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WEE: ASCHI & T N AN, Sk i i A FIA% IR, SRBL 2 4oy 29 w2 A Ak st o SR A BH 8 7 I o T T 77
TR IE = H R T (dioleyl trimethylammonium propane, DOTAP) 1211 5 FLIR—#2 5& LR 3L K4 (polylactic acid-
glycolic acid copolymer, PLGA) & i > 5 T fIe A A il 77, XL Ak ] 46 6. 5% 52 (1 R 2 (1) PLGA/DOTAP 94K KL,
FH TR 28 R V5 1 2% S A 2 TR S 25 ), I B 45 ) FH el I 1% AR 56 LA, (1, 2-dipalmitoyl-sn-glycero-3-phosphocholine,
DPPC) . — i it i i ot IE B (1,2-dioleoyl-sn-glycero-3-phosphocholine, DOPC). — 1 /I Fif % /I Fk A B (1,2-distearoyl-
sn-glycero-3-phosphocholine, DSPC) H [ F 5 JI £ 11 41 R, 38 75 23 #ORI45 10 77 201 e N AN A 2544, 953
W P BLRe PRI I ORI . S5 SRR, N L AMNUAMA R /2 2029 156.13 nm, iy f B faf (-18.23 + 0.57 mV), A& i1 &4
AL T SIRNA, H siRNA BE =1 2L B ARFZE R Trim 28 (381K« 1% U0 BN T AN, 7 b 45 14, s B
T ZE A Y A RN SRS .
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Design and in vitro evaluation of delivery systems for co-delivery of
siRNA and proteins by mimetic exosomes
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Abstract: To prepare the mimetic exosomes and co-delivery proteins and nucleic acids, and achieve efficient
and safe co-delivery of multi-component drugs, an optimized formulation was designed by modifying a polylactic
acid-glycolic acid copolymer (PLGA) matrix with a cationic lipid excipient dioleyl trimethylammonium propane
(DOTAP), and a PLGA/DOTAP nanoparticles packaged protein and nucleic acid was prepared by double emulsion
method, and the outermost membrane structure prepared by reverse phase evaporation method and consists of 1,2-
dipalmitoyl-sn-glycero-3-phosphocholine (DPPC), 1,2-dioleoyl-sn-glycero-3-phosphocholine (DOPC), 1,2-distear-
oyl-sn-glycero-3-phosphocholine (DSPC), cholesterol and membrane proteins. The structure of the mimetic exo-
somes is formed by ultrasonic dispersion and extrusion, and analyzed its characteristics and nature of the transfer
effect. The size of mimetic exosomes was about 156.13 nm, with negative charge (-18.23 + 0.57 mV), and it could
efficiently co-transfer protein and siRNA, and siRNA could effectively inhibit the expression of target gene
Trim28. The mimetic exosomes simulate the structure of exosomes and achieve safe and efficient co-delivery of
multi-component drugs.
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PEAEFRF I G S 2 — o MR RTIARI I JT 45 Rk
B, B R 0] 70 5 T 40 M AR 3 B v AR B e R A
R4 148 4k, Trim28 (tripartite motif containing 28)
e R iR R B R v A O Y R, AT SRR
1) B AL TER

AT FER AN T BB A AR 1) T30, Bt Al
B R A A1 UA R SR ALL S5+ 1 JBORE, R R A B B
AL AN 2 0 007 A R, TR T AT T 2R AL T A A A 188 i
X3 F R a6 R TR H AR D BE, LR S
PIREE R R AR 5] (200 nm L) #48}, H2E
YK 3 ¥ 825 W/ 1 1 i RO 3K, TS IUAH SR AR )
Dee i1y o N LA il e (58 T 42 1) 24 4 1) B B8
B, IF R SR E U AR IR AR R P e B R, ke
% 4 W% & 4t (mononuclear phagocyte system, MPS)
S Wp B s R A A A B R . S ER 7 AR N AN AR R
PR EH B, LN 2 4103 B[R 33, K T K
WL 23 8 R R AR R AR

