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31 A4 &

Methylcellulose (15 cP, 2 % in Hy0), poly(ethylenimine)
(PEIL, molecular weight 0.8k and 25 kDa), poly-L-lysine (PLL,
molecular weight 70-150 kDa), agarose, ethidium bromide,
ethylenediaminetetraacetic acid (EDTA), heparin sodium salt,
a8 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium
bromide (MTT)= Sigma-Aldrich (U.S.A)oA  FU3FH o,
sodium periodate, sodium tetrahydroborate: Junsei (Japan)el
A 48R T DO+ Cambridge Isotope Laboratories (U.S.A.),
HPLC grade Waters= Duksan (Korea)olA zZ+z} F+3t5 o). =2
21l = DNA¢! pCN-Lucii= luciferase reporter genes a3l
Zg v =2 competent cell2 Escherichia coli DH5aE AF&3}
%131, pDNA¥ PurelLink HiPure Plasmid Filter Purification
kit(Invitrogen, U.S.A)E o]83lo] AAT}E. Luciferase assay
system¥} reporter lysis bufferi= Promega(U.S.A)A 43+
t}. Dulbecco’s Modified Eagles’ Medium (DMEM), Dulbecco’s
Phosphate Buffered Saline (DPBS), 0.25 % Trypsin—-EDTA,
Fetal Bovine Serum (FBS), Penicillin-Streptomycin (Pen Strep,
P/S) RE% Invitrogen-Gibco (U.S.A)olA  Fufslct. BCA™
protein assay kit¥ PIERCE (U.S.A)ell A 33}

P e



3.2 A@%E

3.2.1 WldAE2 2 2~-PEI A&A 9 &4

HEAER e A-PEIS] S fd WA vddErRes
Al Z T HEAEZ 9 A9 sodium periodateE Z}7} Eof 83iAF
dAaszexe] e s fls) o F99 1/39] =
C= 7FEAZY. akstal =y =
S3AIT & AgA WA Fe 2/39 ES MBSt £EE U
ZEA TR 308 B 0~5 TolA F714 2
3= Sl 30% ol A2olA uwkA
AEE fE &EiA MEAdER e~ S8
SF A2olAM 2443 St AR e =
(MWCO : 3,500, Spectrum Laboratories, Inc., U.S.A.)< 0]%3}
of AAEh BAE &NE FANAA Azt WEAER O~

Ll
(2
ot

[ R=S
P

2

FENE A, ol gy 7oA Aks WHEAEZ O A~ G oo
FakS AT EA4E oW (imine) ¥EIE &

AAX 7171 98] sodium tetrahydroborate &S H7}ste] F713

O 7 24413k O RkAIZH. &olo] AAE 9l 9 gk

2HMWCO @ 3,500)= o]&3te] FAAZ +

(@] }\
- T
sANZE T3 HATHoE vEAEE O ~-PEl (MC-PEDE ¥2d

EE_l

gy



3.2.2.1 'H NMRE o] &3 7+% 24

MC-PEI®] TZ= dapegd7]1E ol8sted aAjlsigin. 7t
A7+ DyO (Cambridge Isotope Laboratories, Inc.)E &vj=2 A}

23t 10 mg/mLY HE== 500 plL® FH|3 ST HEAERZ
2, AslE WgAE2 9~ MC-PEI ZH2e] F+xE= 400 MHz
JEOL JNM-LA400 (JEOL, Japan), 600 MHz AVANCE 600

(Brucker, Germany)< ©]-&3s}e] &<2l1s}5lt).

3.2.2.2 Gel permeation chromatography& ©]-&3F A& =3

St 77t aEAE] BAES gel permeation chromatogr-
aphy(YL-9100, Young Lin Instrument, Korea)E ©¢]&3}o] =4
3t} Standard=2A tsk 22152 712 polyethyleneglycol©]
AR EITE 247k AlgE 1 % EEAE (formic acid)S ARE-3}e]
10mg/mLe TxE& 4892, Ultrahydrogel™ 250 (Waters,
US.A) AHolA 1 mL/min®] F&os EA%F A4S AlYs3ih

MC-PEIS] &+58&%F Z4S fste 2b-<17] A4 A4S Alds)
At 50 umold] ofWl& ZAE 7Y nwAbsS AR F 10
mL2 0.1 M NaCl =& 1
pHZ 11744 @5 5 0.1 M HCl €95 o]&3 10 uL 99 = 4
3ttt MC-PEI &

ofo

2
ofo
E
it
i)
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meter S20, Mettler-Toledo, Switzerland)E ©|-&3to] A3t}
HEweza 0.1 M A3t EF 8, bPEI25k, PEIO.8k -8
o] o] &t} &F&F2 pHAS 7.49 5.1 Welld FAsE =
offle] MEERA ALHEH FAA A2 tEIt @k

