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HH L FLEFIDOL siRNA KIS B M DA 1858 B S AT

wBE, EOm, WY, KUk, RIFFE, BRAA
(PR PHZ5 R} K22 2554 B8, 3L PhPH 110016)

FHE: R o B8 VR )T A-AE A B [ i O S 40 i 98 A 8 (immunosuppressive tumor microenvironment,
ITM) FIE (A1 S 38 SV PR A A, 77 R AR PR 1 e 288 IV 5 () S0 T A2 24k P s 0 A 0 o s 7 o PR o) 1 S A980 11
WS 4. WITHY 2 ZE R (doxorubicin, DOX) 55 19 /87 5 9% i 4 4 U JE T (immunogenic cell death, ICD) /&
T o R G e TE PR A RO R . (B2 ICD 1R S A B 75 P T 9k 241 2 (cytotoxic T lymphocyte, CTL) 43 i I F#1
% -y (interferon-y, IFN-y) 254 05| Wiz 2,3- U4 1 (indoleamine 2,3-dioxygenase 1, IDO1) £ [ 3Kk, HAgHE 14
5 ITM. 11 IDO1 siRNA ) FI{E I & F#AR IDO 1 8 H F3IA, 115 i Go e 4l S A5, 8755 TT™, AT 3 58 DOX )
ICDER . A SCF|H pH BUBAT KL PLD [poly(ethylene glycol)-poly-L-lysine-2,3-dimethylmaleic anhydride, mPEG-PLL-
DMA] Fl1 R B Jie — [ R K 43 1 (PAMAM) B4R ZRG , — Tl B W Ao 6 45t WA ik /0N FRY 9 oKz, SI2 0L 988 2H 2 1 R
JFii% . AT AE S 62k DOX 25 %) A1 IDO1 siRNA F 45 s S 30 v 250 00 b 98 G 88 V8 I o 1) 500 J A4 R 7 ST F) S 36 5 A
PLD #MRLE A B35 10 pHEURME . AR50 3D M 1215 S50 45 5L B pH BUBATEL PLD BN 25 42 s il 77 v 1k .
e, #57 BALB/c /N R AT 2524 SEER AR, 2 W) S B4 /R 1 FRAR IR VL BH 24 8 K 22 3 S A B 22 13 2 (R R HRAT o
RN IR 24 RS 56 R 4L 23 529 32 W, TDOT siRNA FRIINN S5 35 42 e DOX ¥ ICD 1 F , AT S5t 25 40 e e 2B 4

KR 2R siRNA; G R PEAH I PE T JiJeg T 45 151 W fi 2,3- XU 420 1
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Highly penetrable nanoparticles co-loading doxorubicin and IDO1
siRNA enhance tumor immunotherapy

SHI Meng-hao, WANG Yu, HAN Yan-yan, ZHANG Jiu-long, WU Shi-yang, CHEN Da-wei’

(School of Pharmacy, Shenyang Pharmaceutical University, Shenyang 110016, China)

Abstract: There are two serious obstacles to tumor immunotherapy. Firstly, the immune response of the tumor
is seriously reduced due to immunosuppressive tumor microenvironment (ITM) and low immunogenicity of tumor.
The second obstacle is the dense and complex heterogeneous structures, which seriously prevent the nanoparticles
(NPs) from penetrating deeper into tumor tissue. Immunogenic cell death (ICD) induced by doxorubicin (DOX) is
an effective method to enhance tumor immune activity. However, interferon-y (IFN-y) secreted by cytotoxic T
lymphocytes (CTL) after ICD induction would increase the expression of indoleamine 2,3-dioxygenase 1 (IDO1)
and enhance ITM. IDO1 siRNA would reduce the expression of IDO1 protein, regulate the tumor immunosuppres-
sive microenvironment and regulate ITM, so as to enhance the ICD effect of DOX. In this paper, a novel charge
conversional, particle size reduction and highly penetrable NPs based on a pH sensitive copolymer poly(ethylene
glycol)-poly-L-lysine-2,3-dimethylmaleic anhydride (mnPEG-PLL-DMA, PLD) and polyamidoamine (PAMAM)
dendrimers to achieve deep delivery of tumor tissue. DOX and IDO1 siRNA were encapsulated to achieve efficient

tumor immunotherapy. Preparation and cell level experiments showed that PLD material had significant pH
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sensitivity. Results of 3D tumor penetrable experiment in vitro showed that adding the pH sensitive material PLD

significantly improved the permeability of the preparation. In addition, 4T1 tumor model was established for

