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APC PUREHE R (antigen-presenting cell)

BNCP biantennary N-linked core pentasaccharide

BSA 7 IfiF 7 V7 2 2 (bovine serum albmin)

CHO F v A =— AN LRAZ—JIEHIE (chinese hamster ovary cell)

CLR C-HIv 7 F %Kk (C-type lectin receptor)

CRD PEGEEFE K 2 1~ (carbohydrate recognition domain)

CTL AR EME T U > 738k (cytotoxic T-lymphocyte)

DC RERAEIE (dendritic cell)

DC-SIGN PR R S ICAM-3 #5& / >4 > 7 27V > (dendritic cell-specific

ICAM-3 grabbing nonintegrin)

DPPC I RANTRAT 7 FIoNLaly v
(Dipalmitoylphosphatidylcholine)

DPPE PNV MMNVERAT 7y FUNTE )T I

(Dipalmitoylphosphatidylethanolamine)

EDTA TF LU UT X v UER

EPN Glu-Pro-Asn

FACS Fluorescence-activated cell sorter
FITC fluorescein isothiocyanate

FL fucosyllactose

GlcNAc N-7t®FLrvatI v



HBSS Hank’s balanced salt solution

HIV b MEERET A LA

HPLC EHEE s a~x N T T 44—

IL A —nAF

Le A A (lewis)

LNDFH lacto-N-difucohexaose

LNFP lacto-N-fucopentaose

LNT lacto-N-tetraose

LPS Lipopolysaccharide

Man2 ~ Y/ B4 —2Z (mannobiose)
Man3 ~> / KU A—A (mannotriose)
Manb ~ /) XX F—A (mannopentaose)
MHC F- SRR S MU

(major histocompatibility complex class)

MMR IR T Uy ) — ALK

NGL Neo-glyco lipid

ODN AV AT AF X7 AT K (oligodeoxynucleotide)
OML FV Ay ) —AWEY R Y — A

(oligomannose-coated liposome)

OVA SIAT VT R
PAA ARYVT 27 U7 IR
PAMPs I AR 4y - % —  (pathogen-associated molecular pattern)



PBS

PE

PRRs

SIGNR

TCR

Th

TLC

TLR

U o PR R K
phycoerythrin

= S

INB— RIS R R (pattern recognition receptor)
DC-SIGN BHi# 47 (DC-SIGN related molecule)

T Mifasz 24K (T-cell receptor)

~L3—T #ifa (helper T cell)

kg7 a~ s 7 7 ¢— (thin-layer chromatography)

Toll £ %K (Toll-like receptor)
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HEERE N O A ) TPEL Y Table 1-2 12" ¥ 14 FHO N THENRE 2 G LTz, AfwIZBNT
IFRELLE, Table 1-2 128 L7 A THERE Z LB U THWD Z & T, AN THEREWE Y
RY — 2D WIT N THEEE B E(bEAHZ 8 L. CLR O#he & BIEfF 1T T CLR DRSS
BRRMEETET 2 2 & 2R ATe, £TEH 2 BT, BEEHBMARMESEEL T2 =20
~ 7 % CLR, SIGNR1, SIGNR3 ¥ L % Langerin O & &% &K L L TORFEERMEIZ SV
CHESHRE S N2 A TR 22 e R THE T U R Y — A% FV CHERF L7z, %3
FIZBWTIE, v v A7 u 77— Hilakk RAW264.7 IZ SIGNR1 # % ERICHEL S E 7z
M2 VT, AR EICHEE LT\ 5 SIGNR1I OBEBZ AR E LT ORI & B
BT L L CORESREAH ROV T ATHIREWE ) R Y — A8 L O TS L E &
b7 L— b ERAWTRBCEHE L=, 2D XL 9 RBEREMEDE W, DF Y CLR A EAZHFK

& LTHERE L7 SMadEas 707 & U THERE L7238 CIIMESNEIMEN R D5 2 &b |
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HIRIN CORIZIEE BRI L > TR D2 ENREZEZ N, £DOE 4% TliX, SIGNR1
D% IoHRE, TRDLERZTHEER, = R A b=V AZEERB LA ST & L TOH
HEAS TLR4 N LI RIEVET A MU A LV DFEAEIZED K D I8 % 5 2 5% N THEIRE
BUARY—2E SIGNRL 53 AEFAICHI L T\ 25 RAW #ifld (RAW-SIGNR1 i)

ZRAWTHRE L7z, EbI2, ko XS ket @m L T, ALEREOAMMEE OML %4t

JEEEDOBAAA L L THWA ZSMEIZ SN TEL LT,
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Table 1-1. Myeloid cells express variety of CLRs

CLR Cell types Carbohydrate specificity
MR (CD206) DC, Mo, Mo, Man, Fuc, GIcNAc
Dec205 (CD205) DC, LC, Mo, B Man, Fuc, GIcNAc
Endo180 Mg Man, Fuc, GIcNAc
DC-SIGN (CD209) DC, Mo Mannan, high mannose

SIGNR1 (CD209b)

Marginal zone Mo,

Peritoneal Mo

Fuc, Lewis antigens, Man
Mannan, high mannose

Fuc, Lewis antigens, Man

SIGNR3 DC?, M@? Mannan, high mannose
Fuc, Lewis antigens, Man

Dectin-2 DC, Mo High mannose

BCDA-2 DC Unknown

DCIR DC, Mo, Mg, B Lewis b, mannotriose

Langerin (CD207) LC, DC Man, Fuc, GIcNAc

MGL DC, Mo GalNAc, Gal, Le*

Dectin-1 DC, LC, Mo beta-glucan

CLEC-1 DC, EC Unknown

DCAL DC Unknown

DC; Dendriti cell, Mo; Monocyte, Mg; Macrophage, LC; Langerhans cell,

B: B cell, EC: Endotherial cell
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Table 1-2. Schematic diagram of structures of the oligosaccharides in neoglycolipids

used in this thesis.

Oligosaccharide-DPPE Structure
Man
a1-2Man2 Mang ]2
Man
a1-3Man2 Manal1”3
a1-4Man2 Mana1>4Man
M 1
a1-6Man2 M,
an
Manals
Man3 3Man
Mana1”
Manaly
Mana1y
Man5 Mana1” Man
Mana1”
GlcNAcB1->2Mano<1\6
BNCP sMan
GIcNAcB 1>2Manat1”
2-FL Fuca1>2GalB1>4Glc
GalB1>4Glc
3-FL iy
Fuca1
Gﬂ??*SGMNACBT+SGam1*4Gm
LNFP1 (H) 1

Fuca1

LNFP2 (Le?)

LNFP3 (Le¥)

LNDFH (Le®)

Fuca1

LNT

GmB$*3GﬁNAcB?*BGam1*4Gm
A

Fuca1
GmB?>4G%NAcBT*BGa$1*4Gm
A

Fuca1
GmB$>3GENAcB+*3Gam1*4Gm
A A

Fuca1

Galp1>4GIcNAcB1>3GalB1>4Glc
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mSIGNR3

A mSIGNR1
hDC-SIGNR
hDC-SIGN
mSIGNR4
—_ mSIGNR2
—— mDC-SIGN
hCLECSF5
hCLECSF9
hCLECSF8
LANGERIN
CLR carbohydrate pathogen Cell
Man,Fuc ,GIcNAc, HIV,M. tuberculosis,
hDGIGN highmannose,Lewis C. albicans, Zymosan oo
Man,Fuc,GIcNAc, HIV,M. tuberculosis,
SIGHR highmannose,Lewis C. abicans, Zymosan Wacrophago
SIGNR3 I.Vlan,Fuc,GlcNAc,. Zymosan ?
highmannose,Lewis
mDC-SIGN ND ND DC

Fig. 1-1. Relationship among hDC-SIGN, mSIGNR1 and mSIGNR3.

(A)Phylogenetic tree of C-type lectin receptors. (B)The table is

compared among each CLRs. ND: not determined, Man: mannose, Fuc: Fucose, GIcNAc:
N-acetyl Glucosamine, HIV: human immunodeficiency virus, M tuberculosis: Mycobacterium
tuberculosis, C albicans: Candida albicans, DC: Dendritic Cell. Scores based on results from

Ref.28.
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. 4 O . Man5-DPPE \"/\/\/\/\/\/\/\/
Oligosaccharide

W) o J,:o/\[ TSSO

o

H Man3-DPPE \‘(\/\/\/\/\/\/\/

[o]

O<< Phospholipid (DPPC)

820 Man3-DPPE

e *  Antigens

Fig. 1-2. Representation of an oligomannose-coated liposome (OML). Neoglycolipids
containing oligomannose were prepared by reductive amination of an aldehyde group at the
end of the mannotriose (Man3) or mannopentaose (Man5) with an amino group of DPPE.
OMLs are prepared from DPPC, cholesterol, and Man3-DPPE at a molar ratio of 10:10:1 by
intense vortex dispersion with antigen-containing PBS and extruded through a 1um pore
membrane. The electron microscopic picture of OMLs was taken by BioMed Core Inc. under
the collabolation with our labolatory, and used in this thesis with the permission from

BioMedCore Inc.
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Fig. 1-3. Presumed mechanism of induction of anti-tumor and anti-infectious immunity
by OMLs. OMLs are ingested into APCs via CLRs. The encapsulated antigens are
degraded in intracellular compartments and the antigenic peptides are presented efficiently
on both MHC class Il and class | molecules. OML uptake also triggers activation of
un-identified signaling pathway, which leads enhanced expression of co-stimulatory
molecules (e.g. CD80 and CD86) and chemokine receptors such as CCR7 on APCs, and
preferential production of IL-12 from the APCs. Naive CD4+ T cells (ThQ) are activated by
antigen-presented MHC class |l on APCs that take up OMLs, and the activated ThO cells
predominantly differentiate into Th1 phenotype in the presence of IL-12 produced by

OML-ingested APCs. Naive CD8+ T cells (Tc) are activated by antigen-presented MHC class
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I on APCs. The Th1 cells produce IFN-y, which can help differentiation of naive CD8+ T cells

to CTLs.
NRRTHERLEICFEIRLU TLWACLRDRE
TLRs ) BEHAERE -  BEME (38
. BSRSSK I RYASb— BIEENT -
S 2BHH Uw o RDES
\S AT 3 Y,
REEN & BRI

- O

BN REBESOHS

Ny REESY ORI

- /

Fig. 1-4. Multiple function of CLRs on APCs. CLRs are particularly important for

recognition and uptake of pathogens into intracellular compartments of DCs, leading to

processing and presentation of antigens on MHC class | and Il molecules, and therefore,

CLRs on phagocytic cells often called phagocytic receptors . CLRs may also function as the

recognition receptors for glycosylated self-antigens and as the adhesion molecules. The

continuous interactions of carbohydrate on self-glycoproteins with CLRs on resident APCs

may be important for homeostatic control.
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BARELTOC-ELY FUIEROEHBREDLLE

W
N
1o
m
X
)

PURSRRAIIIC & 2 FUA OB & it L O 0% O MHC ~ORFERPUR DR IX
R OFHEINHATH D, DC | IZFEL, RALTL 2¥E KA ML LER L,
PURZ T MRS R T 2 E 2 H - T\ D, HURSRASHI 3 R 2 58505013 5 72 DI R R
By 1% —2 (PAMPs) %84 5 RO/ ¥ — 238y (PRR) Z2HLTW5 Y,
PAMPs (23R, IRE. ¥ v /87 8, WAL COMENEEN D, Z O THEHITRE ~
R RE EETOESTEMROEXEHICEHL TWOIWETHY | WEKROREIZEH L
ToEBHIT T & < S HU Y MR A e NSN3~ DI RIR D 4y F- 32— L i %, fiE-> T, B
PHAGRIR L TR Z IRV IATL Z LD TE S C-H L7 F Uk k (CLR) X PRR O T4
FRCEER T Th D2, 1 ETHRZ L1, CLRITHICHEROBERZ AR L L TH
RET D720 T v FURESS T & L TRIEIRE OIEMEALSS TR ENC B3 5 8 s 7 D 5
BOFEZIZHEELTWD Y,

