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Abstract

Signal transducer and activator of transcription 3 (STAT3) is an important
transcription factor, many cytokine and growth factor will be induced when STAT3 is
activated. Activation of STAT3 is through enzymatic phosphorylation. Phosphorylated
STAT3 trends to form a dimer structure and be sent to nucleus by importin then binds to
specific DNA motif to regulate expression of downstream gene, which play a key role in
cell-proliferation, metastasis and apoptosis. To regulate STAT3, STAT3-decoy
oligonucleotide (STAT3-decoy ODN) is a consensus sequence with STAT3 binding
motif and could trap STAT3 to restrict it transported into nucleus and silence
downstream gene expression. In this thesis, cationic liposome DOTAP/DOPE is used to
transport STAT3-decoy ODN into cell. Liposome is composed by lipid, which also the
formation of the cell membrane. Liposome can be uptaken by cell through fusion or
endocytosis. With cationic lipid, liposome can attract anionic STAT3-decoy ODN to
form a lipoplex increasing gene delivery efficiency. Using MCF-7 as the target cell to
study the effect of the STAT3-decoy ODN transported by cationic liposome from cell
viability and gene expression. Liposome formed by 4 pg tol6 pg STAT3-decoy ODN
with 32 pg liposome in 100 pul medium could down-regulate gene expression of
cyclin-D1, which is the downstream gene regulated by STAT3 and induce cell death

during 6 hours after treatment, and the effect could last at least 3 days long.

¢ keywords: liposome, Signal transducer and activator of transcription 3,

STAT3-decoy oligonucleotide, cell death
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1.1. #§

BE P P EAENIRLANTZE > BT EAPSORERE o £ ALk FLE R
PEEIEAFT SR BEDT M TG F SR AT A AR Kk
#1042k kb (drug delivery system, DDS) T8 - £ £ & — 4« Kb 2rig >
P BE L o 2 o 2 F SRR SRR

I SR ARES T PELFHLE T 20% 0 X2 G 10%H Rk R F
FlEFREI R L2 - PP @ ¥ 24 TR FREAESEEHFTRESY
R B 3 RAES O o d FTFR S ke 3 L anfser A
%% k= (apoptosis) =4 € b % ¥ > A58 E 5 8 B EH M5 R (W,
1996) > m B s 777 B 5% Bor o k= 4|5 e g AR drdlere b
2 #&#% erif7 3 41 (Glinsky, Glinsky et al., 1997; Jaitteld, 1999) o

A B yE R ek B9 3 (signal transducer and activator of transcription 3,

STAT3) L iz % ¢ & & ch— Bi#4rF]3 > STAT3 e b pF IR 3F & chim e %

% 4 FOILY Frd| e = B 4 > F 4o/ v % -6 (interleukin-6, 1L-6) ~ #

o
£ 4 £ F]3+ (epidermal growth factor » EGF) % + 3% (interferon) o STAT3 &4
Fe it 5 Hig i e T pifs 1 (5 e STAT3 € 1= Bdllz > N2 & ¥ Fd # » 3o
(importin) i% 3 'm#2 $% ¢ o & » fm#2 $72. STAT3 ¢ £2 DNA S £:i&m 3+ T 34
Flenk B0 ¢ 35 B-we k= B A 7] 2 (b-cell lymphoma 2, Bel-2) ~ B-fw % # = 5
2 ] XL ( b-cell lymphoma-extra large, Bel-xL )~ c-myc ~ % #f 3=v D1 (cyclin D1 ) ~
% Hp 3=v D2 (cyclin D2) % survivin o STAT3 % H #73 pmenfl 7% A imbe chd £
EgA iRt d > qn STAT3 i 5 Mk d ¥ 1 HFYERLARIM L &
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P STAT3 tffpin®e ¥ chh LA £ 4 £ 5 chif i o
ERFTER AAES Rme g BiEmY 0 444 K F]F X5 (epidermal
growth factor receptor, EGFR) ¢ F /& it ¢4 I.(Rajkumar and Gullick, 1994; Cance
and Liu, 1995; Cohen, Siegall et al., 1998; Ma, Gauvillé et al., 1998; Kim and Muller,
1999) » # irug H fe gl (ligand) # i ¥ B B % F(Gullick and Srinivasan, 1998) >
RO LRI A SR EEREAS 2 B4 ohE £ R Fl2 - (Muthuswamy
and Muller, 1994; Sheffield, 1998; Biscardi, Tice et al., 1999) » @ STAT3 3% 3R+ ¢
Hi & A4 £ T3 X MeaE it o (Ruff-Jamison, Chen et al., 1993; Zhong, Wen et al.,
1994; Yu, Meyer et al., 1995; Cao, Tay et al., 1996; David, Wongi et al., 1996; Leaman,
Pisharody et al., 1996; Chaturvedi, Reddy et al., 1998; Reddy, Korapati et al., 2000)
B3F ey 2 ¢ > STAT3-decoy oligonucleotide ( STAT3-decoy ODN) 3
- Bt 22 STAT3 ch DNA £ % %2 2 4 2 B 7| jr]‘bﬁi » 22 STAT3-decoy ODN
(STAT3-dODN) & & {4 59 STAT3 ¥ & i+ 2 t’ﬁs?] »Fu BLAENmERP %ﬁﬁ“i"v
4] STAT3 = #5  Fleh I o
# 45 %]+ (transcription factors) % imPe f5p ez v - H (5% 2 A Flehk 1
AL ARE B G € 2 H A A Flefad F (promoter) b TR A4
BEFTAEINGT I B ARE > T E iy kG LG A B
Rty FAPHRFDLI T B3 BAOZ RE- 1 2B aAE 7
Fric g i e A Flefads 3 A TR - REEA S motife i ¥ € 5 -
N 45 F) 3 424 A d4e 48 (transcription initiation site) et 52T 5 @ &
AT+ 2 P2 pA R & BF (RNA polymerases ) fodf 84 ]+ (cofactors) B e
g AT BEES enE o X Bt R e Ak RS A enimie € R IR

