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© HcRNA(microRNA; miRNA)JCﬂ}% 2 ERITH PP B PR R ARY o 2

mMiRNA @ ix k32 a2 = v S Hipk 2 # b4t FZ - 2R3~ 0
oS AR R A 2 it—-}?’j-‘l‘ el & ﬁ’xﬁ\-%ﬁmlRNA BiEm ¥ R R mre
2R F PRy AEE S AP H R FRERRILA T RE
% #PEO (poly-ethylene oxide)-PPO (poly-propylene oxide)-
PEO® & & Fr & /A AP 3+ 123 4 5 2 7 T2 miRNA@ 3% &
LLfe™ o fp cv e 7 fZPEO-PPO-PEO: B B » + o iH 1 ® R Biwre @
FmiRNAZ 83 > T HP R B B & 5 3o MF (2 ?Erj}%% e
miRNA @ i% x %t o #75 PEO-PPO-PEOX % B 4 =+ B & & 14 (P40T;
P124; 2 F127) ~ Aiplzd 8 & E20%™ ~ > MH-S/] &% 2 B vfim
IO F we F MR R4FApE e ﬁﬂ°%ﬁ%FWOW&
PEOX % B 4~ F B o /B @ pe  $HMH-SE vifimre tod 5 fif 2 £ 2
e X A€ *‘?F* I8 SN A\ zt’\ ) ff*“r%dﬁ‘* JER
F/ miRNA® i ¢ sidg i ﬁ e R R R (TR KA T
BB %0 B/ miRNA® 3% %k 52 e 4 saf o gk = ~ #75 PEO-
PPO-PEO: H B » F A o S E&fe = $3 HB 45 43 4 5/ nikRNA @
ifim@ﬁiiﬁbﬁﬁ%*%ﬁ”$ﬁiﬂ”kﬁWﬁ§ﬁ§
s TP HAN IS M F A/ miRNA®E K AR e B2 %
%W””%Fﬁéii 2 4 F e o 5.2 PEO-PPO-PEO: R % ~ +
?‘m ,r,]%é’w]ﬁx ?ﬂ B R £ M2 WEITY > @ e g 4ok
%“;\.gé‘u BAER o

HRNA; £ BB ARG EEA 2 d B BT BT B
L e R

: MicroRNA (microRNA; miRNA) therapy is a recently booming

trend in nucleic acid therapy. However, the establishment
of miRNA delivery systems is still a key factor for
clinical success. Copolymer surfactants are rarely used in
the non-viral miRNA delivery systems, and the cellular
molecular mechanism has not yet been established.

Therefore, this plan proposes to add amphiphilic copolymer
three-segment structure PEO (poly-ethylene oxide) -PPO
(poly-propylene oxide)-PEO polymer surfactants in the miRNA
delivery system formula of cationic polymer and lipid
carrier, can develop into a non-viral miRNA delivery system
with high efficiency and low toxicity, and can fully
understand the effect of PEO-PPO-PEO copolymer surfactants
on the mechanism of miRNA delivery systems. All PEO-PPO-PEO
copolymer surfactants (P407; P124; and F127), at the
highest dose tested at 20% have no significant
cytotoxicity to MH-S mouse alveolar macrophages and
maintain considerable cell membrane integrity . At the same
time, all PEO-PPO-PEO copolymer surfactant formulations
have excellent immune biocompatibility to MH-S macrophages
(no significant immune inflammatory response to the release
of NO free radicals). For cationic lipids / miRNA delivery
system provides a little protection of the integrity of the
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cell membrane, but reduces the cell transfection efficiency
of the cationic lipid/miRNA delivery system. On the
contrary, all PEO-PPO-PEO copolymer surfactant formulations
can maintain the transfection efficiency of cationic
polymer/miRNA delivery system to the same level as without
polymer surfactants, also can protect the integrity of cell
membranes and have excellent immune biocompatibility. In
conclusion, the greatest contribution of PEO-PPO-PEO
copolymer surfactants is to provide protection against
cytotoxicity, and the effect of cell transfection
efficiency lies in the choice of carrier types.