PSR K A 4 12 EPN £ — 7 (Glu-Pro-Asn)% &, >—#£ D CLR ITKli~ > /) — A,
GleNAce, 7a—2ZF3 25V T FITHAE L, ENODOME~DOIY IAHZRET 2 Z &)
O, WEEDOIY IARIZEE L TWAH EBEZ BN TWD, ZOXI RIEMEF SR TR
KELT, FLdii~vrunr7r—Y<r /) —2%KFK (MMR) B"EESNnZ, LaL,
DC-SIGN & ZDRi#E Sy 7 (SIGNR) # L Langerin 7% DC @ X 9 72 B R ML FRJR
LTHIALTWHWDLZENDL, BIETIEINLDyFR~v Yy ) — A% iBi#kT 255k L CHl
BRDOKMRL72>TVD Y, v 7 ZAOFFIRRMIIIIEENIC RS U 2o~y ) — 2%
Wik DA M, SIGNRL 3 X NSIGNRS 3% BLL T\ 5, iz, BELEOREE ERICAFET

HPURSR R TH D T 7N AHIIEIZIE Langerin A~ ) — ASRFMRE LTI L

28



TWD, 2L H vy ) — A FARO SRR S T v AT # 2. CLR S BT LA &2
TAZ V==& THY, SIGNRI, SIGNR3 # LW Langerin T\ b~/
— ATUEGH O A A MIRTFE I S OBIFPEZ FF O Z L AR EN TN D 98, UL, FEED
BWIRAEZ WM ~o & A& Tk, SIGNRL Z %5 L T\ % Ml 2S Salmonella
typhimurium <° Escherichia coli ZH§#t - R T HZ LN TEHDIZx LT, SIGNR3 &
L O Langerin Z 38 LMl TIX 2 OMEOBEBENRD BTV RN 210 - —FT =
H 3D CLR %8 L TWAHMIIWT e BEREOMALEE DK TEIZ B -glucan &
mannan O ZI D Zymosan VAT Z &N TE D, ZOX I RFEIT, 0L 2P
$HERAY T £ LT CLR & L CE OFESERBAFENEEI L T Th, ZiZho CLR 134
B DI AT G D RFICIXE A ORESFEER /N — o o TWH T &L AR L T %,
LU, EMZEOLDOZHNTWSHT2D, Zivh CLR OFH TE LN IR T O Y
SR B U 72 B O 22 IR IS OWTUIEAH TH o 7o, £ 2 TAEIZBWTERIT
CLR |Z & 2 BEgHEATRL T DML ~D Y IAR % | EIEN BTRE 2 N THERRE CHB L7z U A Y
— 2 & SIGNR1, SIGNR3 X1 Langerin % —i@ME (238 & ¥ 7= CHO #ifaZ vV TqE

fli L7=,

2-2 EBRMBELUVAE

2-2-1 RES LU

CHO-K1 #ifadix, 2mM Z /4% 2>, 100 U/ml ~X=+Y > 100 pg/ml A hL 7 h~A
TUBLU10 %Y VR EMEAEA L7 RPMI1640 55 TR L7z, Y7L hA LR A
TZryFnxs ) —n7 I (DPPE) LV M AR AT7 7 Fovaly (DPPC),

FITC-BSA [T Z 1 Sigma-Aldrich LV iEA L7-,, F£7-. biotin-conjugated monoclonal
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anti-FLAG #5ifk & phycoerythrin (PE)-conjugated streptavidin (%, Rockland (Gilbertsville,

PA) & BD PahrMingen (San Diego, CA) LW AF L7,

2-2-2 ANIHERREDERK

% 1 3 Table 1-2 (28 L7 N LHEREE D 5 HAMSE TliL Man2-DPPE, Man3-DPPE,
Man5-DPPE, LNFP1-DPPE, LNFP3-DPPE, BNCP-DPPE ¥ L O LNT-DPPE % v 7=,
oD NTHERREIZLL T OHFETEMR L 1D, £9°, 20 umol OFFEBEF O AU Ik & 70
umol @ DPPE % 5 ml ® chloroform/methanol/water (10:10:1, v/v/VIZ S 3A 7 LV H Tl
EEAEZ LY ERICEM STz, WO TEKRTIZ 1ml O A F 7 —/LIZEE D LTz 300 pmol
DT IR TENT N T LR, KISRKE 80°C T b KIS SH Tz, RS THRE
A FRFE L. &% 10 ml @ chloroform/methanol/water (4:50:50, viviVIZER#E L. A U
WGk L7= C18 517 & (Bond Elute, MEGA BE-C18, Varian, Harbor City, CA) (Zfit
L7z, 7 25% 50ml @ chloroform/methanol/water (4:50:50, v/v/v) TUE - BitE L 7=,

30 ml @ chloroform/methanol/water (10:10:3, v/v/v) CEIRE 2 L=, DWW TATHNR

q\

B & ENRE ) D silica column (Wakosil 5SIL-120, 0.75%30 cm, Wako Pure Chemical,
Tokyo, Japan) % V7= HPLC (2 X W RS8R L 7=, AN THERRE OEHIC
chloroform/methanol/water from 65:30:5 7> 5 50:55:18 {2\ /= B EARREARIZ L 72, A
THERRE O & fiE 1L MALDI-TOF B &4 #rat & U 1 7 v 2 Hviz HPTLC IZ L - T
RULTo, METDR< &b 9% ETHh o7, RTOANLEREOWEEIZINTHERE T O
LYV UVBEBERBIOAXY —2ABEETHZ L TERLE, ZOMRKER, ZhEibiel L

95% DL R T & 7=,
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2-2-3 ATHEREEHE RV —LOHER

NTHERREWE ) A Y — MI T E TOFE WIZHE-> T, DPPE: = L 27 1 —/L N THER
EORERRTE /LD 10:10:1 TER L7246 D& HU 7=, chloroform/ methanol (1:1, v/iv) @
R CHME L7 DPPC &L 2L A7 0 — L& ZE 4 1.5 umol, A THEAE'E 0.15 pmol % 7 7
AaWNTREGL, ZARL—FEROWTIRE 7 A VA EER LT, SBRLIEBE Y 4 VA
5mg/ml ® FITC-BSA @ PBS &% (180 ul) =Mz, A7 v 7 ATH@MESELEHREO /M
B L7, TOHRERLIZ/MNAEZAZ Lum OKRY I—ARx— ME (Nucleopore,
Pleasanton, CA) kv b L7z=Z X hLb—FZ 10 BILL Bl L, B 1 pm (SRR Z 0% L
7z, PBS ZH W CTURY—A4% 3[EIFESL (20,000xg, 30min, 4° C), HAZNihoT-
FITC-BSA #FxZ%E L7z, £7-. DPPC:a L A7 v — L N THEIRE ORERLE /L ELEN 10:7:4
TEM L7 VAR Y — A DPPE % 1.05 pmol, =L A7 17—/ L% 1.5 umol, 7= A THERE
0.6 umol TIRE 7 4 V2 EER LI, VAR Y —AFOalL A7 e—/v & DPPC (& HPLC %
MAWTUHEIRE Lz FETER L, ALHEIREIZY =/ — VWIRBBIEIC L > TER LT, £/,
YR Y —HMIZE AES N7 FITC-BSA O % v 37 B # L #5658 13 FITC-BSA # = &
L CHWT 0.3% SDS 1F7E F CHIE ALY b 2 —#— (RF-5300PC, Shimadzu, Kyoto,
Japan) ICX VW ER L, GOV R Y — L OR £ I B EL ORI B 4 A1 T i 2k &

(LB-550, Horiba, Kyoto, Japan) (2 & Y #HlE L 7=,

2-2-4 JRY—LOEY AHFE
CHO-K1 #f(1x109)(Z 1.0 pg @ C- K2 FLAG % 7 %# 49 % SIGNR1, SIGNR3,
Langerin, F£721% dectin-1 D& E» 72— K &EiL7- cDNA % & Tr pCMV expression vector %

Lipofectamine 2000 # T hZ7 > A7 =7 k L7z, 24 Rk, FITC-BSA #&# A L7= A
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THEEWE Y R Y —L (ILATE—/LET10ug) ZHML, 37°CT 16 KifFECICH
BLENROREE L, Ry T 72 br—n & LT, FITCZ#% L7- Zymosan % V7=,
AREREICHES L2 VAR Y — A2 E0 FR< 412 1mM EDTA % 5 ¢ PBS CHllfd % 2 [RIVEH L
7ot MR EIZHI L7z CLR 73 F DR 23 % %12, biotin- conjugated anti-FLAG Hiiff
& PE-conjugated streptavidin T 21T 572, Wiig 2%/ ST AL AT L5 b R CHEEL
L. FLAG % 7 3B & 725 CHO #ilz (CLR 23%8L L T\ % CHO fifa) ooV K> — 24

FHZE A S 72 FITC-BSA ICHRT 2 H0MEL 7 n—H A M A U — T L7z,

2-3 #ER

2-3-1 CLR #IR#AALIZ &k % Man3-DPPE #Z& ') RV —L DI Y AH

ZUDIC, NTHERREWE Y A Y — 2OV IAHIZEE L TWD 0 E 5 EMERIC R L
7=, C K2 FLAG =t h—7 % 7 %> SIGNR1, SIGNR3, Langerin % CHO #ifaic—
BIEICHEHL ST, FITC-labeled Zymosan KiF & %\ d FITC-BSA Z# A L7-
Man3-DPPE #7& U A Y — A Z % 16 FEEEE#E%E MRNICIRV A c@Et s 7 &
FeBAMEE C#IZE L7, SIGNR1, SIGNR3, Langerin #i&x A L7 fld V3 iz nT
% Zymosan L DRFUALRNBBIETE -F D, 2 CLR B #iE% & S CllaRimmic
FEL TV D ENHER TX 7 (Fig. 2-1A, upper panel), % Z T2, FITC-BSA Z# AL
7= Man3-DPPE #f8 U &R ¥V — A TH~_7= & 2 A, FITC fkDHt > 7 ) /v ik SIGNRL % i
A L7 CHO Mgz 721778 % 4, SIGNRS3 X° Langerin % B/x ¥ A L 7= #liid TliX
W Hheh ol (Fig. 2-1A, lower panel), FLAG =& b — 7 (Tl iz TRIZR T,
FITC ICHRT 2806y 7 /VITMIEMICRBO 6D Z b, VAR Y —ATHEANIZER

VIAEN TV D &fllEr L 7= (Fig. 2-1B),
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KIZ CLR #3BLL TW\W5 CHO flila~D VU AR Y — LDV iAHZ 7 —H A F A MY —
TEBMICFG L7-, 3FEDOR/2 5 CLR # L72 U A Y — A DM ~D LY IAH % E EIIC
BRI 5 720 121%, £ CLR ORI L~V R RIFRE TR ER b e, £ Z T, FLAG
5 7% C-RKIsZHF> SIGNR1, SIGNR3 & %\ % Langerin 2 CHO HIfIC i@ ICREH &
T, MifRmEIZHEI L FLAG =t h—7Z2RRFIA TR L7, WTho CLR 2# A
L7236 TH 15-20% @ CHO #ifd FLAG =t h—7 & 725> T (R1 in Fig. 2-2), 7
VAT 2 a hRICIE CLR I TEN W ENMRTE 7o, £72, TOYEENIEE
CLR Rl T#N7h -7 (Fig. 2-2 upper panel) ., £7-. SIGNR1, SIGNR3 & %\ %
Langerin Z —i@ME 2388 L T\ % CHO #iid~® zymosan K1 DLV AT ZLZE 41 89.1
+10.1,85.7+ 7.3, BLV87.5+£89% Th o7z, LL EDOFERD G, CLR Z#¥ELL T\% CHO
MR I IIBERED ® 5 CLR ZMEIER UL~V THRBLL TV 5 L L,