3 i e e
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Fli 4T LG R B AT ARG > 28 T3 F B I s
FlFAZAFLRDEFS o> 3% o Fla @7+ adgar 25 A FH
(genome ) I3 T FRIEAPH B IUER R 7] > st AP R BB A 15
(electrophoretic mobility shift assay, EMSA ) &k #2 d&4F|F+ 428 B 5| eE o @

iTE SR L G BRI HERTIS 0 A ek - R - EAREA TR

)

D

Ten= ko 1% AR R AR 02 @ BEAR T T AL A P B 2k Bk A
W2 AT s > &n E AR F]arek o

’é_ﬁia?lii%—z—f” O HE R L o fera 48 (liposome) Eﬁ%iﬁ%ﬁﬁ”ﬁ‘é%&*#ﬁj ¢}
% enjig * (Felgner, Gadek et al., 1987; Miller, 1998; Barenholz, 2001) » i%:i& ¥ & 7 ik
248 (cationic liposome) £ 4% 3 fik sy £ )= #3 F4F & 4+ (lipoplexes) » i %%EJ
¢ % (¥ % (endocytosis) & » fmPe 3R 2 FPILR vk o PR G HRITT A
2 - YRGS R Y M AT S B o F B T e A 8 S A Py
felg & 0 84t T4 (plasmid) ~ B %% 3 pe (single-strand DNA, ssDNA) ~ 4%

P e (double-strand DNA, dsDNA ) -
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Unactivated

(STAT3 absence)
TTCCGGAA
activated
(STAT3 binding) w7 un
= I
@ _w
o
TTCCGGAA
Xy
Unactivated J“° )'9,5,_ ¢
(STAT3 trapped) "\Vﬁa AE 1 ;”g
SSA
AN
TTCCGGAA

B 1.1  STAT3 et ‘me p $3t A F1 4 Reni®* 7 3, B

h

Cyclin-D1
Survivin
myc

Cyclin-D1
Survivin
myc

Cyclin-D1
Survivin
myc

% STAT3 # i3 tepF » 2 STAT3 3 472eh T 5L Fl-7 ¢ A fads 5 % STAT3 k4

PF o X STAT3 A 35 en™ A FIHR-¢ pfcd > e IR 2 Fuk- a5 5 ¥

T 1° fm e e STAT3 A e | > STAT3 © P5eifk FIRAR B B > pL PF el 2 8 = 154

B =B A o
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1.2. 1%

8278 4] % STAT3-dODN % #r#] STAT3 ffgimie § ¢ chit* ¥ & Hime 4
Ami k=t I FIEBLFIEEAY > LA A Hm Y iR FIRES
2 RV ¥ A STV R m e 87 STAT3 B 4”7 E4p ¥t er > @ 41 * STAT3-dODN
DI e g Y FEARNSTAT { 03 RER D FIRt A FH> B
STAT3-dODN % # ¥ 5t e im®z 4 £ ek B +» » > JE 1145 2 STAT3-dODN #4354 %

bl

e O B FEF A R w2 a0 39 B STAT3-dODN $f3% 54 n e e 2
ko DAL BEDERFFHEI L REDRF] ¥ - P d AEH DN

1 e R % i& STAT3-dODN e B FE 115 B B3t A B 5% 3 ch- £ B H B

2,

E%‘J.IL’;D
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13. Beh
A oRF B 2 P Ry R85 % STAT3-decoy ODN i » 5% 4m# $h MCF-7

FPOOAEIFEIEREZ R G2 FE S kS MCF-7 (g 58 A g K E

B 2
FiErek s BT RN G meimE s AFARE e A e T

R wbe k- B R o AT E T e I 0 e RS

A AR T RSP HBRET RSB o RS TE R o

e

Liposome

Induced apoptosis

nuclear

membrane .- 5
cell Transcription silence

membrane

W12 F&‘3

FI* F & T e 4822 STAT3-dODN ' & 18 #2532 2 MCF-7 P2 p i¢ (7 STAT3
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14. F%%#

L) ¥a— RS Py B 65 % STAT3-dODN i » 5L ¥ MCF-7 % ¢ » 5 LA
¢ WK RS- P T A E R Y P ES Rl B TR G T
PE D P b bR S R FAT £ PR T B R O S T e 3 2

RF A RE PR AP R o A2 13 7

STAT3-dODN transported into MCF-7

ﬂ' Liposome size analysis

Prepare cationicliposome

ﬂ DNA capacity analysis

dODN/Liposome determination

ﬂ — MCF-7 cell viability

STAT3-dODN
transfection efficiency

Gene delivery

Downstream gene
expression analysis

¥l 1.3

i

E
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¥ F TRLwAR

2.0, L BYEE faEE 30 3 & FUR el

TR E RS PR 0 2 RFEARSAFOEZ L AR
e P PERIL S0 5 LKA E > e p A FEF XAk EA SR S
BmEFA BFREBAFNRE AP 2R m A 2 EH Sk & (Evans,
Skrzynia et al., 2005; Chen and Colditz, 2007) - H =x » 7 &= B J5 ~ §gp 7]+
(molecular factors) s e g #-it S35 B F X 0o 2 N o BRARFURp g Y K e
AR E TR S R BN RE R A L 8- B - Heng A R
FREOTESONPREINF S §E SRR A DTS R A G FE R
fE A @R 2 f e oiE v (signal transducer and activator of transcription, STAT )
Wi- BelF oL BE SRS R ARV MR E 2 H B AR AR
7 3.(Yu and Jove, 2004; Haura, Turkson et al., 2005; O'Sullivan, Liongue et al., 2007) >
PR RIL G RF R LRI TRRE T R D2 o st A R R -
Fod B A RRER O R Ee0 2 -