MicroRNA; copolymer surfactants; non-viral carriers;
cationic lipid; cationic polymer
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i RNA(mMicroRNA; miRNA)I S f 5 BT E 343 B b flis 8% > R
MIRNA @32 iz &> v 2 Hiphk = # hi4E %4 o £ B3 43 Ko B AR
PR 2 A P MIRNA B3 6 0 R e e 2 o F iy R
Do ARl N e RS RS 4 F = % B7E 4 PEO (poly-ethylene oxide)-PPO
(poly-propylene oxide)-PEO % 4 =+ J o B AP 8+ 25 & + 2 g TR 2
MIRNA #:% % %ife = > i v 4 7 f# PEO-PPO-PEO R & » &+ it o /& 12 ® 32 58
fmie i mIRNA 2 44 > FHporac 3 B = 5§ 2o KA (2 2h 4 2 miRNA
Bix ko “75 PEO-PPO-PEO £ % & » + I & = 14| (P407; P124;2 F127) -~
APlEE B HE 20% T ~ ¥ MH-S o) B3 e Boeiim e 1o A F e F 43 (R3F
A0 F b R EEM o e pEAT 5 PEO-PPO-PEO £ R B 4 + it w & (2 & e >
MH-S Exiimie o 2 2 LB 2 P (A FALAF LF BENO p d &
2 f0) 0 ¥ P F/ mIRNA @ ix J Sk o0 i 5 de e R B2 TRGE
e > Zhm fE BT g B/ MIRNA @i 5Lz fmfe L sxd o dpF B~ 4
% PEO-PPO-PEO £ & % » & Jr m /& fe > $30 g+ 4.8 » 3/ miRNA & %
G AT IO BB A BA T R G SRR E R T P HA R
F4F 25/ mIRNA B2 & 5de e B2 R A eiEl AR A
i B e 2 PEO-PPO-PEO £ % % 4~ + o /&t & ﬂ% bt e &
B2 B3 ivr > @ w2 PP BATER

M MRNA, £ R F A~ h o @ ia,; 2pd i B a8

IR A S
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MicroRNA (microRNA; miRNA) therapy is a recently booming trend in nucleic
acid therapy. However, the establishment of miRNA delivery systems is still a key
factor for clinical success. Copolymer surfactants are rarely used in the non-viral
miRNA delivery systems, and the cellular molecular mechanism has not yet been
established. Therefore, this plan proposes to add amphiphilic copolymer
three-segment structure PEO (poly-ethylene oxide) -PPO (poly-propylene oxide)-PEO
polymer surfactants in the miRNA delivery system formula of cationic polymer and
lipid carrier, can develop into a non-viral miRNA delivery system with high efficiency
and low toxicity, and can fully understand the effect of PEO-PPO-PEO copolymer
surfactants on the mechanism of miRNA delivery systems. All PEO-PPO-PEO
copolymer surfactants (P407; P124; and F127), at the highest dose tested at 20%,
have no significant cytotoxicity to MH-S mouse alveolar macrophages and maintain
considerable cell membrane integrity . At the same time, all PEO-PPO-PEO
copolymer surfactant formulations have excellent immune biocompatibility to MH-S
macrophages (no significant immune inflammatory response to the release of NO free
radicals). For cationic lipids / miRNA delivery system provides a little protection of
the integrity of the cell membrane, but reduces the cell transfection efficiency of the
cationic lipid/miRNA delivery system. On the contrary, all PEO-PPO-PEO copolymer
surfactant formulations can maintain the transfection efficiency of cationic
polymer/miRNA delivery system to the same level as without polymer surfactants,
also can protect the integrity of cell membranes and have excellent immune
biocompatibility. In conclusion, the greatest contribution of PEO-PPO-PEO
copolymer surfactants is to provide protection against cytotoxicity, and the effect of
cell transfection efficiency lies in the choice of carrier types.