AVuax0.1M
HSEF (%) = N mol

x100 (%)
AViae €99 pH7F 7.4004 51744 #3tsls Aol ALE

€ 0.1 M gabe] #3915 vehla, N mol 7}

skt 7bs st opnlel =55 yEhth

3.2.3 MC-PEI/pDNA Z&E829 54 #4

3.2.3.1 ot22 A A7|94%

MC-PEI¢} DNA®] Zg&9 2 A eHS IRl 8] opt=x
A A7195S AAST 0.5 ng/mLe ethidium bromideE $H+3}
A= ob7t=E 2~ A(0.7%, wt./vol.)2 Tris—Acetate—-EDTA(TAE)
bufferg o|&3sFo] A|x3IAE E2]&d % Hepes buffer (pH 7.4)
Aol 4] pDNA (pCN-Luci, 0.5 pg/ul) 0.5 pgell FAHE 0.25,
0.5, 0.75, 1, 20l %5 & vl 74 == FH|8h3lal, MC-PEI
FENe] pDNAE HolE § 30%7 HEsA AT Ales ThEo
721 Aol 43 3 Mupid-2plus® (OPTIMA, Japan) 7] %79

A 1583 47195 A9sdrk A719F %8 F pDNA band

Rl

o] $AE ChemiDoc" XRS+ gel documentation system
(BIO-RAD, U.S.A)E o] &3te] Rttt

gy



3.2.3.2 @A A& ZE¥22 DNA S 58 53

of7tE 2~ A H7|gEE Ed Aol e ZeE¥ =9 DNA B
Aot 0.5 pge pDNAZ A H|ES 25, 50, 75,
1009 EEY2E FHle § 37 ColA 30%3F 50 % FBS x31
oA MR vgow, EYZHUAEEEH pDNAS #2A7]7]
#13ll heparin sodium saltE % &% 10 mg/mLE 30% &< A
gttt ol HIFAHom ZeEY~d HAV|YES F3 pDNA
band9] 9xZ UV illuminator® &<13}3itt. PEI2bk Z#Z g~
E fxToR Ahgsi.

= T8 543

3.2.3.3 MC-PEI &3 Z4929 3¢ ¢4A A7) 2 #H9As A
MC-PEI®} DNA ZelEdxo] Fo 4 A7) 2 Fiidst
(Zeta-potential  value)™  Zetasizer Nano ZS (Malvern
Instruments, UK)E o] &3t SA st FAHE 0.55H 1007+
Aol ZYEI~E 5 ngel pDNA (pCN-Luci, 0.5 pg/ul)E AR
&te] 0.5 mLe] F8&How Azt ZyEds J4 F 3083t

2!

3.2.3.4 Transmission electron microscopy (TEM)E &
MC-PEI Z8|Z49 29 g8 &2

0.5 pgel pDNAZE o]&3&te] Alx% 10 pLe] MC-PEI & &H
2 FEAE TEM 8 AR X7 22 A 85 30

=
59F uranium acetate &N T3 FAANAHT. 2T S0



B}+= transmission electron microscopy (JEM1010, JEOL, Japan)
= o] g35to] sttt TEMS 714 A<t (accelerating voltage)
= 80 kVaitt

3.2.4 MC-PEI¢] HNEAH

3.2.4.1 AIE ®i ¥

MC-PEI frdx daAe AzddS 98l Fe oAz
(Mouse myoblast cell line, C2C12)¢} <17+ g7 Fer A=
(human cervical adenocarcinoma cell line, Hel.a)S A}&3}$it}.
M¥EE 10 %9 559 FBS, 1 % penicillin/streptomycin (P/S)©]
°19)= DMEMS ®|A & 3l 37 C, 5 % o|ibstebh 7oA
&ttt

f{rt
so

}

ol
38

jus)
==

3.2.4.2 MTT assayE %% MC-PEI9] AE 54 #Z

St E EAo] AE ZA4S dolHy] Yl MTT assay=S A3y
stttk 96-well cell culture plated] C2C12 cell?} Hela cell&
100 uL (10 % FBS)9] DMEM ®ix]el well & 1x10" ¢ d==
wFskdch 244 F 70~80 % A= AEIF A & gl
O, @4 (serum)o]l £l A4 &2 100 pLe DMEMel 20, 40,
60, 80, 100 pg/mLe] #%% =21 MC-PEI, PEI25k, PEIO.8k £
NS Agednh. 4Nz &, Azl udA & AAGa
wellel €44 ®lA] (complete media)E 100 pl. ¥Yol= & 99} =
Ak wiF A 24A1F wj sttt AE vl = 2 welldl
25 nLe] MTT stock solution (2 mg/mL, DPBS &uw)& #7}sta

e 24 24z | Sk WAE AFEA AAR T,

T [

— 08 - AT -||-1_'_]i-_.ﬂ‘|
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150 pL9 DMSOE #H7bste] &3t Maxe] A3= 7F wellol F4
H xE2upd 4A (formazan crystal)S =539tk ZF welld] F3=
= 570 nm9Y Ao A microplate reader (Synergy HI, BioTek,
US.A)E ol&3te] SA& AT A3 A= Aozl Axe A&
A= (RCV, obF-AE AeetA] o2 Alazel digh Ziizel A= A
E AD#HeE JeRYY. ZE Ad2 4052 Aok