% ZTZOHM%E AV T Man3-DPPE #78 Y X Y — A0 CLR FEMfZ~DHL Y AT %
RRFE L 72, 80%EA E o> SIGNR1 # %88l L 7-#ifid (R1 in Fig. 2-2A upper panel) |
Man3-DPPE ## U R Y —AZEHASATWS FITC O#NT 7 F a2 -> Tz (Fig.
2-2A, lower panel) , ZAUIZxF LA THEEE 248 L TV WU R Y — A2 IV A E oMl
R CLR ZE AL TV CHO M TIXWF o U R Y — LSRG 7T /v 25D 727
572, #- T, Man3-DPPE #78 U & > — L ZMMIC %3 L 7= SIGNR1 24 L TRV iAEH
riEwmTE D, £2. K 30%0 SIGNR3 HHMALFE L 15% 7 Langerin RHLMIIIC
Man3-DPPE ## YV R Y — ARV IAEND Z L DBHEND BT, £ 2T, LEOERICZE
Wk, CLR BtEfiiarh o FITC Bt oFI G %2 kT, CLR &4 L7z N THEIRE 4 )

WY —LAOARFFRMEZEENICTHMET 52 & & L,
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2-3-2 SIGNR1 HBEMMEIC L HY >/ —REFEALHEEEHREY RV —LOWMY AH
W, HEa I NTHEIRE WA Y RN Y — L Z{EfL L (DPPC:cholesterol:Man3-DPPE,

10:10:1), SIGNR1 Z—i@M58l =¥ 72 CHO MilalZ X545 U R Y — LDV IA IRy Bk %
gmat Lz, VAY — LB ST 2 N TLHEREIXZZ L Z 4. al-6Man2-DPPE-,
Man3-DPPE-, Man5-DPPE-, LNFP-I-DPPE-, LNFP-III-DPPE-, BNCP-DPPE-, #* L
T LNT-DPPE Z R L7z, MINOEOGTRE 2 JIZFHE$ 5 720, R 3 5 N THEIRE
BYURY—ANICE A ST FITC-BSA © &8 L A THEIRE OWE &1 FRRE Tl v
BV, FOH, FHEY R Y —LHIZEI A Sz FITC-BSA &4 HE Lz, £ OREHE,
L A7 r—VE1lmg H72 Y O FITC-BSA =IXZNZ41 209 pg/mg, 210 pg/mg, 225 ng/mg,
189 pg/mg, 197 pg/mg. 201 pg/mg, 207 ug/mg, 254 pgimg Tho7-, £-NH IV EY
— LRI E L EE T DPPCicholesterol: N THEEE T 1.00:1.09 £ 0.21:0.11£0.03 TH YV ., U
R — LB TATHEREOWEEICKRE RENTRN -T2, SHIZENEND IR —LD
FRIRLFAE1E 1065 725 1442 nm DHIZH VD | REZRENTIRP -T2, THHD YR Y — A
DoHrRERIE, FEEBRTHEMNT 28O N THIRE®RE ) RN Y — o205, VRY — LB TEERN
ICHBTELREICFLED FITC-BSA 265 (TRLLREEEOHEIHELAL), LT
BOAY APELRR L, IZER UK FREFF>TnD 2 2R LTS,

ZHHHE TR A THEEE 2N T, v /) —AZ RO NTHIEE CHELZY RV —
L DI AL OIERPEIZ-H>V T SIGNR1 FEBL CHO #ifid THeat L7z, SIGNR1 38l CHO ##
fiix Man2-, Man3- 3 X " Man5-DPPE Z WL VAN, ZnbDH 5

Man3-DPPE #¢7% U K Y — L& g b2 RANICHY IAA TS (Fig. 2-3A),

2-3-3 SIGNR1 HIZHIAAIZ & % LNFPIII-DPPE & BNCP-DPPE #& ') RV —LDE Y iAH
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SIGNR1 #%¥lL T\ % CHO MifdiZZnZiRin~7 2 — A2 £ 71d GleNAe &6
LNFPIII-DPPE & %\ & BNCP-DPPE 2478 L 7= VR Y — L&MW ViAAT (Fig. 2-3A),
L L. £0%h%1x Man3-DPPE Z# #78 L 7= 21 L 0 138 5 232K < . Man5-DPPE % 478
LU RY =LA ERIERBETH Tz, FRGA 77 b—A2% > LNT-DPPE Z#7# L
72U AR Y — 20 SIGNRL BB ~DOE W ARITBE SN hoTe, EHIT, Kiw7 a—R
% % > LNFPI(blood group H type pentasaccharide)-DPPE % #7 L 7=V & Y — A

SIGNR1 #8L CHO MifliZiZ & A EMV A E N> Tz,

2-3-4 SIGNR3 & & U Langerin D #ESHRIRME D AEMT

SIGNR3 % % L T\ % CHO #ifa/%, Man2-, Man3- 3 X 1® Man5-DPPE %\ 31 H
VIAATZIN, Z O#hEME SIGNRL B & k35 & 2EMNICELIIEVWLEDOTH-
7=(Fig. 2-3B), F7z. SIGNR3 B DOI Y IAZIZBNT, ANTHIRE DO~ ) —2AFEIE
OFIIBEHE LT, $72 5, Man5-DPPE T L=V R Y —LA03Z OHh Th bR
IZ& Y ZFENTz, SIGNR1 B & 3% lAYIC, SIGNR3 7 Eiifa~? LNFP-III-DPPE
X1 BNCP-DPPE THE L=V RY —AOWERE D AIBE SN2 ho T, R
SIGNRS3 % W 7= BEGH RS A R BAE O fEAT 22 5. SIGNR1 & SIGNR3 & I1EIE[A U5 L
TRBEOK AL R T ZEDRMLNTNAHN 0D Z OFERNGITERSHFEE L TO
SIGNR3 O SR INMILSIGNR1 D Z N LTV IALNHR L Z ORI > TWNDH LEZ B,
F72, Dectin-l (-7 NI %875 CLR THY, v/ —AR T a—RA%& L OfEH &
DFFPET RN E SN TWD 29, ZD 72, AWFFETIE Dectin-1 2 8L =72 CHO #Mifa %
X AT 47 arbr—/E LT, 20 Dectin-1 M ~D 7 FEDO N TR E WA Y R

Y — LDV AL L #ER LT, Langerin Z%8L L CWAHHIIZ Z b 7O N THIREE % I
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DAA TRV &R L= (Fig. 2-3C, D),

2-3-5 A\IHREEBE RV —LORMYRAAHIZH T2 HEEFEEERK

—WBIZ, L7 T DOFEHRTIC I W T DO ZMMENEE & e 5 FER MO TN D 20,
Zd7-®, SIGNR3 % L " Langerin Bz 7Y SIGNRL 12T, ATHEIRE, 2LV 27

7—/L BLODPPC # 1:10:10 TEL U RN Y — A Z RN T LRV IAE 2N —2 D
HELT, URY—ARBOWEHEENR N O THLEEZ BN, £ZTDPPC, =1
A7 m—/b, L Man3-DPPE % 5:10:6 T ToHE8H% &£ 0 i\ » Man3-DPPE #¢7 U 7R
—LEFEL, FOWY AL EZHF L (Fig. 2-4A), ZOf55, SIGNR3 FEMIZ B0
T% Man3-DPPE OFHBEENEH WY KR Y — 2OV AL NEE S (Fig. 2-4B), 1
BOFER LY, SIGNR3 ITEAZAKRLE L THIET 2B12, SIGNRL XV @\ O BEgHE & %

WEE T DN I NI,

2-3-6 CLREBMMICL2EEEAIREEEHEY RV —LOBMYAH

% Z T cholesterol, DPPC & N THENGE 23E /L EL 10:7:4 THERL S 4L TV DS E D&
URY =&, ZOWMV AL ZHRF LIz, Z0b VAR Y — L0 FEEfRkIE DPPC,
cholesterol, & A T¥ERE 23E /LT 1.00: 0.66 +0.12:0.31+£0.06 720 UKV — AT
NLHERRE OWE &I K E REWTR) > 72, SIGNR1 BEHMIRICKNTIZY AY —24 ED
PG & A &5 Z £ ¢, Man2-, Man3-, Man5-, LNFPIII-, BNCP-DPPE #{% U X
— AL HIFIFERBEICRYAEND X D172 o7 (Fig. 2-5A) , —J . LNFPI-DPPE #% VU
R — MIFEEEE S EA L TH <Y AENR > 72, SIGNRT REHAALIC X 5 HY A

BT, VRV —A FOWHEBRE Y LR I8 25 EFHEIROFRERMEICENL LN 2L 72
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STLELZR, TOPTH Man3-DPPE 248 L2 U AR Y —ANKR BRI BViAEN
7

SIGNR3 £ L O Langerin BHAMLIZB N TH, BHHEE 2 MR Y R Y — A O BUA
(Fig. 2-3) L il 4% &, WESHEE D EHICE 720 BUAROBEIRER A LN D L H 1275
7=(Fig. 2-5B, C), 727> T%, Man2-, Man3-, # L Man5-DPPE #/& ) XY — A%
PRICH Y IA B DR T X722y, £ O IAAZNEE SIGNR1 L3572 Y Man5-DPPE >
Man3-DPPE > Man2-DPPE DJETH -7z, F7-i CLR HEHAMAL L & PHHEEN LHT 5
Z & T BNCP-DPPE #48 ) AR Y — L&V IAATZD, SIGNR1 FBUHIAL THIMR 72 HL Y A 2
NI 5H - LNFPIII-DPPE #%78 U &Y — AOBUALTIZ L L EBE SN oTz, —F T
SIGNR1 # B CTI3 A< DY AL BIZE S 72y LNFPI-DPPE #7 U AR Y — L1355

W23 5t SIGNR3 B X O Langerin BEMILIC B W TEZE I Lz,

2-3-7 SIGNR1 & & U SIGNR3 D & v & A D FESHRIRM S & UHEHBEERMED:E LS
RIFTEE

EFioLoic, ATHIEE 298 L2V A Y —24 0 CLR B ~DR Y AZRIIBNT,
SIGNR3 # L' Langerin 1% SIGNR1 (ZHATHESH OB FEm#E 2 Bk L7z, SIGNR1
Xt bk DC-SIGN & [AfE, CRD IZHi< IR WAR v 7 AL &2 o TEY, ZO RKAA
VENSLCHERm CAY Iv—Z2 B L TVDHEBEIXLNTND 21 ZiZxf LT
SIGNR3 35 XU Langerin |3\ R 7 RAAL U2 - TED, AV I~v—fEz Lz
TORBERTHFELTVDLLEEZLN TS, 2O X ) ffiflnki T CLR O4 U I~ —jF

RSB BR BE ERPEICEE 2 5 /- 2 TWAH Z ERTHENTZ, ZOZ L ZRIET 579D,

I

SIGNR1 & SIGNRS3 O¥EgHEEHE R A A 2 723 A TIRZREE L. Z vk CTREEMI
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WCRBEET, 2B IVRY—20OMViAREZKF LT, SIGNR3 @ CRD #H ¥ 5%
SIGNR1/R3CRD F # ZiZ= L 27 u—/ DPPC, 5L NATHEIEE % 10:10:1 THTe U R
V—AhEBYiAtr k22 o7 (Fig. 2.6), —J T, SIGNR1 ®» CRD #4H+ 5%
SIGNR3/R1ICRD * X 7 B I H7-Mla~D VR Y — LAOE VD AZITIFE A EH LS
72572 (Fig.2-6), BLBEZENZ L1, SIGNR3 @ CRD % %> SIGNR1/R3CRD  # T % %
HLTWL2HMEOBR VARG RN~ Y ) —AOHIZHAF L TE Y., Man5-DPPE >

