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PRR A% 2= A Hduel dizh dd4 =5 29
Q3% wAYFoIt., 53] Human dectin—1/CLEC7TA+= =%
%  AME(myeloid—derive cells)e] FT= Ld=E= CY 9
F&AT (C—type lectin family of receptors)ell &3l= PRRZ
w57 U AR Az Exets =FE 1,3 =77 At

[6]. Dectin—1¢] thst 2jt=9] AL HAFEA ol
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e

A BEIXZ (hemlTAM) S &4d3}star, o]ojA] v

JERs weEY A5 Ade] @@t [7]. AwHom:
ALY AALAE, Y WaE Y, GFH AR
WES LY OF WSy o WAUES AASHE Aom
el ot [8]. Ashy, dectin-1 #83 A~HES F 2ol

=578 PRREA 7|53, A5 &&Ho AWV s&
23ke = Sl
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phosphate—guanine, CpG ODN)<+= ®rE|g ol nfo]e] X~ F-g 2
DNAZ X572 HAAMEA Toll-like receptor 9 (TLR9)
ojsl QA =M, Apo]EFFIS] FulE FHsto] AAAG 2 FHA
o] Whe-S =gt [9]. CpG ODN TLRYel 2121% o] MyD88
°]&% nuclear factor—«B (NF—xB)2 mitogen—activated

protein kinase (MAPK) Az d&& F3 TNF—«, IL-6, IL—12
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[10]. W&FA CpG ODNLS TLR9S A=+S E&] wWel xHlgS
FE3HE 540z <8 74 A, deHz7], o 59 A5

F&5o] grh. 22 CpG ODN AA|NFo 2= A Euke] E3jA o)
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Figure 1. Schematic diagram of synthesis and macrophage
activation of CpG—Ag nanoparticles. @ Formation of CpG—Ag
nanoparticles via reduction of Ag ion, van der Waals interaction
between Ag and CpG, and imine bond between CpG and oxidized
beta glucan. @ ROS release by silver NP polarizes tumor
associated macrophages toward an M1 antitumor phenotype. @
Dectin—1 mediated endocytosis followed by multiple signal
transduction cascades to polarize macrophage to M1 phenotype

involves the role of B —glucan and CpG ODN.
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EgA= 28 CpG/ANT  Agd AA"HeA= 7195

ojgstd ol &&H ARZE vk o] B AAHCME ARE
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ko ¢S g3 a¥3= ®dvt [25]. Ishibashi 9

ARe wolt e TS [26]. ME

At [27].
Aol p-13—-=83ZAE A3y p-1,69 74 FXE
Zti= O] AE (yeast) 8 WE =F2 #HEA IH BEx gd¥

(pathogen—associated molecular patterns, PAMPs) &4 zZl=

Hol 24 (immunomodulatory) &4l #aliA 71 wWo] A5
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et 2R e Wl 4% BEL melvks Aol Wt
FEY W AP WE FEHS vad AY =RAAE 25
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FAGAE]} B AR AYAEeA  TNF-a, IL-6,

AT ROS) Y % ¢ AAHAE #E 52 whole glucan
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p——
o
T

A B Ak (zymosan) ¥ 22 4AE w|E
=57kl ¥ €539, dectin—1 F&A e oFEsto] W HbE-&

glth. Qi 5 ANH AT Fold rm A

A= Fd FAZFAEDOO 9 uAAEES A ste v
Byt 252 E=3F 784 e =F%o] DCE A AR

ot [30]. o] gJelx,

ARsiA vt B 7 A= dskvhal B

o)

Saccharomyces cerevisiaeXlA a@l$t B —1,3—glucan YA

248 FAe A2 LA W B A L AX W] wsS

hia

O

FESE Zow nudel WA AY ETEAY A5 BEYS

FF7ro] EA¥ 300 kDa® TNF-e 9 IL-6 A4, Hq

) 21 A 3 (peritoneal macrophage) oA Syk® NF—¢B A%
35}

G
S

G343, AN sarcoma—1802 A JA 5 HeA FEt
Ao wdskdTr [32]. Masuda 9] A% ] T2e]&etelA A&

52 AAE F£849 p-(1,3), (1,6) ZF7to] dectin—17}
=
L=



GM—-CSF ##HS F3st taAMxEe] F243 dectin—1 &
o5t a1

, °l= Syk A=ZE %3t dectin—1 "i7§¢] TNF-«

T2 olojlth [33].

wEe SRS FFIAV 13-, 14— EEO1,6-8-
2 d49  aFAEA, gtEgoht A

Aszeol A o] H7] wjite] We Aol Tz st F&A|7}
=A%t} Dectin—12 #H3X )2 A ¥ (alveolar macrophage)
solA LA E 43 kDad #AHS Zie A29 wakg deE
T84 (type 2 transmembrane protein receptor)®, %9
Azd e "FEA gol24 7|6 &4 REZ (ITAM) & 7HA 1L
3ol B—1,3-D—glucan¥} Fzzg3rh ol & YHAE

2 Agd AA"HS FE AdA HNkS-(innate immune

ke

response) &t A WeHES-(adaptive immune response)©]
st [34].

Noriko &% 973> AlZ=Z & (schizophyllan, SPG) ¢} 2
8—1,3—-D—glucane %3 CpG ODN¥} F4x AT 9w 24
A%s ;A HIAE  FHFem,  FAAAAE (antigen
presenting cell, APC)e| tigt A3} a3E AT AE
T4 FH ARE dectin—1& FF Ao wEFon, CpG-
ODN/SPG EH3Al= dsole AEFA WAle]l wWel RExA=R
Fogle W w2 FA A S BAY [35].

Minari %<& AlZxZd&dd CpG SYIFIULEHE  Ato]9

E3AlE Axeta, o HIAE  E =@ FAH(thioglycolate)



AA Y= =3l dectin—1 837y EigaR=]

ni
2

) 2 M| 3 (peritoneal macrophage) ol 283}t 41 443

A7

o

E3st #AS5A SPG/CpG DNA HEAE  decitn—1
TEAE MAEsE AE W ol Fall tiAAEe] AEE
Tt ELISAE &F3 SPG W] CpG DNAY n]&o] F7gke] ujzh
[L-12 2] Sgo= Friskgler, SPGZE Hthel /el
ALl E7EQIE] o] HujA| o] Edels Zla &lekait [36].

A BAb(Zymosan) = HEF 2F%ko] FH-eFaL G R FAfigh
UAF=, o] AEAMY Wt SFa Edsts w7l C albicansSt
P. carinii= dectin—1 WE} &

BT ARIEFRRIY] BAS st Zlox delA Ak [37].
Chad Steele 52 AFHL A fumigatus’} Zb= WE 253t
ARl AxHoz Qs dAAE B Agol ThHsIAE
A3t HXE YA AMES dectin—1 FEA7F A, fumigatus®)

wEE WE 2R PR Agshs Hgelr 434 AtelEt

T #oJskgiet [38]. o]e]st Ay EFE X EARY 1
Tz HE} 570 dectin—1 F&Ao W3t gteg #AgE 4

ura Ao

F

pae
dlo
o

U‘.

2.2 WY RBZA (immune adjuvant)E49 CpG
ODN9 &&

2 CpG ODN Alit 9 wlolz{ A DNAo|A ARkAQl &2



o o
Cﬁl ‘i‘l"a‘i

N1
ol

2]

L.

= 723 TLR9 ZH8-#| (agonist) @]t [39].

CpG ODN9 zg2 Az d7|xdx Fzdd &3}
HIV—-1~ /HAllA 8~ A CpG ODN2 pDCE A&t we oF
°] IFN=- e & A4, FAAANAE] d&5S Frstd, 7482
2 AJAGAEZNNK celD s EAstettt [40]. 812~ B CpG-
ODNZ B A8t NK AlxE &4dststAw IFN—a 285 A9
A=A eketh [41]. E¥A C CpG—ODN2 pDC "7l 2 IFN—
a A7, APC @43t 9 A<, A2 NK Az 43, A4

4oz B AL A4S fE

P

o=zx =2~ A9t B CpG—ODNE

=
REAE HE9Ad d3F FA+3 (pathogen—associated molecular
pattern, PAMP) 2] & ¥4 (immunogenicity) & 5ZA17]17] ¢ &l
AbgETh oltke] WAl (subunit  vaccine)2 £=dHAl EEld

FATS xR ke, W HEA glojlv W WYy



T A A 3E (plasmacytoid  dendritic  cells, pDC)+ TLR9S
WFE = XAl 13 WY AXE Folth. YAIAE 9] AFF
2w hTLRY FEAE CpG W&ol 98] ZdxE= 3 Ay

ME A F&Ao)H, hTLR9 G429 AYe HAa wHreshA

o]gle e ot AR A¥o|HE TLR9Z CpG ODNO]
A fIAsk= Zlol wEEHSdY [45]. TLR9¥ CpG ODNEJ
o AbdEl, A ARART A8

fastelom, oyl Ao Age CpGrt wilEtE Alm W
HAgellA] Ttk AEFe] s A stE Westes 22T
He) A s e ek [46]. TLR9#

MyD88o] 45 ztgstH IL-1 F&A oy 7|vlo]l~ 4(IRAK4) &
2Astel TNF 84 #d <A 6(TRAF6)E &/dsisitt
TRAF6E A AA-4 & 7jdlojA-1 AF o 1 %
2(TAB-1, TAB-2)° w%¥ gl glow, NF-,BE XT3
ofg]  HARQIAFS] A stm  thFdt Alo]EFRI W ARTIE]

e gs = A AT [47].