3.2.4.3 83 #% x=ANA e MC-PEI Al ER2HA A
FAd oA 94 f5F 2HdAe EdAAd g8
luciferase assay reagent (Luciferase Assay System, Promega,
US.A)E o83t C2C12 cell®} Hela celldlA€] luciferase
reporter gene? WA gto =z 3Felstitl. C2C12 cell¥} Hela cell
S 24-well cell culture platee]l DMEM (FBS 10%) mediaZ ©]
&3kl 5 X 10" cells / well®] ®e2 &5 § 37 C, 5 % o4t
sheba oA 24417 EqF mjgeSlt. AEAES Aol A7
7] A wiAE 2lde wix] 400 pL2 wASE gl A FH o
213 gl 2os Yo A7t 248 HAsT 0.5
ug® pDNAZ} welldl £914 4+ == FAHE 25, 50, 75, 100
o2 gtgo] MC-PEI Z21&9 2 £9 100 uLEs e § Alxo
Aelatgitt. PEI26K, PEIO.8kE Wxw o s AR&atglth 4A17F

o
2l

%

F F ZeZds gAg AASL 7 welll 94 wjXE 500 uL
SOl 5 flek e wiek 2ol 484 sttt Al

o

F 3 suction®.Z A E A ASFL 240 ple] DPBSE o] &3}
wellS Ho]FAe}t, 18] well B 120 uL«] lysis bufferE #] ¢

3t % shaking incubatorolA 3087F &E5o FAth 7 well2 4

gy



H Axe ffes B ¥ diigstd s FHeha,
luciferase assay kit2 o] &3] AE f3&E9 WF=E =AY
t}. ¥4 %= microplate reader Synergy H1S ©]-83}o] 2<135}%
b AEZe] gz Ageks 98] Micro BCA" Protein Assay Kit
(Thermo, U.S.A)E ©] &3ttt o5 Sdl HAE A3E 9 mg
gl gk FoiA EF= @k (Relative Light Unit) &2 vERY]
2th (RLU/mg cellular protein). & A& 3uj4-= 235 9o}

3.2.4.4 Bafilomycin AlS A3 2049 ER2AH 43
e A dxEFE gF adE gotrr] 98k
bafilomycin AlS &g 2719
th Hela cellolA] ERAAA AS A3 o RE st
g gAE Axe AHEstr] A, 200 nMe] bafilomycin
A1/DPBS &4& Aol 102 &<t Akt 447 EdlaeAAd
*, FYEYs NS AASAL 7 welle] ¢ ¥iIAE 500 L ¥
ol F fet LI Wi =HolA 48413t wiketSith. PEI25K,
PLL Zel&Hs (FAM] 5) &0 txaoR AREHAT o] F
B 919 AP wdg Ao w AP

>,
lo,
(m
=
[
4,
2od
>
i)
o
™,
ot
ol
o

2

s

3.24.5 FAX EA7IE 53 AXU EF A= =3
ZyZY 2~ MY F5 A% (cellular uptake)ES Lolr 7] 9
st FAME FA7IE ol &3t A¥S dsEeltt. Hela cells
12-well cell culture platee]l DMEM (FBS 10%) ®IA] & ©]-&3}<]
2 X 10° cells/well?] M@E=Z 5 & 37 C, 5 % olitserh =
Aol A 24417 Fot wiekatd, EdAaAA A 47 welle] wiA =

— 30 — .-':rw-.E -"';:I' 1_-l|

I
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Aol ol MA=R wASY. EdsFAe o] &5 pDNAE
50709 wEElQE= @ 1] #49] YOYO-1 iodide® 343k3d
th 0.5 pgél pDNAE 7HAaL Sl Ee292 893 37 TolA
4AIZE FF ME] Atk 1§, wlAE suctiono.® A AT
welldll 1= AMEES ice-cold DPBSE o]&3te] F b Ao
Z2 AEES "ol § 250 ul DPBS

= Az3d AFT FFo] Szt EEEY A AXE Y
A%+ BD FACscan analyzer (Becton Dickinson, U.S.A)E
sted 1 x 10° A9 AxEE EAwor dAste] A3
Becton Dickinson CellQuest softwareE ©]-&3le] AX W &4
AEes BA%9 01, Flowing softwareE ©]&3le] HlolE & Ay

s

=,

ol
do 4 H

)
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o

O

g

O

- 31 - ; .-:ra._;| -:"‘i 1_” [



4.1 MC-PEIY &

4.1.1 MC-PEI¢Y] &4
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CH,OR CH,OR CH,0R CH,0R

H 0 O H 0 O
o H NalO, ¢ H
OR H o OR H o§\ — OrR H o 09\
H > | ‘ H
H  OR H  OR R o o

