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%4, 7JHE (chitosan, CS)2—% X 4K e rars% Rod, EMBRAMEETEAE XA .
A T AL CS/siRNA 44 K #i T (nanoparticles, NPs)#9 47 224054 fi, 42 5L siRNA #iX 8 &, KR
£ CS ¥ A NiZ& B0 i B (hyaluronic acid, HA), @id# w1k M A8 ey Lok, RatH A
HA *+ P95 tm it & @ CD44 ¢ 3emtE B, FILsiRNA ) 53kitiE, d4k, R%ER T CSHA HA # 4
FE A st CS/HANPs ¢ BB F W 3., SR 2T, BAKALEHACSHEEILA S5:S
Fo 6:4 £AETOHREBRE . BRIFRE ﬂﬁ-ﬁﬁf’&ﬁfmméﬁi MR T . RS AE
Bl 49 LT, CS/HA NPs ¢9R THLAE CS A= HA 5T &0 G Mg K. Zsbiiah b, FLSENEL
4] & CS/HANPs ] T siRNA #9184, @@kl R 2 &, @135 A HA 7T AH RUEK CS %R
Zegymie i, RS THRETH®EIR, MX CS/HA/SIRNA NPs T VAILE HeLa-Luc #mfie
50%—60%% X E B E . 545 CSAA, CS/HA NPs T2l 45 siRNA Hax £ g2k 4aF, 5Fd HA
IG5 I R 4 AR EAE A, AT £ ILSIRNA #) 30k i, IRERARRKR ST LM
KA F ey M R SiIRNA 2 Z T A Z ey 5%,
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Fabrication of chitosan/hyaluronic acid complex nanoparticles for
effective siRNA delivery

LIU Huaiyi, HUANG Fanggqian, CHEN Baiqiu, YAN Yunfeng"

College of Biotechnology and Bioengineering, Zhejiang University of Technology, Hangzhou 310014,
Zhejiang, China

Abstract: The development of safe and effective carriers is crucial for improving the in vivo
stability of siRNA drugs and facilitating their clinical translation. Chitosan (CS), a natural cationic
polymer, shows great potential in nucleic acid drug delivery. To optimize the physicochemical
properties of CS/siRNA nanoparticles (NPs) and increase their siRNA delivery efficacy, in this
study, hyaluronic acid (HA) was added into CS to form stable complex NPs through electrostatic
interactions. The HA component is able to target the CD44 receptors on the surface of tumor cells,
facilitating efficient siRNA delivery. First, we systematically investigated the effects of the
molecular weights and mass ratio of CS and HA on the physicochemical properties of CS/HA NPs.
The results showed that at HA:CS mass ratios of approximately 5:5 and 6:4, the complex NPs
exhibited small particle sizes, narrow size distribution, and high storage stability. Under similar
conditions, the size of CS/HA NPs increased with the increase in the molecular weights of CS and
HA. Based on these findings, suitable conditions were selected to prepare CS/HA NPs for siRNA
delivery. Cell experiments demonstrated that the introduction of HA effectively reduced the
cytotoxicity of the CS delivery system and enhanced the NP uptake. The CS/HA/siRNA NPs
achieved 50% to 60% silencing of the luciferase gene in HeLa-Luc cells. CS/HA NPs formed
smaller nanoparticles with siRNA than pure CS and mediated specific interactions with tumor cells
via HA, leading to efficient siRNA delivery. These findings provide valuable insights into the
construction of natural polymer composite nanoparticles for application in siRNA delivery.
Keywords: RNA interference; chitosan; hyaluronic acid; nanoparticles; siRNA delivery

