHERERBRYER
SEFREE BRE T BR) X7 IIARER EREDEEE
MEEE

HHEREAN DL IFBKMERBEVEE TH Y, B HFHIEE
(PDT) CARTRBRIEELEN~EZEDTZDITIE, BIREH BT
ETHY, ZOBKEDRWEEEFZZEICHNE L 100 nn
BEOFNT v /7Xx V7T OREREIKRDLNTWD, FZTAE
FETIE, LA E < BHNERCHEERLT 4 Y oL F
A NMEEWE N TE DB ENIEERT ) ERiEofR
FEE LT, ke RRT ) VA ORI FRBEEN 2 AT, #
BEMERL T 4 ) VORI OWTRFZIToTE 2, ZORE,
BEEMERL T 4V RV F ) A MO & 5 RER+AH T
XDHBARMERYw—a7 L LTCHRIVAEEaT2F L, Rmicidm
TR L SO D EDH D PEGHEAERE L7 100 nm BED
T RF OB LT, RFEITFEBICEHEETHY, VR
v R TR Y HBE 2 TITHREME R L 7 ¢ Y o % 8T%NE T & 2T
ToERTHY, EEBEESHICOEBN-FEELR T JHRFTHD &

HEHIR

R END,

A FFEEH

SR 7 B REE HE SR AR AL ENN S 5 S50
B L > TR ARRBADRE HET S
KRG (PDT) 13, kDA
AFIE RN ERIE L 1TR 2D, HintA
FIOKRER G2 L 2 EEME~OBNER
Dip<, R IERNFIRER S B A7
FIRAISRIEOD L DL SNS, Z0
PDT#EBTH7-DIIL, HEBEWE L
FEBAHARE NI ~Z IS D BT O
SIS RAIR TH Y, AFFETIIPDTIC
BRI BB E DL ERT YN —%FE
BWTE27/%+ U 70RBIZERY BT,
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F 7 RIFIXEERZ IO TRl E 4~
HLIZKW—FT, mMEDOFBMENTTEL
TV B EBEHRE CRnES~ERET 57
b, FBIRARS%OMPEZERE WS/
BLFNFICEMEEHATHI LT, EWVE
BREMBEZERTEDIZENRMONT
Wb, FD7, PDTIZHERRNLT 4V
CEE G TEATRER T/ ERAEDOH
BRI EHET D2 LITMA T, EEHER
~DOBITOEREN S & 72 5@\ I 8 BE 34
FFRIEE 72 PR E T / EiRk A 2 BI85 5
ZETPDT~O@EHAZBELTVWS, &
To, BRAMEDEZENRTHNET DL LV



ToBkREl, FRARRZHE LIZERBFOR
HHEEDNRE 6T E0HBIND
VT A RLEHORIEERIIC b RER N
RETH Y, EROEREOHATRE R LHEE
Bl ERIEE LTORENHZEN S,
FTIT, RVT 4 U DL D sk
DEVEHERWE & ZEICNE AIGER T/
YA ZXDFx ) T7TEART 72012, R\
{LFERPaa A FMEFEEZFIA LT, AP
B (O/W) =m<wLia LRt /8ty
FRa 1) ) A — )L DRI F AR AR,
PDTIZHER T / B AAR S o2 L
LTELERLT 4V EHF ) ERED
B L ->TN T E L LT,

e ik
MHHRLTZ LUV CHNET /) XX U TO

B.
HERE
Al
REEIE L DT ) A — KT
BhEERBT=N, TOHTHLPDTIZ
B / ERE L LTOLRGIEWT
BEOTHEEIZ OV TUTICERT 5,

e

1) EREERIEEZERANV-ES I
TavES

AREEI LEE L, RUAF T
LR/ =AU EREESERIRERL
W K> TKR~DEFEENEL L TEAEN
EUBBRBEFALEHETHDS, &
BTR+SREAEEZET D0/ W
TN a CEEMRT D RIZBWT, A
L T IGERTREENBKTL,
HIBECBONTREENPRLETT
5¢EZARERFRIEE (Phase Inversion
Temperature, PIT) &REL, X HIZHIER
T 5 & REEER OB AEIMEL 72
DWW,/ Oz~ s e#BET B, 20
& &, PITMHETIIRERSOET & 455
EROPRICLD, B RERELTE
BB ERICLE > THETE o<
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N s EBDIENTRETH D,
EABIR B I ZE X Figure 1 © X 5 72 FIE
TiTo 7=,

