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Aot vEEE ol o Eate] ATP 4 & olAlsht WA o Ax
Ame Qo [39]. ArE e A4S, A dap F=d

w2 A A2 (mevalonate pathway) olA] =2 dlA u] ZQlAF A § 4
(Fararnesyl pyrophosphate synthase, FPPS) 2] A& wol w=ulA]
2RIkl REEojA A XAl sto] MRS AMEE

EF WAEAZUOEY A3 9 vUBY Fol=

w4z
4] o} speto] £
Edel EARE SIS Fa dgel sbsstel, At 9
ekl A 5 gdrkn gelA ok [40.

o %
a7 Qe A xS FO] n vitro & in vivo oA RHTF H&

Jdo

N

283 7K St dEAd dn [41]. AAvr xskE
HIAEANYYO|Ed = dAIEZYo]E, ZYTIY|oJE, Ju|=FYo]E
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siRNA
2 913t mRNA down regulation

=y

ol

i

Ay
O

Al

ol @l & 2 1| o]

ro
3L

BAT} [44]. Miller 5%

)
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fite)
(=)

"
e

ofiy

—

Nd

ol@l & 2 | o]

3l

1’34

ol o
= =2

%

A
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=

ok
o}

o0
Mo
M

R

Aol
Kol

Alg o=

F2AE o

ol 2

1 OFHH
i
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iy

fie)
O

o
T

j
lod
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bt

o

%3
73

=

H]

=
=

of A w4}

1=
T

AT

o] 2]

ol @l = 2 1| o]
[48—49].
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WEgo] S7ksks AS &l 4 Qlglth [50]. Migianu—Griffonis <
ojnlo]l = 43S o] 85} o5l A v g gl A E gy
dA=ZYOES  HIAFHL olE FI IAZYolES uo

AAOlGEN ZFFY 243 ags 7MY [61].

NE Agtoz ARG [52]. AE, A, AlEH A5
therst =l skets Fxel Vlee JHA v p-(1,3), £-(1,4),
—-(1,6) A%tz 4

-
M
Q,
i
i,
=

FR nRAE 3 4§

Ui
v
ok
o\
ftlo
)
o

-
)

k
>
=<
Ao
ME
oy
fo
oX,
o
o
12
2
ok
+
X0
o
o1
@

A EAA  HEEFIe] AT £ Qe FRAE T
EH O Z Dectin—1 olgtal st C & H®l &4, Mac—1 o]zl
3= BAFEA 3 (CR3) Y E7AEA4 2 (Toll-like receptor 2,
TLR2)7} &Agt}. Dectin—1 = @379} A2, sF7ol wol
DAY= FEARA FZAEY AFACdE dddty 44 S
HEFEFF2Ee] B—-(1,3) 7%= Dectin—1 ©] &43t¥w Syk, c—fos,
NF-¢B HAZE 9Asted NFATcl HA=E Y&t NFATcl HA=EE
sEAE G kel Sloid FTad Amdez A AlClA
HlEl = 732 Ao #3838t s dAetes 92s Fdsit [64-
55]. Mac—1 HEAFEAE HlTFATFORE o

_Er
(CD11b) ¢k SQIHEZL¥-p2 (CD18) & o] FoA %1,<Xflq 7}
13 A | "'T'I' L



&3
olo
tlo
offl
Z,
S|
x>
.%
@]
—
Ao
ot
2
o
o
PN
ol
38
k]
K=
|
>
=<
&Y
4
é
1o
gh
oy
i

2
(TLR2) &+ AME fZHoA st git=s A4 A48 + Qe 329
gz g ZFEEIAINRS 5 A2 88 (Myeloid differentiation primary
response gene 88, MyD88) 3} #&H ¥ A& HdES 43t A7ty Lyt
A Ee A HWEFE RS TLR2 & &3 <
% MAPK, NF-«B Z2% 24379 & A5l 2L 7sS
AABEATE. StEAlE AFA A= NF-«B Z2E $3 NFATcl &
AAATIH FEAEE] 23S gAGE &3S Btk [68-59]. Al
7HA FEA B ukst 2ddA & HlEeERe ARSIl
gZAE AFAZR vk wdAg gl A EAFAE (Mouse

leukemic monocyte—macrophage cells, RAWZ264.7)< A}-83}o]

= M2 #3lE AsteE a8S EY & du. dZAgAY A
Wz A~ (Alcaligenes faecalis) VA=A gt wEFF2Ed

A= (curdlan) S - (1—3) 2 AAHY+= ddFolth. Zhu 5=
Dectin—1 FEAS 2= RAW264.7 AEFE S8 JIAER
H3tsh= A elA curdlan & A2 ekleh olw Syk Az A EIHE
= AN MafB dAF Q1zke) )IE|F71 33 (IL-33) 9 &4 A=
A NFATcl A=E7F AHASS  Fd&dd [60]. =3
Aizawa & AEAE9] curdlan & o]€3d TLR F&A 45 dAgdS
Adfst= A Fladint. 2=AEY aFAEE 3 Y A F
curdlan A7 A SFFAE AAo] TLR AZT AEFS EA

AAEHASS A3 Curdlan A2 A FFAEZ]
14 -



ZZXA17l= RANKL & Aol #Aeia gxAE AFAdA L
S o A 51l o [61]. Zolg g (Saccharomyces
cerevisiae) I WAR (Baker' s yeast)®} A RAF (zymosan) 2
HlEbEF3to] AddT. BRoAFE AdE F HEEFHS B
(1-3)2 943" %= 71#x 1 9t} Hara 52 Baker s yeast ©A]
U2 MBS A E A AlolA Dectin—1 FE8AE F3HA
A E Ao BEE Syk, c—fos, NF— ¢ B, Blimpl 235 & A|3}A
Ho] NFATcl @45 e Z& fdsii. o] &3 RANKL =

olgt  H3lel AFo]  o]FojAx il RAW264.7 A FEofA

e 223 A8 49 AX AbE3 TRAP, NFATcl & &3 @
x50 TAE ettt [62]. Takami 5 Zymosan JFE|S FE&

FEAE F3E gATESs @dslt Zymosan A YAl dbEAlE
AgA dge s RAW264.7 AlEeA TLR AlZef ujst 2=}

dEAE Y AE FAdsidin. A5 dEAEeMRE TLR

Ay
ofo
2
o
o
I
:é
_O|L

@
Ly
k)
o0
)
i
=
K
i
oft

ol A TLR Aldddo]
AAES st [63]. olZA HEFFFIHE o] g3 JFAHE

ArA ek Aot gzAlze] digt AgadsE 7| = s st

H
B—(1—4)—Glucose E o]Fojxl A At&e] B —(1—-3)—Glucan
o] ¢F 30% AALER EASY. YAt (Schizophyrum commune) A
Ue= HEEF]  AlxE& (Schizophyllan) B —-(1—3)—
Glucane FAFERE 3719 EEdol 1719 BAbsz - (1-6)-
Glucose7} EAIsH= Fx2= o|Fo]A Ut} Ariyoshi 5ol 2std 48—

(1=3)&rE o]FofAgl: HE=FtEg b2 727t Aosle

15 A2t 8
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2.3 ALEAE ol &

=
=]

231 AEAE o] &3 Az AEA Y 5AF wAY

o

X
e

0

A

Hpo] 2 A

#olt},

O
P

aig

ol

KH
~o
)

—

0

¢+

B

iy
ofiy
i
JJo

MEL 7]

Hlo
)

—
o

I
ofiy

Jlo

T
25

gol4 B

RS

TR ALA R ol

Attt [65—-66].

u

hya
s i

Al

¥ A,

AR AGAE A7 Hu

wr
A

o

o donl

(L—g]Al) (Poly(L—lysine)), Z

=

AL AR A =

73

(Poly (amidoamine)

d=e) v

o] 3, AT EA} = 7| EAF (chitosan),

2 (o}v] Eo}yD)

3=
=

(Polyethylenimine),

E%]/\E%]:

Ry

=%
<]

dendrimer)

] (Guanidinylated bioreducible

(dextran), Tohd3}

o A il ATk [67-68].

=1
o

polymer)
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oy

2.3.2 Zgod ol

oo]

PED &

(Polyethylenimine,

Zejed o)l

< 7FX2 9tk 1 A 2 # 3 A

A

3

%3

B

ol

J
HH

1

—r

u]

fiie)
%!

o|J
A

3} (proton sponge effect)

"

¥ A

ol
e

9

Zeod oy

A Ao

4%

sdshE W

=k}

WEs} ok

9

o}

o]

HolA

=
=

(apoptosis) &+ A} (necrosis)

juc]
=

dlo] A E A}

o
T5

[71].