RNA T#E(RNA interference, RNA)ZEAY)  SEME A WINEGE . B RISC ¥4 H
N IZHAER — AT B MR EBE Y R AR AR 536 mRNA 454, 58 H A8 mRNA
FIVERIBLE . & B AR SE B/ N T RUE RNA  FEAR, DU il 25 (1 i ik 21 A i — J B
(double-stranded RNA, dsRNA)/™5 HAR mRNA  #F5¢ A B a] LLBEH& RO 16 B0 5 1 mRNA A
HIRE SRR, DUERFRE LR ik, dsRNA  KJFFIAY siRNA 8l microRNA (miRNA), Z£4k
559 Dicer BEHMIF IR 21-23 oA @7 AN, ik RNAL AL 4 R
A48 T3 RNA (short interfering RNA, siRNA), T BOR 8 MR kB, S 8 A% 1 5 08 A0 e o
siRNA 454 2l ffdJii N argonaute-2 (Ago2)&E 1, SR ERGRTT Y. SERAYHL, T
&, RNA i 5 Ul B 2 & ¥ (RNA-induced RNAi 7697 A sk s v DL o] DLE
silencing complex, RISC)., siRNA 7& H:H 52 il fi# X H A2 ) G B R ER AR L A, IRtk
B, ZJEHEMNEEREIT, I SEEEAE RISC Hr, 20 AR AEEL AT 7T AR PRV 7 TR A4S 171712
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F R, 2018 AE42EKE 3K siRNA 2454 Onpattro
(Patisiran) FH 32 [E & & 24 & B 48 21 =) (Food
and Drug Administration, FDA)It#E i, AT
16T H 8 A% P R IR 2 5% 02 25 1 VE B A AR
(hereditary transthyretin amyloidosis, hATTR)3|
2 R A REHIRE . FEEH 4 K
RNAi 2593t By, 205l — Ay ris it
R IR R B O TE M A A P 2 R M 20 1Y
Vutrisiran . J5¥7 2 EHFINAERT Givosiran, 77T
JUK 1 R R JRORE B9 Lumasiran | 697 K% FE I
A FIIE[E B Y Inclisiran!™,

SR RNAL J7 15 0l R0 AT T e o 1 22
PRER, =@, LemEmikFREREY N —
AMRFR S W B ) AMEME siRNA TR 5
TN 1 2 T % s e e R s bR, IR HEL
siRNA A K. RoPK, SEHIC%
H F2E AR . kw2 A A
MiZ 5, siRNA Z5¥)iR s g A Py iRk % , ik
o LE T A i Tl A v e e £ 101 A 4 L B R T
) siRNA T Z4iRe— & MW, 256 MCEN
T RISC, A REA R %% H s mRNAVL, T
solix Se kiR, BRI G R RE T A s ik 2 A
KEEE G siRNA, $m HA e, A
SRBCRI N AR R R A . H AT siRNA 38 1% 2 44T
43 R BE AR R A . SRR AR L
A6 B AR AL PR L SR IR R I
siRNA fi#Re IR, ditlFE . HTil&E, &
TR 24 R AZ TR 245 400328 125 AU A 5 A 1O

HEG 2B siRNA JE00 5 30k 24
T8 /26 i I3 (lipidoid) 3 A 1 5K & A .
g I8 29 KL - (lipid nanoparticle, LNP)J& IIff JR
EAL Ty R R e R — R IR 25 )i 1k R G
2018 4 FDA #LHEAYZE — > siRNA 25 4)) Patisiran
iR LNP #3% R 40, LNP ek F i w
AT B R . M PR . RO ZEE
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(polyethylene glycol, PEG)Jig St FIJIH [ i, Hirp
JE [ EE SR AL A s KR, AR TR S LNP
HIESETE . PEG JBTAE LNP R BGEK AR
P2, HHTHAL LNP 3R, > LNP 7E{K
N AR LR 6, 32 LNP A9 P S e MR R
PEIAETIE] o 3L 51 A i BB b B BT 45
PR P PERR BT, RIS LNP p R EE , 2
HE LNP 5 28 o B 1% il 15 R 1) 200 B pe 21
Al HL AR B2 LNP BG4 77, W & 1L
AT AR S SR 2 S5 DA s K R s
[ 172 ST BN e e £ U1 1l T X Y T2 A1) )
A LT siRNA JEL LNP,  [RIE i T LNP
SR BT REA AR EAE R o e R SRR BE N I
HIPEREE pH FEARMHRE , TERRME A 4 o
FUF AR 85 B AR B A 25 M el s, il T
LNP (ki , 421 1 siRNA SRR,
REWRT) I Z KU siRNA Bk aik, H
A BRI G T RE 2R DL LR 1) siRNA
ka1 REMBIRCIE BRI RIR &5
TUEARMEZNE, DA REREYIINER )T
JiZ (polyethyleneimine, PEI) . 3 i 2 & (poly-L-
lysine, PLL) ., KWl poly(amidoamine), PAMAM]
K- K& [poly(B-amino ester), PBAE]%®, BHES
TREWA KB IERA, NI LIS siRNA &
RS G. SRI, 1o %5 B OE L far AR i i 43
BEE S B EEER sIRNA BERCA 2 1R
AL B R R A WAL F 1) siRNA BEIERLE,
— 7 MR PR GV 45, R
(NI TS s A 1 VA S B T
JEUS), g — T T AT DL E A S R A AN KR 1Y
AR 3, R G BUA-sIRNA 5
YKL B PIERAb A i, SR 5 siRNA 2 i
A PNIOE g s