2.2.2 Y= YAE &8 CpG ODNO| AE A|2H
HT v JANP)E o]&% CpG ODNO e A|Ago]

th3 A7 =3 ok NP 718 CpG ODN Age] F4e (1

~—

DNase®Z*%E CpG ODN<& ®33¥ 4 9la, (2) CpG ODN&
F71Zke] AA Aol Bad 4 gle, (3) CpG ODN| Al

oyl &

o
ofk

AR S oglow, (1) Aol H: xAowd
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dgo] sbsstth CpG ODNO EA e WMo ALY AL2E U
gAOImE, CpG ODNe| A% Axge relas

siRNAg} #& a4k okz vt thE SAS Adt [48].

[49]. Pan ¢ A% CG f7IMYES Zk= 18mer?] <HHA
ODN& Abgsto] Bel-2 32 2d 245 Alkskqla, 89 £
nm 17]9 3— B8 — [N,N— (dimethylaminoethane) carbamoy]]
cholesterol (DC—Chol)& X%3t= AA Yx dAE  F3
AERHE W 24x7ko] AHstol® A oA 25%2] ODNoJ
ol A= RS FAs [50]. Chen ¢ A% CpGE
FZA717] 1 EE A Y YAE Eelel"old, I EAL
Z@-tuE-olnm)ed  HEadgoelE, E2(L-gto]Al) ¢

AR 2W oEslth o1 A, EF2(L-
gola) & 43S W 7 42 4o vx At dEgagss
gZsttt [51]. ol ol wEAe] TRl wEhd dEF
el v AE mEEas AlRbe] gebA7] wiEolth. Zhi 9
772 293XL-TLRY Alxe] A3} T4 Ywedas ddesl
24X 7ko] At AR AT HEROH, AX 2 o]FoE

ot 9= Zo] FAHAnt [52]

R

’

Sokolova & 7218 CpG ODNo|] ¢l Zrgpo] FH =

15 J’—'! k.= 1 1_]|



3= v 4 NPE FHR ds 4 7x2E ARt CpGE
DNaseZHE H3ZZ 4 QIth sAlo] dat 22 giF: Wi

A @A AAk FEEY] wEel CpGel =’ WEo

golayow  mdskgrh.  CpGet  Ee@L-golae  FHE

o
ofl
e
o

HiEsto g X 5 F 2 (layer—by—layer adsorption)
ANTE P (L-ghela)e] = NP HHS ¢ —7|LEHANCE
gallA s ol CpG7F NPell AAld A&AZe] 3td&Ed 3
AqAs] WEESdY [54]. Demento & AFRL opu|d -
Zu) o] E (avidin—palmitate) 2 7|1&¥  PLGA Y= 4A9
o]  nlo] @ ¥ld 3} (biotinylated) CpGE  H-2sFo g4 *
AAZFHO CpGe W= HEE Aolsisith. olw dRkA o
b2 @ 100 rgf CpG ODNeol FolmAIRh, v At

FARE W 05 g FolE HH/F #ZHUAG [55]

A
it

d

16 -":rxﬁ-! 'kl::' ]_-.



A3F AR R HY

3.1 A&

By HeZFF7 (beta glucan from barley, A —glucan, ~
95%) = Megazyme (Ireland) ol A T-9]8+ 1,
72 @ =AY EF (NalOy) & Alfa Aesar(U.S.A),

T2 AUER (NaBHy) & Junsei(Japan), ZAAF &(AgNO3) &
Sigma—Aldrich(U.S.A) ol G443k AFE38F3 T Dulbecco’ s
modified eagle’ s medium(DMEM), penicillin/streptomycin,
fetal bovine serum(FBS), dulbecco’ s phosphate buffered
saline (DPBS), 0.25% trypsin—EDTA, YOYO-1 iodides
Invitrogen (U.S.A) oA <3}t Dimethylsulfoxide (DMSO),
methanol, ethanol<> Merck (Germany) °l| A TYskel
A5 9724 (D20) &= Cambridge Isotope Laboratories (U.S.A) ol A
T9]3e] AFE3FS Tt HPLC grade waters= Duksan (Korea) ol 4]
T8k a1, sodium azide= Sigma—Aldrich (U.S.A) o] A
T A3k

PrimeScript™ RT Reagent kit, TB Green® Premix Ex Taq™

[I+= TaKaRa(Japan) oA %3St} Nucleospin RNA extraction
kit®}  NucleoSpin DNA  extraction kit  Macherey
Nagel (Germany) |4 T+ sk o}

CpG ODN 1826, 5° —TCCATGACGTTCCTGACGTT-3" =
nuclease?] off sk AFd = 7HA &= phosphorothioate

backbonel & HEF F3dH AL ALLEow, HEHow



A
=

oot

o+ 3 %

1270¢] cytosineS F7}2 zt&= obgl CpG-—

dCi» FElE A3t} (Bioneer, Korea).

Table 1. Sequence of CpG—dCi2 oligonucleotide
Name

CpG-
dz 5-T*C*C*A*T*G*A*C*G*T*T*C*C*T*G*A*C*G*T*TCCCCCCCCCCCC-3
12

Sequence (5->3’)

*phosphorothioate

18 ___:rxﬁ-! _CI.'! 3 ]--ll 3



3.2 43 Wy
3.2.1 A3}t Hel=2F3F (Ox— B —glucan) & 4
Ox— B —glucan® $$4d& 98 WA B —glucans 1 mg/mL2

F5E 2 80T oil bathell 30%#7F Fof Zof &3] BAEAF T o] %
A<

Zkzk OXBG 0.5X, 1X, 2X& ¥9ysaltt. o] MWCO 6—-8 kDa2

EAueA 3007 A AASAn, 54A%E A Asw

o] &3l &elstt. &= D,O(Cambridge Isotope Laboratories,
Inc)E AFE3E o9, 600 MHz AVANCE 600 (Brucker,

Germany) & o] -3to} #45H9ic},

(Fourier Transform Infrared Spectrometry; FT—IR) < ©]£3}o]

BA39 e 7171+ ATR(Attenuated Total Reflectance) FT—IR

i
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(Nicolet 6700, Thermo Scientific, USA)E o] £33t} 4000—

600 cm'9] T tjelA 32 wHE W § cmle BHPpAoR

g A ) AL gel permeation
chromatography (GPC) & o] &slo]  FSAsT. ZF=4d=2Z&
pullulang AF£3+9 9™, sodium azide 0.1MS E£9Z 10
mg/mL2 MZS A F3Ut}t. Thermo Dionex HPLC Ultimate
3000 RI System(Thermo Scientific, U.S.A) 7]7]& o] &3}
sodium azide 0.1 M2 €& (eluent) &2 FA&FS Zg5 oH,

#4€ 1 ml/minclQrh. RE A% 9 Agdstu
=
[¢)

0%

g 7}8l 357171 (NICEM) ol 2] &3}t

OXBGY 2tzle =42 Amplite™ fluorimetric aldehyde
quantitation kitE &3ttt A 2ALS] Wlwd-S wet AdsHS
AP ddistel=rE WA dHlstol o] HlE]  §EEAd o]
dojx &= A& aglstel WEEAZEE AlZAF virde] 3037ellA
2A 7t 7 =9 Mt Oxidation degree (%) 2  AARE
anhydroglucose  unit(AGU) 9] o] %3t <4FL 7| (vicinal

alcohol) 7} 25 AslE9lS wl OXBG 1 g & ddslo]lx E=2l

>

2l

17.6 mmole ©H] SAHE EF9 HEZ AASAOH, true

oxidation degree (%)% A% WEIEFFIY 14-p-=2IZAE
AstS  o]FE  anhydroglucose unit(AGU)o| AFs}  HESof

Folgths Ag wHEst] 1,3-p-FHIANE ATH 14-48-

20 .-_:I'x : _klﬁl_ -I_-]i "".ll_ o



2P FAE Aol Mg 378 HAste] Al

3.2.2 YxyA9 A
U ake] FA4S Ag o9 #&d3 CpGel F#(loading),
a2ar wE =572 A3 (conjugation) o] F+ @AE 3= AT
"4 50 wM o oEES Ag oled wdEd ERf
AU EF (sodium borohydride) 2} 2 2-of| A

3
SERAGOIAE  olg3ste] 6500 rpmelA  3EE<E  wwkaEhed
2

UrgiAE Ag NPE gietolnh. o] o Agel CpGel & W&
6:12 WHFA, AL TERAVOIAEZ o]&ste] 6500
rpmel Al 3WZE wkske] WEGAIZL & 10w3F A flelA
HgstslAd Tt ol x4 S (deionized water) ol MWCO
12—-14 kDa FAHhs o]l&3to] 6AERt HAE AH I
=AE CpG-Ag NPE HH3skalth. CpG &3¢ wWAYUSS
Figure 2A°] %333t}
o2 CpGst Atst wet=F3E Atole] olwl AF NS
st el 257k AF¢S f8iA CpG (30 pg/mL) 2t OXBG
(1.67 mg/mL)< 18CelA 3dF&wk %ok WAzl (Table 2)
o]F ZF THFAM MWCO 12-14 kDa F24uHS o] 8319
6A1ZF FA8te] BG-CpG—Ag NP YigizksE Aotk old
OXBG 0.5XE AH&3 21 BGosx—CpG—Ag NPZ, OXBG 1X&