BALB/c mice and all animal experiments were displayed in according with the requirements of the Animal

Experiment Ethics Committee of Shenyang Pharmaceutical University. The results of in vivo efficacy experiments

and tissue experiments evaluated that IDO1 siRNA significantly improved the ICD effect owing to DOX, so as to

significantly inhibit tumor growth.
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H A, MR Sz ia T & — M R e o SR
m&t R G JEME B TS (immunogenic cell death, ICD)
& — Fhod o WO A R 0 e R A B A AT
BB e 4 2 BRI e AR R FE S
(damage-associated molecular patterns, DAMPs), i #§
5 % 25 [ (calreticulin, CRT). /& if # % & 4 1 (high-
mobility group box 1, HMGB1) FI =f#FRIZ1F (adenosine
triphosphate, ATP), Wi e 1 B 2 H 3 4 i 8 %o 9% J
R, AH S, ICD 5 AE F 5 7= A 4 A 22 P T bk e 4 e
(cytotoxic T lymphocyte, CTL) 43 # [ $L % -y (inter-
feron-y, IFN-y) 2= B4 i Py Y5 14 ] 1R i 2, 3- 55000 440 1 1
(indoleamine 2,3-dioxygenase 1, IDO1) [13iA, M1
9 T H % P R A4 3% (immunosuppressive tumor
microenvironment, ITM), BH 1& i 98 19 50 5 N &M,
IDO1 & 75K 2 HUMs 4 i o s R 08, AL R
(tryptophan, Trp) (1] #6345, 5 K JK & I8 (kynurenine,
Kyn) 8% . Trp FIFE35 F1 Kyn A5 1 77 A2 3 20U
I TR 58 777 A S P ik A R, i 2k e A i ) A ik
TRV, W AR IDOT B 1 1) 0k AN (H AT LR 25 Hh 3 5
i 8 (1) S % B, BE BB 4 = 22 2R L B (doxorubicin,
DOX) I ICDEH .

RNA T3 (RNA interference, RNAi) /&8 H1 5 %
€ HE A 7 41 6] P8 1) XBE RNA (double-stranded RNA,
dsRNA) 75 K [ 4 2 L RIITERD . /NF38E RNA (small
interfering RNA, siRNA) 1F 78 75 10 Je ik V8 J7 5% 2
A e B A i R DA RCRE S S L H, R siRNA
Aets o]k A YR S R mRNA B R HDTER L R R IA,
I, A 305 N IDO1 siRNA, 5 DOX ) B[R 45 FH 22 &
F PR IDO1 & [ K& 3E, 155 DOX [ ICD 1E M, &
S8 i PR ) G S R, SR, siRNA 7E AR BEA
NIATRE, S w5 A% BE A% R B (ribonuclease,
RNase) i id f& 0> (B, #F 57 K B A £ ThEgd
2] R G0 S I B0 % siRNA IR R & XE K. 5
A, 7 5T 2 A RS 1Y) iR O B8 BHL L 02 R GTIR A
JiEg AH 2R, AT A 25490 B VR T R0OR, Brh i g — PP Bk
E L3 sIRNA SCRETR JZ I8 I I 320 R G HAE AT .

L LTl AR T — Rk T pH Ut
BWR O - R -2,3- — B B ORBR I [poly
(ethylene glycol)-poly-L-lysine-2,3-dimethylmaleic
anhydride, mPEG-PLL-DMA, fi # PLD]"7 1 5 Fi i -
J1& ¥4 IR K 43 F (polyamidoamine, PAMAM) ) &Y |3
i B R v V5 8 KON, B0 3 7K 1k 2459 DOX A7 e
i [ IDO1 siRNAfE A Z DRe gk & n i 1).
FI FH DOX 1) ICD A FH H4 g 410 it A% S “ b 8 2 177, 8
BE TR MR S AR 5K 2 715 5, SR THIMOR S e SR 4
F34k, IDOT siRNA 5 [ J8 ) S il i 15 . ol
P 25BN P, T 3R AT 22 4 AREE 0 HOR S B
JTRET . pH U IL R Y PLD 78 H MR IR 55 2 BN 471
HLAR, 24 /E pH 6.5 Jc A7 B iR SRR PR A s v, il T

oo
S}

e DOX
() _—
X PAMAM (PAM)