Man3-DPPE > Man2-DPPE ®DJETH V. SIGNR3 2% L TWAHIn LR U TH - 7=,

2-4 ER

CLR OFESHE AR B ORE R, AIEME CLR # VW TRET SN TE T\ 543, CLR I
ZUNTETHY, MREIEE 2 BEEICHE TR (Thbbe2BEBHELZHIRI N
ToRE) THEREL TWH 2 &b, 2D XK 9 2R CLR O FESHE G Sk O R 23 4=
HR R CHBAEORWANENE CLR EFUTH L0 E 9 NPT O TOHRIT D oTz,
Z T EFIIAMRICE W CHIIBREIZ B L T\ 5 SIGNRI, SIGNRS 5 &L O Langerin
AT LT BB TR T OB ~O B R Z | PEFEMENIT->E 0 LT D NTHEIEE#E Y
R —L%kTua—7 L LTHNWSZ ETHERLEE, ZOfREE, L b2 EPN £EF—7%#5H
v ) ARV I TFUZEIKRTH D 350D CLR OB TERZARKE L TORERIRMS
WEGHAE BE DBLRMENR A2 > TWD Z ENH ST o7, FRICHEE R ICFHBLL T\ 5 CLR
(Membrane-associated form) DOFESHORINVEIZE L Tk, FEMREo T nE THEIN
TV 5 Al 2 CLR (Soluble form) OREBAKS A FFRME L (TR > TV, ZOEWE
Table 2-1 IZ#R L7z,

AL 2 CLR O L7 7 1 — 7 ~OfE A 2484 & U TRl g~ % J5 15 TRGE
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S 7z SIGNR1 OBESHE SR RMEIC L D & SIGNRL IE~v v /) — A& G4 ) THEICH AT
D, EOREEORFRMEITA) TR O~ ) —2AOEREE HHIT D E VI HER RSN
TW5, ¥/ Le2® LesiED L9 7 a— 2 G (A Y TR IV BIFEET LI L RS
NTW5 7, LaL—FHTiE, SIGNRL D7 a—2 &G4 4 ) TH~DOFAIZIEE A LBES
Nt nosHwELH D W, Zhicx L TARKEZBE L L AHZEOFHGE T
SIGNR1 (Z~v> /—A, 7a—A, BILPGIeNAc #Kimicb o4 Y IfEZ2E# LTS5 IS
WHEENTZ)RY —LEWVIATLZ ENTE N, ZOHTH Man3-DPPE T s 4172 Y
R —LEROLIRESWMVIAALE, FFiTA ) I~r ) — 25 WBLEZYV R —2D
SIGNR1 FH A ~DH ¥ iAZx L, Man3-DPPE > Man2-DPPE > Man5-DPPE DJETH b |
BT Lb~r ) — RO L THF Uo7z, £72, AR SIGNRI 1 Lex i & £F5
BESS T LTl b i WBUAIE 2 77428 . LNFPIII(LeX)-DPPE THE L72 U R Y — LA DH Y A
Z%h%0% Man3-DPPE X ¥ ${%7:>7-, GleNAc (Cal-3 f& L7= 7 22— 2 % 4> LNFPIII
(Le")-DPPE THfE Sz U AR Y —A0F SIGNR1 IC L » TE<BRVIAENIZN, T2 b—
Z1Zal-2 4 L7 32— 2% 5 LNFPI-DPPE THEB SN 7= b DIEE< MVIAERR) -
7o > T, SIGNR1 NAEZHFKL L THERIET IRICITI~Y Y ) — 20T a— A DfEE
BRAZEBMLXA LTS Lo icllibni, $120@EREITIINETHRED D L vHEH
CLR &3 72> TWe, ZDO X5 e rEf CLR TR SV PESHGERAR G B & RS AR L
L T® CLR OFESHRIRMED 977218 3 SIGNR3 35 L (' Langerin THEZE STV 5
AREIZBT D HET CTRICHIRRO AT, BRZAARL LTO CLRICE > T, ERT HKT
FOREREENR RIS LD 2 ThDH, Fric SIGNR3 & SIGNRI IFT & A SR UHEHIC
WU CHREMEZRTZENMBN TSN, 2L AT r—/L, DPPC & A THIRE AT /LI

10:10:1 THERL & 7= Man3-DPPE #7& Y 7R ¥ — 41X SIGNR1 Z 3 #H. L T\ 5 CHO fifuic
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TR L SEMVAEN D DR LT, SIGNR3 %8 L T\ % CHO HIfEIZIXIEE A CHY
AENRV, LPLY R Y —AEHBRL WD ATHIRE O EEMSE 5 L SIGNRS
FHAIL TS SIGNR1 BELMIfL & AR < MVIATL X 5T, ZOXHIT, BREZHFIKL
LTOCLRIZITERET Hh 1 EiCh 2 —EL EOFEEHBELERL T | ZOHBEITBZ
5 CLRIZE > TENENE RS TNDHEDOTHA H, SIGNR1 ZHILL TV DA D A0
Salmonella typhimurium <° Escherichia coli %4t + &R+ 7% Z L 8 Tx, SIGNR3 B &
" Langerin Z# %8 L7l TIEIINOMEOBEREDBD LT RWE WS H®ENRDH 50
9,10 ZHUIFNZNOMEORBIHR SH TO DO HE H 5 WIZEB DRV 01T
HOENT=ONEH LR, ZO XKD REEHOBEERMEN R 28 M & LT, CLR DOHifafk
ECOBFERROENBEBEL TVD ZE HARMETIII S NI Lz, SIGNRL iEE k
DC-SIGN & [A£kIZ CRD IZHi < HHRBIR WA Y 7 KA v E B 5 TEBY, 2D KA &S
L CHifn i T4 ) v —2 R L TnEHLEZLNTND 2.8, Zj|2k LT SIGNR3
B L O Langerin [T\ AR v 7 RAAL L EHL-oTEY, 204 ) I~v—fEx &
TEOHBETHEL TS EEILN TS, EEICFATINFEMELTI AR —L0HF
BT % &, SIGNR3 @ CRD #4725 SIGNRI/R3CRD ¥ 2 7 %58l L T\ 5 Mlfalx
RWHESHE 28T 5 NTHEREWEY A Y —2x2RviAte L 512720, £/ SIGNR1 @
CRD & SIGNR3 O % v 7 4y %A+ % SIGNR3/R1ICRD = £ 7 Z 53, L T\ % Ml ik
OB 2 AT 5 N THIREWE Y RNV — A2 RV AR Rolz, ZOMBIE, 4V I~
—IiEE & > TW5H CLR D1F 9 NHEERO CLR LV IREEOFEHZ R IR T 52
LHRLTWND,

PLERBECTOMREERIET 2 L. ZNENO CLR IZBWTERBSAEIRE L TORESHER

PELBEBERR Y 7 & L COMSEM AR REOMIZITENDRH D Z L 2 EHIIH O NIT LT,
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Z DX 972X, Soluble form @ CLR & Membrane-associated form ¢ CLR o ] THfE
FICEWE D EEXDND, EBRIZT XA T U SI3MilaEmic w3 L5 CLR 24 L
THIBNIZER D IAEN D23, ATEEDOM AR Z CLR A HNVTH T XA T U ~DOfE&EITIE e
AMEBIEISZN, Ll ZOX I BRENIENEND CRD RAENICF TS H 0
Mmb Ly, ¥ b, SIGNR3 BILMIIEA Y I~ /) —2AEEI RY — b %
Man5-DPPE > Man3-DPPE > Man2-DPPE DJIEIZH v iAte73, SIGNR3 ® CRD %43 5%
SIGNR1/R3CRD F £ 743 7 & FBL L TV Al b, 5% 5 < MfafE ¢ SIGNR1 & [FERIC
FV I — R L TWDICHEbLT, AV I~y —AEEY R Y — LDV AL FEIL
Man5-DPPE > Man3-DPPE > Man2-DPPE DJECTH -7z, T7bbL, ZO4Y I~ /) —
AN D HESIRRIET B R/ R & L THEET 255G @ SIGNR3 @ CRD 723FF-> T 5K
BHREETHDL B2 0N5, RFRICEBWTUE—BEORIRZH TS 72, Ml
B HRIE b L CBRERE A1 CLR OBESHE AME 2 3 C& T, fit> T, AFFETREN
FARZARER L LT ORSEIRIMEA IR EORSEERED T & U C ORF8ERRRS Sk & B
STV DITOWTIERE RS 7R TR RV, ZHE MRS 2720 L EFERIIZZALO
CLR Z#RBL ST Mlas HO CEE(IEHE~OMEES & VR Y —L2OERREZ RAMAVIC
HEHET 2 2 e METHA 5, EFITRFEIZEWNT, ZORMEZMRRT L2000 %%
EEL TV,

FLARETIT. BARESAERE LTO CLR BNENEINEA ORI HEEERMEZ T2 & 2 W
BINZ LTz, 2O XD RBERZAEER L LTO CLR O DEIRY OMHESH S B D BERMED
EWEFAT L, 72 & 2 SIGNR1, SIGNR3 % XU Langerin @ X 5 (2 CLR OB 84387%
FrRPERNEE L TOThH, VR Y — A7 EOR 1O IR S8 2 8 O RO 8% &

UNEIRT 52 & T RED CLRICH LT Y R Y — LR Z2T YA U TELHARMENRD D,

41



NLHERREWAE Y R Y — DEE O LTRSS OME® L & i 22 > b e

— L TCTEALILEMOLZOHMICELTWD EWVWZ D,

2-5 ZE X

1. Janeway CA, Jr. Approaching the asymptote? Evolution and revolution in immunology.
Cold Spring Harb Symp Quant Biol, 54, 1-13, 1989

2. Cambi A, Figdor, GC. Dual function of C-type lectin-like receptors in the immune
system. Curr Opin Cell Biol, 15, 539-546, 2003

3. Robison, MdJ, Sancho D, Slack EC, LeibundGut-Landmann S, Sausa CR, Myeloid
C-type lectins in innate immunity. Nat Immunol, 12, 1258-1265, 2006

4. Turne MW. Mannose binding lectin: the pluripotent molecule of the innate immune
system. Immunol Today, 17, 532-540, 1996

5. Stamach NS, Taylor ME. Characterization of carbohydrate recognition by langerin, a
C-type lectin of Langerhans cells. Glycobiology, 13, 401-410, 2003

6. Tateno H, Ohnishi K, Yabe R, Hayatsu N. Sato T, Takeya M, et al. Dual specificity of
langerin to sulfated and mannosylated glycans via a single C-type carbohydrate
recognition domain. J Biol Chem, 285, 6390-6400, 2010

7. Galustian C, Park CG, Chai W, Kiso M, Brueninf SA, Kang YS et al. High and low
affinity carbohydrate ligands revealed for murine SIGN-R1 by carbohydrate array and
cell binding approaches, and differing specificities for SIGN-R3 and langerin. Int
Immunol, 16, 853-866, 2004

8. Powlesland AS, Ward EM, Sadhu SK., Guo, Y., Taylor ME, Drickamer K. Widel.

42



divergent biochemical properties of the complete set of mouse DC-SIGN-related
proteins. J Biol Chem, 281, 20440-20449, 2006

9. Takahara K, Yashima Y, Omatsu Y, Yoshida H, Kimura Y. Kang YS et al. Functional
comparison of the mouse DC-SIGN, SIGNR1, SIGNR3 and Langerin, C-type lectins.
Int. Immunol, 16, 819-829, 2004

10. Taylor PR, Brown GD, Herre J, Williams DL, Willment JA, Gordon S. The role of
SIGNR1 and the beta-glucan receptor (dectin-1) in the nonopsonic recognition of yeast
by specific macrophages. J Immunol, 172, 1157-1162, 2004

11. Kojima N, Biao L, Nakayama T, Ishii M, Ikehara Y, Tsujimura K.
Oligomannose-coated liposomes as a therapeutic antigen-delivery and an adjuvant
vehicle for induction of in vivo tumor immunity. J Control Release, 129, 26-32, 2008

12. Mitchell DA, Fadden AJ, Drickamer K. A novel mechanism of carbohydrate
recognition by the C-type lectins DC-SIGN and DC-SIGNR. Subunit organization and
binding to multivalent ligands. J Biol Chem, 276, 28939-28945, 2001

13. Feinberg H, Guo Y, Mitchell DA, Drickamer K, Weis W. Extended neck regions
stabilize tetramers of the receptors DC-SIGN and DC-SIGNR. J Biol Chem, 280,
1327-1335, 2005

14. Takahara K, Arita T, Tokieda S, Shibata N, Okawa Y, Tateno H et al. Difference in
fine specificity to polysaccharides of Candida albicans mannoprotein between mouse

SIGNR1 and human DC-SIGN. Infect Immun, 80, 1699-1706, 2012

43



Table 2-1. Evaluation of carbohydrate specificities of membrane-associated and

soluble CLRs
Carbohydrates Membrane-associated form? Soluble form?