MRS 7%
MRS TOREEK R B R 5 (phenyl-

methanesulfonyl fluoride, PMSF)- 41 fii i &% [ 15 40 f 3¢
EAMIREHE s REVHEARGIRA R, BERA4E
R RAR-F2 I LR IL R [poly(lactic-co-glycolic
acid), PLGA] (Sigma-Aldrich 2 #]); OCT4 % 1 (¥

F R EM AR A BR 2 F]); siTrim28 (Takara 22 7); M
P = F 4% i b (dioleyl trimethylammonium propane,
DOTAP). — F5 A It 5% i %t JH 55 (1, 2-dipalmitoyl-sn-
glycero-3-phosphocholine, DPPC). — fiff fIif ik ff Jliz 19 JIH
% (1,2-distearoyl-sn-glycero-3-phosphocholine, DSPC).
i Tk Al AR R BB (1,2-dioleoyl-sn-glycero-3-phospho-
choline, DOPC). JH [& i (Avanti Polar Lipids 2 #]); &
P7 i L S BE R LI (polyvinyl alcohol, PVA)
A ZEARTN ), 1597 3L R 3E 2801 i (phosphate-
buffered saline, PBS). fii 4 Ifil & (fetal bovine serum,
FBS). M Ji « Lyso-Tracker Red (¥ B 14 21 (5 e R 51)
Hoechst 33342 (Thermo Fisher A &) ).

FEMIE  YURRE (JEE Malvern A 7], B 5
NS-90); % it B 8% (H A& HL - JEOL A 7, 2 5 JEM-
1400PLUS); it =X 41 #fd {X (MECK 2 &, % 5 Image
StreamX Mark); 3t % £ & 5% (ZEISS A &, # =
LSMS880); Fii 51X (1 [F Berthold 22 ], %5 LB943).

A B 8 & R F 48 B (human umbilical cord
mesenchymal stem cells, HuceMSCs) B> 5 . 18 & &
PRGN 18 SR B A 07, ECHT g B T AE LIk

B LB AT 10 em (BT ok BT M B RN K 2% I & 58
FEERE 2 H P8 AL, B4 H LR AE ), BN
A 0.1% AUHT ) PBS w5 44 1t i DI i AH 25 K FE 1 3 By,
A0 JEC e 49 25 I I VBRI I B FH A 500 25 OB i ORI I 20
fik, 3 H A AR AL, BIHEZE 1 mm® KD, RN B0
H N 0.2% fit J5U R 1T AL, 7E 37 °CF ¥ 46 16~20 h,
N4 10% FBS f) DMEM K 97 i £ 113 4k ; Bt J A
2500 rmin”' 8.0 5 min, Fr25 EIEWR, £37 °CFH 0.1%
[ 2R (1 B9 1K 30 min, JII\ 10% FBS ] DMEM £ 153
&, FH 100 pm (38 #5398, WS 8, LA 1 500 r-min!
590> 10 min, 3¢ FiE, A PBS Uik, 550, REFIX; B
F 10% FBS ) DMEM s 77§ 5 &, % 4H ffd 422 70 T T75
R R, 76 CO, R 740 rh 5 9%, 4 K G 3, (51 B
e T LSRN TEAS o AF HueMSs K314 2 80% ~
90%, JT oG AT ALK

HucMSCs IR BIEFE  HUH 3 1) HucMSCs,
K 0.125% JE AL B2, N\ FBS 2 1316 )5, PBS ¥t
BEWIR, 1200 r-min” B0 5 min, 35 % _EiE; PBS &
S TUE, TR A T35 4> 26 3 1.5 mL EP & i, 45
100 pL, H 4 i % 22 /0 Rk B2 T 11004 43 5
2 uL /N RFTAN B EhRE P CD29.CD31.CD34.CD44.
CD45.CD73.CD90.CD105 f1 CD166, & 5% & 30 min;
KRG R ERAE D, XA 1 mL PBS B 11X,
R B0 (1200 r-min’', 3 min), - 100 pL PBS # &,
TN 4% % 58 W [ e, P I 200 05CAS: W 43 A 7t D
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MEEER (BCAE) Wl &5 HIREE, 78T -80 °CUKFE

siRNA IR IMNGEIE 28 B 2% siRNA ()7
PN F AR A PR A R, AL 3 5% siTrim 28 A1 F B 14
Xt I, i@ i ] Lipofectamine 3000 3 47 #% YL S48 % 0d
B 45 43 73 Fi % Ff Lipofectamine 3000 iR 77 1.875 pL Al
3.75 uL (L e 76 37 °C 5% CO, 561 T #4448 h
J&, 2B mRNA, F i 1T RT-PCR (real time-polymerase
chain reaction) %34T .