WL LR WERE T B TS FIRAR Y - R ANREFE T

o

AFGEL > TP B med £~ it 2 3% R ik % (Bowman, Garcia et al.,
2000) > B Fou - AL himre B P 2L A chE MG B F H AL E A (tyrosine) A
Fafb gl Jon 2 ALE SRR S L BV EAEE Ry € Me R LAk
i eh3ed - FA8(homodimer) & 27 H @ 2t & UL R ErE Bv A B Ro B
%8 (heterodimer) (Thle, 2001)> 2% & = B ARG et & @R % #&pE 0 & 9l B
P E Y F 5 A Flendg 4k~ i (Thle, Witthuhn et al., 1995; Darnell Jr, 1997) 5 4- 4 %A

L aE Y e 4 B R e geE kv ¥ 37— B (Copeland, Gilbert et al.,
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1995; Thle, 2001) » @ 20 4, @ vE 2 § 47k k- 3 (signal transducer and activator of
transcription 3, STAT3) Z ¢t 7% ¢ 1 & ® &35 5 pp 7 S 7 M B - #
(Bromberg, Wrzeszczynska et al., 1999; Bowman, Garcia et al., 2000) » 3t 4, @ £ 2 &
Bripeid Fov 3 gt g Flwre F A BT BT PR R O e
(apoptosis) B A2 ~ $& 2 o F 4 iy« A 4 L Y F(immune evasion) o
I3 = MR s~ % #& #5 (Bowman, Garcia et al., 2000; Yu and Jove, 2004) » izd* 3
%?ﬁ&&ﬁ%#iiw%mmwmmﬂwﬂmgm%y%&i“’ﬂiﬁﬁi
FrpeE Fd 34 ¢ FRT PFenlw ek (cytokines)Ak & 1L o e € i MR 4 A
e g b L 2 & F]3 (vascular endothelial growth factor, VEGF)< & — (Yeh, Lai
et al., 2006) °

B2 PR EY B F g2 2 B L B R B E Y 3 e
FE 3 L4 ey b (% (Bromberg, Wrzeszezynska et al., 1999; Buettner, Mora et
al, 2002) 5 @ T vt 5 SRR A R FR A B 4 G Aot g e ¥
gt s b L e ¥ L BYE S EeRE By 3 T 7 ¢ Ak & TR (Watson and Miller,
1995; Garcia, Yu et al., 1997, Bowman, Broome et al., 2001) > § ¥ Jﬂ" v 4 iR
rpcid 39 3 iR E Y BRI et 548 B (Garcia, Yu et al., 1997) > @ @ < 48
7% i (Receptor-mediated activation)e7zt 4, @ 1 2 $ &5k Fov 4ot 4 B L 2 @4
g e 32 5 AP RRE MR Y € F 2 R R IR % (Clevenger,
2004) > A3t bkt o R L B e EE Rv 3 g eI g 1S

R - 0 R Fa e NPT R SRR E L o
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199 ¢

1998

1999

» Garcia et al. showed that stat3 is constitutive
activated in breast carcinoma cells.

» Catlett-Falcone et al. showed that constitutive

human myeloma cells.

activation of Stat3 confers resistance to apoptosisin

=4

in mycosis fungoides tumor cells.

-
* Nielsen et al. showed that inhibition of constitutively
activated Stat3 correlates with induction of apoptosis

-

The expression of stat3 plays a key role in
anti-apoptosis and cancer cell proliferation.

B 2.0 UL BEE S B0 3 B RN GenE B F R
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2.2. # % decoy-ODN # 473t 4, @R 2 ®eriE v 3 i 1T

AN

Boave §3F 5 g ac qdralin L @ik 2 EEEE o it s o dRa g
VEE HAE Bt 3 chrEE B S chF LK BT AL C NE BB A
i2 27 DNA 422 20 & @R 2 ekjcs 3o 3 2% B 7| F4]- BA8 7,2 5 DNA
et % (Nakajima, Yamanaka et al., 1996; Rubin Grandis, Drenning et al., 1998; Li
and Shaw, 2002) ~ #r+4| } 5 eips i f2 % (Fry, Kraker et al., 1994; Turkson, Bowman
et al., 1999; Kraker, Hartl et al., 2000) % ¥ 3% » — E v e i chg AP A 7@ 2 4
ByE 2 EAEE B0 3 & 3 pEL 1Y (Turkson, Ryan et al., 2001); 5 ¢ B4 ¥ ¢t - 38
Kot 2 AR ®AE > T F % - R 4 B s @S R 38 LA At
HEfgri %8 B 2N P AL 5 decoy oligodeoxynucleotides (dODN) » i
- BB E L @R EeEE B0 3 eSS B AR - B
FEROEI Lwe? E- TERTS ML B2 Bk Ry 3 EEEEE
R FE 8 A A R E T ot T i PR AR F] & I en P en(Nabel, Plautz et al.,
1990) » & ipH Rk @ ST AN L BIEE HAEE 30 6 GuE Lt §

(Wang, Yang et al., 2000) -
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cyto*klne

pEESESISESIRISESIRERESESES
AK | PiPas®|-vO,

‘fﬂH¥H“\ s1at3 STATS

e T

dego*i s

<>
‘)/ i;“?’ Stattic

STAT3
STAT3

¥ 2.2 < l}% ¢ #7131 e STAT3-dODN ® % 51 &, B
(Souissi, Najjar et al., 2011)
P RIEET 1 dmie R STAT3 eni® * #4] § m e X D w2 5 E F AL L
STAT3 M- pifis it 8 1 G £ ¥ 1= B N &5 STAT3 cho BAE#-¢ 5o

"

a4

importin ﬁ;f]gi mre Py T BB R AR E R ET AT R o
.