Keywords: MicroRNA; copolymer surfactants; non-viral carriers; cationic lipid;
cationic polymer
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o RNA(mMicroRNA; miRNA); 5% 5 3T E 348 B e paio 4% - KA
MIRNA 3% J stz 22 = v 5 B = # OB 4EF R - 2hp 4 Pt ld o %
2MRE: UEFEE R LR PR BEZ R X RF ARG BA
Bt s v 2 A P LU MIRNA 832 5 2§00 e ie 2 0 3 48t v K
F 2o s AR N e RS R 4 F = % B 7 4 PEO (poly-ethylene
oxide)-PPO (poly-propylene oxide)-PEO & 4 + i o /&2 & > B3+ 3 &~ F 2 7
T 42 miRNA @ %  sife= > ¢ “u & 7 f# PEO-PPO-PEO £ R % » + f & /%
1A B re % MIRNA 2 88 A4l At 2B AfREL M F13
RGPS TR B LTRRE LT EF IO FAF RS e nd Pt
i+ 12 MIRNA i35 5t o

A3 B LA r 1LY R A A S 2 R % £ PEO-PPO-PEO 3 4 + J 5
EHAP 2 A I MIRNA B3 5 Sz e o B 5 B ok A
2 M F 2. mRNA #:i% % 5o

* poagst

R AFRRE RS A MAR (R - S5p FEABRES) 7B
REAES B R TSR FOARTREZ o ATISRIEE T R EAZ Y bAoA
FlhE RS A AR R~ R FIE A knockdown ~ 2 RAE T LFE o 7
Kbz fr A 5 4o DNA 2 RNA B % 45 f2 5 3 B3 B2 55 » ol P A
F AR EA TR IRA A K G AL # o ke T F S B AT e RAIR 2
THE L G FRETIF Rk od FERE P OEBETF S ARE R F D
Mz RNA (micro RNA ; miRNA) £ 3.4 4 4p B > et # 7 miRNA-base /o % = i2
ﬁ%ﬁﬁﬂiﬁommM%%1%4&%%@@ﬁ%%ﬁ%éﬁiﬁww
MRNA L & E B EAFCEES LR 7 HFFEHCFDNAE B T A 7|2 b
)T RS B R ETe0 biomarkers o ¥ b mIRNA X 7 3 % dg AL e dt el
R IAFIPRZ AL OERE > i Bpick ' SRNATRE - 4 3%
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B i k@ flo 5 g@]:;%;; o M4 At s 3 @i A7 :é;;}s— [
DA E G oaF AP RFREPRICROME - PRBES AL RN
AX k¥ Fs‘ff" IR—P?EELU? RNA »tfmre b §30 15 Fap¥ 2 (nucleases) 2. %% f3 ; i 4s
A F2 RNAE > mRNA P H&; & F £33 g2 2 JIglic* 24 - BE P
s R (R 2 fUH(vectors)? e PIEEUHT 4 58 < A
(viral carrier) % #ty54 1% (non-viral carrier) o % 255 42 g & (L i a2 X 2 4
PG o RIBEAM SR G (o BEopAE VRPN R B R
i N ,%.k;;a% T _‘@G\'_{){}F’E M ]J%v* 514 4. % F & (immunogenicity; Hﬁl}ﬁava- )~
HARM R A R BER AT ey T AV R QLRI S T IR A R
WAFEFNEREFIFTY f?%fa**“#?: S8 et ok i Y ey TR e AL i REEE TR Y e
g s A TR DNA R RNAZ§U82) & 2 5148 £ 48 (complexes) 1 % #5 48 p
Bz g P e b BER S ARIE LR PARD RAT R
TP OB EPAE I P EHE T R AT R e o2t
ARAPERZ B EHE 2 iSRG EE H30RwE 2R m w2 S
Ry & ff-E_ L AR §R e T IR RN G S e e P o A R R A
(lipids) ~ & 4 =+ (polymers) ~ F—v " ~ & # % £ 3k~ 2 32 & & 5L(4e lipid-polymer
hybrid -~ polymer-peptide hybrid ~ inorganic-organic hybrid) ~ # # /2 & % st(drk
» Ik (RBC (red blood cell)) ~ s /] 45 ~ &5 ‘o ~ Splm e % i3 fmPe ~ ‘mPe jiT4 2.
'm ¥z ¥z ¢t s AR extracellular vesicle (EV)) ¥ ¥ * 2 2y (VB i b o fH4BE )
(N-[1-(2,3-dioleyloxy ) propyl]-N,N,N-trimethylammonium chloride ) #; & 4~ =+ # %
AN PR BE LA P2 AR A AT e R
HoE LB ERF T LB PH AR L 1 AL 24 (help lipid)
A poAn O 2 P 4 g B R & (4 Lipofectamine) o p 0] & 3 P B0 B
FEELBRI LR ST ML K FHRRAD R RN E L
(polyplexes) » T * HBagp+ 2 E 0 T frfrimPe i o I 488 > Eagap 3
(internalization) e * o p = % * 2 FE 33 23 ~ + 5 R g »eps poly(L-lysine) (PLL) -
e % Iy = polyethylenimine (PEI) ~ & /3 *f *= (polyallylamine, PAA) ~ 2 7 #&pg
(Chitosan) ~ F& &t |+ 2 5 #Hk %8 (polyamidoamine ~ Janus dendrimers ~ and
polypropylamine dendrimers ) ~ poly(amino acids) (self-assembled polypeptide ~
protamine and histones %) -~ # # ¥ 4 4 f2/4+ 3§ 4 + (biodegradable
polymers(cyclodextrins ~ cationic dextran ~ poly(lactic-co-glycolic acid)
(PLGA)-coated with cationic polymer % )2 2 4 ¥ 2 4 j2{+ - F -~ hydrogels ~ g
&S M & & (self-assembled amphiphilic block copolymers (Tri-block
copolymers ~ polymer micelles ~ nanogels ~ polymersomes ~ amphiphilic core-shell
nanoparticles)) ~ iz 7 i% 43275 (cell penetrating peptide, CPP ) ~ és L EAZ S
A2 F ORGSR A (Molecularly imprinted polymers (MIP)) ~ & & x 3% - PEI
AP T ERFYZHEREIEF A S + 3 %ﬁ"f@bﬁi.“ 1% f4 1% 1% 2_"golden standard” > ¥
AR RERS G PEIV A B H W § e+ 2 RELASTEIY A L e