H o
Methylcellulose OXMC
R=HorMe
CH,OR CH,OR
H o =
PEI0.8k NaBH, He w o 09\
H
H OR l\|lH TH
F|’EI F|’E|
NH,  NH,
MC-PEI

Figure 2. Synthesis scheme of MC-PEL

- 33 - ¥ ,H i 1_'.” 'ﬁ:'}



4.1.2 'H NMRE& %3 MC, OXMC, MC-PEIY /A&, 3
A oF QI
'H NMRE E3F9] MC, OXMC, MC-PEI9] 7M&A 2 34 o

|=]

]

gelatdltt (Figure 3). MAHA] & WEAEZ 2~ 2H &
o

=

il

2
of &A= 4AA F= (proton peak)E 'H NMR EA1S E3

sheldt 4= it stol=54 2Hg7|o] a4 At WEr| 2 X3y
A gFe 29 ®hAae] A 93 (H-2 (2-0H)E 3.3~3.4 ppmell
EAEEAL, stol=sA #Er)e] FA4 Az WEv|® X $E 2w
gae] A I3 (H-2 (2-OMe)= 3.05~3.2 ppmollA] €<l
t}46]. ol vgoz wEAdEZ o~ 23l Ax PRSI §A4

LA

A=
Ry

=1
A3l A= 56 S gHelsk 4= gk
OXMCol PEIZ H3gAIZ1 HE W& MC-PElo| &3} PEIS]
UFA2 WIS Aoz PEIC ¥4 AE 924 'H NMRS &

sto] gkelst 4= <9lt}h. PEIO.8k (-NHCH,CH,-)o] %Ax ¥a=

Cag e

31
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2.6~3.0 ppmell EA3t}. HEMERZQ ~of EAst= BE AAA}
o] 379} PEIY UAA 3FE vwd] BYS o oF 6
g ARE HYS 4 5 Az, o HE

TAke] PEIZE A8

2
%0
SR
rr
P
o
lo
=)
ot
v

2~ 14.57) & sk

- 35 - ) _H kl 1_'.]'| [

]

I

11



CH,OR CH,OR
H 0 o
OR H 0. OR H o%
H
OR H OR H-2(2-OH)
R=HorMe

H-2(2-OMe)

45 4.0 35 30 2.5 ppm

Figure 3. 'H NMR spectra of polymers. a) Methylcellulose
(MC). b) Oxidized methylcellulose (OXMC). c¢) PEl-grafted
methylcellulose (MC-PEI).
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4.1.3 MC-PEI9] #AF 574

A E3 g=ntE 13 (Gel permeation chromatography)=
o] g3kl 7 MC-PEI9] A< S48t Standard=2M th
Fe FAFS 2= PEGE ARESEH AbstEl HEAdERe X~
(OXMO)= wgAERe 20 AA FFHT wAFR 355 kDa

(PDI = 5.06)X.th oak 59 % %X 7443 14.6 kDa (PDI = 5.04)¢]
i=]

EEL RPN sﬂzw BANEE oW @) Periodate b3 W
of olsl wAge] st AYE FIFE AA e R4

= gld 4 Y301, PEIE Ardo=M d4d%" MC-PEI=

o A B 7HE Aoz dgE AR T, GPCol ¢
& =A% MC-PEIY FARAF Ex2F ke 109 kDa (PDI
21992 938 #adts FdS B olgd Azl I Jbe

4
oz ol&AS zh= MC-PEF ZAH9 a7} A5zgs do
A A" W MC-PEI® #&4do] #asdAd, A3 mdas
2920 PEIZF A& o] & MC-PEIS +24 5A 4 A4y
o] OXMCH©T}F A ghol #AB7E HE 7Fsde A48 =
4= JTH49]. 743 PDI 3 giEitAe] & 7|9 vgdsze
27} PEI®FE] HbE& Fa) 22 EAES 2 Yol AAY" Az
2 A7Zbe 5k, AEEAHL 32 AN oS4z A9 &§
< HolE PEIO.Sk7} WEAEZ o ~ete] Hetog Ragko] F7}
o 24 pDNAE Hd&stA F3eto] dod #d2 dgd 285

THAA 2 Flolgtar 7dE =

e



Table 1. Molecular weight measurement by GPC.