AFE-3E 1S BGix—CpG—Ag NPo. 2 W slodtt. (Figure 2)

21 A 2
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Table 2. Final concentration, functional group, and molar ratio

of amine to aldehyde of reactants

Final Molar ratio
Reactant . Amine or aldehyde | of amine to
Concentration
aldehyde
CpG 30 pg/mL 66 nmole/mL -
OXBG .
05X 1.67 mg/mL 1.787 pmole/mL 1:27
0)1(36 1.67 mg/mL 3.991 uymole/mL 1:60

3.2.2.1 DLSE o]&% YxygAd Ha A& 37 ¥
®d Ast 573

Zeta—sizer Nano ZS(Malvern Instruments, UK)Z ©]-83}¢]

Ag NP, CpG—Ag NP % pG—-CpG—Ag NP Yx=Ixte] F+ 4=k

7] 4 m¥ AstE S A9 A7) FE+E number9}

intensity F7H4 x5 Faslvh. AES 3wigR 15k

H 274 (mean diameter) ¥ AEF A (zeta potential)

BE BEAAE Tah

3.2.2.2 TEM—-EDSE °|&% dx I8 & = A=
Z49 &ql

AAGA A F3dAEe 7 (Field Emission  Transmission
Electron Microscope, FE-TEM, JEM-F200, JEOL Ltd,
Japan) & ©]83to] CpG—Ag NP ¥ BG-CpG—Ag NP =87}
A2 FHE BEEAH. dxedAe Alxs 3.2.29 WAs

22 AN =TH o
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& UwAE TEM T8 AAF(grid) 9o 10
pLA &8 fds] AERAZ F EEe] g4 g glo] AlRE
Azetdt. Al #AFL 200 kVY 715 A (accelerating
voltage) =714 o] Fo] Ht.

EDS #4& JEOL Dual SDD Type (®: 100 mm? Solid

angle: 1.7 sr) & &3l o]FoFt)

3.2.2.3 DLSE o] &3 ¥4 73d g& AQAAA (colloidal
stability) &<l
3.2.29] ®HAowg Axd Yxdx(Ag NP, CpG-—Ag NP,

B8G—CpG—Ag NP)& Z}7Z} %<4 S5 (deionized water) 2}

o|

serum—free DMEM F7HA] wlt|o] ArelA 37C Ao = 0471,
2A1ZE, AA g woFslol T, o] % Zeta—sizer Nano ZS(Malvern
Instruments, UK) & ol&sto] AlzhehE o] vy zte] 2} A71&5
A6 Boy AR A S 1 u= ol He] A7

HelE Bkt §1xke]l A7) ¥+ number XS FHEFFAAT

3.2.2.4 Nanosight (NTA)E ©]&% YxaE39 AR
a7 #¥ &3

640—nm laser”’} H|¥ Nanoparticle Tracking Analyzer
(Nanosight LM10; Malvern Panalytical) & ©]&3}%] CpG—Ag NP
2 BG-CpG—Ag NP gae a7 #x % oA Ui

=435t
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3.2.2.5 A3l HIEEFZ(0XBGR)Y ZAde oE o)ml

sk WERE AT CpG Abolel g 7o) F) oln AF
e B F e 2AAA HAHI] ANA CpG-Ag NP

OXBGE Agst+= =d3 TL3 z7oA CpGe OXBGE

Zo ST 1 mLel 591 A5 1 mL ARA H ]85}
o3tk OXBG 0.5XE 7|2 ofdl of &dsto]=9] & Hl&=
L:2e] etk 72 wAe Feeus Aol B E47

(Fourier Transform Infrared Spectrometry; FT—IR) S ©]&35}4
=439t 7171 ATR(Attenuated Total Reflectance) FT—IR
(Nicolet 6700, Thermo Scientific, USA)E °]&3s}3itt. 4000—
600 cm 9] I dhellA 32% wbE Bl 8 cm 'O IO
Fa et

TAAXE YA A FAE 3NN SAsAH

g

e
off

3.2.2.6 U =93] 2} 9] CpG =& 88 (loading
efficiency) & &<l
3.2.290 A x3 Yx=YAE Amicon® Ultra Centrifugal

Filter (MWCO 100 kDa)E ©]€3}4] 4000 rpm, 2 min =7 S &
e A A F2HA 942 CpGE 8 AIZT 13] elution £l
wAUE RS 2T SRFTE O 2oFo] 337HA Wk
gl CpGE Wyt Filtrate®] FFEE 270 nmelA

SATeEM CpGel FEE TEkath CpGel HZAE 270
24 "':I'H-_i _'-\.I.':_ T



=

nmolA CpGe SHEE microplate reader (Synergy HI,
BioTek, US.A)E F4ate] 1% & AUtk UnbxoZ DNAZ
Hol 54 32 260 nmolAH, 3ld CpG ME2] A-Foll+ 270
nmell A FHol 3 s yeEbdY] diEel 270 nmelA AR e
A HRAaL, R® el 0.99982 A1 ARgatAl E itk CpG AlEol
270 nmellA Hdl F4 = U= olfEs &9 Ao

A Ag oledte] 4Ea8e ol UL Ao A7dr

—

o
0 {

[56]. CpG &2 @& (loading efficiency)< Loading efficiency
(%) = (T—C)/T*100 (T: total CpG, C: amount of free CpG) <
A& ARgsto] AlAbslSi

3.2.2.7 op7I2A A AJ|YFES T Yx=dAe FEA
7349 CpG BHE 58 <l

Ag—S Fz#E 9 s mthl=aka gl oefA CpGZh Ag

o

NPel] &8 Zls &dsty] S8 optzes A HAV|Ys
Z1gskaith ssDNAS] A4S 93 oprtzes A (2% w/v) ol
ethidium bromide® #HF %% 0.5 pg/mLo] HEF Y31
ol7t2 2~ AL Tris—Acetate—EDTA (TAE) buffer A4

AZSGT. BBre WE dsDNAS @dle] AL8H: QmolA,

A% A3 ATolA CpGsh 2 ssDNAZF R 1ol o3
olF UATEZ FAF| wel EBryt AFAgol sbsatol

Aol ARggE AbE 7L Qlo] dlld AF A E CpGel @A el EtBr&
AREE ATk [57].

3.2.29 WAooz Azxd Yw=YA(CpG-Ag NP, BGosx—
CpG—Ag NP)& 1.5 gMz} 0.75 #M CpG9 ¥E& 343 10

25 -":I\._G k '-\.I.': '|



Lo 2 TFF B DTT 30 mM 2 L& 30%3F 37TCeolA
Hjekstel Ao 2HEFUT. A9 E A= Mupid—2plus®
(OPTIMA, Japan) S AF&&F1aL, 80 Vel 1585 Maatgit).
A7l %] Ad8F S CpG M=9] <18 Gel Doc™ XRS+ gel

documentation system (BIO—RAD, U.S.A.) 7]7]& o]&3}3ith

3.2.3 AIZAE

3.2.3.1 AX uje¥

Al o) 2] A 325221 At AFAFJAEZ(human  cervical
adenocarcinoma cells, HeLa) 9} tHAAEZFQ wpgi wiE A
ek A A LA 5 A (Mouse  Leukemic ~ monocyte—
macrophage cells, RAW264.7) & T/ AXFE AFE-SFSIT
AL vlE 10% FBSS 1% penicillin/streptomycine &3+
w2 el A o]Fojg om, HeLa A*¥E DMEM+GlutaMAX'™-1,
Zpzy A 2 ARgeRith w9

Zol= & 37C, o)AMs e A 5%9 =S A5

o

RAW264.7 A=+ DMEM

2~

ol 7A= ¥ FAs] fel MTT assays &3
RAW264.7 AEZ+= 96—well cell culture plated] 1.5 x 10*
cells/well®] WE 2 HeLa Al¥+ 1.0x10* cells/well®] WE=Z 90
plA FFsE & 24A1%F wF wiekskith. Welld 70—-80%9]
AER A% g @I & oy wWiAE AlASA

welld d3o] Z3kd wj#x] 90 pLol HF particle density (x107

26 A 2 ¢



particles/mL) 7} 16.4, 8.20, 4.10, 2.05, 1.03, 0.5127} HE=
=812 (Ag NP, CpG—Ag NP, 8Gosx—CpG—Ag NP) 10 p#L% <
AHglste] 4AIZFERE wieksk T thed, 7 wellel 2 mg/mL9]

MTT/DPBS &S welld 25 pLA A st F7F=2 2A|3F

L

HeFetiar, HiAlE BT A% & JAE formazan A=
welld 150 L2 DMSOZ o5t Ao thib &2 570
nmolA Microplate reader (Synergy H1, BioTek, U.S.A)E
olgste] FFEES HAFToEH st AYE  AX
=4 (Relative cell viability, %)+ EYRE AgekA] &
Aol del Fdkel digh At AEelAe] FiA] FFER

mdsA. A8 M5 A

3.2.3.3 FAIE EAHSE o] &% AE F3&

U4 AH(CpG-Ag NP, 8G-CpG—Ag NP) 9] A% F3&s
glatr] flall FAE EA71E ol 8otk RAW264.7 A= 6-
well cell culture plate®] 3.0 x 10° cells/well®] WX 2, Hela
AFEE 25x10° cells/well?] D52 2 mLA 53 & 2443k
&b Hjekete] welld 70-80%<2 HWEE AAIZATE o]
CpGx 3.2.2¢ WHlo=® YuwudxE Axg o YOYO—-1 iodide®
AHgstel 300 base @ 1WA 98 EAE EovtEE WA
3083 BAAIN H ARSIt YA AH(CpG—Ag NP, B Gosx—
CpG—Ag NP)+= welld 500 xL& A3 =d, olu welld 1
gl CpG7t AHEs 3)Aste] FHlekith. CpG AHAe] Al
FhES g9 W= 1 g9 CpGE YOYO-1 iodided AHg-3}o]