STAT3-decoy ODN i #p& » % it ¢ STAT3 - R A ¢ & dODN % & @ &2 4

importin i& » 3 w5 ¢ o @ @ T A FIBM P o
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Author Target Transfection regent Cell viability Year
Borner SH SY5Y, human neuroblastoma cell line Cycloheximide Data not shown 2004
Sun SHZ-88, rat breast carcinoma cell line Lipofectamine 40% 2006
PCI-37A, 1483, PCI-15B, UM-22A, UM-22B, Lipofectamine
Lui ) . . 40% 2007
head and neck squamous cell carcinoma cell lines Optifect
B16, murine melanoma cell line
Liu ) ) ) Lipofectamine 14% 2007
MCA-38, murine colon adenocarcinoma cell line
Gu human glioma U251 and A172 cell lines Lipofectamine 33% 2008
Shen U251, human glioma cell lines -- Data not shown 2009
Souissi SW 480, human colon adenocarcinoma cell line TEAPC-Chol/DOPE 40% 2011
T24 bladder cancer cell line, UM-SCC1 and UM-22B
Sen -- Data not shown 2012
Phase 0 clinical human trial in Head and Neck Tumors
Jung Primary human macrophages JetPei transfection reagent ~ Data not shown 2012
Geinguenaud SW 480, human colon adenocarcinoma cell line vFe203 nanocrystals Data not shown 2012
Busch-Dienstfertig Male Wistar rats Lipofectamine Data not shown 2012
This work Human breast cancer cell line, MCF-7 DOTAP/DOPE 50% 2014

% 2.1 12 STAT3-dODN i 2 4~ ﬁg?] e }I% SN
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23, MR L B i
AERFRRE PR ARG £k T A2 -
Bpeg B R B A 1965 & 4% IR (Bangham, Standish et al., 1965) » I 12 7o 48 %

26 p 0 Fle B Mokeip g g B A gy e 3REE T AU R BT rpt B B

ARG S Tm i S B4 M e ¢ o B AR F foim e A
Do o I R AR (T A B S M PR 1A MARF g RT

P it 335 F 40 DNA ~ RNA frkv Fia# 4 § T % 4 F 2 » Zn 7 (Bangham,

Standish et al., 1965; Gregoriadis, 1988; Ledley, 1995) ; #izz_ a0 & H#-pt 5g & o+ 2
N EPTFPRAGILE 0 ¥ ARPB R FLEMEG b TP T E A
FR e anBE NG AFF 5 anF e o B Ao d A K FlaggiE F B

oA E o A iE AR Y anlig i fre §_A & 72 8 (Bertling, Gareis et al., 1991;
Legendre and Szoka Jr, 1992) » %] & i %8 € Ak b £ % %i(Reticuloendothelial
system, RES)7# *4 (Alving, Steck et al., 1978; Fidler, Raz et al., 1980; Poste, Bucana et
al., 1982) » F|pt & RpicPq MR 1 F T nle g ¢ 6 7 LIFnTFEL > AT e 3
K el A T H S - AEB iha B 2T o

- B g A ¢ A R A et s > B A S i
Z 5 iy 1% se g b 3 4§ 7038 18 (Schaeffer-Ridder, Wang et al., 1982; Nicolau,
Le Pape et al., 1983) ; 2 5| % 1987 & - Felgneretal. B33 & 117 - 2 MBS
ek B8 17 5 % P 5 3% cnT 5 (Felgner, Gadek et al., 1987); ] * F5 35 #o 5 #74 ahit
TEF R ODNA MET S ZE T Aod Mo pb g BT RUR foo 4ot i #-DNA @
Bt BACTRZ 0 % DNA Z AR ¢ B 4 B % 5 1L b ik ey
TAF & o A B F i 3% P 9 % < 9k B #F P ¥ g% (Felgner, Gadek et al.,

1987); & #p2n s & & 7 et § RAF e E S s EF) 5 H W 59 8 e g
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24. F Ft BIEOpc R BB B A7) A 2 0 AR & enii ¥ o K 4R R
%2004 #-Cianietal. # % 7 - B~ LA 5 T v B ajicfs B2 DNA
Hig bk §9 @&* 337 F ok ¥ (DOTAP/DOPE &

DC-Chol/DOPE) 12 % & §&% = B 51|59 DNA(polyA £ polyT)- iz th < 37 7

lr_rt
S

Mg H B DNA 7 et plRfris B & o 7 onc® S5 4ol 2.3 917 o

% DOTAP/DOPE £ DC-Chol/DOPE ¥ fhis tpF » H & 6 T A B 5 +48 £+ 52

=h

+39+4mV - # ¢ 2 DOTAP/DOPE £ polyA & polyT 2 it & pF» 2 £ 6 § =
[Ty 05 iz plsE @ (48 5 @ DC-Chol/DOPE ¥ polyA & polyT 2. H %
BEE o Hie R PEARAT Y 0152 03 ; @ § DC-Chol/DOPE
2 polyA/polyT 2. ik iL S s H 4 5 T =9 04 PP BBk L Eh2 i
AU R EAR & fchd G R 2 H0P B fe DNA 2 FF et G BE 40 % DNA $Hic;
R  GIARBPF s B2 G T € T > A 0.15~05 2 B¢ HEk s b
A BHER Y et i DNA B 5|7 b 81 o

A % 2008 & »Rosaetal. # % 7 - § 1A &% a7y J &2 "2 %Az (DE, DOPE,
chol)# i¥ 41w # 7 I <" 48(DE, DE/DOPE, DE/chol, DE/DOPE/chol) ¥ ¥ #£3-
il e fE g 4838 ¥ NF-xB decoy ODN s 2 P B4 & 3 cde TR HT 5 10 0 38
W F et b DNA &g fRfedieniq TAF 64 55 7 BBy - 1
PHRFIEI - TEV G ERIAPM (B 2.4) B N FACRIET 7 R E o

B ED - Uk GEF B AR B -
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Zeta Potential, mV

Zeta Potential, mV

60

40+

204

-20 4

D:O 0:2 0:4 UI.E UI,S
polyX/Lipid* ratio

SERE:

Zeta Potential, mV

polyX’/Lipid* ratio

_— -
0,0 02 0.4 06 08

A: DOTAP/DOPE with polyA (Il)
and polyT (o ) single strain

B: DC-Chol/DOPE with polyA (Il)
and polyT (o ) single strain

C: DC-Chol/DOPE with polyA
and polyT double strain

co
(@)

40~‘ i I .