< A2 AdgA el efAd  ‘Golden

Hol125K  (PEIzsk)

o] =

3
=

o}
=

=

Standard’

= Wi E°] AAEHSY. Sons< Poly (DL—

lactide—co—glycolide) (PLGA) YXx3E]ZE o] DNA

HA8kaL

=
=

14 DNA

o

A Aolg

71

FRE. PELsc S

s

[e]
=45

=

°] PElysk BT PLGA—PElys 737

=
N

M 7]

hyA
e i

HEK293A

kol PElgsk AHA 9

B o]
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E
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=
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[e)
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|

stal

Qo=
)
Doxorubicin

(Click—Chemistry) <
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ok [76].
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gAY Ag 5285 7717 S8 8- (1-3) =53} PLGA
£ MAstele] b Es Axsdtt. f-(1-3) 253 Y=g S
o= wEA FAE A,

O Q3 FEO & EI TrhstE S st [77].
BeolA fst wE=EF32 f-(1,3), B-(1,4) linkage =
ZEa ol p-(1,3)9] AE AsAgn p-1.49 AEs

Al AYAZ ALL 5 9k Lee 5 22l f W

RAW264.7 AZA Fdz2 dAg o] Tk, &2 AX Y
olfl #IE &Stk [78]. olEF Tl HlEkEFIEo]l Al A|E]
FEA S} JoAgetn Ax xH3 Vo R WekEFgte] dgd
Ae& FASHTE. Zhang T2 HElel AgelA S p-(1-3)-
(1—-4) ZF7o] oddgololnior sty olwlrE =gla3int
7ol siRNA & WF 3o 722
gelatdtt [80]. ald EAE siRNA therapy o @83 =d], ot
ads felM MIF siRNA & A2etis w Azl tist ) He,
Hol7t Zasdes AT

A
HAYFORE HE=EF3H s dG9A=ZE &842 4 Q.
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A3 As L BE

31 AR

B —Glucan (Barley; Low Viscosity, ~95% purity) = Megazyme
ol G493kt Sodium periodate, sodium borohydride & Junsei
(Japan) oAl T35k t}. Alendronate sodium trihydrate & TCI
(Japan)°lA  F*%dst3itt.  Branched polyethylenimine  (bPEI)
(ZZFHAEAF 25000 Da), agarose, ethidium  bromide,
hydroxyapatite, sodium nitrate, sodium azide += Sigma—Aldrich
(U.S.A) A #9438k 3L, Recombinant Murine sRANK Ligand &
PeproTech (Korea) o4 %43kt Dulbecco’ s modified Eagle’ s
medium (DMEM), dulbecco’ s phosphate—buffered saline (DPBS),
0.25% trypsin—EDTA, Fetal Bovine Serum (FBS),
penicillin/streptomycin, YOYO—1 lodide + Invitrogen (U.S.A) A
247y -]kl th. Lucifersase assay system, reporter lysis buffer+=
Promega (U.S.A)°lA FY3F¥ 3, @ —Minimum Essential Medium
(@ —MEM)-2 GE Healthcare Life Sciences (U.S.A)olA {18} t},
BCA™ protein assay kit & PIERCETM (U.S.A) oA F<)stglt}.

42 (D20) = Cambridge Isotope laboratories (U.S.A) o4 +¢] 3t

o

>
o

AFE3}9 1, Dimethyl sulfoxide (DMSO), Tris base+x Merck

(Germany) olA T8ttt TRACP & ALP double—stain kit

T™

M
PrimeScript RT Reagent Kit, TG Green Premix Ex TaqTMIl+

TaKaRa (Japan) olA %3t} Nucleospin RNA extranction kit £
Nucleospin DNA extraction kit + Macherey Nagel (Germany) oA
T3St RANK siRNA (57 —GCGCAGACUUCACUCCAUAUU-

3") 9} Table 19 primers< Bioneer (Korea) °l4 +¢3F3itt.

1 3 =11 =1 —
21 -"\.ﬁ-: -kl' ]_.ll "'l.



32 4% ¥4

e

A

__o"_H

3.2.1 BGAD (Barley A -glucan-Alendronate) 2]

T o] A

80°C 2w

o] 31

ol

o

ol

7 mg/mL FEHOF

=
=

49 oW Zue Qe EAER (NalOy)

X2 = At

o

Ho

o

AEIE 24A17F

toh 045 pm EEHE

2%46

S
=

6000—8000)

(OX Q)
Abst—HEt= 77 (0XBG)

T

|
n-
M

Foi Absh—wi et

S

ol

RARCE RIS

T4

B GADE

ZHe] OX B GO

=~
g

=
do] 0.1 M NaNOs°|

3k

FElM ARE

o =
kil A

Al 71 A]

OXBG=

Solgli

=
=

(AD)= 7 mg/mLe] %% 0.1M #FAXA

AEgYolE

o)
=

WA 2T

T

£ OXABG

20, 30W§¢ AD

913l

7=

|

]

(NaBH4)

S

Schiff—base9} <4

SR ENRAS

=]
™

o] 2¥) Eu|&=

= AD

=
o

AEEQA

CER

off Al 24A1%F

T

N

oAl 48A1ZF

2
SPUHEH (NaNsg) oA

==
o TT

fol 33

o 43

S
=

(MWCO 6000—8000)

A1 gl
|

=
T

7 5 mMe| oA =

E =
—H

, 0.1 M Axy

AL, Tl 33F

—_
file)

A
~

2473 F

S
=

b &

XA

off Al 24A17F

-
s
o

33
o

H&e BGADE

e
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322 BGAD 9 54 &4
3.22.1'H NMR& o] &3 T84
BGADS Fx& 4z IV FHEE7] ('H NMR) & o] &3 2
JIsGth &= D0 & AHEstYlon, ZF A5+ 10 mg/mLe] v 5=
550 LA =8]8k th 600MHz AVANCE 600 (Brucker, Germany) <

ol g3to] FxE EA etk

O

3.222FT-IRZ o] &8 TZEH
BGADE x5 F7FHoz ®Ast7] fla Felowst—2 9l &
3 +247] (Fourier Transform Infrared Spectrometry, FTIR) & ©]&
sto] #4183t 7171+ ATR (Attenuated Total Reflectance) FTIR
(Nicolet 6700, Thermo Scientific, USA) & °]&3}lt}. 4000-650
cm ' sgiel A 8cm o] sbg k0w 32w whEste] F74sHS]
t}.

3.222GPCE ©| &% A% =4

Gel Permeation Chromatography (GPC, Thermo Dionex HPLC
Ultimate3000 RI System, Thermo, U.S.A) & o] &3lo] EA&S =74
it AlEE Aledstay w49 HetEs7]71Y (NICEM) o AZ2vtE
g A gF itk AlEE 10 mg/mL FEE F0EY L Srie
0.1 M sodium azide& AF&-3F3T} Pulluan & standard 2 AFE-3F3 3L
Ultrahydrogel (Waters, U.S.A) Z#S o] &3t 4 1 mL/minl =
=7 3kl Tk

23 -":l't\._i _'w.l.':-_ T



3.2.3 PElxk/siRNA Z2Z8XA U B GAD/PElsk /siRNA YB3t
A S A
3231 EHEIAA W Y E3A Y A=

PELs/siRNA Z2]Z A= siRNA 9 FAM o] wel PELs <

AxbetA Tt FFF PElsy & WA Yol T siRNA 5 4o

i
b
d
s
2
1o
o
o
itk
i)
il
)
[
i
HS
£
ok
L
1)
s

o] WE F

GAD & siRNA FARlel] StHAM ¥t o]

o

3232 SI7kEA A A719EL ol 4% B ¥4
SRNA ¢ 2@4 ¥4 sHe #ler] 9§ optma A

A719 %S AayEYE Ethidium bromide = A3, 0.7%

ob7tE A~ AL Tris—Acetate—EDTA (TAE) buffer Aol A A %3t}

PElssi/siRNA E8]Z8 A= Hepes buffer saline (pH 7.4) “ZdelA
PEIL:5/siRNA = 0.1, 0.25, 0.5, 1 : 1 w/w 2 A| Z3}S ).

B8 GAD/PEl2s/siRNA Y53k e] A foi=  PElas/siRNA

il

mlu

Ee3
.2,

>_A

5,10:1: 1 w/w 2 A x33T
A719% S Mupid—2plus® (OPTIMA, Japan) A79%5FA=

o] &3to] 80V oA 12 3+ Atk A7 sl daE F siRNA

AE w/w 1l 2 378kl F#olsklth. 8 GAD/PEls/siRNA = 0,

W= o] g8 Gel Doc™XRS+ gel documentation system (BIO—RAD,

U.S.A)E o]g3ato] o] Foj%lt),

24 A 21



3.2.3.3
Lk

EAJ A (Dynamic Light Scattering, DLS) & 9]

DLSE o] &% F# YA 27] @ %3 As}
I~9k YwEgAe H Ak AVIek ®md AstE
£

mlu

71 A= Zeta—sizer Nano ZS (Malvern Instruments, UK) & ©] &3} t}.
PElssi/SiIRNA Zg]Zd A= siRNA 10 #L & o] 8§39 PElss/siRNA
= 0.1, 0.25, 0.5, 1:1 w/w & #A=x&A}t. BGAD/PELs/siRNA
U E8kx= 3 GAD/PELys/siRNA = 0, 1, 5, 10, 20, 30: 1 : 1 w/w 2

d

Azstgith goe FRS golA WEQD, 7 Ami 54 A 1 ml

2 f4ste] 2459

*

3234DLSS 0]93 AYhwa oA 3l
3.2.3.3 1 L WHOT  PEly/siRNA  ZaZe gl

=30:1:1w/wx AxsAth Azt ZHZIA9 YeE3AE 20%

94 gUs FR5 Yo A3 93 ¥EF 1022 BFAUL 0, 1, 2
=1

3.235TEM & o] &3 x} e &<l
ool zt  FapEtdn A (Energy—Filtering Transmission

Electron Microscope, EF—TEM, LIBRA 120, Carl Zeiss, Germany) =
o] g3ste]  EEH A9} EESAY A dEHE #ESTH
3.2.3.3 ¥ Z Wez ZEHad UnEFAES Axshlh