Oil phase Surfactant
HD, Monomer POE(n)R

\—" Solubility "—"
Water phase

I 102 M NaClag
| Mixing |

Measurements of canductivity and temperature
Heating from O to 76 °C with water bath

Figure 1. 83818 BRI 7 5 15

HEIZL > TROONF-BERIRER L
BEOEFE e vy b L TEREERE
MEB/T, TOBXURERER S
BEZXZEHL, UToGMIBENLLED
EREME Lo, BHIETIE, BeDR
HEERB LT/ ~—2 BRI
T OEBMRIRE A RE L,

RICERREI LEEZRANTCH ) ==
Na rDORBEIT-T-, BRI FIE
BLUTO®Y ThHhDH, AmiEERR L O
f, KHEZRAEL, FELTEHESESZ
ETWO <Ly a2 8l LI-, ZD%,
KLLAEHR S 2~3 FiEEH L, OW ==
NoarERE LU, ALz g
VOBREBERIBRERKET 74 ¥ —
(FPAR) (FPAR-1200H, KZEEF)IZ & 0 #
E L7,

BonkE/ v —% &L /TN
CYEHNWNT, =z a EARUT
DFIBETIT-7, EEHGEAILE L T22-7
SERQ4 T AF AL E = R Y L)
(ADVN)Z H L0 UHtBIc Mz, Lo F
JECOW e/ a v 2HAR LT, D%
B2A A REiEERIAK R 2 & — I H &
LTz, ZEFFEX TS50 CTES LT,
BEBRDORFEL FPARIZEVHIEL, £



HRIE 7 FE4EE(SEM) (S-4700, HITACHI)
el V) RiFRR2BE L,

2) BEKREERICKEDIR)EET/RTF
DFERORRAIRIA X F L UEHLE
RYSLBEDOY 7oy s aRry~— (PLE,
Figure2) &8 L7,

,H+O/LE%E{J/#O{9ﬁ

Figure 2. PLE O % &

PLE i1ik¥Z A b MqbLizRY =F L
v 7Y a— (MeOPEG) %#FBR#EAIE 95
DL-7/7F FOBRRERICL > TEM LT,
W% L LBESEETVTINVEN, T
F N& MeOPEG %Ak, filff (2-=F )L
~FYUBEAX(),/ b)) BMAT
FLT, 7o 7VERNE 1B, BIELE
%, HELL, #E#%, »oH»L® 130C
W LTRWEVU ard A "RICANT,
FANANRIZANTH 10 FEIZT7F K
LRBRIAERMT D E T, LB THK
BH—Z B L 9Lz, £O®%AA NN
ANTT 7NV EEFHFEL, 24 BEERSE
i, FIGHKRTHR, FANVRAINLT T
NEZTY H LERTHA LT,

RYw—%rooRLLlBRESE, 5
BEATVRD bAF Y ORCEE, Hik
BexiTot, WY =—dBILBANCEREL
RN, ~X YT L, £ 0D,
REIGE ) v —BREORED, FrHLEFRY
v —0 2- 7 usR ) — VP CHEHERBELT
o7, HitthE 2-Fa/— AR,
ME LB & T o1, BESERICRY,
R v —RELICEMRLUTDO R LT,
BB R, iR THRE T /-idokKk%E
AWTHHAEZIToT-, TOHTHLERY

v —FRONBEE - IR X o> CEIR L
g% iTo 7%, GPC(#F4:Super H-H
(B0011), Super HM-H (B0026), Super
HM-H (B0027), Super H2000 (B0025) &
B : Tetra hydro fulane (THF)) kUt 1H
NMR (Bt Er/aai/L L) IZEDE RO

BEToT, '

AR L 7= s PLE % 2 ml Bffg = F /L1
BfESYE, TREMMAE L, HBWT, K
YE PLE % 4 ml OBHMUKICEERE S PLE
KBE =AM Lz, £LT, Z® PLE k&
WIRBHiAZAMBE LCTHERA LR, W8
KRR, BEREKE ST A Y%
WT 160 W, 15sec TO/W ==/l g %
T LT, FROBKRE UF A ¥ — 05k
MR RmEICRs L oL, LT, #H
BML-OWZwLa DI WEFERALT,
TeNYa CORBREE—ZYAHF—IZ
XORELE, IoB, =</ a iif
E#ECHERLT 10 DEDOLDIZ2NT
AIEZ{ToT-. YD O/W =<)L a il
FRER LA a L DE—FH A P —