OI.U UI.2 0:4 0:6 0:8 1:0
dsAT /Lipid* ratio
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I
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100 — 0. 100 DECHO
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oo ___DEDOCHO __ 0y — = . _ DEDOCHO
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g 50- % 0+
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-
- __ Lipofectamine _ . Lipofectamine _
108 m 1004 N e -
9 g 75+
754 <
¢ £
0 i <0
F
3 T ‘I
v
LPS (1 pg/ml) . + + + o+ 4+ 4 LPS (1 pg/ml) . + + + + + + +
ODN (0.4 uM) - . + + + + + ¢+ ODN (0.4 uM) - . + + o+ + o+ 4
Cationic liposomes - - - + + + + + Cationic liposomes . . . o
051 2 4 8 051 2 4 8
W24 7 PRS2 Bt )22 NF-«xB decoy ODN 2 = 7 B 4F & 4+ 14 %

NN
o

RAW 264.7 fm¥e cis i & chgs &
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¥R HfaR 2
30, @ RELFEHR

3.1.1.  ##

AR BT P2 A BHE G R Y A

ACS.ch#E B 0.4 » wmie jp M 2 F 5 B 50 5

Aokl o

% 3.1 AP TR 2 B

311 @ * 2 ERE 0L

BRI E s S kiR g

Reagent Manufacturer Specification
DNA primer iDT OPC
Cell culture medium, MEM-a Gibco 500 ml
Penicillin/streptomycin 100X amresco 100 ml
Phosphate buffered saline, PBS Life technology 500 ml
Trypsin Life technology
1,2-dioleoyl-3-trimethylammonium-propane,

Avanti Polar Lipids ~ Chloroform
DOTAP (chloride salt)
1,2-dioleoyl-sn-glycero-3-phosphoethanolamine,

Avanti Polar Lipids ~ Chloroform
DOPE
4-(2-hydroxyethyl)-1-piperazineethanesulfonic

Sigma-Aldrich®
acid, HEPES
Polycarbonate Membrane Avanti Polar Lipids  50nm & 100nm
Rotor-Gene SYBR® Green PCR Kit Qiagen
Human breast carcinoma cell line, MCF-7 BCRC
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3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium

Life technology
bromide, MTT
Dimethyl sulfoxide, DMSO Sigma-Aldrich®  Bio-grade
4',6-diamidino-2-phenylindole, DAPI Life technology
Propidine iodide, PI Life technology
Annexin V, Alexa Fluor® 555 Conjugate Life technology
Annexin V binding buffer Life technology
Trypan blue Life technology
Fetal bovine serum, FBS Life technology
RNeasy Mini Kit Qiagen
SuperScript® III First-Strand Synthesis System Life technology
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312, RE

AR TR Y R R B 4T

% 3.3 AP BT D2 KRB
Instrument Company Model
Clean bench HIGH TEN 4BH-24
Auto-clave TOMIN -
Auto-pipet High Tech Lab SWIFTPET
Pipetment RAININ LTS series
PCR machine Applied Biosystems 2720
Precision balancer Mettler-Toledo AB104
Microwave oven RCA 700W
Power supply Major Science MP-300V

Gel image system
Shaker
Centrifuge

Biological safety cabinet

CO;, incubator

Confocal Microscopes
Flow cytometer
Zetasizer

Extruder Set With

Holder/Heating Block

DigiGel
Scientific Industries
Beckman Coulter

Thermo

Thermo

Leica

Beckman

Malvern Instruments

Avanti Polar Lipids

UV2020(306nm)/DGIS-8
Vortex Genie 2

Microfuge 18

Forma™ 310 Direct Heat
CO; Incubators

Leica TCS SP5 11
Coulter fc500

Zetasizer 2000
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qPCR machine
ELISA reader
NanoDrop
Counting Chamber

96 well culture plate

Qiagen

Molecular Devices
Thermo
Marienfeld

Corning

Rotor-Gene Q
Spectra Max

ND-1000
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3.2. STAT3-dODN #2313
M v T e sl 3 % 5 F (B B AT N 32 2. Integrated DNA
Technologies (iDT) 2. & & » #1i¢ * F|enfi i3]+ 2 STAT3-dODN #5140

% 3.5 AFHATR Y P B HRE IS R

STAT3-dODN CATTTCCCGTAAATCGAAGATTTACGGGAAATG 33 mers

ATATGTCTCTTAATTGTTAGTCCATGATCTCAGT
STAT3-SCR 33 mers
TG

Survivin-F AGAACTGGCCCTTCTTGGAGG
175 bps
Survivin-R CTTTTTATGTTCCTCTATGGGGTC

GAPDH-F ACCACAGTCCATGCCATCAC

452 bps
GAPDH-R TCCACCACCCTGTTGCTGTA
Bcl-2 F CTTTGAGTTCGGTGGGGTCA

162 bps
Bcl-2 R GGGCCGTACAGTTCCACAAA
Bcel-x1 F CCTTTGCCTAAGGCGGATTTG

173 bps
Bcel-xI R CCCGGTTGCTCTGAGACATT
Cyclin-D1 F GTTGCAAAGTCCTGGAGCCT

200 bps
Cyclin-D1 R CACAGGAGCTGGTGTTCCAT
Cyclin-D2 F CTGACTGAGCTGCTGGCTAA

190 bps
Cyclin-D2 R CTCACAGGTCGATATCCCGC
Myc F CATCAGCACAACTACGCAGC

120 bps

Myc R GCTGGTGCATTTTCGGTTGT
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33. McatE A