B GAD/PElgs/siRNA = 30 © 1 : 1 w/w & AU Ze SRS

—
T
=
|\
o,
oo
®
ab)
=
o
o
=
0Q
o}
[N
K-
—
M
=)
o
g
4n



3.2.4 B GADIPElz:k [siRNA =832 Ax A3
3.2.31 Al¥E Wi
U SekAle] AlExAde s fall A AT A FSAE (Human
cervical adenocarcinoma cells, HeLa), vh-¢-2 W &@A @3- tf 2 Al Z
A5 AIEZ (Mouse leukemic monocyte—macrophage cells, RAW264.7)

S AFEE T AE ik 10% FBS, 1% penicillin/streptomycin ©]

|

EgHE Aol ool Hrh. Hela A3 DMEM+GlutaMax'™,
RAW264.7 A¥E DMEM & 77 AR&stAch wjekel 1w o)A
37°C, o] Atsteba 5% xzlo] A% it

3.242 MTT assayE ©|&% AXE thAl 84 <

BGAD 9} BGAD/PEl2i/siRNA 9o AX 545 2str] 93
MTT assay & A8 th dxzFo2: 5Y 59 PElscE A3t
N, RAW264.7 M3EE AFESSIYE. WA MEE 96 well cell culture
plate ol 1x10* cell/well =& 100 L A skl wjskolch. 24
AlZF o]% BGAD = 1.5625, 3.125, 6.25,12.5, 25, 50, 100 g g/mL 9
FEE serum ©] §liE F7AA 4 A FF AHEEsith o] % serum
o] Eol= viAIE wASFIL 24 AF EQF wiFeriTE Wi oA o
-5l PEIssi/siRNA Z2] &5 siRNA (20 #M) 0.5 p¢L 7|Eo=
1w/w 2 AZs A, o] BGAD/siRNA = 1.5625, 3.125, 6.25, 12.5,
25,50, 100: 1 w/w 2 Y3535 Al 283t Serum o] e Z7°]
A 4 A e A Elskal o] % serum ©] 59U+ WA E wA|SFI 24
AlZE &QF kst 2 mg/mL ] MTT €95 7t well & 25 LA
Agetal F7FE 2 AIRE wjFEla, wiAE BT AAT & FA49
formazan A4S well & 150 #L 2] DMSO & HoFh AEe] o

A FAE 570 nm 2] 3o A microplate reader (Synergy HI,

26 2] _-J:__ 1]



BioTek, U.S.A)
A 2] 314

Az Qe

ore A

| Lol A2 &
45 (Cell viability, %) &

3.2.4.3 Transfection =
v Bk Al fAaxt
assay & 3ot dx=aro

RAW264.7 ¥ Hela AXE AF&3F9itt,

H 3}
- A

Skl
Elosk/pDNA = 1:1 w/w & AF-3}

transfection

‘I.__
1__

P
AL, AEE 24 well cell
culture plate ©| 5x 10* cell/well 2]
St UnSdAE

GAD/PElss/pDNA = 10, 20, 30, 50 : 1

YRR 500 pL A 8 24 4
g e 8
Pl w/w 2 AZEsY Alx
A 2] ol

o

-

}

o
RS

s]b et =7

| 2ol M=

NI o

o e

o FR5I4 & 20 4L = NS,

;
=

oA

e}

O]:__r

AT 48 A|ZF Hje Hj 2| =
120 L A lysis buffer
SES

cell scraper & ©| &3l A&

AAsL DPBS 2 2 3] AlZE AlH 5

=

=

K3

t}. Well Yol 30 #3F shaking

S:é}ﬂ
=

o

Y

QB 2 AFEeL A

401.

incubator = plate o] 3

=
=

t}o

ok
4°Cysto] s s Fsk3lth. White 96 well

Al
™

J_z

r-{n:

[e)
2
1t

eppendorf tube °l Z+z}
g (14000 RPM, 10 #,

plate o] A5 20 xL 2 Y1l luciferase assay buffer 100 ¢L &

_1

T3t 10 %7+ microplate reader

}6]‘

(Synergy H1, BioTek, U.S.A) & o] &35lo] =

Protein Assay Kit (Thermo, U.S.A) &

gakolct e A

=
[e)

;é]

oe] e
o1 g

150 pL, 45 20 pL & H71sksh. 2 A7

kS MicroBCA™

=22
ST

skl =43k th 96 well plate ] 3 2k 130 pL, BCA A<k

ZQl 37°C oA ¢HF

i?l

AlZ1 2 562 nm 3o A] microplate reader & ©|g&3te] 3%

O -
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B

All

L —
T

2 3}
(RLU/mg protein) &% %3 3lo] eI

peieh, 49

s

A
A

o serum ©] U= WIAE well B 480 pL

= Ae e

A Z O
0=

1, serum ©]

o 4 A
153Utk 48 AIZE ©]

S

[ez]
A

2 Aelst

20 pL

AR
0=

o)7L,

T

3.2.4.3 %

ke
T

=ol%l= WA R WA

cell lysis & 3t o]

Fol Lrehie.

A )

% %k (RLU/mg protein) &%

a3
=70

o)

A}

?l mg 9
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3.2.5 B GAD/PElxk /siRNA Yx=E3HA2) 33 A3
3.2.5.1 HydroxyapatiteE ©] &3 & 34 &<l

T2 9] FAEQ Fol|=EA]olulElo]E (Hydroxyapatite) & ©] &

0

3ol BGAD 9o FX IS &gl
Fauste] APkt [
buffer (0.1 M, pH 7.4) o] 2AMA]17]13 6 well plate o] ¥tk 28] 8

otk o] A¥E Jahnke 59 A+=

O]

. ol E=ZA]olgElolE 100 mgS 2 mL Tris

GAD 9] ADE 3mgol E°7bes 7 v&2s AALE ©1% 6 mL Tris
buffer o] =3tk 1 & 3 mL & 3lo]=FAouEO|E §hof] YojA

4 AZF &< 37°C, 120 RPM 2.2 WRHIAZTE o] 7= s

M

NS H =A71F AATE FE 3mlL 2 AGAD = 2 mL Tris buffer
of Yy & Ao mwRr & E=AAZ A Zth o]F 'HNMR & o] &

o g ZReAGUT. 0% Faf shol SE A o}steto]

3.252 FAE BAHE o]&3 Y E3A o] RAW264.7 AT 3% &

ol

FAE NS Ed BGAD/PEls/pDNA Ui ieha o] wbatA|s

B

ATAY RAW264.7 AE] 2sEZ Frlekith. RAW264.7 AXZ

6 well cell culture plate ©] 2.5x 10° cell/well &] WEZ 2 m[ & &

4
N

ato] 24 A1ZF F9E Wit PELsk/pDNA E2EHAE WHE7] Ao

=

.

pDNA (pCN-Luci) & YOYO-1 iodide & ©] &3+ 5071 94718 & 1
Mel 95 AV So7teE Agste] AREEdth. Well & B
GAD/PElzs/pDNA = 30 1 1 w/w & AZsSTE Ye53A A
A serum ©] §l& WAl 0.5 pgg/mL, 1 gg/mL, 2 pg/mL ol 33}

= F&9 WEEF3E 800 L A 30 3+ AgEln. o f, wiAE
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s AAs & F B dA &3 serum ©] §l= WiAIE A
AT dem A= 4 AZE FE 37°C oA Atk ol F AXEE
DPBS & ol&3lA 2 3 AAsAIL trypsin ¥ serum ©] U= HiAIE
olg-sto] A5 wolFqnt wWold AxEES A48 (1500 RPM, 3 i,
4°C) = &l 7hetersl 5 DPBS 2 RAMAIA WA= AASIL oA ¢
AEEE 3 Aeds AASH. DPBS 300 xL 2 EARA7]AL
trypan blue (1 mg/mL) 30 p¢L & A3}ttt o]F BD Accuri C6 flow
cytometry (Becton Dickinson Biosciences, USA) & &3 &3t}
A= BD Accuri C6 software & o] &3] AXE o F3&S 243
.

x2

30 A2



3.2.6 BGAD/ PELsk /siRNA Ux=2 3t o] AE38H7] Hr}

3.26.1 YIZAXE AEF &
RAW264.7 A3 RANKL (Receptor activator of nuclear factor—

kappa B ligand) & A st Waoz FdFAEZ ETH [83].
RAW264.7 A5 6 well cell culture plated] 4x10* cell/well?] WE

2 BFA Y. AE vk 2.5% FBS, 1% penicillin/streptomycin ©]
S0zt o —-MEME ARt 24413 o] FRE 29 Aoz 3w

RANKL 100 ng/mL< 1 mLe «—MEM ®|# o] dolA A gstgc}. o]

% TRAP (Tartrate—resistant acid phosphatase) assay S ©]&3sto] 3}

ALY FYS FaAstgc.