/\, mPEG- (PLD)
DOX/siRNA-PLD/PAM| 1o tissue

(DOX/siR-NPs) PLD charge reversal

Tumor cell
DOX/siRNA-PLD/PAM was prepared with IDOI1

siRNA, DOX and PAMAM dendrimers and then capped with a pH-

Scheme 1

sensitive copolymer PLD. DOX/siRNA-NPs boasted enhance tumor
penetration in the effective treatment of 4T1 cells in tumor bearing
mice. DOX and IDO1 siRNA were encapsulated to achieve efficient
tumor immunotherapy. DOX: Doxorubicin; PLD: Poly(ethylene
glycol)-poly-L-lysine-2, 3-dimethylmaleic anhydride (mPEG-PLL-
DMA); IDO1: Indoleamine 2,3-dioxygenase 1; PAMAM: Polyami-
doamine; HMGB1: High-mobility group box 1; ICD: Immunogenic
cell death; ATP: Adenosine triphosphate; CRT: Calreticulin; CTLs:
Cytotoxic T lymphocytes; IFN-y: Interferon-y
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mPEG-PLL 1 DMA 2 [H] [ o] ) St ez £, PLD 3L 284
NGB A 2 A8 DA I FELAT, AN RE L i B, 2 R A A
1 HLAA ) PAMAM 92K L, I FL AT 1) S 3 FHORE A% 1) B
K2 T2 3R m g o 3 s 2R B B

MRS HE%E

HFIFLE mPEG-PLL-DMA [ SZ56 2% [ i,
mPEG (3 2 —.E¥) 4> T it & 2 000 Da, PLL (R #i &
1i2) 79 1 500 Da)]"™; PAMAM BIR K 2> T (G4.0, 75 NH,
Uik, £ %), DOX (b st R R BRI A R A H);
IDO1 siRNA (I ifg 35 ¥ ] 25 45 B 2 7)) 1E X8k 5'-
GGGCUUCUUCCUCGUCUCUTT-3"; [z 3 %%: 5'-AGA
GACGAGGAAGAAGCCCTT-3" "2; g il | ifi 2 I 3%
DMEM (Dulbecco's modified Eagle's medium) 1% 7 %
(Gibco 2~ F]); FHAEMEMEYE (methyl thiazolyl tetrazolium,
MTT).4',6- — Z Hk-2- 7% F 05| W (4',6-diamino-2-phenyl
indole, DAPI) (5 = K AWM R 5L Fr); $L IDO1- 5+
AR % Y6 F (fluorescein isothiocyanate, FITC) i .
P11 CDS-FITC 14k F1 $it CD4-PE (phycoerythrin) T {4
(Proteintech 2 &]); ATP 157 & \Ki67 ik 7 & H AR &= -
41 (hematoxylin-eosin staining, H&E) 7 & (B:F
AR R F] ), HAR T3 o i 4k

Tanon 2500R 4> H 3 £065 &t i & 7 i 240 (-
R BE R A IR A 71); Varioskan Flash £ T g B Fr A%
(3 1H Thermo Scientific 24 7]); JEM-1200EX i% i #1 1
2 (H 7K Electron #k 2\ 23 #1); FV1000-IX81 HO'
LR RS (HA Olympus A H)).