AT 5T R F KR 5 23 1 72 B (chitosan,
CS) 5 £ ¥ i 2 ¥ i& B JiT FR (hyaluronic acid,
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HA) I 2 AWK R TRl siRNA 3363 i 3
K, CS A M RIKIE T 28, HpiAeh
Pk tE pH B fbas iE s, BRI AT DA £ 3R
SIRNAP?U, CS AN KRR = 3R p R, HAE
PR AR LT . AR R L s B AR,
HA &5 B 1 CD44 By BC A, BRI AT LIAE N
IBITIE AR 25 R 0] 437, BEIS b RTiE
il HA B ir=, #&makeixt CD44 i
TR AR AR AR R, T HA R
WERIHLM, X HA WWRAE pH 7.4 194
PR A . % HA 5 CS B4, nliEY4
W CS BRI R B IE AT, BN K 25 )
MR EPERS, IR T 2 AW 98 Kok T T e
1] CD44 MYREST. SR, PRI I A 19 755
FiE A HEAERIESE &Y, HAERSREME
YRS EEA G R . ABFFEFIA CS 5 HA
HEAAHEAERR AN T, REERT
CS/HA FERE AWM M4, R Es 11
431t R B B8] S5 ) 8 S A o L 02 W A Kok
F M FRAL 22 PE i K siRNA 33 2% 1k RE (9 520

1 #R5r%

1.1 FERFR

CS: M BEAE>90%, 4EJF>90%, Hiil4:
A A RA R HA: AiE>97%, [HZ
ER IR AR A SRR A sl
>99.5%, Sigma-Aldrich A ; FrEREN . 4hfE
>99.5%, Sigma-Aldrich A ; AN . 4ifE
>96%, [E 244 A4k 2= R A FRA w5 — F AR .
4ifE>99.5%, EZEERb2ERIAT RA R
iz : 211 36%-38%, [EZHE b FAa R A
Al BEER: 4lfE>98%, [ 258k 4A bR
NE] WERR . Al EE>98%, [ 2548 B R A
BRAF]; BEIRZE AW . A& TAY TR(EE)
B A PR Al BEBERE: Sigma-Aldrich 23H];

Z&: 010-64807509

RNase, bIEARAEVEARKRGARAA; +
T E LR R £ (sodium dodecyl sulfate, SDS): Zfi i
>86%, PUPEAlAB AR F]; 50xTris ZFRER
EDTA %% thifi(Tris-acetate-EDTA, TAE): 4 TA4¥)
TR(EE)BRBAERAE; %N m
(ethylenediaminetetraacetic acid, EDTA): £4f/#>99%,
M A% 20xPBS: A LAY TR L)l
AR HE]; b Dulbecco B KA Eagle 1373
(Dulbecco’s Modified Eagle Medium, DMEM):

HyClone A H); I AEZ% Wi (loading buffer) :

TaKaRa 23 #; 4S Red Plus #ZBRYL 5] : A= T4
Y TR ) e A PR \] 5 RiboGreen Assay
Kit: Invitrogen 2\ Al ; Lipofectamine™ RNAiMax
Invitrogen A Fl; Ji4F L7 (fetal bovine serum,
FBS): Gibco /A Al ; siLuc (sense: 5'-GAUUAUGU