3.2.6.2 TRAP assayZ ©]&% =4 E &4 <l
TRAP (Tartrate—resistant acid phosphatase) &+ J}Z A Z o)A &
= Eo]zlel A xtolt} [84]. TRAP assayx TaKaRa®] TRACP

|
& ALP double stain—kitE ©]|&3lo] F435F . 3 vl oju]x =
3}

2W  A|A3 o]F Tartrate—resistant enzyme2 X33 sodium
tartrate €92 1 mL 23tk 4587F 37°C A wjekst & =
T2 AT Az S WA f& SYAlEe Hrhsta
nto] 3 Z A7k 2t (Olympus CKX41 Microscope, U.S.A) & ©] &3}

%3l CellSense X213 E3fA T3S}

3263 GAA THES ANES (RT-PCR)S AAZ SHEL At

- (Real Time PCR,
mRNA g =o] I3t well cell culture plate °4 %13

At DPBS & AMXE F W A& 3}a, cell scraper & ©]83Fo] AE
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= go]F9tt. 183 RNA + Nucleospin® RNA extraction Kkit

u

(Macherey—Nagel, Germany)E& ©]|&3}o] A XA T2EFHS ukg}
F=olth. #5% mRNA o] AA| %2 Take3 micro—volume plate
(Synergy H1, BioTek, U.S.A) & o] &sto] S4eF3Ath mRNA & RT—
PCR kit 91 PrimeScript RT reagent kit (TaKaRa, Japan) & A}&3}¢
cDNA = 3Hdsgith. o] mRNA 9] A A& &17] 98t wEs0]
=2 cDNA o ¥4 xg}o]l 2} SYBR Premix Ex Taq II (TaKaRa,
Japan) & 2%lt}h. ZEto]l# = Table 1 Y49}8l+= sequence & AHE-3IA
. 1213l StepOne real—time PCR machine (Applied Biosystems,
USA)E ol&stol SAst. BES 95°C ol 30 %= &<t
denaturation 3dFil, PCR cycle = 40 3 ¥HEAZT. Cycle &
denaturation (95°C, 5 %), annealing (55°C, 30 %), polymerization
(72°C, 30 )& ¢ AMER o] Jysvt. Aa= 27198 FA44

?l GAPDH & 4+tg} 3F9iat, 27227 = il S o] &3k3ith [85].

3.2.6.4 MTT assayZ ©]-&3 AE djA} &4
B GAD, PElss/siRNA Z#Z8 2~ 3 GAD/PELsy/siRNA U ie-35t

AS 7 A7 A go] AE =4S sty 98 MTT assay & A
35U T RAW264.7 A|3EE o —MEM = AFE319] 96 well cell culture
plate ol 2x10% cell/well & WXEZ 100 L & EF3ko] 24 A 7Hsch
mekat it MES BT 2 gttt HeEste] F 39 A st SGAD
o] A% 1.5625, 3.125, 6.25, 12.5, 25, 50, 100 pzg/mL 9] HE=2 A
23} 3L, PEIss/siRNA = 0.15625, 0.3125, 0.625, 1.25, 2.5, 5, 10 : 1
w/w 2 2laeth. 8 GAD/PEIsi/siRNA = 1.5625, 3.125, 6.25, 12.5,
25, 50, 100: 1: 1 w/w 2 YxETqAS AxsF . vpA dof 2

mg/mL ¢ MTT €£HE well & 25 L A AHgsty F7F=E 2 AzF )

X 3 11 &= —
32 -"\.ﬁ-: -kl' ]_.ll "'l.



k3l 1, A S BF A A% FAd ¥ formazan A8 S well T 150

401'

¢L o] DMSO 2 so]5:9th Az tiAl &4 570 nm 2] 3|4

S5t Addye AES AEsA @2 AlxeAe F¥= o
a Atzel EF s =Asle] AE AYES (Cell viability, %) = vEF
BICeR=

3.2.6.5 TRAP assayS ©]€3 BGADY FHIFAE AlE 52 gl

BGADE d=AE AME Fb 85 glstr] feiA 3.2.6.19 3
=FAE &5 34 Fo] RANKL 100 ng/mL¥} BGAD 1EAZ 2.5, 5,
10 pg/mLE  Z7F Agsta  S=AEe 498 FASIGITH
RAW264.7 MEZ 6 well cell culture plate © 4x10* cell/well®] &
TR EFsilvh 2447 o] F5E 29 A o® 3W RANKL 100
ng/mL%t AGAD €4& o —-MEM #iAe] @ojA Hzladtl. 8 GAD
o HF FE/F 2.5, 5, 10 pg/mlol HEF Az 73t
3.2.6.2°] TRAP assayE a4 F=Axe &4& glsto] BGAD

o SHEAE AbE 5L s,

3.26.6 QPCRS o] &3t BGADSH ADS FZA X APE # 849l
BGAD = QI spxA|lEe] AP 78 535 FQlstuA Abd 2

Q1AFQ1 FAS mRNA 9] & S43F Y. RAW264.7 AIXE 6 well cell
culture plate © 4 x 10" cell/well ¢ WEE BEF3T}F 24 A7k o] %
FH 249 42 3 RANKL 100 ng/mL & o —MEM X ef ¥ o]
A Akt B SGAD © HF s%7F 2.5, 5,10 pg/mL o] H=
= AxsHaL, AD & w55 1, 5 pg/mL ©] HE5 o —MEM #]A]9]

dojal 2 o kA ow 3 W RANKL I 34 Hastgcr. 7 Axte
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3.2.6.3 9] WW o2 GAPDH £ FAS 9] mRNA <& =433t ol
obF L AelehA] 9k RAW264.7 ©] mRNA o2 A3t sh3ith

o]

i

%3 BGAD S WTAL AE % 5L Folsa WAL AD

bt

ol

o AbE f 5

S

Bl 1

3.2.6.7 TRAP assayS ©] &3t B GAD/PElsk /siRNA Yi=E-34 9] 134
X g4 gA g
B GAD/PEIzsi/siRNA ¢} PElss/siRNA 2] dtzAlE &4 A&

ok
2

at7] flaiA 3.2.6.1 9] sr=AlxE &9 3 Fol RANKL 100 ng/mL 7
2z~ "W H3AE AHstn SEAxze @45 s

RAW264.7 MEZE 6 well cell culture plate © 4x10* cell/well ¢ 4
T2 BT 24 AIZF o] RE 2 9 Ao F 2 2 RANKL 100
ng/mL & o« -MEM ®IX& 2|33, 5 Ao RANKL 100 ng/mL 2}
ZYEYA 9 Y BdAE A 2olA Aesdlth. PELs/sIRNA £
FARE 12 3321713, siRNA 9 HF 557} 5 nM, 10 nM, 20 nM

o] HES EeEUAE AxAAL

I
o(l

stAl 2] 7§, PElzsi/siRNA
ZgZg o)A siRNA ¥%7F 10 nM 2 A A 7|2 °o]%F BGAD/
PELs/siRNA = 3, 5, 10: 10 1 w/w ©] HEF Axsqd. 7 Lajef
3.2.6.2 ¢] TRAP assay & &allA SFIZAEe 43 gQlste &

groh G gAe] FBAE B4 oA 9L gt

3.2.6.8 QPCRE ©] 4% BGAD/PELs/SIRNA Y E82 FZAE &
d A FQl

B GAD/PEI2s/siRNA ¢} PEIls/siRNA 53HA 9] wbZ Al &4 o A
£ gast7] 9alA] RANK, NFATc1, Cathepsin K mRNA %8 =73}
Atk 3.2.6.1 & FIAE 5 HA I 3.2.6.7 o HIA A HA

3 -
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mefA] RANKL 100 ng/mL 2 2 4 HA0 = 2 W Hefatalar, 5 Aol

siRNA 10 nM & 71522 BGAD/PEly/siRNA = 3: 1: 1 w/w oA A

Zsto] A stk 7 4kl 3.2.6.3 9 W oZ GAPDH, RANK,

NFATcl1, Cathepsin—K ¢ mRNA oS SA3I3IT) oju] ofF-A % A

g4 9 RAW264.7 & mRNA %o 7 413} &t
Q_]—]

GAD/PEI2s/siRNA E3HA o] a2 &4

3269 A4 #AA
MTT, Transfection, PCR A3d &2 32 Jdetq 1, Hdaka %

1

+HAZ YERU St One way ANOVA ©] Bonferroni tests AF-g-3}¢]
TAe AL vha3 ol FAISATH(PL0.05 *, P<O.01 =,

P<0.001 #xx),

35 A2



Table 1. qPCR primer sequence for RAW264.7 cell

Gene Primer Sequence (5°—3°) Reference
F-=ACT TTG TCA AGC TCA TTT CC
GAPDH [86]
R—TGC AGC GAA CTT TAT TGA TG
F— GGA GGC CCA TTT TGC TGT CAA CCA
FAS [87]
R—-GTC CTT CTG GAC CAT GTC CTG
F-AGA TGT GGT CTG CAG CTC TTC CAT
RANK [88]
R—-ACA CACTTCTTGCTG ACT GGA GGT
F—-TGC TCC TCC TCC TGC TGC TC
NFATc1 [89]
R—CGT CCT CCA CCT CCA CGT CcG
F-GCC AGG ATG AAA GTT GTA TG
Cathepsin—K [90]
R-CAGGCG TTG TTC TTA TTC C

: B



A 4% 25 8l 3
4.1 BGAD 9 A4 W EA HA

41.1 BGADS A

B —Glucan (BG)°ll ADE HFAZI7] 913 WA BGE kst AlA
dusl=rlE =Ykt BGel FQeeEUEES HUstel BGY
9HA T pUU-HE A-AH] Sl FFAL2A9 vicinal diol=

AT Qe 293 39 BAS Eo] dHE|=r]E E9Egith o) F
=

x>
)
Ao
o
e
=
)
>
Pl
i,
=
D
lo
O
e,
é
T
L
wn
@)
5
=%
=g
o
e8]
wn
o
.
(@}
=
=)
o)
=,
O
=)
o

feed ratio < = H]E& 10, 20, 3082 Agsro 7 A ITAS 23Y&9 )

~

2437 524 AxE B ATHow AN wWEERi-

dd=ZYolE (BGAD) & FAsA T (Figure 2).