DOTAP &1 PLGA BYA KR 38 i 7 77 28 RV
AR A A K FL & (B D) IR s 250 98 3
BRI, DOTAP 5 PLGA ) i & L 9 1:25, ¥ PLGA i
Fi (100 mg) F1 DOTAP #3 K (4 mg) ¥ T 1 mL & H
fer, /E A (0); OCT4 25 4 Al siRNA 7% T 300 pL
TeAZEE K, AE KA (W)Yo 7K AHIZ S I 0 AH, [
BFAE 45 s, 60 W, 2 s HF 1 s 5%, fEUK L #4E; #ik
Ja, TR BN R 7% (wiv) B LHEE (PVA) KIETR
#1 (3 mL), [ A 1 min, IR 60 W, 2 s F 1 s K, 7
UK _EERAE; FA5 B XCELBUN ] 1% (w/v) PVA KIS R
(30 mL) ', 4 °C R #i 714+ (800 rrmin™) 3 h, £F ~&
FH 5t 58 42 75 A AR5 1R 38 350 (80 000 r-min!, 30 min,
4 °C), 315 DOTAP/PLGA 4HK K1, 5 F TE A% g /K e 5%
3, B Ja F 1 mL EAZ /K B, 8% R AF T -20 °C
% H

/700 SiIRNA (W)
OCT4 (W) o~ ’

@ [

Sonicate o®
e .o

DOTAP/PLGA (O) PVA (W)
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Figure 1 Schematic diagram of PLGA ball preparation. DOTAP:

Sonicate

Dioleyl trimethylammonium propane; PLGA: Polylactic acid-gly-
colic acid copolymer; PVA: Polyvinyl alcohol

ATINMARHIE (biomimetic proteolipid vesicles-
cloaked PLGA nanoparticles, Bio-PLVNP) X2
7% /% (thin layer evaporation, TLE) Jj %l %%, % DPPC .
DSPC.DOPC A1 H [ B%, $% /8 5° 12311 BEAR L 53 Tl ¥ At
R FEER AW 31, viv) /SR 8 e i 78 &
&3 BT T B RO, 53 3] /£ DOTAP/PLGA 44K

LIS [ B A5 20 28 ) RS B (R SR AR L R AR =
100:1.200: 1.300: 1.400: 1.500: 1, m/m), i i 9221,
TN B (8] & b A IS 7K A, 28 3% m i IR I ik, 1E
45 °CINFA 3 MR I iR TiE, Bk 3 min; 28 544 5 I &
TFWAE 45 °C R IB it 200 nm FLAZ 1Y S 2 2T 45 & IE F
10 IR, SRELW BURL IS W A A7 T 4 °C#% o

EDHEERE KR ST HAN TR ET
10 000 r'min™' £5.0» 30 min, V40 # 5, BLH] SDS-PAGE
FiZ, H A B A (1) JR B RN T A AR 43 S I N 5 A
FL, HAr—FLIM N A marker 6 pL. £ Tris-H & B2 0l
W, LM 2 (80 V230 min) F143 B JE (100 V.2 h)
HVK . T % DW=l (50% FEYE . 0.05% % 1 i 5%
W 10% VK S BR) % €0 30 min, B BR e 1 (5% F IR .
7% BEER) Vel 3 YK, K 2 ho KBS AR A A 3%

N Lo il 4 B 385 S 1 59 L 12 03K 70 33 5 B SR W
8]/ CRAGUKRR AL, 75 =I5 T I N AN 1 ki
1% zeta B L X 53 B8 R 2L (polydispersity index, PDI).
HZE TR 19 MR i, DU IR AEMIK 5 0 2 2%
PR R D R T AT . AR RR S, AN KORLI £ T ik
FE90.1 mg-mLo 235l BUFE & 10 pl ¥ 21 19 5 FH ik 5
AL I R L, 5% B 3 min J5 K2 A BV B 4R
W2, 3% BSOS Bl T g, BAR TG, fEIE ST
B N TSI .