CCGGUUAUGUA[AT][dT]-3"; antisense: 5-UA
CAUAACCGGACAUAAUC[AT][dT]-3") : 4li B

>99.8%, b1 Hh i 25 B ARA PR F] 5 cyS-siLuc:
4[5>99.8%, bilFH HGIZHEAGRAF; M
WEHEE . BH5R): £ TAY TRE) R
BRI 5 BREE P18 (trypsin) : 28 TAY TR L
R ARA T ; D-2OCRMER . 24liE>99%,
GoldBio 2~ #); SAALEE: 4l >98%, Sigma-
Aldrich A+ ; 4l A KEY . AiE>85%,
R REMEARRMD AR A ; ATP g8k
IKEWY) . 2iE>98%, Adamas ) ; —FRH I
I bE . AifE>99%, EZG4E b2 A R
/3 )5 Triton X-100: #liF>98%, Sigma-Aldrich
oAl 12-"R@ ROV 4 >98%,
Adamas 72\ A 4',6- K A -2- 8 KL gk (4,6-
diamidino-2-phenylindole, DAPI): 4fi#>95%,
ThermoFisher Scientific 2 #] o
1.2 SCIG{UEE

HLF oA K. MR -6 R 2 B (P D)
HIRAWE; BRI R REEH RO A R
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Al; pH it b -FER 2R (P EDARA
Fl s 3 A6 8 ST {Y (dynamic light scattering,
DLS): Malvern Panalytical A\ ; 2% )60
JETE: H SRR (i) E bR 52 2 A TR F
WG I FERS . M IE IR AR B8 (H ) AR
Ay BEbRMY. BioTeck /AH]; BiEE: Olympus 2y
H); CO, 35746 : ThermoFisher Scientific /A F]; ##
¥4 . ThermoFisher Scientific 2v#]; 2GRk
%% . ThermoFisher Scientific 2% & ; & .0 #l .
Eppendorf 23] ; HIUKAL: JEmtN—AEWRHARR
Nl B RY . ThermoFisher Scientific 23] o
1.3 CS/HA E &4I40KKFHI & FNRIE

FREL 60 mg 7313535 50, 100, 300 kDa
B CS (43513 CSso kv CSio0 k+ CS300 IE T
15 mL £ 7K, SR CS aifng,
FC i 4 mg/mL 1) CS BH, 4 °CLRAFRF . #R
B 100 mg 23 F-H405000 10, 135, 300 kDa f) HA
(G BhEh HA k. HAss k. HAso0 )T 50 mL
FETFK, FEHBHEE HA 2, Bk
2 mg/mL [ HA BH, 4 °CORAFRFH .

F pH 2.85 WIBEFRVE MR CS BEEAT 5
1 mg/mL 9 CS (53153324 50, 100 1 300 kDa)
. MEEFKMR HA B153) 1 mg/mL ¥
HA (135 kDa)iii . [EIEREAL SR 1 mg/mL,
WE HA WM. CS WA 1.9,
2:8 e 9:1, ¥ HA VAR S 12 3% (60 mL/min)
FHCE F#ES LR (200 /min) B9 CS R
H, IRASEREARAERE 1 ho D WEREOLE
MRS HA/CS 1RGO A U G, FIT
HA F1 CS Z G LIRS IR R iR E . H
DLS RALAHSE NPs (P HAL 415 . B 100 pL
VS BT R AR M S AR, R AR A X D o
50, B 5 AER, BATERRE 10 s, B
800 pL A FLALINEAR, TEHRABT I
5K, B I2AMEER . ERRFE CS/HA NPs,

http://journals.im.ac.cn/cjben

FIREE 1. 3. 7. 14 d. Ji DLS # NPs (¥
Du. Z 431 (polydispersity, PDI)FI ¢ F, 47 Fif i
A8k, R4E CS/HA NPs (02 RIEAETE &
PE. DLS RAESLERH, BAFE M TEAH R ST
A 3 Uk, BOR I 45 5 A S (E A bR
e 2= VE

1.4 CS/HA/SIRNA GRRF R & FNRAE

Fi2 B NPs:siRNA=100:1 #{# 50:1 (JEf=
Eo), K an bl & 45 ) CS/HA 9 KR+ im A
siRNA ¥ B/ BEFR (10 mmol/L, pH 4.2)%%
PP (SIRNA 2K FE R 2.5 ng/uL), JHRSWAR
WXAT 40-50 IR A 451155 CS/HA/siRNA NPs
(sNPs), i ] DLS FAE sNPs AR A2 F1 22 43 Btk
(polydispersity, PDI) & CHLfaf o b4k, TR
RARTX siRNA fgkisgm, ¥ CS 5 HA
Je 5 siRNA RS, BSH—1maTriRe, 5
FNH NS sIRNA ZR S FR 59K+
AR R 22 F siRNA 33 3% .