35.5 kDa

14.6 kDa 5.04

10.9 kDa 2.19
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4.1.4 MC-PEI¢] ¢+58&F

ol WO T W T T T
ao.g}A%WMwmhﬁx&
Mo = 0 N el iy AJ
fo W oF W T & R W o
iy s D P e Eag®
SR S
L I I T
E o m_ = N o« o K el i
T o B © g ¥ o oM mﬁ
o T oo & m O Ty
% of Mo & _dm o
Ao ooy XN T g = ®
S o Do T oy W % L0
=S T B w
= 0 L X )
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T op 2w e Yy
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12
—O— NaCl
—A— PEI25k
—O— PEI0.8k
10 A —%— MC-PE|
$ 8-
E 777777777777777777777777
>
I J
Q 6
4 4
2 T T T
0 200 400 600 800
0.1M HCI (ul)

Figure 4. Acid-base titration of PEI25k, PEIO.8k, and MC-PEL
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4 A

2

4.2. MC-PEI/pDNA Zg|&d¥ 2 9]
4.2.1 op7t2 2 A AV9E

FAA AY Az FAA ADAY EEas 34 5

Jm

o Fad AARAOE AN otz A A/YEBL F

MC-PEI9] ZgZdx~ PJA TS st pDNAE 14 &

A9l ANel JPo SAE wWme FHsE 2t wiajsl
S 2=~
Fua [oRg 1 h o /\ég. T 9\}]\]:}‘

=2
WS Al AATA FEEg os EYEYEAE ¥
< B3t MC-PEI9] £8Zd9~ 34 58&
] 0.57k4]+= pDNA band®| o]&o] #Z=X|rt
AR 0.7591 56 = MC-PEIZ7} pDNA band®] o]%&S €%
AAA A= Ae & F AR (Figure 5). ol& FHeEs z+e
FAR = MC-PEIZ} pDNASF A7

gl o8 adHor EeEHAE IAsYE Ae v
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PDNA 0.25 0.5 0.75

Figure 5. Agarose gel electrophoresis result of MC-PEIL. Numbers
mean weight ratios of MC-PEI polyplexes.
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4.2.2 @3] W EYEH2] pDNA BE 58 SA
fda A Aol FAA AgAE AR FAEAAE W I

F A oy 24ES v Iy 1 5 H(serum) 2

pDNAE ¥ Hoz HEd 4 QAo digt A P53
O~

A 307 MAAA BH FFel A g thE, heparin
= 225 E pDNAE #lgAzl & A
7195S& AAste] pDNAZE 2438 EAs=A] A5
Figure 69] 29 #QlolA &1 4= 9l%o] pDNA AA= A
ofsf 2 shHom ettt FARE 3WFH 6% #lelA w3
¥ pDNA To] 157 k2 Ao w2 wwgtel, MC-PEI 8=

g2 pDNAS Ao 25E hdsh Bastal vk A& 24l

o
i
E
S

sk Ut FAA AYE Bofolq  ZFF 7]+ (golden

B e Fes B 1H "Rl ofEfFe]  EAlshs
super—coiled pDNA bands’} MC-PEI &¢e]&49 29} PEI25k &4
EY 2o ARzl A& Ao o8 A Ao AyztE

o] A3 Ays sty 98, €33 pDNAS A3 zhgol
gk st <GS ElEkolth. Figure 7914 ®B%, dAHel o3
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DNA7Z} ®al= = dsdo] allupelel o) dAsA Asss AL 3
Qg 4= glrh. 4WRE 79 o= o3 pDNAS band= &
A% & gl o= sFdel og pDNAS] &g #Hge] glon

2= o] pDNAZE $dstA 2ol dvke S on g
o|ZM syl EAl Al Aol ofs] pDNAZE Eall= A kErhe A

ol#{g A=, MC-PEI7} PEI25k$} wh3k71A] & pDNASL 7 a}
A ZHEHAE FAFeEN dA o FHoEFE pDNAE HA
B

=g g, Al Fd A G WelM w2 S T

01
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Figure 6. pDNA protection from serum result by agarose gel
electrophoresis. 1 : pDNA only, 2: pDNA + serum, 3: MC-PEI
polyplex (wr = 25) + serum, 4: MC-PEI polyplex (wr = 50) +
serum, 5. MC-PEI polyplex (wr = 75) + serum, 6: MC-PEI polyplex
(wr = 100) + serum, 7: PEI25k polyplex (wr = 1) + serum



Figure 7. Serum inhibition effect of heparin. 1: pDNA only, 2: pDNA
+ heparin + serum, 3: pDNA + heparin/serum, 4: MC-PEI polyplex
(wr = 25) + serum, 5. MC-PEI polyplex (wr = 50) + serum, 6:
MC-PEI polyplex (wr = 75) + serum, 7: MC-PEI polyplex (wr =
100) + serum
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4.2.3. MC-PEI Z8|2¥ 29| B¢ 94# 27] R A3}
Zeta-sizers ©o|-&3te] MC-PEI ZE|&#xe] At A 27]9
2W AstE SAsGY. EEEgse A Ax J AF
(endocytosis)E 9|l s ZgZ 27l 200 nm °|dhe] AAF =7]
5 7HAoF &t me A FEe] FHstE wojof gdrtar & A
Atk ol ZEEFHAvE SHEE VA v AExTes Hds
o Al & Sof7tef sb7] wielth. MC-PEI 2=~
1 RE FARA 100~150 nme] -Hi 7] FAFS B
(Figure 8). ©o]& 3] MC-PEI ZgZdx~= g8%2 AXE A
HAE fe A 4 AVE JHHA o AE d F dv
[50].
°]F MC-PEI & xd A3t #s SAHS AT FAM]
0.5014 ZgZdxs of 20 mVe ¥4 A S Btk o=
MC-PEIZ} §-AH] 0.591 4% pDNA9} &
dojupx] 7] wiio] afHoR EZEY~E FAHA X
= As ougnt ANE FAR] 1A= °F 20 mVe] 1¥ s}
S YeRAth ol oA AFPY oyt~ A U)ol B
A Axje] RgtE= Ao}, MC-PEIQ] H|&o] Z7}8hHA PEIS]
EAZ FHEE 2t Aol BolA7] Wt add o= pDNACH
ZYZY22 4T 5 drk 100 dolrte FAHdAE 2E