CHE (e VRRER, Twva

RN D 10 31%) KT RHEBHRIAICEN
TEHEIERCEVFERLE, £LT, Ihb
ORIREE—F VA F—IT L VRIE LT,

B, E—FHYA Pt XDHEIL23CT
1T-7, 723, WM PLE & LT PLE-2,

KM PLE & LT Y-PLE-11 % i\ 7= (Table
1),

Table 1. {5/ L7- PLE DB ERZE

RUNNo. MeOPEG PLE PLA  PLE
Mw. Mw. Mw.  (Mw/Mn)
PLE2 4352 10,688 6336  1.139
Y-PLE-11 4352 5,529 1,00 1,056
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Abstract

We tried to evaluate the possible involvement of fetuin in the scavenger receptors (SRs)-mediated hepatic uptake of polystyrene nanospheres
with the size of 50 nm (NS-50), which has surface negative charge (zeta potential = —21.8 &+ 2.3 mV). The liver perfusion studies in rats revealed
that the hepatic uptake of NS-50 pre-coated with fetuin (NS-50-fetuin) was significantly inhibited by poly inosinic acid (poly 1), a typical inhibitor
of SRs, whereas that of plain NS-50 or NS-50 pre-coated with BSA (NS-50-BSA) was not. The uptake of NS-50-fetuin by cultured Kupffer cells
was also significantly inhibited by poly 1, and anti-class A scavenger receptors (SR-A) antibody, suggesting that fetuin on NS-50 mediated the
recognition and internalization of NS-50 by Kupffer cells and at least SR-A would be responsible for the uptake. Taken that Western blot analysis
confirmed that fetuin certainly adsorbed on the surface of NS-50 after the incubation of NS-50 with serum, the results obtained in the present study

indicate that fetuin would be one of the serum proteins that were substantially involved in the hepatic uptake of NS-50 via SRs.

© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Scavenger receptors (SRs), which were first reported by
Brown and Goldstein (Goldstein et al., 1979), are a family of
cell surface glycoproteins that are able to bind and internalize
modified lipoproteins such as oxidized and acetylated low den-
sity lipoproteins (Greaves et al., 1998). In the past 20 years,
SRs have been found to be able not only to recognize endoge-
nous molecules such as collagen (McKeown et al., 1994) and
altered-self such as apoptotic cells (Peiser and Gordon, 2001),
but also to bind, internalize and degrade exogenous pathogen
such as bacteria (Peiser et al., 2000). In addition, it was reported
that these receptors play an important role to remove a vari-
ety of negatively charged substances such as dextran sulfate
(Takakura et al., 1994), formaldehyde-treated albumin (Jansen
et al., 1991) and liposomes containing negatively charged phos-
pholipids (Rigotti et al., 1995).
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Until now, it has been considered that the hepatic uptake
of the negatively charged compounds including particles, e.g.,
phosphatidylserine-containing liposomes, via SRs is through the
direct recognition of their negative charge (Kobzik, 1995). How-
ever, our previous study indicated that in addition to the surface
negative charge, some serum proteins associated on the surface
also play animportant role in the SRs-mediated hepatic uptake of
polystyrene nanospheres with the size of 50 nm (NS-50) which
had surface negative charge (Furumoto et al., 2004). Therefore,
it is important to identify serum proteins that are involved in the
SRs-mediated hepatic uptake of negatively charged particles.

Fetuin and its human homologue (a2-HS-glycoprotein) are
acidic negative acute-phase glycoproteins (Lebreton et al., 1979;
Green et al., 1988; Naseem et al., 2003). The normal serum
level in adults is 0.3-0.6 mg/ml and falls significantly (30-50%)
during injury and infection (Wang et al., 1998). Hepatocytes are
the principal cell source of circulating fetuin (Dziegielewska et
al., 1996). Although the biological roles of fetuin are not fully
understood, there is accumulating knowledge on the function of
this protein and it has been reported that fetuin strongly enhances
phagocytosis of bacteria, DNA and apoptotic cells by peripheral
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