N Lo b 4 e S Bt (] 43¢ 850 1 0% B 4 8 1% 206
AW E AN [ B 18] 5N T Ah s s 1) 4 B8 N A 0, 3 ik
LR AR AT 58 VA B A A B AR ) 5 = 40 B kA DU
YK B 38328 B

HEBEWE K HucMSCs R 7E L R A2 /N L,
BEFL 5x10° M40, & 100 nmol-mL! cy3 (cyanine 3) #r
12 10 pg-mL"' siTrim28 A1 FITC (fluorescein isothiocya-
nate) bric OCT4 & [ ) N 140 il 4k i 4L 41 ffg, FF H
Opti-MEM ¥ 7% B AR & J5 15 75 Bl 4 i fE pH 7.4 T T
37 °C/r 5l E 1.3.6.9 F1 12 h, 2R J5 ¥4 PBS #h vt 4
HOPE K, IR T T 4% 2 5 H R H R[] 22 15 min, PBS
¥ W %, DAPI (4',6-diamidino-2-phenylindole) & %< 4fl
Md% . oA TR Gk 40 BB U O

RRAMEA S K HucMSCs #2270 51 6 FLIR
L 5}105ANI i, 7£ 37 °C5% CO, FE537 24 h, H &
100 nmol-mL"! cy3-siTrim28 1 10 ug-mL"' FITC-OCT4
BN AR A R L G4 i, I FH Opti-MEM K 77 5
B R B IR MG 0 M /E pH 7.4 R T 37 °CHF & 6 h, 48
J& FH ¥ PBS (pH 7.4) 36 41 g w5 vk, 7 1k, % PBS ¥
B, B 0.45 pum J8 W I 3E, I i 040 B AT
WA PA AT, T IDEA B A Hr 45 51 .

IBEE ARSI K HueMSCs 3 R 7E L 3 £/
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ML, AR L Sx105 40, FF7E 37 °C, 5% CO, NI &
24 h, % 100 nmol-mL" cy3-siTrim28 A 10 ug-mL"
FITC-OCT4 £ [ 1Y N\ LA b A 3E 47 41 i 5% 4, (R
NVEBEAR R BT, 7595 1,36 #1112 h J&, FI PBS Wk %
K, FFAE S TR T 4% 2 5 B [ 5€ 15 min, PBS Pk
PR P AR AR 3t 7 7 2 (4t 1) 07 ¥ P DAPT A2 e 4 % .
T 3 3L SR AR O A 1 8 s G AR AE A [R] I 7] 55 40 i A
4 H) AT 1 D

AN RSN sIRNA B NGRISRIE e it
7386 21: PBS 41 . 4l K41 \Bio-PLVNP/OCT4 41 . Bio-
PLVNP/siTrim28 Bio-PLVNP/OCT4/siTrim28 Al Lipo-
somes/OCT4/siTrim28, siRNA H & A 100 nmol-mL",
OCT4 79 10 pg-mL" K 40 L % 4t 48 h &, 20 7 A A
Western blot £l RT-PCR ¥¥iti Trim 28 7£ J& [X 1 & 5 i1
K RIBIE L

Gt FEoH HHKREE 3R L, A
FH #5350 h5 #E 2 £ 7, K H GraphPad Prism5 4t i1 4% £
oI BT, PSRN RE A S B AT (R, P<0.05 AN 2 7 B
eSS @

R
1 HEHHucMSCs iR K E

3 3o 9 Ak 20 B8 3K 45 HueMSCs, M & 2a A ] i 2L
TEAS BROIR, KB — e % BERT, Bk 2ilE. 7R3
35 = AC I bR id R T A AT %, A 2b Hra]
W, CD44.CD105.CD29.CD166 1 CD73 & [ 11 % 3%,
CD34.CD45 1 CD31 £ P31k, 1 BH 5 M) 43 55 15 31
HucMSCs, 7] H 1 LN A R S5t 95
2 siRNA FHIRRIMNFIE