LS AR AT 40T 10% FBS
I DMEM £ 35, BT 5% CO,.37 °CR: 32 F i 3%

DOX/siR-PLD/PAM 4K #i Bl & K DOX I
PAMAM FAR K287 LA 10 1 HJ5 & EL VA iR AE 30 mL Y
FErp . EIRMIPE 24 h, EFE R R E AL BT RS, A
Tl 2 £ 2% /9 W (phosphate buffer, PBS, pH 7.4) 10 mL,
i LU ik PAMAM BEIR K 43, 0.22 pm 38 i it 38
S, R P R B R IR B R AT D E . I
BT E ORI EL (12 000 rmin’, 10 min), HH_E
BB E AN DOX F&. Ak, KB EUE R, N
N HEE AT R FL, 15 381 DOX & &, i 115 DOX
MAEE R, MG, %A (NP, PAMAM %55
SiRNA [ R FE 111 BE /K Eb) 4 I\ IDO1 siRNA, 1
.47 1 IDO1 siRNA 5 IF B 417 1) PAMAM B AR K 73+
IE SRR, 0% IDO1 siRNA, 1|45 B DOX/siR-PAM
KR . 1EpH 7.4 18, #% BAN[E] Y] PLD/PAM Jit & LU
N PLD L), # 4% % DOX/siR-PLD/PAM 44 K i
# (DOX/siR-NPs).

R FE B I P P LS 52 56 K 5 8% siRNA [ Lt 6
T, FREL1.0 g BRIE M T HETE M, i 0.5xTris- Al
% (TBE) 50 mL J&, S 4 K 0 #4 2 min 28 42 30
i o A T I B R A A JE R B R AL £ B (ethidium
bromide, EB) ¥ 2.5 uL In N rh, B 52 RIS, #
AR b I F 4 A U7, 2R VA H AR 1 X, B
R A . Bl R, B IR 2% 1 — R B N/P L)
SiR-PAM 2 KA NN 22 B0 A A 458 e 25 ko w45 52 Ui
2 SIRNA /E A B PEXT B2, 100 V 1H 52 HL K HL 3K 30 min
Ji P B T N B RS R G, R I S 6 I 82 AR
R

A, KI5 B -9 6 43 e B VR 52 4K
KL sIRNA [ G326 (H45 A %61 FAM siRNA #
it sSiRNA). 4 44 K il 71 H T Amicon Ultra-4 8 JiE &
(B B4 7 7 &4 50 kDa), 5 000 r'min” &0 10 min ),
FIT 45 9 W B O A A3 B FAM siRNA, I 75 3 5% S 3 &
(F,; Ey: 480 nm, E,: 520 nm). H 5 #1771 2 & ¥ FAM
siRNA Jll & L 2% S 58 FE (F,). & fF AR () it &
FAM siRNA FfLE} % (encapsulation efficiency, EE):

EE (%)= (1 -F,/F,) x 100 (1)

K B IR ST RLEE 4G 72 AN [F] PLD/PAM Jiit i
EE i) DOX/siR-PLD/PAM 44 K i (DOX/siR-NPs) i
1Bl zeta AL AL . F & 5 B 7 B B (trans-
mission electron microscope, TEM) #E47 il 751 i) T2 25 2
rE 5.

pHERRMRER XHIE AT (DLS) M
SEGNKRLAE pH 6.5 F17.4 1 PBS ] zeta B4 ALK A%

INBRR S M E R

FIH MTT 75927 %248 1 #f8 (PLD/PAM 44 K L)
IS EE T 4 4T 1 4 DURE AL 110 AN 320 T 96 1L
B, BT 5% CO,.37 CHIfsE FRA G 77 24 he RH
PBS & VLA AL S 10.40.80.100 F11200 pg-mL"!
i) PLD/PAM 4K ¥ DMEM 5 7% 200 pL, 43 5l 55 7%
24 f148 h G B ALIMA MTT ¥ 20 uL, 4k 25537 4 h, 7%
FEFRMARALIN — R EET A 150 pL, BEYEE % 10 min,
K BERR AT 490 nm bl 52 WG (4) 15 -

FIH MTT J7 i 2% %% 3 24 1] 70) ¥ 44 & 41 i 25 F
W AT1 20 AR L 1< 10 AR T 96 FLIR 1, B T 5%
CO, 37 CHNMFE FR A B 97 24 he FERIE TR, H
PBS 5 ¥t 40 i 3 W, 1) B AL N N — & = ) DOX
DOX/NPs ] DMEM %5 % # 200 uL, {3 H 24 B (LA
DOX it) 43 % A 2.4.6.8 A1 10 umol-L"', J H 7E A [
pH &M TR 3% (7.4806.5). JG8:se 7k L.