2



W BB L EA T 2 53T ARG PELRG P @ ek gk - o
FHE A et A B PEI2Z 23 25 B -

B BPRGEFE D FEPF R L AIREE Y N CF R
R A a&frg\{fg%ﬁﬂ' Fo FE RS S T (a4 L Tea R
BHEZEF PHEFEZPRASETE I E2H o 2 R 28 E -~ 2 1
Fr2 i PR F R R AT RITE R R A PEA ST G LR R F
B8 it > NPT T BR 0 4 L R R 4 5 (Amphiphilic
copolymers) % & i {420 2 4 (i 2 mMIRNA 1% k5o Bk 5 B RS
AP sk PEO(poly-ethylene oxide) 2 57 14 PPO(poly-propylene oxide)
g 1‘]‘&1 AP IHEHERBR AT REE 1‘]‘& PEO-PPO-PEO % # # & * ) 7]
e FRL P a2 S 4 g A ﬁ%#%’?iﬂ% o RR AT A ARG AR T E
F22HFEL Y o LA G FE A (IR G A R s
(gelation)#®| ~ 2 & % (coating) #E4» )2 fe™ ) > Hie* B Bt g HH 2 it
BUF Arf B A B AR MBS ER > R AP FT R
S BREMie* 2 AghinEvY N ER AL, 3 FTERFIFAT I RET B

1M EERF A F e 5 A (4o Pluronic (BASF)) &l # 4 fie > B it 49
i e RESF R ke B ATIAIRL > TR AR RREL LB (R
Ty B o Re e Wb BB Fov Pgp 4k Pluronic + 3E ¥ F imie ATP ARE 45 14
—i%)%ﬁ&“%ﬁj’ﬁ?ﬁf‘}%ﬁ" wEGZE ¥ PEO-PPO-PEO £ % B ~» &+ { &2- #
MRS s~ E4p= £ - 7 iba 3 (Theranostics) * 0 4 1+ ¥ &
(Personalized medicine)is % #7484 » Flpt 2 H P H R Y FE2ZPFE - FHER
BAFRG SR AFRERY g2 4 d oA H Amie S R 2 (T 4
o EEFNREFTL BB e P PEO-PPO-PEO £ B B » + 4L *
P @i s (L & B¢ 2t pDNA 22 SiRNA)Z 5 * 1 & B 43 14
(adenovirus and lentivirus) & /,fﬁw H(Ilpld and polymer)4§ & §8 388 ¢ = T 4
PR Ry g 2 FE X E 2 WH > f1* Pluronic g 22 i kA
XOREPIEEL R B ATFA R TP &;ﬁ P PRBER S FTER R