EeEsgol o

L
ox,

N
N
a2

S~

%,
fol
s
oo
o,

3
olZH olAHE ZgZPAaSo] FAHJUE A

(Figure 9).
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Figure 8. Average size measurement result of MC-PEI polyplexes (n

= 3, error bars represent standard deviations).
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Figure 9. Zeta-potential value measurement result of MC-PEI

polyplexes (n = 3, error bars represent standard deviations).
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4.2.4. MC-PEI Z3|&¥ 29 4A FH g2l
Transmission electron microscopy (TEM)S ©]&3}e] MC-PEI

T s 275k BFS FARATh MC-PEl SEFE ¥
i

Zeta-sizer® YA AVIE FSAYT u= = <3k F3}
(hydration) d¥ow ZFZH2 date] A77F va F7lst=t
Wl TEMO.® §iAke] A71E gRlekgl s woll= o]¢f e dA4ol
doj =] 7] witoltt.

51 - .-_:I'x;! _':I.':I 'I_ ]



Figure 10. TEM images of MC-PEI polyplexes a) prepared at a
weight ratio of 25, b) 50, ¢) 75. Black scale bars represent 200nm.
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4.3. MC-PEI¢] M x43

4.3.1 MC-PEI9] AE 54

MC-PEI®] A¥E 54L& MTT assays T3] sl on Alg
3 AEFE ALY FolAEQ C2C12 MES AMRe] AFAR
A Z< Hela AlXo|t}. PEI25ke PEIO.SkE hET o= A3
th ZHzbe] mE-AkE 20, 40, 60, 80, 100 pg/mLe] FEZ F=H]s}
RaL, AE 549 Ar= o Ak sH4] 2 AEE] AEES
100 %= st A AgE RS we] Aoy Ax AEE
(relative cell viability)® ¥ &3}l Figure 11914 Hi= wpe}
o] MC-PEIE= C2C12 AXEolA 100 pg/mLe] sEoH™
86.32 %° w2 AEES Euth oo W] tixat<l PEI256k+=

b4

20 ng/mLe FEAME 19.27 %o A|¥Euto] Aot AL & 4=
ATt ol gy dejx Ad% PEI2Sk & AFE Z=A wjiol
t}. Figure 12+= Hela AMXo|A 9] nEAEQ AME SAS HoOFE

o}, C2C12 M XAl A Axte} vpz7iA 2 MC-PEIZF W&

AE ZAS zZte=tsE ARES 3d 4= ). PEI25kE Hela
AEAME Fa AEX SA4E

HolFa gldlth. PEIO.8ke] 7
AAE F AEAA T2 AX 54 FFS BT e,
C2C12 Az A = PEIO.8kS] #X7F F7hgel uhel Mxel A
5o Aaste A4S HAAT Hela AlEZ+E PEIO.8ke 3
S A WA gghth o) ALY HE HA o] AE-oEH
(cell-dependent)?l &S W= RS HoFTH23]. PEIO.8kS}
PEI25k®] A EAo] C2C12 AlZF Wt} HelLa A XA o oFaf
A veEbd A ol Aol dia] C2C12 Alx7E ¥ wizh
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Figure 11. MTT results of polymers in C2C12 cells (n = 4, error

bars represents standard deviations).
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Figure 12. MTT results of polymers in Hela cells (n =4, error bars