41.2'HNMRE ©| &3 214

'"HNMR & &34 8 —glucan, AD, 8GAD 1A} +25 #4353

a1, ol& F3 BGAD ¢ A= st G ¢ YA+ 4.6 ppm
¥ 3.4—4.1 ppm oA YEIL, AFSHE Al S wof sujotME RO
2.0 3

2 Q8 5.0-5.2 ppm oA F7HF o7 vebdth AD 9 3=
3.0 ppm A Yo FS El & 4 ity BGAD ¢ IA F 3.2-

4.7, 5.0-5.2 ppm oA o= IJaAE5S OXAG 9 AR 1, 2.0

ppm ¢ 3 AD®] FHAR S ARE WS FASAT WS
dola& AD ¢ kel mel AGAD10X, SGAD20X, BGAD30X etal ™3
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SWo© AD o AHF Bl&o] 7.47%, 14.01%,
33.81%% A& 98Ut (Figure 3). SGADIOX oA AD ¢ ¥4
H-E&2 11.9%, BGAD20X °|4 AD A Bl&S 21.4%, BGAD30X
oA AD FA Hl&S 46.1%% A= o

413FT-IRE °]43% BG, OXBG, AD, SGADY FZEX

FT-IR & o]€3lo] g—glucan, OXAG, AD, SGAD o 7% ¥4&
A8EAE, B —glucan AHEHME F|=2A7)e] O-H 37}

3000—-3400 cm ™' el e, C—H 3 3%= 2800—-3000 cm ™! ol A,
23l C-0 ¥=7F 1085-1050 cm™! oA YEbth =3 terminal
group 9 dlmolAEo] 800-900 cm™' oA YEI 1600 cm™! oA
gl g o] ofupo] = 9 3 7b vheRRETH

OXBG & WEZFF2te 0-H, C-H, C-0 a5 7FX 1 AT
23S 8 4ds =719 C=0 stretching 1 1730—1750 cm™" o A}
23 peak o] AR, sujotA g W A7t U& F7FEEATE AD oA+
900—1300 cm™! ¢ 0-P=0 ¥ a7} YA WetZF7rY 938 AX
Al Eoh.

BLGAD &= AD A% Hl&o] S7E4 = amination & FaA B -
glucan # OXAG °lA Zo] Yetwd O-H ¢ C—H, C-0, &u]otAe
o] HAase] HA e As #FE T 5 dvk =3I 1350-1250
em 19 C-N =8} 1650—-1580 cm™! ¢ 700—800 cm ™! o] A= o}wl
719 N-H 337} Azt S7kstv] A=A o5 F3llA ofvl Aol
MEA E4ERA, AD 7 AFE RS Ao =2 o4 5 Ut} (Figure

4).
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(A)

OH OH OH 0 o
HO 0 HO NalO; o 0 \ £
o 0 J —_— o o} J
OH
o OH /m M/ OH  /m

B-Glucan Oxidized B-Glucan
(o]
Ho—p I _on
HoN HO N
OH
OH
()
HO
OH 0\ /O "o
HO 0,
o o d + >P P on NBH: o
OH /. oH /u HO ” ”
[¢] 6]
Oxidized B-Glucan Alendronate B-Glucan-Alendronate (GAD)

Figure 2. Synthesis scheme of (A) Oxidized B —Glucan (0XA @),
(B) B —Glucan—Alendronate (8 GAD).
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b OA/“
o : <L
NH
| RS
I L
A I L
5 s a“ as .H s e Alendronate (AD)
(B)
OH OH
o to) HO
c M o o o
OH
y n OH n
w32 o |8 4% 44 42 48 3% 3% 34 37 30 34 3% 21 32 30 0 Barley -Glucan
(C)
BGAD 10X
Glucose: AD conjugation = o i o
7.47% OSe Pf/\’ OH
—'U.J - b, | OH
(D) ’
BGAD 20X OH HO H
Glucose: AD conjugation = o
14.01% H ] d
OH A oK .
(E)
BGAD 30X BGAD
Glucose: AD conjugation =
33.81%

Figure 3. 'HNMR spectra of (A) Alendronate, (B) Barley B —Glucan,
(O BGADI10X, (D) BGAD20X, (E) BGAD30OX.
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Transmittance

O-H

C-H

0-P=0

c=0

Hemi-
acetal

4000

3000

Wavenumber (cm™

2000

1)

Alendronate
= B-glucan
— OXBG

= BGAD 10X
= BGAD 20X
= BGAD 30X

Figure 4. FT—IR spectra of Alendronate, B —glucan, OXA8G,

BGAD10X, BGAD20X, BGADJ30X.
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At

=
Figure 5 ¢}

=

[e)

=2

PDI %k
F k. B —glucan L&A}

S} BGAD AwA7F B shuhe] I3 vERY

Ho] 7 o] ol gtk

0.1 M sodium azide

=]

T
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i, &
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[eZ]

b G BGADSE TEEH
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0
tol BGAD o A=

°©
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=
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Table 2 © HeJSITE GPC &

Q
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[e)
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-

R

TdE 2 52.3 kDa, PDI %k
Holx] okgrow B —glucan oA AFstE Q7] o}

w82 58.5 kDa, PDI %k

3
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Ry

w822 54.3 kDa, PDI %k
[e)

o
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9tk SGADIOX, SGAD20X, SGAD30X

B —glucan & =%
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= (—glucan
== 3GAD 10X

e BGAD 20X
— BGAD 30X

Elution time (min)

Figure 5. GPC chromatogram of B —glucan, 8 GAD10X, B8GADZ20X,
B GAD30X.

Table 2. Molecular weight (Da) of B —glucan, 8 GAD10X, BGAD20X,
B GAD30X measured by GPC (Pulluan standard)

(n;:) uh::; Po! (:Jn)
B-glucan 121.0x 10 288.7 x 103 2.39 17.82
BGAD 10X 21.3x 103 543 x 103 2.55 20.63
BGAD 20X 25.3x 103 58.5 x 103 2.31 20.50
BGAD 30X 24.4x 103 52.3x 103 2.15 20.69
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l

4.2 PElz5/siRNA 8] &8 A 2 B GAD/PEls/siRNA
heRgAY 54 24

(endocytosis) = &3l Ax F37F oyt <A Qlot [92]. T3

£ 100-200nm 9 §IAFeh FAFIE AT SHL el e T

Wl 2ot s,
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PELs/siRNA ZZd 2 =2 2719 A daksE S4st7] 96l
Zeta—sizer & AFE-39th PELus/siRNA= 0.1, 0.25, 0.5, 11 1 w/w &
ol 247 SAsh e FAN s A 2719 WE7E 80 nm
A FE 200 nm 74 A UERG=E], S0l 249 siRNA 9 FE a4
& BFRAARE g o] FEE A X7 wEelth. FAE 0.5

ool M H&A L A7 Aastal e e #EE 5 A%, T

—

B 1ol 150 nm o] 2715 7AHE 2L B FA% AgAA A

g3t A71dS &4 5 AU (Figure 7A). % HE 543 A3

saturation & =3 ¢F 50 mV & FA 5 At} (Figure 7B). FAH] 1 oA

PEIzs/siRNA 4AH7F 150 nm & =719 50 mV 2] AstE 7HA AL Q=

Aoz WS A YAt WEQT, FAA ADARN £ EAE
NE F 9 FHOINE, ofF ddel 9loIA PELn/siRNA E¢E
Axt AN 12 ngsgo

45 A2



(A) ® o
©)
NSNS ——
® ® + w Self-assembly
In aqueous
Poly(ethyleneimine) PEl,5¢ siRNA environment PEl,s/siRNA
(B) PEl,s,/siRNA complex
weight ratio

"SRNA 01 025 05 1

Figure 6. (A) Scheme of polyplex formation of PEIss: and siRNA

(B) Agarose gel electrophoresis of PEIz5:/siRNA.
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160 -
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0.0

(B)

0.2 0.4 0.6 0.8 1.0

PElL, /SIRNA complex weight ratio
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C-potential (mV)
S

? Y

Figure 7. (A) Average size and (B) Zeta—potential

PEl251/siRNA.
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PEL,, /siRNA complex weight ratio
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PElzs/siRNA & 73t FdstE o=
gy AR AeFEs FEA kg Hd ERAE H4Y
otk (Figure 8A). BGAD #¥ Alol% PElys/siRNA 7} ¢Hg &<l
P25 FAste] v

A719 %S 283ttt SGAD/PELs/siRNA = 0, 1, 2,5, 10 11 : 1

JFI

A7h g A=A Falely] gle) olhw s A

N
4

Ac)
i,
4

_{

A
s
A
e
20
i
ol
o,
<
O
rlr
P
flo

& F AT
PEls/siRNA 7} FAR] 1 2 ZZHAAE s uo g

FEE A fdudte skl 4 FErE fAE
At 0.7% o7t A AL 1% AXRTE & pore 7S 7FA 2 Yt

GA

)