#DOTAP {r DOPE 1 1:1 et iR & ¥ % § § 52% 30 ~ 481 {1* 3 § §Tif
4 E 7 30 440 2 {54 » 20mM HEPES "Ki3 o3 # &k - | B lcrafw s 3
10mM ik B o 1% L bt kw08 2 e HR L 3B A PR R Y=
R U DSVl SRR sV Y

0O-ring
Channel Filter Teflon

Ulﬂng Sjppﬂ{& DI[HQ

Extruder Internal Internal
Quter Membrane Polycarbonate Membrane Retainer
Casing Support Membrane Support Mut
® 3.1 & £ R B o1 % B (Avanti Polar Lipids)

=

Avanti Pola

B 3.2  Hcfa #3ER I (71 2 B (Avanti Polar Lipids)
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34, 23 T =ZE P

;I_J‘ ’J'
M WA D 2 mM ORI E AL A L 0 0§ SR RS SR &
L] o #-T e b B ik Pg A8 STAT3-dODN R & 18 > e & = 0.2mM P& 2 %
BR e R T s R AT AT BT s SR
3.5 w4

m]ﬂ°

¥4 %g 5 e $R 2 MEM-a. ( Minimum Essential Medium o )

Bi Hiaw
2 i MEM-0, ¥ € e ~ 10 %(v/v)?s2 & 7#(fetal bovine serum, FBS )% 100 IU/mL
w2 % (penicillin/streptomycin ) o fm%e 2L 2 23 £ 42 £ = Ple X {8
BT ARG I N M - A °
3.6, v R K
L2
R FR

% -0 fF (trypsin) MAEREL S B KB R AR -

dniz o 3ml BipL
= o deor 1ml % F-9 fF (trypsin) ¥ 37CH % 8 % 3-5 ~ 4 (AR
mEe R RS £ ) Ao r ITml B
WG T A AT

o Bt r RTENEE R

ER¥RIF R Bwmiead & L4 800
F'% ¢

i
%
%

¥
R
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3.7. v it#c
B A P RET ke 10 E A48 800 LT A4S 4e r 1 ml 24
R AR5 P10 Ul £ 7 dere i &% 22 100 ul trypan blue (R e 3 {8 0 1 4 B

> S I - RSV N S 2
TEETENTE R L m o

3.8. MTT assay
S ml LB g R R T R S mg MTT; #- 3.2x10* & MCE-7 AE 963t

=4

e
A

SR - X MRBAERBRCIEHS P o AR L E - <8 0
i ¥ kB ¢0 STAT3-dODN/Ac s RE4F £ %5 % ‘m¥e > S ¥ S FpF#cis > 1 PBS
FEA X T he X FT R AL FEE AR SO FANE Y de x SulMTT £ 2

SR 25 pl et & F4e ~ 50 ul DMSO 0 37°C F s~ A 415 §1# ELISA

reader B & H 540 s T iE o

3.9. RNA ¥B

B Ax10° S MCF-7 32 %30 12344 - X 4 > BB ERBB T B HL 72 § 52
PR A RL A - X i ¥ kR 0 STAT3-dODN/#c P 8847 & %6 5 e >
- % e # (s 11 PBS iFiked =t » * RNeasy mini kit % P~ ! ' % 53 mRNA >

# 4] * nanodrop it {7 T E -
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3.10. i @& R & préds £ B (reverse transcription-PCR, RT-PCR)
#-5 P~m 17 9 mRNA 12 SuperScript® III First-Strand Synthesis System F & 45

# cDNA ° ji gt 4o

Denature RNA + primer + dNTP (10pl)
65°C for 5 min

N cDNA synthesis mix
Chill on ice for 1 min 10X RT buffer 2
v 25mMMgCl, 4
Anneal Add 10pl cDNisynthesis mix 0.1 M DTT )
. . . RnaseQUT 1
c¢DNA synthesis 50 C for 50 min
b SuperScript® IIIRT 1
Terminate reaction 85°C for 5 min total 10u
N2
Remove RNA Add 1pl of RNase H
37°C for 20 min
N

cDNA template

W33 GESR LS F AR
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3.11. PR & prsddl ¥ B (quantitative real time polymerase chain reaction ,
RT-qPCR)
) # & 18 chcDNA #ds T4 Flend I B PCR ¥ £ 2 51 F 4ok 3.2 971 »
#4 4]* Rotor-Gene Q 3 Rotor-Gene SYBR® Green PCR Kit % i jp| 4 7 & |k
E o e 2 R4 T & AT

% 3.6 TR G pERg R pe

Component Volume
2x Rotor-Gene SYBR Green PCR Master Mix 3.8 ul
Forward primer (100pM) 0.06 ul
Reverse primer (100pM) 0.06 ul
Template DNA 1 ul
RNase-free water 6.08 ul
Total 11 ul
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Step Time Temp.

PCR initial activation step 5 min 95 °C

Two-step cycling

Denaturation 5s 95 °C
Annealing & extension 10s 60 °C
Number of cycles 40

38



3.12. i3t fm P2 jiF (flow cytometry)

¥

#1057 MCF-7 R % 63 % - X (5 ¥R EARSBL T EH I §524 0 %

/7

-

TR AR ARE R A - X1 U § k&R 1 STAT3-dODN/Aic P R 48 & 4736 3 'm
s (AR %% ¢ 7 STAT3-dODN i T 32 &4 FAM 2. B 7)) > G- % Tl (5 >
" PBS Fied =0 * WL Gew AER-m PR SIS R R s s BB B F T 4 A 3R

v

2 g2 B R ALY B2 P RS 4 » annexin-V binding buffer 200 pl # #-‘m
Pe o dgag L g g P 4v o~ 10 plannexin V-555 £2 - JF PLerid® > MRFTWRT