1% F & 5% 4257 Lipofectamine 3000 K i i% %
BHIBERF . /F HueMSCs IR [H] siRNA 551 5
HERARRR A, 4 48 h G P28 E & PCR AT, iE
173 RE S8, [k 3N AL K3 2R, siTrim28 2
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Figure 3 RT-PCR results for different tripartite motif containing
28 (siTrim28). n =3, x+s. ""P<0.01 vs control group. Ip3000-1.875:
Lipofectamine 3000 (1.875 pL); 1p3000-3.75: Lipofectamine 3000
(3.75 uL)
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Figure 2 Human umbilical cord mesenchymal stem cells (HucMSCs) obtained by enzymatic digestion. a: Morphology of P3 HucMSCs; b:

Identify the surface marker of HuCMSCs by flow cytometry
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S vy I 35 1 R BE RS (EPR).
4.1 FNESKBERMER @ )AL
(dynamic light scattering, DLS) & Wl £ 4= i ¥ 7 (1)
DOTAP/PLGA 4l 2K i [ R 5 1 3% THT H 407 >R 36 01 F 3%
T A A R S IR IR . fERLAR A B (B Sa)
PLGA 45K BkF- 21k 4% 4 125.41 nm, PDI N 0.145, 1.3
D7 A B 5 Hoki A2 4 156.13 nm, #4517 30 nm 7247, PDI
N 0.184, P& I N TAMB A BUME R M zeta
A7 25 5L (&1 5b) B] WL, PLGA ) HLAZ AR Dy 23.43 + 1.25
mV, MAZED ARG, HpAEh-18.23+0.57 mV, #f—
UEH] T PLGA B L3 . BRI K /NI zeta FELAEZK
i — B3R PLGA B A7 AR B 7 . O 1 Rl
AN UAMA 2 5 L AR 1, RIS I N ARk
S O, BUITVE BUkL HE4T SDS-PAGE Bt HL vk, FH % )
Hr s et (B Sc), 45 BB R N TAMBIAGRE 7 4
L HR (10 D3 7 B R
42 EHBFREMBENERER @ELEN BT 2
BN TAMBARRITEE (B 5d e)rl W, 7E R &M%
O _EIE RS 1) DOTAP/PLGA 24 K b Al B 2 i i )2,
B HH DOTAP/PLGA 4K KifF o 1 #%, 1 A= I 25 R
7, 5H ki1t 5 DLS Wl & 25 R AW ik, #F— P E

N AN R T B 1 IR o
a iSize b
HlPDI 025
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Size / nm
8
Zera/ mV
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5 ANTISMibiAds end E) fk # i FA BE (A ik iR S 36

A BE R AN F A 3 0B RR TT AN e e % A
2 20 1) e A R EURT 25 1 i D R B Al R s b .
TR N A A P A0 A5 B, RS P AR AN [F 254
B # A% & /£ HueMSCs 1) WAL A5 3L . 7EA LB (Cy3-
siRNA) (1 5'- A s H Cy3 ekl (B R/ & 3 3 K0 550/
615 nm) #5ic Trim28 siRNA, 7£ % [ 32 Bk _E FITC 4Lk}
(488/525 nm) brid OCT4 EE H . 1% H HueMSCs 1E N H
(A, H 2 Yenic N TAMB AR S HueMSCs 72 IfiLiE
TEAE T2 8 1.3 .6 M1 12 h R E LT (4L2h)
), FH 20 Mt N LR A S IR 25 L (1 6a) 1T AL, B A5 3t
BRI A BN 4 6 h, & Z4H 98 e nm BE B g . X ER ok
TN LA A A Z ot A B ) HE 2 12 347 72 240 i N R, B8
Z 1] siIRNA R (RO A PN - >R FH 40 i 48 N\ 9 30
A TT I, B — B E BT AR AR, 45 R
N, N T AMAA 5 HueMSCs 3585 3% 6 h Jg, XUHPEIA
F1790% (K 6b).