0.6 ¢ BUIEHEINAZ] IxTAE Z i,
P, MR INARIRY R, Hil% 2%
BEIE . BUS pL 12845 siRNA AIRESE 5 1 pl B4R
WA, KHIMARFLE . RIE B
BECE T IXTAE ZZopifi b, 72100 V HUE R HITK
15 min, fJ5 {0 HBER BURACHARBE R IR Ao
1.5 #ZHAESCIG

S FH B 4 A 2R S R e A A K U
A NS SUFE AN HeLa-Luc A AR/
a4 AS49-Luc. AMMfER & 5% FBS Al
1%L 5 = S 2= DMEM B3t
B, E37°C. 5% CO, B FRAE P55 .

¥ HeLa-Luc 5] A549-Luc #% 1x10* 41 if1/FL
WM TAG 96 fLAk, ffL 100 pL HiFFE
o REFR 24 h G HEHL 200 pL iR R AL, AL
TN 20 uL 13 siLuc B S YAKRRLF o dkS:
BiFE 24 h I, AN R R % 2R In AT 2k
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M TMCA K50, 38 2 il s A SR U Ak~
AT 5 AR 40 A ) 5 K R PEOER B R IE R
FrP A I 25 19 2H 53] (untreat) 4 A BA PR %) BR
WEFERT il fb B 7% K RNAiMax, % BUE P2 /Y
A P48 R 45 siRNA 9Kk, A8 A
siRNA FIH ) RNAiMax 33 1% 25 S Jy B X
WE . 5 —%tHE ALC-0315 JEJR 4N KK 7l £ 3t
FEUNTR K IR RI W . R A IR 3 ml A R A ok
(1,2-distearoyl-sn-glycero-3-phosphorylcholine,
DSPC)., A Tt Him-% £ & 2000 (1,2-
dimyristoyl-rac-glycero-3-methoxypolyethylene
glycol-2000, DMG-PEG2000) 5 ] Hi 85 J§ 5
ALC-0315 (FE/R R 38.5:10:1.5:50)1% F L%,
WG 5 1 B U 5 sIRNA I IRZEARFR R 1:3
MR RIEEIR S siRNA il 20:1)1R AT
WATIRA . ¥ERERIFE 1 hs, flA PBS fik
505, ARZLEE 1 h fEH. fRERMIERY TR, TR
R 96 FLAk L HEFh AL, i AfZK siLuec R A
YIKRL T, 565 24 h)5, FIFH MTT ke
FHRL A KA T4 BRIS (AR TS 71 DASK
S BRARBIAFIE FN 100%, 53] 5256 2H 40 j A AH
XIE 77 o B LI 2H Y T K O FR T Y A
5 A ST AT — A AR HE,  DAHERR 20 i = 1
Xof 7 K B G 2R il 3R DR T 3R S50 I 1 5
9 I FR Wl 22 35 F A0 L % 1A kAT 3 IR
52, HURH R 25 SR Y A 1 e 25 4R 14

¥ HeLa-Luc 4H g FEFh T 0] 24 fLARH,
B AL 4x10* AN TR 0 G RE AR K
o, EHHT ) DMEM, fIA 80 pL CS/HA/
Cy5-siLuc NPs %, 437l & 2 h fl 6 h J5,
%2 DMEM, H] PBS IEVE4ilE 2 Ik, IFLL 4%
Z B HE 4 °C[# 72 30 min, JIIA 0.5 mL 10 pg/mL
DAPI 44{ 15 min, WoEYE, F 0.5 mL PBS i
e 2 . A, HPOLEMBI(EVOS M7000)
WL CS/HA/Cy5-siLuc NPs 7 21 Jfi it 455 BUF1 it
AT L