30 & 4g{s £ 4 » 800 pl annexin-V binding buffer & #* i ;% %2 iR P] 2w P2 (07 1§

EE R E R e

3.13. & ¥ £ B fcéx (confocal microscope)

Won L R FR YT o 100 MCF-7 82 &3 63V — X 15 #33

STAT3-dODN/#c*3 M if £ 4% 3 'mve (A F % ¥ ¢ h STAT3-dODN 3 7 43 4%
FAM 2 B 71) » (=i — X c4f 815 > 10 PBS ik d = > 4c » Iml 3 5 %52 4 iF

B & A - F DAPI #F& &2~ 37C

<
—ar
—_
(9]

METS o MEREE

R R g T R A R RS e R
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Sr i 9585

i

s

4.1. A eFREET - RS DNAKXFTHY E
4.1.1. e RIS

A% S0nm 2 100 nm 3 873 fe T R L g AR R AR 28 B
A e & kR A H o ol 4.1 A 0 B BIE R Aok 4.1 HFE o T LB LB
100 nm ety R duR E A B Bl o F e - ks 4 o Tk e g
104.2 nm > & 5d 50 nm %478 enpic g BT e TR o RS L B MRt > Ti5
FUT 5 75nmc AREEEZF EEAF E 109.6 nmol & ** 100 nm # 74.8 nm ;
TABEUE 2 TRE AR R ELAR T A AT RS ROR T APERE N

100 nm & & # S #do- e 1T L = B4 & 7 S 4l o

41 FBcrgRbRs A H o2 B idE

LR avg. (nm) peak (nm) width (nm) zeta (nm)
50 nm 75 95 109.6 42.3+2.6
100 nm 104.2 116.5 74.8 51.4+1.5
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35- Bl 5o |
30 B 100nm
~ 25} i
Sl
> 20 i
- I
7))
C 15' _
40_)- I
c 10f ]
Lol bl
32 64 128 256

size (nm)
W41 s A
fod 4% BRI 100nm B R fin 0T F Bl efcia M 0 204 4L R i 50nm
TR e B "7 17 D i P 88 7 g IR d 100nm U0 A7 cnpic RS R E Y @

i i 50 nm 3 PR RE R AT A HT o
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4.12. P FAHEFDNA S~ HFE

-2 fe vt b e STAT3-dODN £ jicq 82 = g FAF & H > LRI H £ o &
E(R 42)F U F R pg e 7 4 0.6 ug 3 0.8 pug h STAT3-dODN »
PR R R T R S A A R rE g AR R UTRIR T2 Bl B 1opg ik
a4 0.1 pg STAT3-dODN {6 # 4 & & = B 4™ ' | ¥ fr2 ficdp 1 0.5 nug 4

}EF T

L) v ] L T T T T T
60 | 4
; 40 | i
E
© 20 4
c
i)
£ o} .
(O]
2 X
Q -20F L] -
8
S aof _
_60 1 " 1 2 1 2 1 M [
0.0 0.2 0.4 0.6 0.8

DNA/Liposome ratio
W42 " FAE £ 27 ot b DNA & 5 § e
DOTAP/DOPE & STAT3 7} & ¢r%3 §4f & 4+ # 4 & § t=en? [L2L% & DNA $4c7;

By s 02pF 0
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42. Gl TA SN R LB

A w2 1 g~ 4ug -~ 16 ug 70 STAT3-dODN 22 32 pg s 4835 = "o B 48

fhiuz TR EPPFLE w2 > 2 MITERFE w38 o d Ta =
SE T LB 0 F A s A4 ¥ % STAT3-dODN B 7| & M ¢ 7 517 2.

STAT3-scr A 2P » fo%e i 2 4 e > @ 5380 8 3 Mo PR S o § ] e e
RO F R AR AT N AT WIS mee e R A0 @ DNA AR
RATi P fopictg WA Eoehd fd

@ d STAT3-dODN ® et ¥ ie kg > o 2 HEE BRI FEE» w17 ¢

<

S

5

NS

%, @ % 4 STAT3-dODN &

\%5:

PRA A Fend LR o FH e iy

\

g

GFA LI TR BE me A TR R @ 2 e = d B 424422
423 % r1q 4> § STAT3-dODN fi= 4 £ 5 16 ng 2 4 ug PF3n s § H#-imve 3 4
ek o @ RASEIE G 1 pg PFF G B S Mgt T g et M e e e

Mo b ik TR o
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120 - -

100 | 4
S
2>
= 80 -
Q
©
>
8 60 |- i
| & J ) —=a— Liposome
a0 k —o— SCR 16 g : 32 ug liposome
—4— dODN 16 pg : 32 ug liposome
" (] " (] " (] (] " (] " (] " (] " (]
0 2 4 6 8 10 12 14 16

2X serial dilution

W 43  STAT3-dODN i 423 8 5 16 ug $tim#e chd #f
BH S R E R e g S e = 0 AT AR A B A ehd
P53 B g e e DNA 22 ficra 88 02 B 1:2 A5 % %3 54 & 47 % > DNA it @ frfic?s 48
¥ 7 ehd 0 Tt STAT3-dODN 22 ficra #8175 = %q W AF & 4 18 973 & ehd B 5

STAT3-dODN #7i% & o
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120 - -

100 -

(o]
o
)

Cell viability (%)
3
)

—a— Liposome

! —e— SCR 4 pg : 32 ug liposome |
—4A— dODN 4 ug : 32 ug liposome

" (] " (] " (] " (] " (] " (] " (] " (]

0 2 4 6 8 10 12 14 16

40'l

2X serial dilution

B 44  STAT3-dODN k4> £ % 4 pg ¥ ime cnd |
BH PO R B S e G S = o A AP L A i
15 e d) e e DNA 22 ficq 4802 6 1:8 A5 2 %3 [ 4 & 47 % > DNA it @ frfic?s 48
F F chF 45 F]t - STAT3-dODN £ jic?q #0215 = #q B AF & 47 {5 #1id & chd AL 5