R

1. % 5% +#: miRNA 2 mmu-miR-494-3p (miR-494 ; Guangzhou RiboBio Co.,
Ltd. (Guangzhou, China) i* 3 7] ; i+ 45 » F % 7 g;“ 5 25
kDa Branched polyethylenimine (PEI; Sigma-Aldrich Co., USA) %
Lipofectamine 2000 (Lipo;Invitrogen Corp., USA) - PEO-PPO-PEO £ % 3
S R o s A ALK L T e HLB(hydrophilic-lipophilic balance)

3



BRI L BB S 2 e § Mok ko A w5 PAOTF127;
3 P124 > % p Sigma-Aldrich Co. - #3+% 2 MH-S (w B e Pvif%m}?é

Al @ % 5% CO, 0 37°CIRE % 87 1B % » dm e g %,;*z % RPMI-1640
z 10% #52 5 j5(Fetal bovine serum (FBS)) -

L RN

21 RE BRI PEZ A F 2 %/ mRNA A &4
BFE A A SRR 2 KR (500 uL; Spg/uL PEL) % 25 (500 uL;
2:1 v (Lipo)/v(miR-494) ratio) &M 4x » miR-494 7 =k & -ki% % (500
UL ;50 nM) > MFE R4 S Mehii F kT ] > RisEI R LEE 3044
iR lg.ﬂﬁ'}g@ 1Y o

22 m Rt R LR A2 4 AR R MR
A kBRI LT 4 T e 3 & 4 (flat-bottom 6-well plate ;
80% confluence ; 1x 10° cells/well )>+ 37°C ; 5% CO, fm*e 35 % 45 @ £ % 4
JREEFEL AR I ERARee R A MY 2L 24 B
w2 & 412 4 ~ Cell Counting Kit-8 (Dojindo Laboratories, Japan)ip| z_ -
Cell Counting Kit-8 :##| ¢ 2 7
WST-8[2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-di-sulfophenyl
)-2H-tetrazolium,monosodium salt] ) - WST-8 &7 &+ 4§+ % # (1-MEthoxy
PMS)shie* T4k fmiz o MA Y end & e R £ 3 Jw tg A d
Formazan dye( 2 4 £ % & 3-(450 nm j& & T 2 sk m) Vil S R en

TR %ﬁ’ﬂ))vd Formazan dye # 4 eh& ¥ fm? /5 & = 1L W o
dmre s T4 T 1S e i M4 Flm f2c ) Lactate Dehydrogenase
(LDH) f¥% 3 'm i—g%’: ' Fg5d 4o~ T 2 LDH & ink 4 A

(490 nm & £ ; TOX 7 in vitro toxicology assay kit (Sigma-Aldrich Co.)) -
T R e MR B AR B ) o LR K S F AR F AR 8 MH-S
Eriime Pl LA L F BNO p o Az #3% > MH-S e % {45~
100pL * i #e ~ 100uL Griess %] (1% sulphanilamide, 0.1%
N-l-naphthylethylenediamine dihydrochloride 2.0% phosphoric acid) ** %

g T i®* 10 mins » ;p] T_540 nm ;& £ T 2 sk i@ (positive control :
0.1ug/mL LPS(Lipopolysaccharide)) » £ +* #& nitrite (NaNO) 1& &k &
R A FEEIINO pd AfE -