Z&: 010-64807509

BT 0O B BRI 25 R, R 40
ASORT 2 M ERe B R 17 it . 4% HeLa 2
ffife 3x100/4L% BEHRNF BB 6 fLikrh, &AL
A1 500 pL DMEM R 3k, Rigeadnd.
A 100 pL CS/HA/Cy5-siLuc NPs &5, & 6 h
J5 R 2R 4 (CytoFLEX)IAE 40 il 1 i Cy5
fEo . MR ERE 3 )k, B
4L Cy5 s B I~ (8 Fbm v 22 R 14

2 ZERE54

2.1 CS/HA NPs Bl & SMHREML

J it LS 2 s R B2 R AT 114 2R P T
IS TEEME YR EES ., K&
JERARAS JE LB iU S 9Kk, AR AR
FHAEH 7853 (s 0 B 1R 25 5 T8 iU LT HE o
ARG SRR T BEWE T, /0 F R AR
ELXT CS Al HA 5 A 97E BRI A 5 i 5 i
LRI AIE CS/HA B8k r /T
siRNA BRIEELAl . M 1 ATRUE 1, AR
i, B HA/CS Jiim b 88 &, M2 i th
THASEEM, W UG B G, 7R
ek 6:4 BB E Rt . B ke, R
WM RS, —ERE RS TG, X
eI CS Ml HA e HE Ll 5:5-6:4 240
B AR RS, AR SO 2 F A 2 T TE
XA AT LAFE R il £ CS/HA 40 KR (1 4%
F. fEMFBR AT, & CS 5 HA 4
TR, IRARRMEHUH S E IR . 78
HA W5y FRAAE, CS 4rFHH 50 kDa 3%
300 kDa B, RA KRG I R &G IHER 0
HA/CS e LB iR (B 1A). 7E CS 43+
AR, HA 5 CS M ARIERE HA 7 F &
AU /N REAG . HA/CS i Eboh 8:2 B, 4y
FiE HA 5 CSioo TR G TR 2 B 1 TR
AT &) HA o « 5 CSioo « B TE BYTR
HEW(A 1B),
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E1 AREZFEFM HA/CS RELLTEEWRIIMNR A B G
AW B: CSioox GAFST & HA H & E AW .

Figure 1

vs]

8:2 9:1 4:6 5:5 64 7:3

£

bt

HA\UL/CSIOUL

wG Iy HAL AAS
!

A: HApss e ST 58 CS fil& 1A

Appearance and light scattering of HA/CS mixture at varying molecular weights and weight ratios

of HA to CS. A: Complexes prepared with HAj35x and CS with various molecular weights; B: Complexes
prepared with CSigo x and HA with various molecular weights.

HH T CS 1 HA S5 A S H 1oy 17 SR FL A JoT
Wi HA i o faf B i i 32 5, 8 CS A 1
EHLA W R AL, f NPs -G 8 H0n THirh
YE, 9 FRAERSE. AR K CS 5 HA
il 5 B 9 KR 23 25 5 78 HA/CS Jot 1 L3 fin
PTG LT TR 4 A EE B R UTIE . 45 AR i
AT 5:5. 6:4 3% 2 AN LLBI T IR £ 2R
HEWRRIEE A, SCHUNI AU, R
18] S5 P R FH T J5 L3 ik AR I i 5