STAT3-dODN #7: =¢ ©
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120 -

100 -

(o]
o
)

Cell viability (%)
3
)

—=— Liposome

40 = —e&— SCR 1ug : 32ug liposome

—4&— dODN 1 ug : 32 ug liposome
a [1 a [1 a [1 a [1 2 [1 a

0 2 4 6 8 10 12 14 16 18

2X serial dilution

W 4.5  STAT3-dODN R4 £ 5 1 pg Himrz chd At
Weprdlie DNA et 6% 3 1:32 (57 ¢ 2 4 $lci gt & (L enifg (7

A4 e cnd BRI A R
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4.3. BT & 3 Bin e ol

3 {12 STAT3-dODN R 4@ & 4pg fe® 25 i &4 > & LA s < 2
AR R A B R E S e 0 X 6P 12 24 AR L E T2 ] E
ChpEs A BRI R e A B R AT R o AT LB FA L AR
W PR RACEER S G R AR DR RARA FRPARG > AR 3 R &3

RS FENR AL A 12 L) WA T TEFER T2 X Bor

100 | . T —=— dODN 4ug : 32ug liposome 2X
—e— dODN 4ug : 32ug liposome 4X
—a— Liposome 2X
80 | -
S
urd
S 60} -
©
>
5
O
40 | -
20

Time (hr)

Bl 4.6 R TAE S A Bt P
STAT3-dODN &% i £ de ek Himve = i 4 i BT B o -85 2 chsisgi
e ek e o STAT3-dODN 6% JTAF & 47 i e o e g 4Lies > a2

ZrgdEg T b= % o
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44, UinNme RETTH LS Bimre 2 1

d R FHRAPT Fn T Ly E G 3 BReie o> &t - et
& o ) B F 5 w2 &= (apoptosis) @ 2w 5 3 7+ (necrosis) 5 F i -
STAT3-dODN 35 + FAM ¥ ¥ i¢ * it f3cim?e k= w0 ff cnl — 4 Fevd FEB L& —
annexin-V—:B& 5 &t 2 P10 Pl &2 3B 7 TT4F & F /B cnim e ;i 3 % jr 3t
m RFLR e S R mie H o chdE 0 Bk o B 4.7 1 o

% d nghiv & = iE » STAT3-dODN thim?e » =4 hi A% » dhfm >
BRVNLT 2L AFAR B F T ERF > 22247 40w & & mie i
B me k- R RET L AR AR o d B 48 F B IR HE
» STAT3-dODN snim?e 3 7 e 7 Bt » F PlE R animre s 5 > &g )
STAT3-dODN 4}t fm?e enP2 584 o e > ¥RV B 4.9 ch¥ R e v 4R o k=

2B ihim e SRR o
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10°
E1 E2
115.4% 2.6%

Pl

(1}
Annxin-V 555

® 4.7  MCF-7 11 STAT3-dODN 4% Z {5 38 {7 /i 58w ¥e iR A 47 5 &
¢ 85 27X~ F FAM ¥ £ STAT3-dODN e-nMCF-7 'm? » ‘= d BL 5 5 = 7 i

» STAT3-dODN &%m %2 » Annxin-V & % fo%2 &= o # enff e Pl 3 4 20k ie o
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3
2

K2
38.0% 6.2%

|

2

L1 lllllll

10’

Pl

lIIlll

LI

K4

10° 0.4%

Ll Illllll

01 02
Annxin-V 555

Wl 4.8  § = # $i5i% STAT3-dODN ihim e d i 58 i v% ik 7 JE 18 ) 3
H Jpy 3 7% » STAT3-dODN -3 MCF-7 fm¥e » ¥ 3 37 4 FIH 5 chpPoiemnin

8 5 4 7 2% 7 ¥ ~ STAT3-dODN 7 MCF-7 4w 4 i % in % 5ph B chffiw o
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10°
E1 E2
5.1%

-—
R
1
3
>
X

H IIIII] ] I]Illl!l |

- PR

REE T et

Pl
—
o

-

E4 .
1.5%

2

| lllll[l

Annxin-V 555

B 4.9 12 STAT3-scr $f 4w it (748 5 (3 0 19 2_ B 2¥
#- STAT3-scr *3 §4f £ # % » MCF-7 fm% » ¥ v 5 TLH fm % Wil i gL B chfi e

P R R ¥R L P RBEHPE
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45. o £ 5 EBACGE R T4 & 13 e angy ¥ o
A\ 79 4 STAT3-dODN 1&25 + FAM % sk 15> 22 pie?n #8267 BT 45 & 40 10 3% » fo

Y R E- AR O RERET RS Y AERET I ERES T

ETAS

T

MCF-7 ehim® 4% > RIS chT 5 4 3 ¥ XL eam Tif sy > d BE 7 14

B T £ R e Sl p 30 SRR bt ey T 6

FIMLSHARE T G w2 BEE o

W 4.10 o £ 85 £ R e ES Y Lk 5 STAT3-dODN 3k & &
MCE-7 % f§(1)
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B 411 d =25 L8 RSpESY LEcie STAT3-dODN 3 % &2

MCF-7 1% §(2)
Ed F RN s mi nimi b > @ % d Bl AP T B s
STAT3-dODN 3 J 4§ & 4 » § & 3% ¢ STAT3-dODN i 43 F| i fm%e %if - @ 403 &

b e STAT3-dODN s 5 A & # 3% » wie & L wie g Qe B heno
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4.6. MR EAE L I FEE MCF-7 (533 2 A Fld Reni

AR e Lt )60 STAT3-dODN 22 jicg $ 58 £ 352 72 e ey FiR4eds > 3%t
MCF-7 4L % = % {5 % B~ ) fm % A mRNA T #42 cDNA {4 12 8 251 3+ a2 4
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