TGN A WA A B T A4 1 i, ) Lyso-
Tracker 4% 4 HucMSCs 1 [ 3t 58 £ %¢ o6 B 4% W
g1 L, 40t (Cy3-siRNA). &% & (FITC-OCT4) Al i 4
(LysoTracker) %% 6 3£ € £ T HueMSCs H (K 7), 7 7
A E 1 h A3 h il 38 5E A7 AN AN AR BEN
FIAEEIAR; £ E 6 h )5, 45 (Cy5-siRNA). ¢ (1
(FITC-OCT4) F1 ¥ 4 (LysoTracker) ¢ Y670 B, & WA
T AMIAE (Bio-PLVNP/OCT4/siTrim28) FJ DL M\ 7 Bl 44
6 3% 21 41 Ha 5T e, X AT RE J& DOTAP 1“5 1 i 40 2
L7, MNTTT e AV Bl A 106 36

PLGA Bio-PLVNP

PLGA Bio-PLVNP

Figure 5 Characterization of PLGA and mimetic exosomes. a: Particle size and PDI of PLGA and mimetic exosomes; b: Zeta potential

of PLGA and mimetic exosomes; c: Electrophoresis of DOTAP/PLGA; d, e: Electron micrograph of mimetic exosomes. Bio-PLNVP:

Biomimetic proteolipid vesicles-cloaked PLGA nanoparticles
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Figure 6 Cellular uptake of mimetic exosomes. a: CLSM analysis of mimetic exosomes over different incubation times; b: Flow cytometry
results of HucMSCs co-cultured with Bio-PLNVP for 6 h. Excitation/emission: 488 nm/525 nm (FITC-OCT4); 550 nm/615 nm (Cy3-siRNA);
358 nm/461 nm (DAPI), CLSM: Confocal laser scanning microscope; SSC: Side scatter

Lysotracker ~ Cy3-siTRIM28 ITC-OC MERGE

1h
40 um
-
; .--
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12h

Figure 7 Bio-PLVNP/OCT4/siTrim28 lysosomal escape in Huc-
MSCs. HucMSCs were incubated with Bio-PLVNP/OCT4/siTrim28
for 1, 3, 6 and 12 h, respectively, and were analyzed by CLSM.
Excitation/emission: 488 nm/525 nm (FITC-OCT4); 550 nm/615 nm
(Cy3-siRNA); 358 nm/461 nm (lysotracke)

6 ANTIIMMRIESN siRNA BN FHIRIK BN

5 N TAMNIMATIN siRNA X H 3 K 5T BR 2%
FAE N, 45 3 a0 8ab Tk, Bio-PLVNP/siTrim28.
Bio-PLVNP/OCT4/siTrim28 41 5 HAih 41 #H Eb, & A 2%
H T B Trim28 £ 51 1) R IE, TTERHIL 50%. W&
JR TN AR A R T BAAG 0 B AR HueMSCss ' Trim28
mRNA FIEE [ )5 I8 7K, 128 21400 i 38 R 2 08 1) 25 2R

i RT-PCR % %% Trim28 mRNA [ £ i5 50, 45
50K 8c, 5 BH M xR 41 (PBS) #H Eb, Bio-PLVNP/
OCT4/siTrim28 4 5 HucMSCs 3L 1% 37 48 h Ji , Trim28
mRNA {1 3R IE K P BEAK L) 70% 247, Bt N LA is A
(1) siRNA & h e N I F R A Th a8

g

b & U7 A Sk R, MR AR R R doit, 24qR
6 R B A SR, DA T 9 K R ok B b B %2
FhAYIThEE . V54 R AR RL R HJ7 vk, FIH B
SRR A IR SRS, P 40 iR 4 R 1 A 4 KR A A
PRI I R, W T MR 2 AR ThRERY . H AT, Tk R
77 P B2V o o 5 98 400 L 400 L 0 440 PR R of /s
AP 0 5 48 FH T e5ast 9 KR I R T AT D S A8 4 )
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Figure 8 Expression levels of Trim28 were repeated three times by Western blot. a: Strip chart of related groups; b: A gray scale statistic

analyzed by Image J; ¢: RT-qPCR analyzed results of Trim28. n =3, x 5.
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