0¥ BAW WHOE BAN AL AEFHYh APH AXE



A5 AAs AlAE wjx] 1.5 mL, =83 Jdw=dx &9 500
pLE 2 wellel 4AIZFERE Aaigint. ol AAME WA=
dHol glv =19 A AR 44 Wik & DPBSE
welld 1 mLA ARg3ato] AlHaL, welld 500 LA EHAI
AYE o F 283 wjEdth. o] F RAW264.7 AXE welld
1.5 mL9 FBSE ¥%§3l+= DMEMCO®, HelLa A¥E welld 1.5

mL¢ FBSE x&3= DMEM+GlutaMAX™—12 oo]Fgl},

B

ol AlLE AAEHE T8l 7Hetetd & Aeds AAsH,
A Fdel Eoifls FFE A7E7] f&l 1 mLe DPBSE
Abgate] ke S 23] WEESITh mRA Rt 300 1L
DPBSE Abgsto] AL E BAMAA A 55 FH]sHth BD Accuri
C6 flow cytometer(Becton Dickinson Biosciences, U.S.A.)&
A3t well W 1.0x 10" 719 A= Yol F3E Y=t
HHs At o, BD Accuri C6 software® AX U F3&S

et

M
£

o
-

3.2.3.4 3x3 dv|HE o] &3 A XY o]u]A
LA (CpG—Ag NP, AG-CpG—Ag NP)9| Ax F34&

ojmA| = gelaty] flal ¥4 AvIF= AHEEFlth. RAW264.7

X

|£= 5.0x10* cells/well HeLa A¥¥& 3.0x 10* cells/well9]
UEE ¥x7 dv|AE dishel 300 LA 58] ot
37° CellAl 24712k wjekste] 70-80%2 WmrF 2 wi7bx] 7]
T AEE AEgith o] W CpGE 3.2.29 WHOR YndAE
Az w YOYO—1 iodideEs AHE-3F4 300 base & 1iAMe] 9=
A7 Bo7kEE WA 3083 EXAIL H ARSI
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U= YR (CpG—Ag NP, B Gosx—CpG—Ag NP)+= welld 30 p¢L=
Agstld, olm CpGel HFF=E7F 100 nMo] ¢

3|Meto] FHlEAT AMlES AHstr] del DPBSE o] &3k
AEZE 13 AFsEGT ol% dFo] gl WAl 270 pL3t A&
30 pLEs A3 FUCE 377 CollA 4A]st wjekst & dF
2= ¥lA] 5 mLo] Hoechst 33342 5 mg/mL stock solutions 5
L 2ol HE FE 5 pg/mLY staining €N A ZF5tY] welld
280 pLA AHZHFATh 1053 37° C incubatorol Al |A1s &
260 pLo dF gl WAR AxE 23] AHSSIH. Ao R
260 uxLo ¥H ¢l= wix}E Y31 Confocal Laser Scanning
Microscope (SP8 X STED, Leica, Germany)E ©]|&3}9]

4315 11, LAS X softwares ©]-&38fo] o]n| 2| & &4 3}St}.

3.2.3.5 X Y 4 A2 F (reactive oxygen species,
ROS) ++9 &<

=Qzke] 9Jgk AXE uf ROS FF°] RAW264.7 AXEelA
gtk AlxZd ROS T #lstes WHS Abcam AR
DCFDA / H2DCFDA — Cellular ROS Assay Kit (ab113851) ]
Asse Wide witth. RAW264.7 AlEE 96—well black
platee] 3.0 x 10* cells/well?] W&z EZF3F9th 244 7H5<l
ket welld 70-80%9 WER SAHES w, kite] 1X
bufferg AF&3te] cell debris 5& ATt ©]F 1X buffer=
s 25 M 2, 7 —dichlorofluorescein diacetate
(DCFDA) €95 welld 100 pLA Holsta 45583F 49 glo]
wjeketitt. thAl 1X buffer® 943 ¥, welld 180 xL9
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DPBS¢} HE particle density( x 107 particles/mL) 7} 1.0°]
HEE YWY A(Ag NP, CpG—Ag NP, BGosx—CpG—Ag NP) 20
p LA S 4XZE 8AFERE A2tk DCFDA7F Atste & ejQl
DCFe &#° =742 microplate reader (Synergy HI,
BioTek) & A}g3te] o]Fo %t} (excitation: 485 nm, emission:
535 nm). HFHOSE AE U ROS F+2 ojust A% AHelsHA
k31 oAAE A Ee] W3t relative DCF fluorescence intensity
(RFD #ez mdsqth. djx=r o= TBHP 50 pMS A

Az el vlwskglvh A 3wl Xy H AT

3.2.3.6 Al F¥EL A (RT-PCR)F AHAZH
FTaEA AHHEE (Real Time—PCR, qPCR)S ©o]&3%t
dAAE M1 £33 259 A
Yx=d2e] CpG ODN He 58 9 i vitro 74elA9
A A Ze] M1 #=3F G52 dotir] A RAW264.7 Al

Uiz (CpG—Ag NP, BGosx—CpG—Ag NP)& A gsta M1

23 Ax 2 M2 233 AEeo] ik mRNAS <& qPCRE
Z3 gt WA RAW264.7 AlEE 6—well culture plate®l

1.5%10° cells/well®] WEz BEF3Foch Azmee 10% FBS,

1% penicillin/streptomycin DMEM ®jA| & A}&3}% T} 3% ¥

ol gl AT wMiAR wAsFL, HF CpG =7 100

nMe] HEZ Yzt §4L5 3Aste] Al FoATh 24 h
=

FAA WP YRS SYSl M1 B33 A%

o

RNAS] F=2 NucleoSpin RNA kit (Machery—Nagel,

3 oy I;
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Germany) & ©|&3t3lom, AxAe] wiw4ds w3ith. DPBSZ
AEE 23] AFsta, DPBS7F 9+ JEHIZ 243t incubation ¥
AEZE harvest sF3ATH FE3 mRNAS 2> Take3 micro—
volume plate (Synergy HI1, BioTek, U.S.A)E A3l
et F&3 mRNAS cDNAZE dHAe7] €8] TaKaRa,

_llN'

Japan® PrimeScript RT reagent kit RT—PCR kitZ ©]£3}3it}.
AR Fas AMRES G A target mRNAS A& +4&

Q& cDNAQS} H 1z s+ M1 T M2 marker? >zloly

7231 SYBR Premix Ex Taqg II (TaKaRa, Japan) ¢ mixture
A z8FR . Zglo]lmE=  Table 3¢ YU9UE  sequence=
AFE-3F Y. (Bioneer, Korea) ¢cDNA A1Z&2 StepOne real—time
PCR machine (Applied Biosystems, USA)& ©]&38}¢] 95T o A]

30%%<t denaturation #3-& 7 denaturation (95T, 5%),

annealing (55C, 30%), polymerization (72T, 30%)7} §l&E 5=

PCR cycles 403 H8siict. sk-+-2~718 F4d4x<] GAPDHY

wEsts vleEer  Aytstekdia, olul 27997 methodE

o
O
38
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Table 3. Primer sequence used in qPCR

Genes Primer sequence (5’->3%) Ref.

F-TCAACG GCA CAG TCAAGG
GAPDH [58]
R- ACT CCA CGA CAT ACT CAG C

F-TCC TAC ACC ACA CCAAAC
iNOS [59]
F-TCC TAC ACC ACA CCAAAC

F-CCT CTG CGATGC TCT TCC
COX2 [59]
R-TCA CAC TTATAC TGG T

F-AAC ACG GCAGTG GCT TTAACC
Arg-1 [60]
R-GGT TTT CAT GTG GCG CATTC

F-TGG TGG ACC GCAACAACG CC
TGF-B [61]
R-GGG GGT TCG GGCACT GCTTC

3.2.4 A #HA

A Aol Hed e Ads2 MR A,

i)
£y
=
_\TLI

K|
AN
i)
B
i
L
A
=
32,
v
offt

AAAE one—way ANOVA S}
Bonferroni post—hoc testE F3& st FAF /A4S

o7 o] ZASFY T (P<0.05 *, P<O.01 **, P<O.001 #*x)
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CpG 1826 -dC,,

NaBH
‘ QY9 Vv
W u\) 9
Ag* (]
Ag? nuclei CpGI/Ag NP
PS C G
o PS: phosphorothioate

T = Vot >=" C: cytosine
o=p—0 N T NM‘V« G: guanine

l’ Hap N/ o N;