#E—25 i DLS Wl T Rl eE i iR A2 A ¢
A, 25 NE 2 fros . 7EAHIR] HA/CS JiiiE bt
T, CS 5 HAus «JJERIE Ykt Bk bl
& CS I/ FarI KM= (8 2A). [FIFE, CSiook
5 HA B R Gk KR L& HA o1&
¥ I T (B 20) . XS5 1 H AR {3
—. RS T TRATHELT, ME
HA/CS Jiiie tb 4, Ea Ykt Bk 2
BESGIR/INFERS K #Y  7E HA/CS Jiiit by 5:5
F6:4 [AE LT AR B R AR 3K 2 e/ IMEL
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TE 5:5-7:3 MR LR FEIN, 9K T 1Y 43 A
(PDD AR L %S o i F oK /NE, ERLA 3L
WA A, SHEEGY BT R
BR, YRR KRT 5:5-6:4 XAJEHEN, HA
WS IME S Z M RE, EE5Y
RSP, 2 HEbisE . AR CS i HA 1k
SEOER RIS ) HA A1 90%Mi ZBEEE Y CS
R B & &4 A 5.44 mmol/g il
2.66 mmol/g (&l 3). A L 7E HA/CS i tb o 1:1
B, RRPEAEN ST RZTRE, E8WHH
IEHLfr(E 2B, 2D), Bl HA M35, e
PER A 2, KR LR Z B W
ik, FEFERE L 7:3 450 8:2 Bf, CHIfIHZ
B IEE AR Ml . (AT B RS, 7E HA/CS
J i O ARHS B & A RS AL R, CSso « 5
HA 35 « 2 AP0 /N RST H BLAEAR & HH IE L o
BEAS Ry Z AT o TERX NSRS, HA AT LA
R AZHK CS, [FIFHA R CREFGE AT, IR
HH N S5 AN KA~ o 358/ IN g RUST T v A S Pk
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1 J5 B2 R X 22 52 S AN KR T 4T siRNA
TUERAN LR R T R A7 A A
2.2 CS/HANPs B7EfETRE M

PEFE HA13s « SARF 1) CS LIA[R i
it A&l £ NPs, FIFH DLS £l NPs 78 % i
TAHE 14 d WH SRS R AE NPs pyfesE v
(K 4), 258878, HA135/CSsox 7E 5:5. 6:4 Jit

IR SR, kA2 M PDI#/NE 2), B %
TN A7 B) ZE K kAR LT BT AR AR (R 4A),
TR T IX 2 A Ll il 4 1 NPs HoAT R 47
(AR E P o T A E 1 4 10 0 Kb B R
21 PDL R . Kl 4B BIR HAussi/
CSioo 7E 6:4, 7:3 B HLAI ST, Rifede/h
HAE 14 d A T 9 RS ERAE WA e .2 CS

A 50 kDa CS 10 kDa HA
1000 - > 100 kDaCS 0.8 2000 - mm 135 kDa HA 112
. B 300 kDa CS = 300 kDa HA
800 % L ¢ oo
E 600 —_
g I 10.6 2
< 400 3 2 $ ;
L o ]
200 sl o 1 0%
1:9 2:8 3:7 4.6 55 6:4 7:3 82 9:1 4:6 5:5 6:4 7:3 8:2
HA 135,/CS (W/W) HA/CS 0, (W/W)
B 50 kDa CS D 10 kDa HA
80 == 100 kDa CS 60 - M 135 kDa HA
P == 300 kDa CS . B 300 kDa HA
_ 4o Ml Wl o s 30 _
> . S _
g | || i £ [
Moo -EM_Nm _NN_NM NN _NW 8§ _______. > oogl_NE__HN__HE__NN_____
i |
40 1 -30 1 !

HA 35,/CS (W)

| | |
5:5 6:4 73
HA/CS o\ (WIW)

2 A[E HA/CS FRELLHIEHE NPs 9 DLS RIE A, B: HAps « GARFES TR CS HlMEEY
NPs fpfife . PDI 5 CHIfZ; C. D: CSioo « G TH HA il 55 #) NPs B4ife . PDI 5 ¢ Hifii. &
HH R Sk A ) R I B T o8 L 8 A AR B

Figure 2 DLS characterization of NPs fabricated with HA and CS at varying HA/CS mass ratios. A, B:
Particle size, PDI, and {-potential of NPs fabricated with HA135 and CS with various molecular weights; C,

D: Particle size, PDI, and {-potential of NPs fabricated with CSioox and HA with various molecular weights.
The arrows in the diagram point to the y-axis corresponding to their respective data.
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Figure 3  Structure of HA and CS with deacetylation degree of 90%.
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Figure 4 Stability of NPs fabricated with HA 35«
and CS with various molecular weights. A: Particle
size and PDI of CSso/HA135k NPs at HA/CS mass
ratios of 1:9 to 9:1 during 14 day-storage; B:
Particle size and PDI of CSioo ¥’HA 135 « NPs at
HA/CS mass ratios of 1:9 to 9:1 during 14 day-
storage; C: Particle size and PDI of CSsgox/HA 135«
NPs at HA/CS mass ratios of 1:9 to 9:1 during