=

ol

o
e

rlr

g

rir

AE 4 F 3, 1% AoA+= 180 nm—280 nm 2 pore IA7|E
Zt=th [93]. U=53HA7F pore size Bt #ro} Apo]=eof oJg] Ao A
U oA et Aol ofya FHEtE Z7] "iEolgtes As & F

4.2.4 BGAD/PEIs/SiRNAS B UAF A7) 2 ¥4 Ad 3

off

B GAD/PElLs/siIRNA W54 9] BarAl fak A7]9F s}
£ Zeta—sizer & ©|&3t 4. 8 GAD/PEIs/siRNA =0, 1, 5,
10,20, 30:1:1 w/w & A%t A3

A7H oz fGAD/PELs/siRNA Y34l PEls/siRNA KT}
BGAD 9] FANMZF S s b A7])9h W Hdart fhacske s
## 5 9tk BGAD 9 FARIZE FUbste] wWol I® H54E ¢S

203 IA7F oA Al H ol Aol == FAIM] 30 oA 9F 130 nm 9]

BN

< Bt (Figure 9A). ¥ Hdsts A 4y, BGAD =

48 M L- ‘_II (<1 e



FREE W L FARZE Sl whe 2w Ayt fhaste] A

30 oA 25 mV ¢ #E M= RS FAd 5 Stk (Figure 9B).

Aot odd 4 Stk A A7I9 mW A= BGADILOX,
BGAD20X, BGAD30X oA & =Aol& Holx dgton =HF
AEAZA et 2hs 7o, AE O ole S8 Ax Tt #
Aol Rojeta A 5= A3t

T3t BGAD IFAE PELsi/siRNA &3]3

[
%

Ea

i

=28 A7)aL

o},

A

57} He 49 wd A %ag B4 14

1o

Qo
P s

ZEZ9a ule] BGAD AEAVF EEkEe] A4S 3§

m&
;2
32

t
B>
rlr
flo

B8 GAD/PEIss/siRNA  Yx&gAe] 1 A

O

=)

ol
Bl ZEZda g9 "WHe AR sl BGAD7F #EshA
Eatvhd FwW A3 saturation ©] dojd FolEt oAE 4 3tk
Figure 9Bel w=2w BGAD20X9 ABGAD30XE HF-AH] 30014
saturation ©] &I YFE & F AN, o]F T3 BGADIOX+=
AR 30 olFellA E3F A TRt A e itk

SHARE Y g Ael ardabsel x3F FHE EAEE Alx dAdel

b

T ggko] g Ao, in vivo e+ dilution ol HFE7F wf$

SobA| 7] wiitel & dFel = FlolEtar oAkl
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(A) .

®
®
® oA > )
VY + w Self-assembly % \

In aqueous

Poly(ethyleneimine) PEl,5 SiRNA environment PEl,5/SiRNA Selfassembly

In aqueous
environment
NaBH, /
0000 + [ m
Schiff base
reaction
Oxidized B-Glucan Alendronate BGAD BGADI/PEl,s/siRNA nanocomplex
BGAD/siRNA WR

in BGAD10X/PEl,5/siRNA

BGAD/siRNA WR
in BGAD20X/PEl 5, /siRNA

BGAD/siRNA WR
in BGAD30X/PEL5,/siRNA

Figure 8. (A) Scheme of nanocomplex formation of
BGAD/PElss/siRNA  (B) Agarose gel electrophoresis of
B GAD/PEIl25/siRNA (PElss/siRNA = 1:1 w/w).
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150 -

]

Size (nm)

50 -
- == BGAD 10X
- === BGAD 20X
[ e BGAD 30X
0 T T T T T T T
0 5 10 15 20 25 30 35
PGAD/ siRNA weight ratio
in BGAD/ PEl,,/ siRNA
(B) 6
50 |
S 0
E 4 {
© r
T 30
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S -
Jp 20 —:
[ == BGAD 10X
10 1 —e— BGAD 20X
[ ——e=— BGAD 30X
0 C T T T T T T T
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BGAD/ siRNA weight ratio
in BGAD/ PEl,,/ siRNA

Figure 9. (A) Average size and (B) Zeta—potential values of

B GAD/PEIl5/siRNA (PEIs/siRNA = 1:1 w/w).
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425 EFEYA, Y BIA S PG A AP AY B}

B GAD/PElL/sIRNA U=H@AE FAste] FAxE A4 A5,
A A © 2 PELys/siRNA HUE 2 dstz Q3] o o
g3 AR RE FAAE AR BET = vk oSSt
B GAD/PElLzsi/siRNA = 30: 11 1 w/w & A xs0th H5FAE 10% &
3 A FEAY FRT FolA g A71E 4, vlasdth

Z ol A PElLs/siRNA 3+ 8 GAD/PEIzs/siRNA 9] A7]E 4 A|3E
F<t =43 A3 PElsi/siRNA = 231 nm o4 200 nm & ¢F 30 nm
skl 14%9 A7) 2Aa&S BAA% 8GAD/PElsy/siRNA 2 749
o] 12 nm oW = 27] WstE yebde] 1.5%°1A4 7.1%7H4 A
717% #2383tk (Figure 10A). 10% @3 @9 Aol PElss/siRNA 37 8

i)

GAD/PEIz/siRNA & Qo] H7]5 =4S uf, 0 Azl E FFHrol

ﬂil

Mol Alol=H & Alo]=E HY  (Figure 10B). ©o]&
PEI25/siRNA 8 GAD/PElLs/siRNA 927 50 mV, 25 mV 9] ko]
23S W Q7] W] ol A dwAno Joagoz Qs
Ao 7 Wt 29 A " PElys/siRNA ¢ 29 4 A7+ o] % 386 nm ©ll
Al 543 nm = A717F °F 41% F7FESATE 8 GAD/PEls/siRNA 2] 73
T 92 Z2717F 10 nm—40 nm W= F7Fste] 2.8%—-10%2 <7+
& YERSITH

1 > =11 =L —
52 -"\.ﬁ-: -kl' ]_.ll "'l.



426 ZYEYL, Y BTA Y AR F=H A
ez ]

TEME Fald ZejZene dudaAe dx Fus d2aian
ok o

B GAD/PElLsy/siRNA = 30: 1: 1 w/w= AZ3F ek A=) moke
& dehdigleon, A7l didE 100 nm — 200 nmz 4

R

(Figure 11). DLSo|A] & 130 nm—150 nm&] A= o] F 1 Qu}=

Ao FAS PP molt O Sy, DLS muh A ot
Ae Az dejlA BRYY] golv}
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(A)

Size (nm)

(B)

Size (nm)

Figure 10. Size stability analysis in (A) dH20 (B) 10% serum for 4h

300 T
250 {
200 { b * __!i
150
100 |
| —e— PEI,,,/SiRNA
50 | =#=— BGAD 10X/ PEl,,, / sSiRNA
"—e— BGAD 20X/ PEL,, / siRNA
F—— BGAD 30X/ PEL,,, / SiRNA
0 1 1 . 1 1 1 1 . 1 1 1 1 . 1 1 1 1 . 1 1 1 1 .
0 1 2 3 4
Time (hour)
600 -
400 -
200 -
| g PEL, /siRNA
| === BGAD 10X/ PEl,, | sSiRNA
| —g— BGAD 20X/ PEL, / siRNA
| =g BGAD 30X/ PEl,, / siRNA
0 1 1 . 1 1 1 1 . 1 1 1 1 . 1 1 1 1 . 1 1 1 1 .

0 1 2 3 4
Time (hour)

(B GAD/PElss/siRNA = 30: 1: 1 w/w).
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(A) . (B) -

o ‘;:;'s_:‘-‘.-_
(C)
.
L ]

1000m 2000m
(E) (F) :

&
2000 5000m_ .
(G) (H)

. .

*

200nm 2000

Figure 11. EF—TEM images of (A, B) PElsi/siRNA (C, D) B
GAD10X/PEILsi/siRNA (E. F) BGAD20X/PEIx:si/siRNA (G, H) B
GAD30X/PEI:s5/siRNA (8 GAD/PEIss/siRNA = 30: 1: 1 w/w).
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4.3 B GAD/PElzs/siRNA Y &53A2] Ax A3

431 MTT assayE ©]&38 AlX Al &4 &<l

BGAD 1329t B GAD/PElL:s/siRNA HEA S MEZ 5A4S H7tst
7] #lll Alzell Agletal MTT Aleks ol&s AE 245 S48

A=A Frbes gAAMEe RAW264.7 AZE AFL39 1, tgx2To

2= PELsca AFE3AT. FAxglel Alxe F4S 100%= 31

=

X A S (Cell viability, %) & AAFsFA T 8GAD 1EA¢} PElLs, =
1.5625, 3.125, 6.25, 12.5, 25, 50, 100 pg/mLe EE = FH]s}o]
2] st

2

Wk PEDsk = §%7F 57kl wet 548 Alx &4 =7t a4
3

%
o

Qg 4 =d), o] Bvlal SGADI0OX, BGAD20X, A
GAD30X + 100 pxg/mL9 %L FEoME SAE Holx 4ort}
(Figure 12A). B GAD/PEls/siRNA = 1.5625, 3.125, 6.25, 12.5, 25,

50, 100: 10 1 w/wZE Ax3¢lal, =& FARdE 545 HolA

82
32

t} (Figure 12B).