Ag > Ag

L P ad Imine bond
ﬁ ‘& ( T.‘._ OxbG
OxbG 3 _sag N

CpG-Ag NP ~ BG-CpG-Ag NP

]
>
Q@

Figure 2. Formation of (A) CpG—Ag NP and (B) 8G—-CpG—Ag
NP. CpG can interact with Ag via binding site of PS, C, and G.
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A4 A3 8 2@

4.1 A8 W Z 20 4 L 54 24
4.1.1 OXBGY &4
HEFFF7HS 80T oil bathell 308 o] Fo] Eof w#AsH
SAAIZl & HEtEFEY] @9 SFF 2 b 0.54, 1d), 242
Q2 2 EANEHF (NalOy) & W= 733 wh3-A1 7tk (Table 4)
e QEA o]l tF e 2W, 3W w49 QM tho]e
HEgste]  ddslo]l =8 PR

A

1l

ol Agetel WEFZ ] 2w} 3W B Alolo] AR B
0

L

[e)
Hhg 9 A3}

(ox— B —glucan, OXBG) & ¢

;2
d
&
(o)}
o
oy
()
L

A AR asEE @48 OXBGE Txd Sle A

AN27) 537 (CH NMR) & 53l o] Fo] 5t} (Figure 4)

=
o
|l
el
o
1o
[>
18,
(m
juit)
rO
>

1m

= AHRE, 453 ppm FEolA
FIAA YA 1 g4V Zhe= p-14-=8FZAE AE
-&3F= kXA 313 (proton peak) 7}F YERGTE [62]. B—-1,3—

AIAE ARS 2L 19 waol teat A 9= A
7



WE, 5 9-11 ppm FoolA Hslse] dges W7}
94 gtk AW ol AusErh Bl oalN Faiw
gejel obAE i svlobdE gHz EAdTE Y AT

Belsl=  Aytolty  [64]. =3 §  4.8—5.7 ppm  T-{FelA

wERE ke Abste] w2 x4 542 FT-IRE &3

719]  C—0O stretching ¥=¢ 2860 cm™' ¥Zold C-H
stretching 3=, 781 3330 cm™ ! Bo)A O—H stretching
N3aEs dedes 542 vzas zZta vk Figure 59

H, A% T O aRAeA BF ol ¢l
542 Iart Ak TS T aEAelA FEAORE 1635
cm b BZoA FtERY 189 stretching 339 894 cm’!

oA EulotAge vt RAElY [66]. HIER=FIEY

1740—1720 cm ! FZoA <Ld3]|=7]9] C=0 stretching®l
B R ] e b S
olf-2 Lus|=7]7t F3lEo] ofAl"g T FujolME AHE

A7) wEe] 935 g9sl7] ozt

nog oasdoy, 'H-NMRI #&

35 2 21
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OH OH 0 O
OH
HO o] HO HO Q 7 !
o 0 NalO o o
0 —4> (8}
OH  /n OH m OH /y OH m

B-glucan

Figure 3. Oxidation of beta glucan.

ox-B-glucan

Table 4. Calculated molar ratio of periodate to glucose unit and

reacted amount of OXBG 0.5X, OXBG 1X, and OXBG 2X during

periodate oxidation of beta glucan

Molar ratio of
periodate/ Beta glucan Periodate
glucose unit
65.7mg
OXBG 0.5X 1:2 100 mg (1 mg/mL)
(21.9 mg/mL)
131.4mg
OXBG 1X 1:A1 100 mg (1 mg/mL)
(43.8 mg/mL)
262.8mg
OXBG 2X 2:1 100 mg (1 mg/mL)
(87.6 mg/mL)
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B-glucan

B-1,4-glycosidic bond

5.9 5.6 5.3 5.0 4.7 4.4 4.1 3.8 3.5 3.2

Ox-B-glucan
Acetal and hemiacetal
[ |

5.9 5.6 5.3 5.0 4.7 4.4 4.1 3.8 3.5 3.2

Figure 4. 'H NMR spectra of (A) B —glucan and (B) Ox—j —

glucan.
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O-H

stretching stretching stretching stretching

T

C-H c=0 c-0

Hemiacetal

2864 .82

)
< 3329.19 Lol
@
o
% 1020.37
g 2898.50
4 1635.85
s 3351.06
| -
-
891.45
s 3—glucan
Ox-pglucan 102988
4000 3000 2000 1000

Wavenumber (cm'1)

Figure 5. FT—IR spectra of beta glucan and ox— 8 —glucan.
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4.1.3 OXBGY A% % Ast=e] 54
Al HEAEgS gel  permeation

|]4-3ke] gelsteltt. Figure 6} Table
I ks Are ek 59
Hg

s

oz
chromatography (GPC)
5ol & & o] OXBGE A&
FHAAE Bl HEEF0Y] EAES
T F Uy HQeTAERS Yole ol wet
0.5X9] 4% GPC= #1% & F+ AEF 4.2 kDa, T
AR 22.9 kDalew, 1X9 A% 4 B+ A4F2 3.0 kDa
WAL 13.9 kDa, 7Hd %S o Q=AU EFH
T H BAHE 2.0 kDa, % H BAHS
255 AL AR Zevgs
dols: kel vldEstko]

1S3
9.1 kDaz= UYEHY},
1 o=
7F RO EAGEES
Z-g3to] OXBGY 4hstes S4skSit 71 Ee
= 7]}

|41 Amplite™ Fluorimetric Aldehyde
OF 2K
o3| =

e Al T
AAZ AE e
S7teteA] dotr7]
Quantitation Kit&

A 3E AldeLight™ Blue stock solutione assay 2 Al working

solution®®  &AdstEglew, o]  OXBGY
| (fluorophore) & A8ttt wkgol €

=40 AFS 98lA BioTek Synergy H1& ©] 83

=45, (ex. 365 nm, em. 435 nm)

Axd dHs|=

H 33
1= 71Eq
o del2 8%} (Figure 7)
722, OXBG EA 1g
45 1g

R
Bl
= HE
obes] = 7] 9] E2=sh AALE ATk (Table 6)
4% 1lg & 1.07 mmole, 1X¢
39

1 A3, OXBG 0.5X9] A



T 2.39 mmole, 2X9 A% 1lg & 3.81 mmoled &H3|=7&
7¥A Zy7y 14.14, 31.66, 50.35%2] true oxidation degreeE Zt=
Rnow AT A TAEFH O ASHAW  AAH,

HES3E e @ EANGEF O] Fell nlEste] Atstiert Steks Ao

olelgt e weel arahAl EAl shel e whg Z7o]

FAH A weEbq  HEEFe] SYIAE dgel  EoiAYI
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- Beta glucan
= OXBG 0.5X

= OXBG 1X
= OXBG 2X

14

16

18

20

Retention time (min)

22

24

26 28

30

Figure 6. GPC results of intact beta glucan, OXBG 0.5X, OXBG

1X and OXBG 2X.

Table 5. Molecular weight of beta glucan, and ox— 8 —glucan

(OXBG 0.5X, OXBG 1X, and OXBG 2X) determined by GPC

Sample Max RT M, (kDa) M,, (kDa) PDI Eluent
Beta glucan 17.82 121.0 288.7 2.39
OXBG 0.5X 21.84 4.2 22.9 5.50
0.1M azide
OXBG 1X 22.63 3.0 13.9 4.60
OXBG 2X 23.38 2.0 9.2 461
41



18000

16000 -

y = 16.779x + 253.93
R2 = 0.998

14000

12000 H

10000 -

8000 +

6000 -

4000 +

Fluorescence Intensity (a.u.)

2000 -

0 200 400 600 800 1000 1200
Aldehyde (uM)
Figure 7. Fluorescence of aldehyde according to its dose (xzM).

Table 6. Oxidation degree of OXBG 0.5X, OXBG 1X, and OXBG

2X determined by Amplite ™ Fluorimetric Aldehyde Quantitation

Kit
Aldehyde Oxidation True oxidation
Ox-B-glucan

(mmolelq) degree (%) degree (%)

OXBG 0.5X 1.07 6.06 14.14

OXBG 1X 2.39 13.57 31.66

OXBG 2X 3.81 21.58 50.356

3
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4.2 CpG—Ag NP¢} BG—CpG—Ag NP Y :==A+9]

I

Jm

4.2.1 YA B 4A 27 9 29-35 53
Nanosight®} Zeta—sizerE ©]&3to] Ag NP, CpG—Ag NP ¥
BGosx—CpG—Ag NP ABGix—CpG—Ag NP9 <z =7]9
number #XE Figure 8% o] yebd 4= A3lth NTAS} Zeta—
sizerv A X E B9 o9, CpG—Ag NP9 Z-$ 100-200
nm Atolo] A7) Z3xE H3OH, BGosx—CpG—Ag NPe BGix—
CpG—Ag NP+ ol®tt & 200 nm HF98 A7 #¥F Hol&=

Ag HASYT

ol

1549 el 37 4733 =9
Astel Wi EFRA @ Table 79 2ol FAT & Ak
ﬂ 29

#o]l CpGE MR o]l ywdAte] %W

Zeta—sizergs =

< stuelm, 200 nm W&o A71E 7hAoF @t [68]. 1HG 2
aA71E e Asd #Ze a7lE e A9 2T Al AAE
IgEo] ¥u x4 MEXR Adg" FEo| urh A7]d wet Alx
Uz AgsEes A2 F=d JFS et [69]0 AR
o]¢] (endocytosis) oA AXEe] E0Z 5 QU= FFo] w7
geidE g =7]17F 10 nmelA 500 nm7kAolH, Htf 5
pm7HA AgtEn wwF 377 2 dAES deAEAE
(micropinocytosis) = &3l F¢2 &E°] =t ®¥d 100 nm