14 day-storage. The arrows in the diagram point to
the y-axis corresponding to their respective data.
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XtF HAu3s -5 CSsow FE BTt U A 5:5 BHE LA 4NK
i f, A SiRNA J5, ROPEABEAL, mk
[T L ff 36 mV FEAIKE] T+19 mV, FIH#ETX
P, siRNA AT DS s) CS/HANPs I,
HORT TR Ay FR AT IE L ar, HLAR T R R ] A R
o M B siRNA T HA 35 2% CSsox, FF
55— IR A 028 7 545 B 0 40 KR
TR TH AT 5 B sIRNA B4R 2 ot 2 5
ik, AH 2 I RSE B B K W B O i A
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Figure 5 Characterization of CS/HA/siRNA NPs. A: Agarose gel electrophoresis of CS/HA/siRNA NPs; B:
Diameter and PDI of CS/HA/siRNA NPs; C: (-potential of CS/HA/siRNA NPs. The arrows in the diagram
point to the y-axis corresponding to their respective data.
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Figure 6 In vitro siRNA delivery capacity of CS/HA complex NPs. A: Screening of CS/HA complex NPs
for siRNA delivery to HeLa-Luc cells. B: Delivery efficacy of selected CS/HA complex NPs on A549-Luc

cells. C: siRNA delivery efficacy of selected NPs with high siRNA dose (200 ng siRNA per well). ***: P<(0.001.
The arrows in the diagram point to the y-axis corresponding to their respective data.

http://journals.im.ac.cn/cjben



NIRE % | S EEAEEREE A MARE TR & B EL7E SIRNA 323 10 52 FR

2.5 ZRBEIREN

{5 HA135 « FIl CSso « ZEFT 1R HE 6:4 15544
T, SRRSO RS 2 1 73k CyS Fnid
) siRNA f NPs, fii#] HeLa 4fffirh, HLiFE
2h 8 6 h, PFA [i5, DAPI L fa)5, 26 A
B LS AH S 0 KA 20 B () TA) o Bl
CSso 254 siRNA JE I &2 590 (sCSso k) HIF- 1
BRI, (B CS WHKRZIERA, TS
A S A A s AR BAE T, 3 T7E Hela
S PR P A B I BRI R 2 h B K 2 6 h,

A 2h

Y M N LA S I AR I N . 3 2k W A R
25 B YN K R T (6:4+s)F1 siRNA T A FLIR A Y
YKL F(s6:4 Tl 6:4s) SAMMEILIFF S, Al LKL
PR A0 A L R Y CyS 4L e fm s, il
B SIRNA 1 2% (19 52 A9 98 KR 19l A S B
T A, T LR R R, AR
Cy5 fao¥hig. WM ASHr B/R(E 7B,

7C), WH 6 hJ5, CS/HA 4KK T Hoali CSso
NG T HEZH Cy5-siRNA 8% HeLa 4l HI45

RS HA AL T siRNA-ZR A 2 19 1E

6h

DAPI Cy5

50k

s6:4 6:4+s sCS

6:4s

B
o Untreat
300 = SCSq
i 6:4+s
- L s6:4
g 200 6:4s
S L
100 = * /
oL i / bt
0 104 10°  10°
FL3-A::APC-A

[l 7 Cy5-siRNA NPs 7& HeLa 40 g93EEL

DAPI CyS5

C

2 4x10°
w

=

L

= L
é 3x10°
&

ot

2 2x10° |
S

=

= 4x10°7
S

=

A: Cy5-siRNA NPs §i$ 7 2 h I 6 h J5 HeLa 4 Jifd 1) 5¢

JeEIR . HBIR=30 pm. B, C: WXANMIAE RO HIEE 6 h 5 CyS-siRNANPs 7£ HeLa £ il P AU EIL
Figure 7 Cellular uptake of Cy5-siRNA NPs by HeLa cells. A: Fluorescence images of HeLa cells after
treatment with Cy5-siRNA NPs for 2 h and 6 h. Scale bar=30 um. B, C: Flow cytometry analysis of cellular
uptake of Cy5-siRNA NPs by HeLa cells after 6 h incubation with these NPs.
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