SIGNR1 SIGNR3 Langerin SIGNR1 SIGNR3 Langerin
Man2 ++++ +++ +++ ND#% ND ND
Man3 +++++ -+ +++ +
Manb +++ R o ot o S ++ +
Lex (LNFP-III) +++ +/- +/- ++ + +/-
H (LNFP-I) +/- + + - - /-
Terminal GlcNAc?  +++ b + - +/-
LNT

" Scores based on results shown in Fig. 2-3.

2 Scores based on results from Ref. 7.

® BNCP and chitotriose were used as oligosaccharides with a terminal GIcNAc as
membrane-associated and soluble CLRs, respectively.

'ND indicates not determined.
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Fig. 2-1. Uptake of Man3-DPPE-coated liposomes into CLR-transfected CHO cells. A.
CHO cells were transfected with cDNAs encoding SIGNR1, SIGNRS3, or Langerin tagged with
C-terminal FLAG. FITC-labeled zymosan particles (upper panel) or Man3-DPPE-coated
liposomes with encased FITC-BSA (lower panel) were added to cell cultures at 24 h after
transfection. CLR expression determined by an anti-FLAG antibody (red) and particle uptake
(green) were detected by fluorescent microscopy. B. Distribution of Man3-DPPE-coated
liposomes at the cells. Note that FITC signgals were found in the cells, indicating that

Man3-DPPE-coated liposomes were ingested in the cells.
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Fig. 2-2. Uptake of Man3-DPPE-coated liposomes by CHO cells expressing SIGNR1,
SIGNR3 or Langerin. CHO cells were transfected with FLAG-tagged SIGNR1 (A), SIGNR3
(B) or Langerin (C) and incubated with FITC-labeled liposomes coated with Man3-DPPE
(Man3-DPPE) or uncoated liposomes (Bare) for 18 h. The cells were then stained with a
biotin-conjugated anti-FLAG antibody followed by PE-conjugated streptavidin, and expression
levels of CLRs were evaluated by FACS (upper panels). White and gray peaks indicate
SIGNR1-transfected and mock-transfected CHO cells, respectively. Each R1 region of the
CLR-transfected cells was gated and the fluorescent signals from FITC-BSA encased in the
liposomes in the gated cells were analyzed (lower panels). The mean fluorescent intensity
(MF1) of cells in each R1 region is indicated in each upper panel. White and gray peaks
indicate cells incubated with and without liposomes, respectively. The percentage of

FITC-positive cells is shown in each panel.
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Fig. 2-3. Efficiency of uptake of liposomes by CLR-expressing CHO cells. FLAG-tagged

SIGNR1 (A), SIGNR3 (B), Langerin (C), or dectin-1(D) transfected cells were incubated with

FITC-BSA-containing liposomes consisting of DPPC, cholesterol, and various neoglycolipids

(indicated on abscissa) at a molar ratio of 10:10:1 for 24 h. The cells were then stained with a

biotin-conjugated anti-FLAG antibody followed by PE (Phycoerythrin)-conjugated streptavidin,

and analyzed by FACS. The percentage of FITC-positive cells in PE-positive CLR-expressing

cells is shown on the vertical axis. Each bar shows the mean = SD for 5 independent

experiments.
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Fig. 2-4. Effect of neoglycolipid content on liposome uptake by CLR-expressing cells.
A. CHO cells transfected with FLAG-tagged SIGNR1 or SIGNR3 were incubated with
liposomes consisting of cholesterol, DPPC, and Man3-DPPE at molar ratios of 10:10:1 and
10:5:6, respectively. Liposome uptake was detected by fluorescent microscopy. B. Cells
transfected with SIGNR1 (black bars) or SIGNR3 (gray bars) were incubated with liposomes
containing different ratios of Man3-DPPE, as indicated in the figure, and the uptake of each
liposome was analyzed as described in Fig. 2-2. Data are expressed as the mean percentage

of 2 independent experiments.
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Fig. 2-5. CLR-mediated uptake of liposomes with a higher density of neoglycolipids.
CHO cells transfected with FLAG-tagged SIGNR1 (A), SIGNR3 (B), and Langerin (C) were
incubated with neoglycolipid-coated liposomes containing cholesterol, DPPC, and various
neoglycolipids at a molar ratio of 10:7:4. Liposome uptake was analyzed as described in Fig.

2-2. Each bar shows the mean + SD of 3 independent experiments.
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Fig. 2-6. Effect of oligomerization of CLRs on uptake of liposomes coated with
neoglycolipids.

A. SIGNR1 contains a juxta-membrane extended neck region and a carbohydrate recognition
domain in the extracellular domain, and SIGNR1 forms oligomers on the cell surface through
the extended neck region. In contrast, SIGNR3 are present in a monomeric state on the cell
surface because of their short neck regions. To examine the effect of oligomer formation of
CLRs on the liposomal uptake, uptake of liposomes by the cells that express chimera
molecules. SIGNR1/R3 is the chimera with carbohydrate recognition domain (CRD) of
SIGNR1 and neck, transmembrane, and cytosolic domains of SIGNR3. SIGNR3/R1 is the
chimera with CRD of SIGNR3 and neck, transmembrane, and cytosolic domains of SIGNR1.
B. Uptake of liposomes by the cells that express SIGNR1, SIGNR3, SIGNR3/R1, or

SIGNR1/R3.
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1T, REASED T MO —#IZIHE LT\ 5 ICAM-3 O~ ) — AR 238345 = L%
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HERIZ & DA AAEFA 2, DC EIZ#BLL T\ 5 DC-SIGN &k o LeX &#42R L
7z Mac-1 ®° CEACAM1 &L DfEGENT L TITHOI TS Z EbHMb TS 1718, F R
#72 DC 1 DC-SIGN 2/ L CHC OB 7 B a2 LT, HOPRICH T 5 g E R
EHEREZFTIELMONTNS 1920, 207, CLR & H PR OB & Ofkin) 7248
BAERIZREOHEEEOMRFICKLETHLEELXDND, o T, WHRIKZZW - ARTD
BRZAERD VT E CHUR 2380 LA MR & 7 2 Mg 4 F £ v 9 CLR OfkRE
J& U T, CLR 41 L7z HESGERMUT RIS B FH B L ERA & W D &9 72 MR 2 s
HEZENTEDLENR D,

At L7z & 912, 28I APC ICHUR Z 8k 9 5729012, APC RIZHBLL TW\5 CLR &
ool Hy NEOMAEEREZFHT 25E, Mia s duUsHoORREORE/ERZEET 2
BOIFFIZRNWT T —FLRdEZExod 22, ZRETEIZ, £/ 7 n—FhikzEH
Wizt E#IE o CLR ORIER KO —77 ¢ 71%, #IHIEHE CHRET S T &7z 1929,
CLR /3R A FIZHEBL L TW D RrE OFEH A7k 572, CLR T K o THEAYIZIREK S
NWOBEBITE ) 7 m—F AR DORDY DX =5 T 4 7 T F VIR TE 5, EbIT
FEIHUAR L D /NS RERD T THVLFEHTIEL O G AIRERT-®, FHAZFMA LT
BIxE /7 a—F A HR L ORISR D, iz, FiE D CLR 28 b IRIFUYICIER S 5 72
FEHOREEIX, BiHA ¥ —F >y P& LIEHUREEY AT AZBWOERICHEETH 5,

—f%AIC CLR IR RA Lol & B PR OREZ 2N ENXRI LN EEZ LT D 29,
SIGNR1 DGR AS BAE IX AR 2 & T BT LA Z VTR LN TR |
FORER, v~ ) —REFLAY TRELD b AMIREREH A L0 RIRMICR#ET 52 &
PRENTZ2, LMLE2ETHRLZEBY, SIGNRL OBERZERE L CORESERIME

Z N IHEIRE 48 Y R Y — 20 SIGNR1 Z — i@ PEIZ 58 S 72 CHO Mg ~D Y A% % 45
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L LTkl L72fE R, 2 OFFRIRFFRMEL, LeX X GleNAc RIS b WA & L7V
WY=L 0o A I~y ) — AL G OWIBE LB L) R Y — LD R
BINICE D IAENDFEEZ RWE L7229, Z 0 &L 5 72 SIGNR1 OB SRRFF R IC IS 57 )&
(T, HAIC, FTERTUHAME 2 SIGNR1 & AR EIZFBL L7z SIGNR1 OREIER) & 2 WITAFAE
HEROBNENT 2 L3S 5 2 LITRETH D, KBS, a[EA e b DC-SIGN 1% Man3
£V Lex 1Zxf L TEmWEfMEZR7 25, DC-SIGN % %8l L 7-#ildiX Man3 & % 3 Lex &
OIS~ A 27— XZIZ LA ERBREICRY AT 2D, LIALRAL, ZOBEVINER
SRR E LCoO SIGNRL O FESGRIUE & Mifasz g 51 & LT ORI R OE N 372
HHHSRE DEVITER T 2 BRI OB DO ThDH L EZDH L TES, Z0DLD
72 % k9 5121, CLR O LN DOFEREIZ 6 i L 72 OB IRME 2 Ml fd R i iR S h
72 CLR Z HWTHHT 2 MER B 5,

Al L7z & 912, CLRIFSIEIRE OTEMAL & BR & W o 7o T DR A 2 3/E 9 5 =
EMTE D, CLR OHREDE WIS U T CLR ORFSIRIRMERCZ D% D> 7 F MR EN L
T5HEND T LIE, R CLR AHEBEICHHE LT T 5 & 9 2S£ 8T 50080 )
T EBT A DICREMNN G E 0D, Flo, b LARSAEKE LTO CLR O
REDRMIRES S 7L LTOEN LR DD THILUE, FFED CLR 245 & LTHED L
PURE A R T 572012132 0 CLR BNEAZFKRE U TR b IBIMED @B & kg3
LLEND D, £ I TEHRITIAREIZBWT, SIGNRL 2 ZEMICRIL TNWLH YT A~V
7 7 — Uk RAW264.7 ffifld (RAW-SIGNR1) & NTHENEE 2 H T, SIGNR1 DA RZA