Age] A7E zte JdAES SHER™ Wl AlE o o4 (clathrin

43 ’-ﬂ 21X



mediated endocytosis) = F3l FUE 5o o, FHHE w7l
M EZ U o]¢](caveolae mediate endocytosis) &2 HY¥+= YA}
71 60—-80 nm FFolth, Wb AFE YrdAsE EF 200

nm Wee IANE JHHEE AE U o]l Ea&l &z A

B

Wy Ado] 7psdd Fola, I ARE ZFHEH sl AME

=

0] 9] (clathrin mediated endocytosis) < X &gk Zlo|t},

g Aol ded Syl AE Weld AT
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Concentration (particle/mL)
o
]
Number (percent)
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Size (nm)

1.6e+7 40
1.4e+7 = NTA
— DLS
1.2e+7 - L 30

1.0e+7

Concentration (particle/mL)
o
1
&
1
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o 100 200 300 400 500 800 T00

Size (nm)

14647
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E =
@
T 10eT Lo §
E o
g @
= BOess o
g F15 T
H £
T 60eb
= 10 §
B ' =]
£ 40e+b =
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2.0e+6 s
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0 100 200 300 400 500 600 700

Size {nm)

Figure 8. Size distribution of (A) CpG—Ag NP, (B) £ Gosx—
CpG—Ag NP, and (C) pBGix—CpG—Ag NP measured by

Nanosight and Zeta—sizer.
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by Zeta—Sizer

Table 7. Size and zeta potential of Ag nanoparticles measured

Mean diameter £SD (nm)

Zeta Potential

Sample Number Intensity +SD (mV)
Ag NP 108.88+13.71 111.975+14.725 5.35+0.252
CpG-Ag NP 134+3.2 142.05+4.55 -29.2+1.31
BGosx-CpG-Ag NP | 201.65+7.35 226.1+8.2 -13.1+0.876
BG<-CpG-Ag NP | 163.47+12.7 235341898 | -15.46+2.257
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4.2.2 4x=039] 4A I 9l

Ad4A ZFA4
FE-TEM<& %3] CpG—Ag NP$} 8

G—CpG—Ag NP Yx=¢i=}
d=ke] A7k FHE g 5 AT (Figure 9) 53]
=AY REEAE @R £ Qe uHE onAeA K=
AAd CpG—Ag NP9 A% dukAl 2umapsel o] weko]
Folsty HAHES 7 JA FHE 7HA A3, BG-CpG-
Ag NP9 A% %ol ugdiF nEAZ E##o CpG—Ag NP
Huh ZAZE WeskA ok s & 5 Qv
YArel =A7]= CpG—Ag NP2 BGosx—CpG—Ag NPO 7%
Zetasizer®} Nanosight® &<t Z & 150—-200 nm F+°
A71E YERITE aElE omA] AolM = olHTt & Ale] =9
d2F sk #EEHUAT  BGix—CpG—Ag NP9 A9 Awj&
oA F Aoz YprF BEEHSGI=H, ol AlEC]
polydispersedt o], 4Ate] b do]l FA] foba A
ol Guizh Fkbgel wel dA7E 5 (aggregation) ¥ 317
ToE AZtdt

10°] Ae} Beld E5F CpGe F&el weh x54o0% 33H P
da7b Wk o s HdE Ag d4f HTEHE @ JFHoR
EbstTE wErEF3e] A el wel Figure 10BelAl= CpGell
A O Qo= WEEFgto] dEwe] EAFge] weEl Figure
10ARY = H3 A7|Z2 Aoz xdEH= 0 a7t

el o, Yelus 99 T3 g2 W2 HoE BT



Figure 9. FE—-TEM images of (A), (D) CpG—Ag NP, (B), (E)

B Gosx—CpG—Ag NP, and (C), (F) B8Gix—CpG—Ag NP.
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———— 50 nm OK c————50 nm

c————— 50 nm SEl c————— 50 nm AgL C—— 50 nm PK

———— 50 nm oK

Figure 10. TEM—-EDS image of (A) CpG—Ag NP and (B)
B Gosx—CpG—Ag NP.
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4.2.3 Yx=dAe Y &
e dakel w9 e whE zpol7h fufjel] whE QH A ol A
et oq%E w17 fEiA 25 FFF9Y serum free
DMEM S 7} g1 el =27] W37} QxS Ay wokt),

Ui A& 4 dxs 2d AR dEe 39S 2A 9]

ZetasizerE AFE3to] A 2719 number ¥XE H3HS u,
Ag NP+ &3} serum free DMEM RE5ollA 37T, 4417k wjokgl&
w2417 E dAF A7) 7 AR 7] AAERe] 4X3F B ekl s wll=
o) 7ol AX e & g 3dglen, whe] CpG-Ag NP$
B Gosx—CpG—Ag NP 7 &v] EFolA 37T, 442 wWigs
u 4A7ko] Astd = A A7)e) WEF 9lo] 242 150 nm,

200 nm W2 FAERCH, QAF A7 Fx = HojA A i

FAEE AS 4 ¢ AUr}t. (Figure 11) Figure 1294 47T,
2T TRTY B oA B FAIZE YA S EskAlth
B Gix—CpG—Ag NP2 7% o7 drt} ekgido] F4] ¢kgrom

230 nm ©iE 7 e F g SASivh o] Al g

old], Table 2¢]A]

e
%,
o

K

-
®

(o]

®

s

e

[e][e]

ok

O

s

oo

®

rlr

olfl i{

m_,

ol

m_,

d‘i

& 5 o AAY Aol B

g W OXBG 0.5X+= CpGele
amine to aldehyde® Zn]7} 1:27¢1 ®wFd, OXBG 1XE CpGele
amine to aldehyde? =ZH]7} 1:600.%2 AR FHFo] Eoj7k2S &

otk wEbA Wbl Fejstar g2 dHsl=rE AAl A
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i
olo
o

olFolm ol 9lowA CpG Abelel F74AQl Fhw
2]

Qo old olfz Uw AT 4A SHHE Aow
AZbEY. wR 4139 BA% 24 A4 OXBG 1XE OXBG

0.5X ] ZA&EFo] 2ol o] AFtolA S kdh= thAlate] gt

4.2.4 OXBG AEl @& ol A% FAHY

CpGell wlet=F7ke] Adel] weE 7+x%4 54L& FT-IRe
F3l &35t} AT} Figure 139 AHEHS Ay e, OXBG
0.5X¢} 1X+= Figure 514 #2418 217} o] 2890 cm™' <ol A
C—H stretching ¥z, 3330 cm™! o4 O-H stretching
7135 vetdls 544 935 23 ok =23 5 aEAeA
FEHOR 1638 cm! FZoA FtErRYd IF9  stretching
729} 894 cm™! oA dmlotA gl ¥ A7}t @AY E3l L)

CpGel RES-3F OXBGE AHEH A= Zh7F 1652.68 cm "9}

1652.29 cm oAl =37} Z71s RS

2

I 9t} (Figure 13)
ol CpGY FAY F% UAT, OXBGY <dHss|=<2 CpGo
cytosine®|Y guanine®] =3}t opylo] wWhgslel FAE o]l
A%l ¥z mF 1690-1640 cm 'olA AR EE EeFo
CpGell sdg AZe] OXBG7F whs-3F Aol &3t OXBG
1X¢ CpGrt whedt AdEYoAN 1652.29 cm oA ¥ =7} ¢

ZotA vEtd AE B, F7hE 9ads oWl Afdd Tk ol
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Figure 134 Ztz} 786.73 cm™'$} 785.24 cm ‘oA A=
et 913= CpGel =§lel W& N-H wagging ¥ F°]t}h. OXBG
A~HAEHo| s HAEAY 894 cm™! F9] dujopM g w7}
CpGsl Whg o] Foli= At ], ol F9 slol=FA7|v
=¥ whgste]l Svloldg AHE EAlstd  &Hs| =7t CpGE
ofuly} whgshd A ofuledk HEE Hyurb ol HErL w7

=

Figure 149M%=  3EF  AFe]  CpGell  OXBGO.5X7}F
A E RS FAT F AT 1A CpGe AFEHg A= 1653
cm™ ! B2o]A cytosine® thymine @7]o] &A= C=0
stretching 3¢ 1057 cm™' F-Zolla] Qlattjolo ~E A ghoj
EA8= P-0 stretching ¥ =37} WAt &=, Figure 13914
1652 cm™ oM C=Noz FHH+E= ¥=7F H3 AAH,
Figure 14°14 1650.90 cm 'o|A C=Noz2 FHHE= 327}
wAstd Tk T3 894 cm ! B9 F|u|olAg H=ATF 7HAaEha,
767 cm™! ol A2 N-H wagging =7} #A RS
BT Fuleldg  AEE  EAetd s =t opHla

NSRS S & 5 At

32
ftlo

o
=]
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Figure 11. Size distribution of Ag NP, CpG—Ag NP, B Gosx—

CpG—Ag NP, and B Gix—CpG—Ag NP in deionized water and SF

media in overlays of different time points (Oh, 2h, 4h).
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Figure 12. Size distribution of (A) CpG—Ag NP and (B)