4.3.2 Transfection & 0] €3 A|¥ U 3 AL && &<
WA G684 AgAR A8EY) dAdE fA% A 9
dol WAH o adojifol Bty olF Felals] s FAx W

a
= 2383kt siRNA o4l pCN-Luci 42 (pDNA)E A}&-35)

fifo

of.
N

AL, o] FAA 2J8to] luciferase Tuido] Wrd Fr

8 GAD/PElss/pDNA  E3AE 283 & luciferase 7} 23 ¥4
luciferin ¥ REGAIA g A=F sttt o] ghs AL WA
o® HAst 2 & AE e FAA dd AEE YERAH. oF

M EFQ Hela 9f ORI A ZF¢ RAW264.7 S AF83519 1, Ho) gl=
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Z1olM WA ARkl dxrows

a3l

g

WA RAW264.7 AXANAE A thxz72 PELxs ©

GAD10X, BGAD20X, BGAD30X = ¥r= Yx=53A 9

AA A ©

rlr
2
o
X HU
rO
o
¥

FABIAY o =2 #o® SHH dY a§ol
sk 4= l9lt}t (Figure 13A). BGAD10X, BAGAD 20X, 8

FA g7 (cell) & PElsskE

A}

GAD30X & PElzsc el vlallA 0.9-1.2 8, 0.8-1.4 8, 22831 1.6-3.1 vl

o a8+ Et(Figure 13A). BGADI0X, BGAD20X, BGAD30X

T UFE FARCAE A @l 2 AolE HolA k=], oA

& YrwBaAe glak m7)eh W dste] Ajolrzp AA vERgA kot

HelLa AMEoAM % g thxa<l PELse o vlaliA BGADIOX, B

AA A=

AbsHAl B ol fA2 g g&o] Foe AE & F AT (Figure

13B). BGADI10X, BGAD20X, BGAD30X = PElssk ©ll

&l A 0.8-

5.0 ®, 2.0-3.1 #, 1.4-3.4 "¢ #&ES Xt (Figure 12B).

RAW264.7 AxZgt [FAFSE o|fF2  BGADIOX, ABGAD20X,

GAD30X o] tpeFgt FAm|el w2 2pol7b Al YEbA] 3k o
BGADI10X, BGAD20X, BGAD30X EF FAH] 30 oA 7}

AR A

& vehle] £5 3ol A8,

TR Ad 58 H7hE €4l 102 EAsk= Al

A PELs9t BGAD10X, BGAD20X, BGAD30XE %

57

.
A2 0% BGAD/PELs/pDNA & A2 S wf tf2A
o}

2} =

[e] s

B
a}

.

do



RAW264.7

F9th  (Figure 14).

)

bl

!

o

B GAD30X=

A

B GADZ20X,

9} HeLa A%l BGADI1OX,

v
-

Al

=0
3L

]

149 kel A

H| 3

PEIzs el

e
el

oy

B o, Figure 9Be ulghA]

ofi

PEIosc Xt 8%

L.
R

B GAD

¢} BGAD

PEI2sx

PEIysc Wz

1
-

ZAAAME BGAD Y= 3HA|

n vivo AEANNE  BGAD

ke
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(A) 120

100 -
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60 -

40 |

Cell Viability (%)

20 / =% PGAD 10X
—8— BGAD 20X
—a— BGAD 30X
0 —e— PEL,,
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[=]
Y
o
o

B) ™ ::;——_é

100 +

=]
o
1 1
T T 17

60

Cell Viability (%)

40

—s— BGAD 10X
—e— BGAD 20X
—e— BGAD 30X

0 1 1 IIIIIII 1 1 IIIIIII

20

-

10 100

BGAD/ siRNA weight ratio
in BGAD/PEI25K / sSiRNA

Figure 12. MTT assay result of (A) PEl:sx and BGAD (B) A
GAD/PEIs5/siRNA in RAW264.7 cell.

59 2] 2t} @



(A 1

mm WR 10
B WR 20
I WR 30
1 WR50
1e+6 |
£
[T]
ot
o
|
o
o 1e+5
£
=
2
|
(1'd
1e+4 -
1e+3 .
Cell  PElys; BGAD 10X BGAD 20X BGAD 30X
BGAD/pDNA weight ratio
In BGAD/PEl g,/ pCN-Luci
(B) 1e+8
. VR 10
I WR 20
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E
[]
prer]
O 1e+6 -
o
£
5 1e+5
|
(14
1e+4 -
1e+3 -
Cell PEL,, BGAD 10X BGAD 20X BGAD 30X

BGAD/pDNA weight ratio
In BGAD/PEl,5/pCN-Luci

Figure 13. Transfection results of PEIssc and £ GAD10X, A GAD20X
and 8 GAD30X in (A) RAW264.7 and (B) HelLa cells without serum
at various weight ratios (83 GAD/ PElzs/pDNA = 10, 20, 30,50 :1: 1

w/wW).
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1et+7
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. \WR 20
=== WR 30
1 WR 50

Te+6

RLU/mg protein
)

1e+d -

1e+3 ﬁ

Cell PEl, PGAD 10X BGAD 20X BGAD 30X

BGAD/pDNA weight ratio
in BGAD/PEl,5,/pCN-Luci

(B)
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BGAD/pDNA weight ratio
in BGAD/PElc/pCN-Luci

Figure 14. Transfection results of PEIssx and £ GAD10X, A GAD20X
and B8 GAD30X in (A) RAW264.7 and (B) HelLa cells in 10% serum
at various weight ratios (8 GAD/ PElL:s/pDNA = 10, 20, 30,50 :1: 1

w/wW).
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4.4 BGAD/PElzs/siRNA Ux=E3AY 2435 A3

441 BGAD ¢ 2 AZx =
ol=Aolsterol o di3t SRS

Figure 15 ¢ WA o= =743t &Qlsiivt. AD 7F A& 5o A o2

v

rlo

LGAD o =3xAsts

B —glucan = so|=ZAlotuteto]|Eo tal] 6.5%° XseE KL,
BGADI10X = 94.3%, B8GAD20X += 98.0%, 8GAD30X += 98.2%%
e =S Y SPol=EFAjotutEolE ST SlEe Rt
(Table 3). Henneman et al. ° &3t AD = d}o] == A|olulElo] E 9}
A& S8 o of 52% o A= E RT3 [94]. BGAD
AEA7E HbA Rl AD Bt} 2 3
Abe FE O Al Atel AD 7F g

713, spo]|=F A obutElo] EgLe] =l AQl dage SXIAAE 5 9l

442 FAEZ FAHE o8& Y=EFAY RAW2647 AX
AT 59 &

BGAD W=E3HA2] RAW264.7 Az dist s ws delstaxt
FAE FAHME o] &3kelth pDNA & YOYO-1 ¥% 542 xAst1
B GAD/PEl5/pDNA ¢ PEls/pDNA  YeBHFTAE e
e E3hA A el Axe] WeSFE 05 gg/mL, 1 pg/mL, 2
pg/mL 9 FERE 30 3k AAT o o]Fe] YrmFAE 4 A<t
37°C =xellA Ay skl wet2F1hs dAe AL o AEX U oY
agol fFYvlsAl  FAasgd FGAD ¢k MWERE TR



competition ©l] &3k Zolgta JAFS W 1 ZpolE T3 EH A X
et M3 E &g 5 AT

RAW264.7 AZo|A PElw/pDNA = HIEFZFFZF dAxg F%o
wel o]]l & AolE  Holxl it HEFEFEIE A A

BolFEth (Figure 16). BAGADIOX + ol%] &&©°| 92%, 81.8%,
67.4%= wA3H ATk FGAD20X &= 103%, 98%, 83.1%=
A25kelal, BGAD30X &= 89.9%N1A 86.8%7HA A3kl th(Table 4).
RAW264.7 A3 tfall PELsc = A Wl o]§] &&°] zto]E HolX]
%3 BGAD °A& J&o] FHadhe A RAW264.7 AlES] Dectin—
FEA g WErE TR 9 oA AsAg witoli o3
Atk [95]. WlEFZF7+e] AAElAl 8 GAD/PElLs/pDNA Ui 534 =
BAE FAA Bl AsAgd ool A AE FiHEo|
a3t A % PELs/pDNA & HIEW 3485 F3lA old=7] wel
HERS T2 Ao wet WstE RolA] gkokth
HeLa Al¥°lMdE  PEls/pDNA ¢+ 3GAD/PEls/pDNA B
mEtS 3 Ax e et Ax g o]q] @&l & WstE HolA
A AE U o4

a
88.3%7HA  FastAANE Foulgk xpo]lE Holx]  okol =A<l

=

okortl (Figure 17). PElss/pDNA - €]

Zgo7 og 7AFS Aolgtal Astd et AGADIOX = Hd #4
F8&°] 96.5%, ABGAD20X = 958%, BGAD30X + 98.
uEbstth  (Table 5). HeLa AlXelx= wlgtaF3E A7 o
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BARl HEH AzAEoT AL U olglo] HY wEe AAHoR

=]
=
olule] EER radths ¢ ¢ & gtk

g4l #Age Tl AE W o]

8

£°] 5%

ABA o7 RAW264.7 oM wWelZ2z Axgo] glojA AXE U

ofsl &&ol Apol7F A7IA Hir, o2 <& B GAD/PElLs/pPDNA =

RAW264.7 A3z dfst st=7F v As & =+
oAM= AE W o] B&el 27t AA i, =A<
A ol a7 YER s

2o
A3wrh v e &4 = 3ldl

o
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( A) Hydroxyapatite
a8l powder

4h, 37°C, 120rpm Supernatant
— - — TH NMR
Freeze-dry

Sample dissolve in

Tris buffer (0.1M), pH 7.4 Centrifuge 4000rpm, 20min

(B) BGAD 30X BGAD 30X + HAP
|\

o |

Figure 15. In vitro hydroxyapatite binding assay. (A) Methodology to
evaluate affinity of BGAD to hydroxyapatite (B) 'HNMR spectra

showing reduction of alendronate.