represent standard deviations).
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4.3.2 MC-PEI9] MXx Ed2HAH Ay
MC-PEI®] #8x Ad a8 w4a4 (luciferase)d ##%}
U3 (transgene expression) AEE HUIStowZx =AY}
pCN-Luci DNA®l oJ&fA Bd == dFashe A=A ©d o
42 AoHE w4A (luciferind Fgh-uwbgAs
(L-L ¥k-3)& dozity, ddd UWs Aoy 23E gk (relative
light unit, RLU)2. 2 YEHiL, BCA assays Edte] dold 4= 2
T Axe] gaEe EAshe w9 duEgo R
pCN-Luci frZd=tel ofgh oz vty Jrg g3 4+ Ut
(RLU/mg protein). & Agol|A= FAH 25 50, 75 1009
MC-PEI Z2|Zd xS FH|ek9t). PEI25kSt PEIO.8k7F thxo
2 ARgE QAL PEIO.8kS] FAH|:= MC-PEIY +=A43H= PEIO.8k
o] oFoll AT AAITAC}. Figure 13 FBS7} fl= Fd ol A
C2C12 AZedA 9] ExdA AE RoFa gty MC-PEI &
Fd e FAN 75904 M e gl dd AEE e
th o] gk FAdEat0 PEI25ke} ]
S & HYANE PEI0.8k @Eo2
o vERE gt 300~220080 O 2 #bS ERNISITE AR}
&9 PEIE pDNAE F§sle 590 "ojxa, ZEdra2iy
pDNAZF A sg)=7] wite] FHa dd a&o] gojxirh[51].
HeLa AlZolX%E Al FAM 759 MC-PEI Zg|Zeg 7t 74
=2 A Ag a&S Belon, o g2 PEI25ke} Hl 1Sk
o oF 3u] A% w2 grolddrh. SHAIRF PEIO.8keF HaLs] M.k
W= 400~1300W) AE o % FAK AY 52&S B

(Figure 14). o]g]3t A= MC-PEIE= dHo] d& XA

fm K
o)
o
=)
rir
12
o0
=
o
!
e
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PEI25ko] = WX #] &
of Hnge u €53 FH FAA AEd FEE e
%l

MC-PEI9] in vivo Z7]A <]

o] Q& EolA ol IR fHA Y &S A
AP A= A

PEI25k$t MC-PEI EF #3x Ag da&o] #Asilth. 22y
FET wkgl g2, C2C12 AXeA FAM] 759 1002] MC-PEI
a&o| PEI25kS] 23 HTE 3~6m) ¥ =% S YE
o]t} (Figure 15). Hela A ¥o|AM 9 FHAA AL a&%
PEI2bk®] 32 A4 w83 A9 =g s EAv (Figure
16). o]gg Ay dAo] e 2HdA MC-PEIY #F4x A
&°] PEI25ke] #F4dx dd agnct A4 4 #4a3ves e
m gt o]Z1e o] gle Z7olA MC-PEI £

¢l S Eevd
= SHAE M7 waoleka AZbET ol#{ gk 9l MC-PEI
ZYEYs] 39 dert w2 FHs @ RoAN, mEdER
Q2o EAs= dtol=5d #Er)oF WEA FEV|= el EF
ol A 2 5 shielding &% 7H4 4 ¢17] wjitolt}l. o] PEG
& A eRA Yejiake] AUolA ] b e ERshs
te d7se] Ak AR FEelv[53].

ol#A A& Ay MC-PEIY in vivo A Ao 7s4S 3
Qg 4= Qigieh
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Figure 13. Transfection efficiencies of polymers in serum-—free
condition in C2C12 cells. Numbers in box represent weight ratios of

polymers (n = 3, error bars represent standard deviations).

- 59 - A L-]]



1e+8
- /11
I 25
I 50
1e+7 1 I 75
[ 100
I 10
= /3 20
..g 1e+6 - Il 30
a
(o]
E
S let+b A
|
(14
1e+4
1e+3 T
PEI25k MC-PEI PEI0.8k

Figure 14. Transfection efficiencies of polymers in serum-—free
condition in HelLa cells. Numbers in box represent weight ratios of

polymers (n = 3, error bars represent standard deviations).
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Figure 15. Transfection efficiencies of polymers in serum condition

in C2C12 cells. Numbers in box represent weight ratios of polymers

(n = 3, error bars represent standard deviations).
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Figure 16. Transfection efficiencies of polymers in serum condition

in HelLa cells. Numbers in box represent weight ratios of polymers

(n = 3, error bars represent standard deviations).

_62_



4.3.3 ERAIA 717 4F

MC-PEIS] ERH=AME HAo A ek g5 a3 &S do}
17] 938te] bafilomycin AlS A & EWR~IAHAS 7113l

t}. Bafilomycin A1& vacuolar type ATPase? 9AA (inhibitor)
2 dEFe] Fd Fxe] Vss AASEZM PEIO At
& & PRIt dEA du[54]. PLLO] tlxwo® A
gL, o= PLLE 73 Wil 14} ofninte] EAfste] g
= ShkeAA s A8717E §l7] waolth Figure 17914 X

2+ o W PLLO #x# de &&
AL zpoli= Ao EASIA Wi, ol PLLY Ed#AA 7ahe
Ax=F dF Ao 93 ﬁfﬂ obdS EFF £ glrh. W
PEI25ke} wlzH7FA] 2 bafilomycin
Alell 98] A #astdth o] 2% MC-PEI &8s Eds

AHE AEFE 4% wdel oF AEF Dol T AL % 5

rr

my
o,
o
e8]
g}
s}
=)
<
o,
5
o=
—
Jo

=
¢
g
o
1o
Jo
)
>
2
iy
#Ol'
rlo

S



1e+9

1e+8 - I

1e+7 A

1e+6

1e+5 -

le+4 ﬂ
1e+3 .