B Gosx—CpG—Ag in 4TC, deionized water at different time points

(0 day, 2 day).
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Figure 13. FT—-IR spectra of OXBG 0.5X, OXBG 1X, OXBG
0.5X+CpG and OXBG 1X+CpG.
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Figure 14. FT—IR spectra of CpG, OXBG 0.5X and OXBG
0.5X+CpG—Ag NP.
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4.2.5 CpG—Ag NP YxgdA9 CpG && A& (oading

efficiency) & &<l

3.2.2901 A x3 YxYAE Amicon® Ultra Centrifugal

Filter (MWCO 100 kDa) & ©]&3}lo] 4000 rpm, 2 min X ° 2

33 BWEAA FREA @S CpGE
AgomM CpGel FEE Taarh

e AT Filtrate 2

CpGe AHHE 270 nmolA CpGe &FF %= microplate reader

(Synergy HI1, BioTek, U.S.A)Z =743}o] Figure 159 79|

ER T
Filtrate®) S#ERFE Ywglate] F2Ex i WA
CpGel E42 a9, Yol® CpG 24 oju] H2¥ CpGY

E4E 52 a8 (oading efficiency) & YE (Table 8)
Nanosight® &3] S4¥ CpG-Ag NP9 <z HE+

3.13x10%+3.13x 107 particles/mLE, =} svtd =5 CpGe

M= 3.1x10° /particle® Al AFE 9l Th

4.2.6 == FAH & 2 CpGe ¥E 39l
o7t = A A7Y95E

Ag NP Yx =71 3
mMe] A A CpG7t WEEH =

031

& olskeit),
Figure 16914 DTT7} $l&
S wErte]l ko] CpGrh

A5, vbd 5 mM DTTE AHgsta 3087 371

Astol e 7
57 | =

S %Z84 CpG—Ag NP9 B Gosx—CpG—

H AS #geld 1, dithiothreitol 5

2A0A (W) B) mEA
FSA  FHE ez

C
st CpG band”} #ZE 7] wte] o225 CpG
N 1



DTTe: #44 2w duzoz Paad: 2 &
919tk DTT Al €& CpGel $EE T 7H4 ol folx 49w

T Stk WA, CpG ¥ awEEEF]E=7F phosphorothioate
(PS) bondE 7HE= & 4R FzAgshs A (Ag—5)°
EA AT, DTTell ogt Mol 7] w3k ¥k (thiol exchange
reaction) © |4 #EHoJAA Hrk. HESE cytosine % guanine
A719] 08 N dxpse} Ag o] Afolo W EA Q1Y
DTTell galiA Fold 4 vt
=2o]l Zb o] Fo Rt 7Y st 4.2.5004 F3& &0
ta SA 539 AL e A4 9 (centrifugal force) ol 2] A]
=249 CpG dF7F =W ez Bzhe

58



0.7

0.6 -

0.5 A

0.4 4

A270

0.3 A

0.2 A

0.1 A

0.0

y = 0.0652x + 0.0051

R2=0.9998

CpG ODN (uM)

10 12

Figure 15. UV absorbance of CpG according to its dose (zM).

Table 8. UV absorbance of 100 K filtrate and calculated CpG

mole and loading efficiency

Loading Filtrate

A270 - 0.042

CpG (M) - 0.566

CpG (nmole) 6.67 3.396

LE (%) - 49.09
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Figure 16. Agarose gel electrophoresis of (A) CpG—Ag NP and

(B) B8Gosx—CpG—Ag NP with or without 5mM DTT using 2%

(w/v) agarose gel.
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4.3 CpG—Ag NP2 BG—-CpG—Ag NP YxgiA9
e 37}
4.3.1 YA AE diAL &4 g
A AEA Y A4S Fdshy] S8 Aol AEsta MTT
Aekg olg3) AE BHL ZAAUT. AE H4 Frhe
A A ZQ] RAW264.7 A5 AFESFIAL, 2T 2= Ag NPE

AREEEAT ol AR AEshA ok AES YRS 100%%

3to] A A M A% (Relative cell viability, %) S AAFSIS T}

Ag NP9 A9 4.1x107 particles/mL2 %74 90% o]Ae]
AZgAE Boew, I oY =& AYIES "Wk 80%
o]Fe] A ME FAEE FASAH. (Figure 17) CpG—Ag
NP+ 8.2 x 10" particles/mLe F%7FA 100% o149 At
Az GAEE Holtprh, 7M=& s AFe W A=

gAol 90% oz "olxlth. BGosx—CpG-Ag NP+ 7H

ke ofF A AYskA Foerw, B AZolAM AE
542 AA aEshA] ot HE el AoE HIAY
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Figure 17. MTT cell viability assay of Ag NP, CpG—Ag NP, and

B Gosx—CpG—Ag NP with RAW 264.7.
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4.3.2 FAE EAYS ol &% Alx T35 HI}

Ui A7 bAlEQD Hela AlESE thaAlEQ RAW264.7
AoA MZ O AE F3&s Hols AS fAX E4YES
Fa gad 4= 3k WA CpG 300 base & 1249 YOYO-1
iodide o2 GA3Fe] ssDNAeo] thdt intercalating abilityE
gelskqltt. (Table 9) Aol & CpGe F38HA X3t
YOYO—1 iodidewt A®AHO T E3A]7]=  Amicon® Ultra

Centrifugal Filter (MWCO 3 kDa) & ©|€3}o] 3000 rpm, 30 min

z7Aao=w Z+7F CpG—Ag NP, CPG/YOYO—-1—-Ag NP, dialysed

CpG—Ag Np, dialysed CpG/YOYO—-1-Ag NPE EHAIAS wj

mALe = YOYO-19 33s F74ste] CpGel st bound

rates AT SAHE FFel did YOYO-19] F%+ Figure
&

a ekelth e CpGuke AEA §lo] 7

\
2
<L

Figure 1994 A& HeLa AXo] tfst HMX F3&S 574

ro

Azpola, BE RAW264.7 Axe] thzt Ax F34&S =H
Aytolt}, Figure 19A9A CpG—Ag NP2} B Gosx—CpG—Ag NP+

27y M F3Eo] 20.2%8 24.7% K3, HEFEFIHS S5
2 {93t 2oz Qe Ao Z yERth Figure 19BoA]+

=
o

o]

]

CpG—Ag NP$ BGosx—CpG—Ag NP= zt7z} A %

e
ol
ol

33.9%%} 85.0%% B Gosx—CpG—Ag NPO A F3}&0]
oyt
U Ake] M T3 M U o] (endocytosis) & &3l A]

o]|ZolZt}l, AL o]e]e LA E AL (pinocytosis) T
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2] A L2+ & (phagocytosis) 0] 2H= - M= EASh
AR FHE™Y wisl AlZEW o] (clathrin—mediated
endocytosis), ZHl& "7l MEY ]9 (caveolin—mediated
endocytosis) ¥l FEEY W FhHlE v]ujpsf A=
o]9] (clathrin— and caveolin—independent endocytosis)<
Eghebe, AAEARS vAEolY Alx FAV|AY Blug 2
dAFe] AE oldde AWete WAYUFCIH o] T Ad AT
Ao 2w 200 nm °lste] A71E 7HAH, =9
Zb= U Ak gri=e #8A =, dectin—10]  #ofdh=
STE-I Wiyl AlEW olfle] HMAYFOoR  AE o]flo]
olFojxntt [71, 72]. 28y, ld A7elA v §A= 200 nm
5ol a7lE 271 el AdlsAEz-Eoluy AAEAE A
7bedh AW Zojnt webA Hela A3 diH] RAW264.7

FHEo] WHEAL HE SFI

l:kl

Aot

S o9tk mebd §AZ B4 A¥e FAME W 2R
TP e 9 wEe o ¥ AEE HAT >
Ak
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4.3.3 ¥x3 Av|A3<= ol&% AEY AT A
Ui ke AlxE o F3E geler] 98 YOYO—1 iodide®
A% CpGE CpG—Ag NP9 CpG—Ag NPS} BGosx—CpG—Ag
NPE 5o} HelLa A¥9 RAW264.7 Al¥Ee] AHgsta ¥xF
v AE ol &3l #EsdTh A7 Aol CpGe HF $E= wel

AA3A 100 nMo] T2 3lgrl. & Hoeschst 33342

of

i
(I, CpGx YOYO-1 (ZFM oz At MES
SEZE A3 Fo AMe 1087 sl w st da npE
skl

Figure 20°14 & 4 Sl 2 A7 HeLaS} RAW264.7 A|xE
R AR S] Al AW 37 doluith Hela Al EollA =
CpG—Ag NP9} BGosx—CpG—Ag NPE 2|3t Al Lo 2]n 3k

zpol 7 AR R okt I AE YR fY99 Ux dAE= AE

kr

7Fd A 949 (peripheral region) o] HF 2+ & & 4 3t}
RAW264.7 Mo & ¢ 23t J3S #2dd 5 glor
ol AAE EAHE o]l&3S w RAW264.7 Al¥oA ¢ =&

ME Fago] yebd Ao ASste Ayfolth. S AME U=
F9¥ yUx A= AlE U &% (intracellular trafficking) & 43}
& F=oo A= AS BFEYT 5 Sk BGosx—CpG—Ag NP=

g W el AZed Zi

ogh

Fol WA KA

HeLa MXANA Yx=dx7F @G AX T35S e A2
Uiz vy debrt SdskE we A Ade] it [73].
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Figure 18. Fluorescence intensity of YOYO—1 iodide according

to its dose (nM) (ex. 458 nm, em. 560 nm).