Table 3. Binding affinity of 8 —Glucan and B GAD to hydroxyapatite

Binding Affinity (%)

B-glucan 6.5
BGAD 10X 94.3
BGAD 20X 98.0
BGAD 30X 98.2
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| — 0 pg/mL
e 120 | EEER 0.5 pg/mL
< [E 1 pg/mL
2 |1 2 pg/mL
o] L
o 100 - |
S L
- i
@ - _
: ~ -
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m _
2 -
m %07
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o i

40

PEl,, ~ BGAD10X BGAD20X PGAD 30X

B-glucan pretreatment concentration (ug/mL)

Figure 16. FACS result of PEl2s/pDNA and B GAD/PEl2s/pDNA in
RAW264.7 cell at various B —glucan concentrations (0.5, 1, 2

rg/mL).

Table 4. Cellular uptake (%) according to B —glucan pretreatment
concentrations relative to non—treated PElss/pDNA  and

B GAD/PElz5/pDNA in RAW264.7 cell

B-glucan
concentration

0 pg/mL 0.5 pg/mL 1 ug/mL 2 pg/mL

PEl2sk 100% 89.1% 103% 98.1%
BGAD10X 100% 92.0% 81.8% 67.4%
BGAD20X 100% 103% 98.0% 83.1%
BGAD30X 100% 89.9% 83.6% 86.8%
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| 0 pg/mL
§ 120 | s 0.5 pg/mL
— | 1 1 pg/mL
e | 3 2 pg/mL
"g =
o 100 - - |
) N _
= L
E = | E—
= L
= 80 -
[eT) L
QO L
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QO L
o i
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PEL,, BGAD 10X PGAD 20X PBGAD 30X

B-glucan pretreatment concentration (pg/mL)

Figure 17. FACS result of PEIss5/pDNA and B GAD/PEIss/pDNA in

HelLa cell at various A —glucan concentrations (0.5, 1, 2 xg/mL).

Table 5. Cellular uptake (%) according to B —glucan pretreatment

concentrations relative to non—treated PEl:s/pDNA  and

B8 GAD/PEIs5./pDNA in HelLa cell

E;i'::::ration 0 pg/mL 0.5 pg/mL 1 pg/mL 2 pg/mL
PEl2sk 100% 98.2% 93.3% 88.3%
BGAD10X 100% 103% 97.0% 96.5%
BGAD20X 100% 95.8% 98.7% 98.1%
BGAD30X 100% 101% 105% 98.4%
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4.5 BGAD/PEl:s/siRNA Yx53A2 A ESHE H7)

451 RANKLS ©]&3 g=Ax #3} 2 TRAP assay
RAW264.7 A3*e¢] RANKL 100 ng/mLS 29 7oz 3

Aglste] 747 TRAPSZ #W#E3FTE  (Figure 18A). TRAP

i)
il
X,
bl
2
2
i
[.181_[‘
i)
rir
Jlmt
)
2
[-40
3

A Q1A ZE A RAW264.7 Aol A

452 MTT assayS ©] €3 RAW264.7 N Zo|A 2 A H7}
RAW264.7 A3 BGAD/PElss/siRNA Y534, PEIs/siRNA
ZYE9Us, BGAD AES 297tk 3W AHEsta 7dxkel MTTE

A AL SHS B

T

{(

O

FS o (Figure 19A). PEIs/siRNA = 0.125,
0.25, 0.5, 1, 2, 5, 10: 1 w/w °A XPs}S o FAH] 5 o] A5E

Exo] et (Figure 19B). SGAD 1#x}+= 1.5625, 3.125, 6.25,

12.5, 25, 50, 100 pg/mLe] TR AYFAN F& FEAXNE AE
2 A2t dEuA des 32 5 dlH (Figure 190).
PELs/siRNA = A0 1w, 7] AuE 545 Holx] ool

B8 GAD/PElss/siRNA Y&t o= 8 GAD/PElss/siRNA

1.5625, 3.125, 6.25, 12.5, 25,50, 100: 1: 1 w/w = A3 A3y},

B8 GAD/PELss/siRNA Ui Ae= dAAgdor =AX4S

e

3K

okoko} FEAHM] 10094 E 80%2 A Aol vttt (Figure

19D). o]Zle & 3 AES Aol UM B FS BGAD7E
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AElEo] tha AxE E/do] vtobg o
AbEEEA] Shol EAIEA oS Flo]
A Z A= BGAD/PElL/siRNA  Yx=33A,  PElzs/siRNA
ZYEE A, BGADE TU AYA & 58S HolA ol olF
Adex  WAs= AlE APES RAW264.7  AMEZF ofd

FEAEANM G FEFIS ALD F ASiT
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@ RANK ligand Tmnnw

5 & W& w
0—0—0—0—0

Cell seeding B RANKL 100ng/mL treatment
|

(B)

Figure 18. Osteoclast differentiation of RAW264.7 cell (A) Timeline

for RANKL induced osteoclast differentiation (B) TRAP assay of

osteoclast differentiation for 7 days.
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Polymer, nanocomplex treatment
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Figure 19. MTT assay for 7 days in RAW264.7 (A)Timeline (B)
PEIss/siRNA (C) BGAD (D) BGAD/PElss/siRNA at various weight

ratios and concentrations.
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453 TRAPS 0] &3 SGADY IFZAH XL AHE 59 9

BGAD 9] F=AE AbE & glatr] A& 7 A3 S=AEE
w371 Y Fell BGAD & w58 RANKL 3 @7 AZasict
(Figure 20A). TRAP gM& Ea) dn|Adow sxALE A3 43

BGAD 9 %7} F7lekal BGAD10X, BGAD20X, AGAD30X =
#¥ AD 9 o] Z7Hgel wiEhy wA® TRAP o o] WA
Tadhs A& A% 4 AU (Figure 20B). 53|t BGAD

30X oA w7l ©

-4

AA YEbsaL, o= $E AD & o] o @Y

o] TRAP 23

rﬂt
oft
o
in)
Ho
o
B>
3%
ftlo
>
)
i)
2
o
ok
b
30,
O

45.4 qPCRS o] €3 BGADY FHZANE AME §2¢ &

BGAD Q1% sHZAIE AbE f11 58L fAstad 7 Az HEA

ke
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Figure 20. Effect of 8GAD10X, B8GAD20X, B8GAD30X in RANKL—
induced osteoclast differentiation (A) Experiment timeline
(B) TRAP assay results of reduced osteoclast activity by 8GAD on

RANKL —induced osteoclast differentiation.
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RANKL—induced osteoclast (A) Experiment timeline (B) TRAP assay
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RANKL—induced osteoclast. Relative mRNA expression levels of (A)
RANK (B) NFATcl (C) Cathepsin—K. Relative activity was
normalized to value of non—treated RANKL—induced osteoclast.
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Abstract

Bone and osteoclast precursor
dual targeting Barley B —Glucan—
Alendronate coated
nanocomplexes for RANK siRNA

delivery

Sohee Jeong
Department of Agricultural, Forestry and Bioresources
The Graduate School

Seoul National University

Osteoporosis is bone disease which bone density and strength
decreases. Prevalence and mortality rate increases as age increases
therefore alarming the world. Osteoporosis is stimulated as the
balance between bone—forming osteoblast and bone—resorbing
osteoclasts breaks and activity of osteoclast rises. Gene therapy such
as RANK siRNA and bisphosphonate —based drugs are being studied
for osteoporosis treatment, however they face limitations due to low
bioavailability, side effects and low efficiency.

In this study, gene carrier was developed by conjugating natural
polymer barley pA —glucan and bisphosphonate based alendronate.
RANK siRNA was loaded in the delivery vector to suppress
osteoclast differentiation and activity by combinatorial effects.
Through this study, it was confirmed that barley g —glucan—
alendronate polymers exhibit higher bone targeting efficiency than

general bisphosphonates, and have specific affinity for RAWZ264.7
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cells which act as osteoclast precursors. Furthermore, barley B —
glucan—alendronate shows high osteoclast apoptosis efficiency than
general alendronate due to physical dispersion and activity of 83—
glucan. Barley A —glucan—alendronate loaded with RANK siRNA
shows inhibition of osteoclast differentiation and bone resorption than
general osteoclasts.

In conclusion, new gene delivery vector was developed and showed
high targeting efficiency and inhibitory efficiency which suggests

new possibility as osteoclast inhibitor.

Keywords : Osteoporosis, Gene delivery vector, Alendronate, Barley—
B—glucan, Polyethylenimine
Student Number : 2020—21853
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