AL L ToRBREZMaESE T & LToTh e i L,

3-2 RBEMHBELUVAE
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3-2-1 Ml E L UHH

vV AR 0T 7 — UMM TH S RAW264.7 M3l SIGNR1 43 T- 2 fH# AIIC S B &
7= (RAW-SIGNRI MlfE) 13 4478 TR L7z, Z O 10% 7 IR IR MmiE, 2 mM
TNH I BLO 0.5 mg/ml G418 %51 DMEM 55 CH: & MEFF L7-, $£7- Tablel-2 (27
L7 NLHRE R T, al-2Man2-DPPE, al-3Man2-DPPE, «al-4Man2-DPPE,
al-6Man2-DPPE, Man3-DPPE, Man5-DPPE, 2-FL-DPPE, 3-FL-DPPE, LNFP2-DPPE,
LNFP3-DPPE, LNDFH-DPPE, BNCP-DPPE, and LNT-DPPE o 1 3 ffi}f & A#F5E TI3 A
W, ARE KORERGIEITE 2 TR FIEICHEL -, Zhn 1 3D N THEIEE % 8
BLIEVARY — L b ERF2ETRAATHIEL T2, 2B, ANLHEREHRBY KXY —20
Rk b= 13 DPPC, cholesterol, NGL %% 1.00: 0.94 = 0.15: 0.11 £ 0.01 T& v, FITC-BSA
ZalLAToa—/,L1mg H72V 190 75 230 pg O#EiPH TE A, T OFEEIMEIT 209+ 10.5 pg
Thot, VARV —LOR T 985 5 1200 nm OFPHIZH V| Z O FHEIE 1080

+ 80 nm Toh o7,

3-2-2 A\IHEEEZETEL L-EMRICxd 5 MaiEsETdEE

N THEREE % [8 &1k L7 [E+0 (NGL-coated solid phase) LA FDOHETHRK LIz, 2-7F
1N — )L TCHHR LER %2 7R FE (10-200 pM) (IZFREE L 72 A THERRE 2 100 pl 97> 96well
TL—FDENEND Y 2 )VTINZ, 37°C TBiikE LA A2 e RICHRE L, TO®RE Y
= /L% PBS T L. 1%BSA %%t PBS % 100ul M2 T 30 43[#] 37°C THE L, 71 v
X T ETol, 2T E B PBS T = /L& P L NGL- coated solid phase & L7z, 7235,
A BICEEL T L — R Rlca— &R ATHEREOE&EMEEZ T~ 2729, 100 pmol »

al-2Man2-, Man3-, Man5-, LNFP2-, LNDFH-, 3-FL-. BNCP-DPPE % L5l® 5{ET
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g L7z 96well 7L — hinb 2N EAEI L, NTHEREO U a2 E LT, £ O
£, al-2Man2-DPPE Tl 85.5+4.9 pmol, Man3-DPPE TiX 83.3+5.2 pmol, Man5-DPPE
Tl% 81.2+3.1 pmol, LNFP2-DPPE T3 83.8+3.9 pmol, LNDFH-DPPE TiX 80.2+4.1 pmol,
3-FL-DPPE T/% 86.8+3.7 pmol, BNCP-DPPE TlX 84.5+4.5 pmol &, A THAEE OFEEHIC
LOPEBEDOIT O OX TN LR TE T,

CaCl: B8 XU'MgCle & 2% E5 mM EDTA % & ¢ Hank’s balanced salt solution (HBSS)

(2R L 72 RAW-SIGNR1 % 721388k TH 5 RAW264.7 fHifiid(each 1 x 10%well) & A THEAEE
MEE STz Y = /W2, 180 x g (1000rpm) T 1 43 Hiz L L7z, 25°C T 30 43 FHITEIR X
L7t %0 =/ 2RO TEWZ HBSS Tz L, 7'L— b — /L THEE LIz, 7L— |
Z R S 180 xg T 1 .09 5 2 & T, BMICHEESE L T nWiildZkrE L7c, B
P75 L7 O cell counting kit-8 (Dojindo, Kumamoto, Japan) % HV T 450nm

RCUOLERES D 2 & TRl L 7=,

3-2-3 RAW-SIGNR1 #ifgIZ & % ') RV — LEL Y sAH D FHE &

RAW #ifa, & L <X RAW-SIGNR1 #ifgic K2 VAR Y — LDV iAZIT, 52 FEIZah~X
T2 EICHERL L TiTo 72, $72b 5, CaCle B XM MgCl: %24 ¢ Hank’s balanced salt
solution (HBSS)(Z &%) L 7=#lfd (5x 105/500 pl) % 1.5-ml O U a2 A AF 2 —THiz L
. FITC-BSA #E A L7 N THEIREWE Y AN Y —24 (NTHIEE C2.5nmol, 2L AT 1
—/LE LT 10 pg FY) &2 T 37°C T 1 BffE-emicifEf Lz, £0#%., EDTA # &t
HBSS THifZ s L. 1%/3 7 R/L AT VT b R Tl Z E Sk Lz, M~ R — 24
DELY IAFTE 2 B TR 72 X 912 FACS # W TRl @ FITC (& Hk 3 % 5 e i 4

ETHZLTHliL7e, UVARY —2LOMEKRE~OKE &RV IAZOLEITHE VR Y —
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L 4°C F£7201% 37°C TENENSILSE T, Z0%OWEFRE X OEE/LOBIEEZITH T,

BOGHE TEAZIZ FACS & FV TR R O 50O REE 2 JIE 35 2 & TRl L 72,

3-3 #R

3-3-1 EHIE ATHEIEE IS T 5 R EKRFML RAW-SIGNR1 #ifa 0 #7& 71l

AR 1228 BL L Ty % SIGNR1 OMfa#EE 771 & L COREHR SR RMEZ B 52027 5
B2, v 707y — VI TH 5 RAW 12 SIGNR1 Z1HHHYICFEEL & 72 RAW-SIGNR1
MIRE 2 RS2 U, EFAE L 7o BERR B IS )3 2 Ml O B2 % #i5t L7z, Man3-DPPE o [E M1k &
%% % % &, Man3-DPPE [EAH{L &K FHIIC RAW-SIGNRL OfEAESHM L, K 50
pmol/well LA ED&EIZ/ 5 & | #EA&EIT—E & -7 (Fig. 3-1A), [E+H{t L7 Man3-DPPE
\ZKET 2 AP35 1X EDTA /778 F CHEE N A 72 < 72 0 | SIGNR1 HUA TR A2 35 =
ETHEEENL LN o7 (Fig.3-1A), 7= #M T SIGNR1L 2R H L TV /2 RAW
Ml it Man3-DPPE (Zkf§ 285 134 b /e o7z 2 & RAW-SIGNR1 Ml o #275
I SIGNR1 #4r LT 5 L fffm s iz, £-ZOMOBEIRE & OREA 27k 5, Kl
al-2f56 D7 a—2A% 12 2-FL-DPPEX al-4 &G D 7 2 — A Z{ll#HIZ > LNFP2-DPPE,
K2 GleNAc % -2 BNCP-DPPE % [k L 72 [EMIC K L Th | AR A BIZZNE RO
PFEREE CTH 72 5> TWie A, Man3-DPPE [&E & (b [E #H ~ D £z 35 & [F £k o I K 77 P T

RAW-SIGNR1 Mifii3fi & L7z (Fig. 3-1B) o

3-3-2 SIGNR1 Z 4t L =FBERLEIEE (S0 T 2 MiEE LK

WIZ Bt oRERZH L LT, RWA-SIGNR1 #ifd & Btk TdH 5 RAW Mifdz T,

50pmol/well DXFEMEARE % [ EAL L 7= EAH E~Dfiinbis % thigiist L= (Figd-2), £ D
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fEH. SIGNR1 23 2R3 L TV 2RWEETH D RAW Mk, & CTo A THEEE E &k
it LTEESRZ RIS R, v /) — A& BEMEAEREICYT 5
RAW-SIGNR1 #ifid D £255 2 54 L 72 #8 & . al-2Man2-DPPE & al- 3 Man2-DPPE,
Man3-DPPE (Zxt L TR E O MAaE5 %~ Lz, £7-. Man5-DPPE (2%t L Tl
Man3-DPPE ¥ & %3 X < fllufE 2 A L7223, al-4 Man2-DPPE & al-6 Man2-DPPE
(2% LTl al- 3 Man2-DPPE & Man3-DPPE (2% % X 0 & ESMENBHE KN L ~LT
bofz, v ) —RAEEHAT DA BEFCEIRE 3 2 Mz o 23132 2, Man5-
> Man3- > al-3Man2- = a1-2Man2- > a1-6Man2- > a1-4Man2-DPPE CT& v | fila~> /
— ADFRIEENTH L Tz, ZofRIE, T kil z SIGNRL 2 Wz 2k TO#H
HEORRETIE Lo 722,

Wiz, 7a—2% L <X GleNAe &5 e N LHEAEE % @ E(l L 72 EAE ~DEEMEIZ DN T
BF LTz, 72— 2 &G0 EMEIEE ~OMiagg 1L, VWIith Man3-DPPE LV b %h%
M7piE G A btz (Fig. 3-2), BIZZAOHEIRE M COBERAERIIA N7, *xt

M2, BNCP-DPPE ~DO#ifu# 521X, Man3-DPPE LY & iKn o7z,

3-3-3 RAW-SIGNR1 #i2I= & % 1) 7R Y — LR Y 3A & 5T

AR 123 BL L Ty % SIGNR1 OB RZAIK L L TORESIEIRMELZ B 52NN T 57201

55 2 BFAR, FITC-BSA ZF AL N THEREME ) N Y —L e & biCHilazii®# LT, £

DEBNRZ LB LIz, ZOFERE, RAW-SIGNR1 MilzDOK) 60%LL EofMifas, a1 A7 m
—/L:DPPC: A THEIRE OE NV 10:10:1 OETER I NZ Y R Y — L Z YA AT
HENHEERTE - (Fig.3-3A), *IRAYIC, RAW Mif2ic X %5 Man3-DPPE ##& U &Y — 40

BUAZE 10% LA F Th o 72, Mz T, RAW-SIGNR1 #fifi & ¥ SIGNR1 Hiik CLET 5 =
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& . Man3-DPPE #7 U K Y — A DOBUAZIIILE S/ (Fig.3-3A), £72. LNT-DPPE
WY AR Y —LOPEREEZHEL TRV R Y —ADORY IARIE 10%LL FTh o7z, -
T. Man3-DPPE #7 U /R Y — L3RR H (2 FE L L 72 SIGNR1 4 L CAEAZIC LD GA &
nTng

B2 2 Il EICRHI LT D CLR & U H Y REDOREAIEX 4CTHlET 5 Z & T,
FVUH RO CLR 20 LTV IAZIX STCTRIET 5 Z & CiMicshTnbd, &2 T,
RAW-SIGNRI1 #ifid & Man3-DPPE #7 V AR Y — A% 1 KEfl] 4°C TG E®E, VAR Y —2AD
IV AT Z AT UToRESR . MIAICER D IAE T2 Y R Y — DANOEEH 37 1T S e
ST, FOSREEDN 37°C OGAE T 6072V iAHB R A BT (Fig. 3-3B), 2D Z &)»
5, NTHEEE#WE Y KXY — 4 Lflla &£ EICHEI L TS SIGNRL Ol O3 T & 220

CCHIT L 72,

3-3-4 SIGNR1 N L =B EMEEEWE ) RV —LDELGAH DL

ARZAERE L TO SIGNRL 75 F OFESURIRAF RIEZ T~ D720, 2 BT~ k%
MW T, RAW-SIGNR1 #IEIC X D4k < 22 BEIRE A48 ) R Y — L O MY A » % Ll LTz
UARY —AiFe&Talb A7 a—/L:DPPC: N THIRE ORI EN 10:10:1 TR Sz b
DEHN, T HOFEIRE DRV iAZ X FACS TN L. £ ORELFEIRE OELY A
A Fig.3-4 2R L7-, #E%. al-3Man2-DPPE Z 47 L7- U & Y — Al% RAW-SIGNR1
MR DK EFNT I Y IAE N T, FAL &I RAYIZ, al-2Man2-DPPE 24 L7z U A Y — A
(Za1-3Man2-DPPE Z# L7 U AR Y — A LT 5 & B LTI IAZZDFIFIE T LT
v (Fig. 3-4 upper pane), %7-. LNFP2 (Le?)-DPPE Z#fE L 7=V K Y — AIZH W TIE,