Table 9. Bound rate (%) of YOYO—1 iodide to CpG in various
CpG—Ag NP samples after ultrafiltration at 3000 rpm for 30

min using Amicon® Ultra Centrifugal Filter (IMWCO 3 kDa)

Feed
Filtrate
amount Bound rate (%)
(pmole)
(nmole)
CpG-Ag NP 0 62.19 93.78
CpG/YOYO-1-Ag NP 1 30.03 97
CpG-Ag NP
0 4210 95.79
(dialysis)
CpG/YOYO-1-Ag NP
1 18.01 98.99
(dialysis)
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Figure 19. Flow cytometry results of CpG—Ag NP and A Gosx—
CpG—Ag NP in serum—free condition in (A) HelLa cells and (B)

RAW?264.7 cells.

Table 10. FACS results of CpG—Ag NP and A Gosx—CpG—Ag
NP in HelLa and RAWZ264.7 cells

Cell CpG-Ag NP G, sx-CPG-Ag NP
iensity Hela 0.0 202 247

0,

(%) RAW264.7 0.9 33.9 85.0
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Nuclei YOYO-1 DIC Merge

(a)

(b)

Nuclei YOYO-1 DIC Merge

(a)

(b)

(Scale bar: 5 ym)

Figure 20. Confocal microscopic images of YOYO—-1 iodide
labelled (a) CpG—Ag NP and (b) BGosx—CpG—Ag NP in (A)
HelLa cells (40X, zoom factor 2) and (B) RAW264.7 cells (63X,

zoom factor 4), nucleus stained with Hoeschst 33342.
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4.3.4 AX U A AtAF (reactive oxygen species,
ROS) &9 <
SUHEQIAR st AE O B AT Y TUHE
o137l 984l Abcam A+l DCFDA / H.DCFDA — Cellular
ROS Assay Kit (ab113851) & &8sttt 25 M DCFDA, 45
min ZASE WA dANE HPd ¥ HF 1.0 x 107 NP/mL
F5° Ag NP, CpG—-Ag NP, ABGosx—CpG—Ag NP
RAW264.7¢] Z}2} 417k, 8AIF AHE|gs wWe] A¥E Figure
21 yEpith
wA i zwel Aeldls TBHPO 3% 4A1F FHell Ax iy
3.691¢ DCF ¥3& Ho wW¢ %& 52 ROS S7H&
HoAFAARE, AR BAAAE w= AE ofH] 279 % 4]
H)s W2 DCF 8%& Yebiict ol TBHPO A9 AX U 4%
Ad Aol geiMzE obd, wEdt 38k wkgel oJd] ROSE
Aske Eol7] Wt o® A7t Ag NP+ 4A7ke] A73e
w2} 8AIZke]l APE wWo] ROS FFo] FAFSIR oW, ol AT
A sk o2 AE diu] Hof 1.888) F71ekith CpG—Ag NP}
B Gosx—CpG—Ag NPE AHzlgh A-f-oll= 4A)to] A #}sliA= DCF
FFol F7kskAl &skth. 2Eu 8AIFte]l AR E wWe 4 Al
el 1.439, 1.74¥7bA @8 AI717F S7Fekol Ag NP9F fARS
FTEe BAth ol mWo] AE Agrt =EHA & CpG-
Ag NP8 B Gosx—CpG—Ag NP9 A% AX YA xdo] &4

Ag NPREE9] &4 AaF:s SAANIIZIZHA o @2 A7)

i)

Hosh Aoz Yzt

MEFZ RIS §5o] ol ROSE WAL Aol 2 fol7}
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4.3.5 GAA FTFELE GHANE RT-PCRF AAzL
Zdasr AL (Real Time—PCR, qPCR)S o]&3k
HAME M1 53 259 <

In vitro 7ol AAEY M1 33 582 w7 YA
gRT-PCRE Algstqith. 24A17F &< wjeFste] 70-80%9
UEE Hole= AMxe CpG-Ag NP8 BGosx—CpG—Ag NPE

24X &< o] gle oA A st mRNAE F=3130th

HN
o

M1 E=3}o] st X EEE INOS, COX—-29 & 4

R

Hokal, M2 ®F3fe] tidh A:EE Arg-1, TGF-89 3

t}. Figure 22941¢} o] CpG—Ag NP9 B Gosx—

r
N
o
T
32

CpG—Ag NPZE 24A7F AHE3d RAW264.7 AFEA INOSS
COX—29] W& o] 7t om, 53] COX-27F B Gosx—

-

CpG—Ag NPE Ag @S u CpG—Ag NPHT} FAZHog2 {23t

FEOR Fbete] HEEFR ARl mE Ml 253 f&

Asdgte] W=, A2 RAW264.7 M¥Es 2 AG¢
sds =711 DMEM high glucose media (10% FBS, 1%
penicillin/streptomycin), 5% COs, 37° ColA wWdEHAS
passage number 103 30 A}lo]ollA = passage’} <7Fsitete

1
M1 %= M2 population®] w243 W3t7b yehuhA ¢k=vk [75].

3, 3236004009 7 Qlae] wASe sh9ar]E Al
GAPDHY W% J]FEoz  Aifgeigla  ojg  2779¢7

methodE ©]&397] w&ol, Figure 22914 M1 <z} 3] 9]
Z7h= passage S7Fel WE Aol ofd, Y A} Ao wE
Folu st Axtz AzbeE



A Zyol A3ttt [76]. dElE Arg—19] Z&A X, TAHE ¥

oAt}
24 Arg—13 TGF- g, CD206
A

A= =AY wEel FEE
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Figure 21. Measurement of intracellular ROS level after 4h and
8h treatment of 50 M TBHP, Ag NP, CpG—Ag NP and B
Gosx—CpG—Ag NP (1.0x107 particles/mL). Intracellular ROS
levels presented in terms of DCF fluorescence intensity relative

to the value of untreated cells.
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Figure 22. Relative mRNA expression levels of (A) iNOS, (B)
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Gosx—CpG—Ag NP treatments on RAWZ264.7 cells.
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HQ e TAGERS ool Hl#sle]  AbstETE Frkete B0

golE At At e s AFXE Ywedate] g &S v o
7HE we BEAES zhe Ak wElE SRRl OXBGO.5X S Aghs

3l YiefiAbE g A EZe et =2 HslEE Rt nEAE
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Abstract

Barley B —glucan/CpG ODN
/Ag nanocomplexes for
macrophage targeting
and polarization

Migyeom Lee
Department of Agriculture, Forestry and Bioresources
The Graduate School

Seoul National University

In this study, a triple nanocomplex of barley beta glucan/CpG
oligonucleotide/silver  nanoparticles that can deliver CpG
oligonucleotide used as an immunosuppressive agent and barley beta
glucan used to treat various immune diseases was developed,
confirming its high affinity to RAW264.7 cells and polarization effect
into M1 phenotype. The number average molecular weight of oxidized
beta glucan, OXBG 0.5X, 1X, 2X was 4.2 kDa, 3.0 kDa, 2.0 kDa,
respectively. Their weight average molecular weight was 22.9 kDa,
13.9 kDa, 9.2 kDa, respectively. In addition, measured aldehyde in
OXBG 0.5X, 1X, 2X was 1.07 mmole/g, 2.39 mmole/g, 3.81 mmole/qg,
with a calculated oxidation degree of 14.14, 31.66 and 50.35%,
respectively. The oxidation degree and molecular weight of beta glucan

affected stability of the prepared nanoparticles, and 3 Gix-CpG-Ag NP

showed aggregation in serum-free media after 4h incubation at 37°C.
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The size and shape of the silver nanoparticles determine surface area
capable of releasing silver ions, thus the smaller the size, the more
reactive oxygen species are induced and has higher cytotoxicity. All
particles showed no cytotoxicity, except when highest concentration
was treated. CpG-Ag NP and B Gosx-CpG-Ag NP with modified
surface took more time to produce reactive oxygen species compared
to Ag NP with exposed surfaces. When B Gosx-CpG-Ag NP was
treated, DCF fluorescence did not increase after 4 h incubation.
However, it increased up to 1.74 times after 8 h incubation compared
to non-treated cells, which is similar level compared to Ag NP. Through
flow cytometry experiment, higher affinity for RAW264.7 cells,
compared to HelLa cells, of nanoparticles containing beta glucan was
confirmed. RAW264.7 cells treated with S Gosx-CpG-Ag NP showed
uptake efficiency of 85.0%, which was much higher than 33.9% of
CpG-Ag NP. In gPCR experiment, expression levels of M1 polarization
markers (iINOS, COX-2) increased in RAW264.7 cells treated with
CpG-Ag NP and A Gosx-CpG-Ag NP after 24 h incubation. Also, A
Gosx-CpG-Ag NP induced increased expression of COX-2, which was
statistically greater than the result of CpG-Ag NP. In conclusion, triple
nanocomplex including beta glucan showed high affinity towards
RAW?264.7 cells and showed potential in M1 polarization of

macrophages.

Keywords : Barley beta glucan, CpG oligonucleotide, silver
nanoparticle, immune adjuvant, gene delivery, macrophage, M1
polarization
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