T T

PLL PEI25k 25 50 75 100

HE wo Bafilomycin A1
[ wi Bafilomycin A1

H

RLU/mg Protein

T T

Figure 17. Bafilomycin Al-treated transfection efficiencies of
polymers. Number means weight ratios of MC-PEI polyplexes. PLL
and PEI25k polylplexes were prepared at a weight ratio of 5 and 1,

respectively (n = 3, error bars represent standard deviations)
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4.3.4 EEY29 AXW FF

FAEZ 247 (flow cytometry)E °l&3t Ze]E8 29 AX
W F ARE @Rslrh Ax W2 Fod Zeleds A58
918 pDNAE YOYO-1 iodide® dA3lch Fxizk A2 g§ol
7P ol FAM] 759 FHEE el T S AU F
AEE AT A%, AHgE BE FANS MC-PEI Z8&9

2= PEIZBkOF H2atAY B %2 AlXdl 55 AEE Hoth o
v AAdst A71E ZHa SFHdEtE e EYEY s 4R A4
71QF AL of AXAIRE, o] AMdo] PEI2SkE G %2 12 A
89 JHALR B A agEsE a8 A2 A
Y EY 225 EH US d¥sA pDNAE SgA7IAY ddd
pDNA9] & $£1x]3} (nuclear localization)E #&, B XA 7=
PEIS] ¥A13S W3tA7]AY PEI A% AXS Adsts 59 57t
ARl Jfdoe] Had Ao=m AyZtHET olygt s WY oEE AR
g A871E FostAY M 9A AlS (nuclear localization
signaD& 7HA 3L Q= #8718 FUHSE JFA7IE BY sl

ATH50].
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Figure 18. Flow cytometry results of a) cell only, b) PEI25k
polyplex, ¢) MC-PEI polyplex (wr = 25), d) MC-PEI polyplex (wr =
50), e) MC-PEI polyplex (wr = 75), f) MC-PEI polyplex (wr = 100).
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o] AEZW A3 A4S Bd adHoe AE Yz 55449 5 g
= 7FeAd S 9% 4 At MC-PEI/pDNA Z2]Z# 5 FBS
o =FAZ A= MC-PEI/pDNA Zz|Zd % PEI25kS}
dEatA 53AE FAstel pDNAE H o =R EH =

Rom o= MC-PEI Z8] &4 27} 3 o
AS A3tk MC-PEI/pDNA 2] 2849
it A 271 54T e FAMCA 150 nm olske] gs 7t

Aom o= AT e EeEUst FEsld Aasdn 47
¥} 21t}

AATE o= A A3 LS e MEdERe g o
X 54E b= PEIO8ke] A wiEelth fAE #4718 59
MC-PEI Zz|=#2e] Ax ) F55 &<
PEI2oke fAbSAY | 52 Alx W &5 4 his
Aol gl 22oA AAF EdadAd A3l MC-PEIE= iz
=<l PEI25kel] Hle tha w2 fHdx A2 a8 @S yehioh
ol AAF YA Av|e FHE Wiz MC-PEI ZalZdxe 5
HoR QX Uz & FFEAT ZeZEa2iE pDNAS 983t
Al B AIZIA sk A A el Ble® pDNAE A dstA o

A7 sEo] BHar] mtelgta At Enh shARE Dol Sl
A AAISE EAAAA Aol A MC-PEIE dl&2a?] H&
A A &8 g Hedla ol vEdesr e s EAds
stol =54 #87)ek vSA 2879 g2 MC-PEF €4 W
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Abstract

Low Molecular Weight Poly(ethylene
imine)-Methyl Cellulose Conjugate for
Non-viral Gene Delivery System

Kyunghwan, Kim
Department of Biosystems & Biomaterials Science and Engineering
The Graduate School

Seoul National University

In this work, methylcellulose was employed as a template
polymer with graft of PEIO.8k for gene delivery systems.
Synthesized poly(ethylene imine)-grafted methylcellulose
(MC-PEI) could condense pDNA into positively charged and
nano-sized particles. It could protect pDNA from serum nuclease
in similar with PEI25k. Its cytotoxicity was minimal probably due
to the biocompatibility of methylcellulose and low cytotoxicity of
PEIO.8k. The transfection efficiency of MC-PEI in serum-free
condition was lower than that of PEIZ25k but similar or even
higher in serum condition, showing good serum compatibility.
Bafilomycin Al-treated transfection results indicate the
transfection of MC-PEI is mediated via endosomal escape by its
endosome buffering ability. Higher cellular uptake and lower
transfection efficiency of MC-PEI than PEI25k suggest the
transfection may be impaired by other barriers such as polyplex

dissociation or nuclear localization of pDNA. These results
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demonstrate MC-PEI possess a potential for efficient gene
delivery systems.

Keywords Gene delivery systems, methylcellulose, low
molecular weight PEI, endosome  buffering, serum
compatibility
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