RAW-SIGNR1 HIfZ DK 80%FEE DY AL Fr & Hiv7=»3, LNDFH (Leb)-DPPE <

62



LNFP1(LY)-DPPE %### L7- U &Y — A% Le*DPPE Z#B L7~V AR Y — L L Hild 5 &
PHE R IABRDIE TN L 57z (Fig. 3-4 middle panel), iz T, 2-FL-DPPE #%
YA Y — 2% RAW-SIGNR1 iz H v iA £ =Dk LT, 3-FL-DPPE #8 Y & >V —
LA TIHE DV IABD IR E D BN -7, (Fig. 3-4 lower panel)

PLED X9 75 R %4 312, RAW-SIGNR1 Mifg~DO&FEN THEREHE Y A Y — LD Y
iAHZ Fig. 35 ICEE Oz, v/ —AZ B ANLHERETHE LY XY — L0 TiX
Man3-DPPE #7& U AR Y — L3 e bR K MICIV IAEN D L WO FRP G LN, &
£ %% © A F ¥ Man3- > Manb- = al-3Man2- > ol-2Man2- = al-6Man2- >
al-4Man2-DPPE T& -7 (Fig. 3-5 upper panel), —J. 73— Z &t N THEIEE W75
VR —LOEREZIE L5 E, LeDPPE T##E L7V R Y —2L47 Le-DPPE F7/-1%
Le>"DPPE THE L=V R Y — 210 bR I BMVIAEN T2, 72— 238 L O GleNAc
rate NTHENRE R U R Y — L O Y AR5 (T, Ler- = Man3- > BNCP- = 2-FL- > Lex- >
Leb- > 3-FL-DPPE DOJECTH 7=, /-4 13 FEO N THREWE Y Ry — 2o Tl
Man3-DPPE # L (8 Lea-DPPE THE L 72 U & Y — A5 b 95 & < RAW-SIGNR1 fif i

a3z (Fig. 3-5 lower panel),

3-3-5 SIGNR1 Z L= #EIEREEWER ) RV —LDEYAH

MR, L7 T AT K B PESERRRIC IS N 2 ORE THET 2 Z E BN ETH 5 30,
HEAIBEICH 2 HIZR W T, NTHIREWE Y R Y — L EOREEEEN CLR 2/ L2 Y R Y
—LADBERBNRICHEL5 25 ERL TS, 2L AT r—/b, DPPC, XA THR
B3 10:10:1 TR S iz U AR Y — A& VW 72854 Man3-DPPE %5 £ Of Le-DPPE T L

TZURY—ADRERLGIBRISERBEINTZZEND, ZO2HDO NTHIRE Z/ERD Y R Y —
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ALY HEWEESTHE LY A Y — 2O ARIZOWTHE L7 (Fig. 3-6),

ZOfER, a b A7 n—/)L: DPPC: N LHIEE O E% 10:10:1 TERLZZ U R Y —
LD AR EFERIZ, 10:10:0.5 THER STV S U AR Y — A TiE Man3-DPPE 3 L O
Le-DPPE @ &5 5 ¢, RAW-SIGNRI MEIC X » THRMICHE VAT, aL 2T
—/L, DPPC, # £ O Man3-DPPE 73 10:10:0.2 TR I N72 U R Y — A OHIE~DEL Y 3A F
IFFE LAE T L7z, — T, RAW-SIGNR1 Mifaic X %5, = VA7 1m—/L: DPPC: Le-DPPE
DD 10:10:0.2 DE/VERTHEBE I TND VR Y — OBV IAHRIZB W T A~
DIV IAH DGR T E 7o (€2 T, FEXTAYITHENRE O % EE 7MKL VIREE Tld Man3-DPPE #¢7&
UARY—25 X104 Let-DPPE #78 U AR Y — 2D H R Mz FI2FH LT 5 SIGNRIL 4y

FENLTHRMICARIND Z BB LN E R o7,

34 BEE

CLR OHEHEIZ DWW T O A 122 T, CLR 2G4 OFFE L i & W\ o 7285
BEREHEZRZLTWDLZERH LN TE TS, CLR OBEREIZIS T 2 PSSR M
OFFRMEABRT D Z LT L o T, BAARZ U ZADOHERFICIS 1T 2 B $e = /0 a0 A8 a5 48
HAEMR, SEFHEICH T 2IREROM Y IARLZ PRS2 2 & bARe & 225, BRI ~7z &
912, CLR OFESHHE A R AL IEARN AL X PO CLR & BT L A 72 CE{L S 4
ToREH L ORGSO EAERAZRIE S LTI TV DA, FEBRROEVIT K o Tl 722 b
BRFRMENP R > TV DA RH D, FlxiX, Galustian & IZ AN THEIEE OB T L 1 & H]
WTHRFT 24TV, AT SIGNRL 230 A A MEAREH 2 4 ) 2~ 0 7 — ATk L CTH TohEH
FUHBRICHEST D2 L 2WmE LTS 20, dtAYIC, Takahara b~ 1 7 27

L 1 & evanescent-field fluorescence-assisted detection system % > C [ A{LAR#E 2
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Table 3-1. Evaluation of carbohydrate preference of SIGNR1

Neoglycolipid Assessed as a cell Assessed as a phagocytic receptor
adhesion molecule DPPC:Chol:NGL = DPPC:Chol:NGL
(10:10:1) (10:10:0.2)

a1-2Man2 ++ + ND
a1-3Man2 ++ +++ +/-
a1-4Man2 + +/- ND
a1-6Man2 + + ND
Man3 ++ ++++ +

Man5 +++ +++ +/-
LNFP2 (Le?%) ++++ ++++ +++
LNFP3 (Le) ++++ +++ +/-
LNDFH (Le®) +H++ ++ +/-

2-FL (Blood group H) +++t +++ ND

3-FL ++++ +/- ND
BNCP ++ +++ +

LNT - - ND

ND; not determined
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Fig. 3-1. Assessment of SIGNR1-mediated cell adhesion to NGL-coated solid phases.

To prepare NGL-coated solid phases, different quantities of NGLs were added in the wells of
a 96-well plate (indicated on abscissa), and the wells were dried, washed with PBS, and
blocked with 1% BSA in PBS for 1h at room temperature. A. Cell adhesion of RAW-SIGNR1
cells to Man3-DPPE coated solid phases was determined in the presence of CaCl, and MgCl,
(open squares), EDTA (open diamonds) or an anti-SIGNR1 antibody (open circles). Each bar
shows the mean = SD for 3 independent experiments. B. Cell adhesion of RAW-SIGNR1 cells
to the solid phases coated with Man3- (open squares), 2-FL- (closed diamonds), LNFP2-
(closed circles), or BNCP-DPPE (closed triangles) was determined in the presence of CaCl,

and MgCl,. Each bar shows the mean + SD for 5 independent experiments.

74



3
25 r
*
2
S F
- 1
QE 1T * &
g:
:805 -
T <
cw 0 "
— A% v v v o L2)
=g §f & & & & &3
Q O v
e 5\'@ :bé yé soé Ny Ny
08 & & &
S O * * *
TJ<2.5 * *
(14
*

D N
& &

S

Fig. 3-2.
Efficiency of cell
adhesion to NGL-
coated solid phases.

The cells were plated
on wells of 96-well
plates coated with 50
pmol of various NGLs
(indicated on abscissa),
and incubated for 1h at
37°C. Unbound cells
were removed by
centrifugation and the
bound cells on each
well were measured.

Black and gray bars

indicate the cell adhesion of RAW-SIGNR1 and RAW264.7 cells, respectively. Each bar

shows the mean = SD for 5 independent experiments. * P < 0.05 vs. adhesion of cells to

Man3-DPPE-coated solid-phase.
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Fig. 3-3. Assessment of SIGNR1-mediated phagocytosis of NGL-coated liposomes

A. RAW264.7 or RAW-SIGNR1 cells were incubated with FITC-labeled liposomes coated with
Man3-DPPE (open peaks) or uncoated liposomes (shaded peaks) at 37°C for 1 h, and the
fluorescence in the cells were analyzed. Prior to addition of liposomes, cells were treated with
or without an anti-SIGNR1 antibody for 30 min at 4°C. B. The cells were incubated with the
liposomes in HBSS containing CaCl, and MgCl, at 4°C or 37°C for 1 h, and the fluorescence

from FITC in the cells were analyzed by flow cytometry. Open and shaded peak indicates the

fluorescent intensities of RAW-SIGNR1 and RAW264.7 cells, respectively.
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Fig. 3-4. Representative histograms of uptake of liposomes coated with various NGLs
by RAW-SIGNR1 cells

FITC-labeled NGL-coated liposomes comprising of cholesterol, DPPC, and various NGLs
(indicated in the panels) at a molar ratio of 10:10:1(open peaks) or uncoated liposomes
(shaded peaks) were incubated with RAW-SIGNR1 for 1 h, and the fluorescent signals in the

cells were analyzed.
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The cells were
incubated with FITC-BSA-containing liposomes comprised of DPPC, cholesterol, and various
NGLs (indicated on abscissa) at a molar ratio of 10:10:1 for 3 h. and liposome uptake was
analyzed by FACS. The percentage of FITC-positive cells in the cells is shown on the vertical
axis. Black and gray bars indicate the liposome uptake by RAW-SIGNR1 and RAW264.7 cells,
respectively. Each bar shows the mean percentage + SD of 5 independent experiments. * P <

0.05 vs. uptake of Man3-DPPE-coated liposomes.
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Fig. 3-6. Uptake of liposomes with lower NGL quantities

Uptake of FITC-BSA containing liposomes comprised of cholesterol, DPPC, and various
NGLs at molar ratios of 10:10:1, 10:10:0.5, and 10:10:0.2 were analyzed. A. Representative
histograms of the uptake of liposomes coated with Man3-DPPE and those coated with
LNFP2-DPPE. B. Quantitative comparison of the uptake of liposomes containing different
quantities of NGLs. Black and gray bars indicate the percentage of FITC-positive cells that
incubated with liposomes coated with Man3-DPPE and those coated with LNFP2-DPPE,
respectively. Data are expressed as the mean percentage = SD of 5 independent

experiments.
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S sy, SIGNRI #%8 L T RAW264.7 #ifid Tlx, OML & BEgH{ & i L <
WRWYARY —ABL L, LPS ICX-o THEIND IL-6 OFEAICHELY 5 X /oo 7= (Fig.
4-1A), XA, RAW-SIGNR1 #ifElZ &5 OML {#{E F T IL-6 OEALL, BHE I
Ehiz, Blor a—rTHREERC OMLIC X 5 IL-6 OEAMGIIA S, L L BLFHE
TTiEH, WIFhoOZ m— U RICB W TS IL-6 OFEAMGITED bk hroTe, & HIZ, OML
BERAFHIC IL-6 DEANIH SN D FdH . B15 5L 725 7-(Fig. 4-1B),

SIGNR1 43 F & HHRAMED E Y DC-SIGN 1, TLR 24 Lz 7 FEETHEL S5 IL-6,
IL-B. TNF-a, IL-12 & WO ZBAWRIEEDO T A NI A VOFEAZMMZ DMERNDH D, +
ZC, SIGNR1 53 FIZ KD RIEWD A MU A VEA~DEBEELRTF LT, T O,
SIGNR1 %4 L7z OML O & &% IL-6 721 Tid/e < IL-PDEAL L IH 3 543, TNF-a OFE

AT B L B2 0ENI S E e o 72 (Fig. 4-1C0),

4-3-2 HIEMNEL S OMLIZ& B IL-6 D5 3N
FROERTITR S 1 pum @ OML # HWT W5, £Z T, K rENEG 2 8%
Bard 5720 K228 1.0 pm, 0.4 pm, 0.2 pm B LN 0.1 um 12725 X 9 IZFH% L 7= OML
ZHAWT LPS #liIC X > T s N5 IL-6 EADIHI >V THiF L7z, RAW-SIGNR1 #
FIXER 0.1 pm @ OML Th - Th, MIENICE VAL (Fig.d-24), LxLRR 5, B
A3 0.2 pm LA F O OML Tid IL-6 OFEAITIH S e d oz, —J7, EAR04um O U R Y —
2% 1.0 pm O VY R Y — ARERIC IL-6 Ol 23580 btz (Fig.4-2B), 7 7 %A h— &
X EAMIE 500 nm LA EOKERRITE T 7 F AT LT CHRIBEAIZER W A T e
ZIELTW5, 0.4 pum 2L ED OML TIFHZNRNZ AL, TR T TEAELLZRNE WD