2.3 lme & Fra T pIE
wie A F e o R qRT-PCR(TE T & 45 & fadas
F J&;Quantitative Real-Time Reverse Transcriptase-Polymerase Chain
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Reaction)fx za mmu-miR-494-3p P &% p 2 £ JATRE o 7 L3\ -5
it MH-S 7z total RNA - m*z .« {5 2 TRIZOL reagent ( phenol and
guanidine isothiocyanate; Invitrogen) 4§ % %-{s » 14 chloroform i& {7 4p
A 3 2 140k 4p 2 RNA 12 isopropyl alcohol ik @ 41 » RNA k4~ £
YL TSYo i e Xl 7 F ok 10 4 48 0 it §8 2 total RNA 12 UV &
%Sk B3t A 45 E260/E280 et E (A 1.9 10 b ) 0 3 R AE (1%
agarose gel; 100V.;20min) &4 # 52 = & 14 (RNA integrity number
(RIN)>6) - @ % 7 285 2 18STRNA 7§ jj ¥ ch i B2 *h i (7 M e &
B Rl e p e LarRNA P A o 3% mIRNA 2 &1
12 miRVana™ miRNA Isolation Kit (Life Technologies,USA):& {7 » I 12
small RNA assay % Agilent Bioanalyzer 2100 ¢ 4 47 & ¥ &7 T & -
72 RNA % ~ (400 ng per reaction):& {7 % fE+% s ek & 4% (reverse
transcription) == cDNA(TagMan miRNA Reverse Transcription Kit (Applied
Biosystems, USA)) » % PCR B 4152 DNA B 7 & 4 ¢
7 DNA R &% Kfz 5’y JD)J-.}ug % > 3 ¥ { 4 » kappa probe Fast
gqPCR master mix kits (KapaBiosystems, Inc.,USA)i& {7 3x + & J&(95°C for
2 min followed by 45 cycles (95°C for 5sec, 55°C for 20sec)) -
mmu-miR-494-3p 2. & 7| & RT: GTTGGCTCTGGTGCAGGGTCC
GAGGTATTCGCACCAGAGCC AACGAGGTT;F:
GGCTGAAACATACACGGGA - 24 i1z 18 S
(RT:GTTGGCTCTGGTGCAGGGTCCGAGGTATTCGCACCAGAGCCA
ACTAATGATC;F:AGGTTTCCGTAGGTGAACC) # = miRNA internal
control » 2 melting curve analysis (60°C to 99°C) ¥ % 3R- i peak kfx:id
PCRtx F g2 B 4 -

\

AtE

HE prag

PEO-PPO-PEO % % 3 4 + % & & 143 (P407; P124;2 F127) $4»
MH-S im% # {427 tm ¥ % B2 2 58
d Fig.1 2 Fig.2 ¥ +: 4p ¥ PEO-PPO-PEO £ B % ~ + o iH -
f’ffflj P407 2 P124~ F127 %> MH-S fm?z ~ B85 3 # & 20% T -~
Wi 3 E SR e W B 0 SR 975 P407; P124;2 F127 &
&«p Flmve 3 (e 35 55>80%) % FAFAR § dmre i
(>70%) -



=
&
=
>

Cell viability (%o of control)

=3 24 h Poloxamer F407

0 2 6

10 20 LPS

Concentration (%)

Fig. 1B

140

MH-S

Cell viability (%o of control)
= = = = =

[
S

e

0 2 6

10 20  LPS

Concentration (%)

Fig. 1 PEO-PPO-PEO & % & 4 F % & /% %4 (P407 (Fig. 1A); P124(Fig. 1B); 2

F127((Fig. 1C))) 3% MH-S lm®s 4 {22

Fig. 24

140

MH-S
120

=
2 ' 2
& S 3

LDH release (%)
H

0 24 h Poloxamer F407

6

| mEmEnD

10 20 LPS

Concentration (%)

MH-S

== 24 br Pluronic F127

6

 nunnnl

10 20 LPS

Concentration (%)

Fig. 2 PEO-PPO-PEO + % & 4 F % 6 7% 124 (P407 (Fig. 2A); P124(Fig. 2B); 2
B (n=3)

F127((Fig. 2C))) #t** MH-m

LER %ﬁ_

=
s
—
a

Fig. 2

LDH release (%o)

Cell viability (%o of control)

C

140

120

[
s
S

80

60

40

20

[0 24 h poloxamer 124 CRS

0 2 6 10 20 LPS

Concentration (%)

TF (0=3)

MH-S

£ 24 h poloxamer 124 CRS

UUHHHH

6 10 20 LIPS

Concentration (%)

PEO-PPO-PEO £ BB &+ R & FIEAf > BT 5 F/

MIiRNA #3i% % L & %

d Fig. 3 7+

“+4 PEO-PPO-PEO

6

R 3 FpFRLIBEF
LR B AT e R (P40T,



P124;2 F127) ~ B3+ 275 %‘r/ MIRNA &% & 3L~ 2 o 5 830
14 17 1/ MIRNA @42k sfe ﬁ MH-S E #im s ¥oa 35 % 4
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PEO-PPO-PEO + R 3 &+ o BB 3B I 43 45
(PE1)/ MiRNA i i% 4 5.2 5 %8
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