Z&iE, SIGNRL #/ Liz7 7 A b— ZAH LPS fli CiHE &5 IL-6 <° IL-1pDE
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EEMEHI L TWAZ AR LTS,

4-3-3SIGNR1 ZH L1=T > FH A b= RIZ&K B IL-6 D53 il

w2 SIGNR1 #/4 Ly RY A h—ZANED X I A NI A VEAICREL KT

m&

TNERRDI2DIC, AIfEED SIGNRL U 7> RZHWWT TLR4 247 L7z 1L-6 FEA DR
AT L7-, RAW-SIGNR1 ffEIC rliEMEOREAR Y ~—Tdh 5 Man3-PAA &z Th;
# L7 R . Man3-PAA OBEE R BGAZ MR Hiviz (Fig. 4-3A), L L7235, 20 pg/ml
» Man3-PAA f#7£ FI231F 5 RAW-SIGNR1 i) 5D LPS #l#ic X % IL-6 O pEA 34
flsnseho7 (Fig. 4-3B), F-@mEE D Man3-PAA Tb IL-6 fEAE~OFEIIED b
ol SHIZANTHEHX VX7 BT % Man3-BSA © RAW-SIGNR1 725 @ IL-6 DFEA
(B A B 2 o7z (Fig. 4-3B), 2D Z &i%, SIGNR1 #4 Li=a[istEd U B KOFE
W E LY IAZIT OML O XL 9 72ki - D HLY SAH D EIXH72 ) TLR4 %41 L7- IL-6 DREA
WCHEBE B2\ LA RLTWAH, £Z T, SIGNR1 D= ¥ A h— 2D IL-6 PEA~
DEBERHNTHZ LI Lz, 7725, RAW-SIGNRI fifidz /~ A 2 % —fi SIGNR1 Hifk
TR L -2 A% —1gG HilkZHWT SIGNRL 2y F2 270 AU 7352 LT,
SIGNR1 OZEKRKFM T KA h—v A& E R LTz, TORE, fikicksrex) v
7128 > TSIGNRL iFHKEIC= > R¥ A h—v 2 &7z (Fig. 43C), L LAENRL, Zh
HOWHIT L > TH LPS HIC L > THEIND IL-6 DRFEAITE I ZZ T eiroT
(Fig. 4-3D), LLEDZ &b SIGNRL 24 L7z R¥-A h—T AL IL-6 OFEAEIC T E

PHZIpWZ ERBHLMNI o T,

4-3-4 SIGNR1 4t L =M FIT & 5 IL-6 D73 i N
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SIGNR1 D X 57 CHIL 7 F U 2B KRITHURIL Y IABZ AR L LTRT T < | Mllasss
HFELTHHEREL TWD, £07w, [Ef{k L7z SIGNRL U Wy R~D#HFICL D LPS
FIEEFHE D IL-6 DFEAE~DOREZ Rt Uiz, ZOfE%E., RAW-SIGNR1 flifd & 7 fEMEIEE RN
~7n8u7y—UIZL % Man3-DPPE & Man3-BSA % BT L — b ~DW L 72 0358
o7z (Fig. 4-4A, C), LU, fiifao SIGNR1 24 L7z B 7 L — b ~DfE & 1% LPS

FRCHE I N D IL-6 EAEICR B L 5 2 oo 7= (Fig. 4-4B, D),

4-4 ER

ARETIE~Y/ VA —RZ (Man3) THEIN 0.4 um UL EORIEEZ DU KR Y — AN
SIGNR1 #H TV IAENZ L EIZ, LPS DRI Lo THESh I~V AV I u T 7 —
RAW #ifa 75 @ 1L-6 OFEANBEEFICHHI SN D Z & 2R LTz, —F T 0.4 pm Kl ORIE
ZHOURY — AL Man3 & H 7 5 AR5 11X SIGNR1 24 L CRIRENICER D IAE D

B T DR AZIT IL-6 OPEAITITRE L 5 2 e o T, [FAERIC Man3 Z Bk L 72 [#

%

FE~D SIGNR1 %4 L7z HifasEh b IL-6 OFEAICKEL 5 X hole, AR (77 A% A
h—>2) ik, BRMIEA 500 nm DL EOKREZFFORERRIT2T 7 F UAHKAT L= H
MCHVIATZETHY P ENITERA LTSI & OFRIRIEA Y & BEBR T % 72 0 D A (K
R L L TEERBE TH D, £ < O CLRILFEIRKZHAET 5 7 7 9 A b — ZAZRIE,
PESHAZFF OB PR R E OB E MV IALICEAET 5= YA F— 3 AZEER LU
IR0 CHERET 5 L O MBS 7 L LTOMEZ > T\ 5, L, ZRETCLR®
ZnbiRe s CLR 23B57 2 X 9 st W EBE OB I b Tid o /o, RET
RAW-SIGNRI1 #ifaz W TR L72fERIZ. SIGNRL O b ofeE, 37267 7 %A h—

VASZRK, U R A NV RAZERERD A VNIEES L L TCOMEDFR T, 7y I A
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= AR E LTO SIGNRL 721523, TLR4 40 Lo RIEMES A N A > DpEA % I
T2 L EWMIIRLTWD,
DC-SIGN & SIGNR 1 ZZNZit h&~ T AOMFAINZRSFTHDHZ LR, X =i h
D RIVEMERESH B D\ T~ v Y AEME B OIROHURD L 5 Z2fsED Y > Ko DC-SIGN 12
ik A TLR (Z & - THIT SR DIRIRWRIEMEY A F A >, 7205 IL-6, IL-12 B &
O'TNF-a 72 EOEAZIHIT 5 Z ENBRICH LT > TnH Z &0k 0.8.9 SIGNR1 %
S LT=EED TLRA 24T LT RIEMEDT A NI A DFEAZIGIT 2 2 & BRI Idie
5720y, L2>L DC-SIGN (T X DR1ED Y 7 FOEEkIE IL-6 35 X TN TNF-a O [+ D pEE
Il 5 ok LT, SIGNR1 %47 L7 OML O &R IL-6 DREA D &% il L TNF-a
DEAIZITESEEBL 5N EDRARMRL VI LN 7257z, £7-, DC-SIGN D&
AEED Y T RTHoTHH A b A v OEAMSBIN RSN S MR, SIGNRL 041X
Man3-BSA X° Man3-PAA & W o 7 A[IEMEY o RO R A F—3 2 Tld4< IL-6 D
AIHIRZBO SNV, o T, ZOIMHDA N =ALETEELIRECE>TWNDHEEZ
bivd, 7725 SIGNR1 #/h L72ERIZIDC-SIGN (2L 5 U v Fiik L 1z ® e s> 7+
IMEER TREDRIEET A NI A VOREAT T EZIH L TWD BN, EENARE
TR L7z RIE, 2 F eikfe 2 H > CLR 232 OBEREICIG U TR e B IR B & FERL T 5
Z L AEMRR L TR Y . CLR BEERFFRI R L CRIEINE 2 58T 5 L CHEE RSy
ThdrILEWHTRLEDDTH D, 41%I1F SIGNR1 OERRICIE Ul v 7 ARERIZD
WCEEMICHRETT 2 & & HI2, DC-SIGN TH k7R 2 &3 & 202G 02 & REETHU 2

EPEAM O % e T 0 — 7 2 VW T E DICRFT A HERH 5,

4-5 &K
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Fig. 4-1. Suppression of LPS-induced cytokine production by OMLs

A. Three clones of RAW-SIGNR1 cells or parental RAW cells (1 x 10%/ml) were stimulated
with LPS alone (100 ng/ml), LPS plus OMLs (20 pg/ml of cholesterol), or LPS plus uncoated
liposomes (BLs; 20 pg/ml of cholesterol), cultured for 18 h, and secretion of IL-6 into the
medium was determined. B. RAW-SIGNR1 cells (clone #1) were stimulated with LPS and
different concentration of OMLs, as indicated. C. RAW-SIGNR1 cells (clone #1) were
stimulated with LPS plus OMLs (20 ug/ml of cholesterol), and then secretion of IL-6, IL-1p,
and TNF-a into the medium was determined. Each bar shows the mean + SD for 5

independent experiments. * P < 0.05 vs. LPS alone.
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Fig. 4-2. Effect of particle sizes and carbohydrates of the liposomes on LPS-induced
IL-6 production. A. RAW-SIGNR1 cells were incubated with FITC-BSA-containing OMLs
with different particle sizes for 30 min, and uptake of OMLs into the cells was determined
based on the fluorescent intensity of FITC-BSA by FACS. B. The cells were incubated with
LPS and OMLs of different particle sizes, and then secretion of IL-6 into the medium was
determined. C. The cells were incubated with LPS plus liposomes coated with either
Man3-DPPE, LNFP-2-DPPE, LNFP-3-DPPE, or BNCP-DPPE. Each bar shows the

mean = SD for 3 independent experiments.
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Fig. 4-3. Effect of SIGNR1-mediated endocytosis of soluble ligands on LPS-induced
IL-6 production. A. Endocytosis of Man3-PAA. Biotin-conjugated Man3-PAA were incubated
with PE-conjugated streptavidin for 30 min, and RAW-SIGNR1 cells were cultured with the
Man3-PAA-streptavidin complex for 60 min. After washing with PBS containing 1 mM EDTA,
the cells were stained with FITC-conjugated CD11b on ice for 30 min to label the cell surfaces.
The cells were then washed with PBS and fixed with 1% paraformaldehyde. B. RAW-SIGNR1
(1 x 10%/ml) cells were incubated with LPS alone, LPS plus Man3-PAA (20 ug/ml), LPS plus
Man3-BSA (50 ug/ml), or LPS plus OMLs (20 pg/ml of cholesterol) for 18 h, and secretion of
IL-6 into the medium was determined. Each bar shows the mean + SD for 3 independent
experiments. * P < 0.02 vs. LPS alone. C. Endocytosis of SIGNR1. The cells were treated
with an anti-SIGNR1 antibody, 22D1, and PE-conjugated anti-hamster 1gG antibody for 30
min on ice. After washing with PBS, the cells were incubated for 30 min at 37°C. Then cells
were stained with FITC-conjugated CD11b on ice for 30 min, washed and fixed. D. The cells
were treated with LPS, LPS plus anti-SIGNR1 antibody (10 pg/ml), or LPS plus anti-SIGNR1
antibody and anti-hamster IgG antibody to crosslink SIGNR1 on the cell surface. Secretion of
IL-6 from the cells was determined after 18 h. Each bar shows the mean + SD for 3

independent experiments. * P < 0.02 vs. LPS alone
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Fig. 4-4. Effect of SIGNR1-mediated cell adhesion to ligand-coated solid phases on
LPS-induced IL-6 production. A. The cells (1 x 10°well) were plated on wells of 96-well
plates coated with ligands (indicated on abscissa). The plates were centrifuged to allow the
cells to adhere to the coated ligands and the cells were incubated for 1h at 37°C. Unbound
cells were removed by centrifugation and the bound cells in each well were measured. B. The
cells (1 x 10°/well) were plated on 96-well plates coated with ligands (indicated on the
abscissa), and then the plates were centrifuged for 1 min to allow the cells to adhere to the
coated ligands. LPS were added to each well and then cells were incubated for 18 h at 37°C.
Secretion of IL-6 from the cells was determined after 18 h. Each bar shows the mean + SD for

4 independent experiments.
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