ROMBERSESS 75 %¢ pH UM LGS 41 i £
()52 e, AR T4 FH 3 IR AR VO R AMBR (confocal laser
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scanning microscope, CLSM) M %2 4T1 41 il X A~ [7] il
FIEI PRI Bl o K AT 1 41 LR FL 1 10° /N hp T4l
A i B 6 fLIR T, BT 5% CO,.37 °CAll e 5 7% Fd
HE%FE 12 h, I\ — %2 & ) free FAM siRNA F1 FAM
siR-NPs (FAM siRNA: 100 nmol L") 7E pH 7.4 5( 6.5 %%
R E 4 hJE, F 4% 2 5 W 8] 52 44 0 30 min, DAPI
Pedl A% ), KA CLSM M 22 410 A B8 U il IR A R

RIN3D B EBARBIREEE N T ASIE
B pH SO AL X iR R 2 3B 0% R RS e, B S2 T 4T1 40
Ji ) 3D firk g3 A 9SO R 100wl G B B I R A U
(2%, wiv) 7 75 96 FLAR 1, LAREFL 2x10° A4t g £ 42
AT140H, BT 5% CO,.37 CCANMIEE F-AF h s 3. #74T1
21 A 119 3D B R BK 11 B 42 K & 300 pm B, A FAM
siR-NPs (FAM siRNA: 100 nmol L") 4} 5 £ pH 7.4 Al
6.5 %M T E 4 h 5, KA CLSM M-

XIMESICDIER 4TI gIM0AE 12 FLAR (2x10°
ANAL) TR IR R, S8 J5 F PBS.DOX.DOX-NPs pH 7.4
A DOX-NPs pH 6.5 (2 pmol-L" DOX) Ab3 24 h, WtE
ZAPRE IR, I ELISA w57 & Al ATP [7KF. N
T VA CRT % 52, 15 % 4T1 40 g 7+ F§ PBS. DOX Fll
DOX-NPs il 77l 43 5 7F pH 7.4 F1 6.5 % 1F F W & 24 h.
SR 5 H 4 CRT — 4% (0.1 pg-mL™) 4L P 30 min, PBS 7
¥ J5 F FITC bgad B 9T % 1gG — Pt (1 pg-mL") 4b ¥
20 min, K FH ¥ A0 M A3 e SRS I CRT R & . KA
CLSM & MWL 5, 4% 2 5 H i [] 7 41, DAPI 424 g
¥, R CLSM M %2 CRT % 2% 15 0 341 i

IRRZAF LIS K 4TI 20 B 42 T8 40 g 2% 1 5%
Fi, o 4 M Ak 6T A A T e A 3 A ) %
T+ 5x107 A (1) 40 Hf =2, B A BALB/c ME 4 /N B [18~
22 g FEAHEIES: 211002300064979; YFAHFS: SCXK
(1) 2020-00017 A5 ik Kz T #2 Fk 0.2 mL 20 ffd &, 40
7 K S e B IR — 4 i 98 A AR £ 29 100 mm? [ 598 /S
ROEATSE58 . BN S A i FR AR RR VL BH 2R K 22 30
VI SRIGAG BE TS A2 I BESRPAT o

TR /N BB ML B 6 4L, 2 ) o AR FE AR UK AL
free siRNA 20 . DOX 4 . siR-NPs 21 . DOX-NPs #41 Fll
DOX/siR-NPs H . £ 4 4% @ 5 mg-kg' DOX.1 mg kg
sIRNA 7l & B H IKIESN G 25, B2 R 1K, G4
4R IRYT A, & 4 RSN REAT R EARE

FE 256 45 H 5, A B8 BALB/c /)y B3 3T 30 B8 g, i
BURE . AAh, 1R IR 2 R, BRI /N B
A A B T 22 /N R AE AR A, 28 AR A7 ih 26 9F
. F GraphPad Prism A4 73 A7 A 47

LRLNSESTG K RTS8 5 S R AR 2R B Ak [ e
R, AT AL, A DT, VD E S um JE A 0

YIR, B, 232 T IK L BE - 95%75%50%-
30% B % K We vk, T H&E Ye 0 5 1 1) 66 BT 20 1% i
K, ZHIRGEY, H s, BT REZOCRME T
WEL

Ki67 & —Fh 3 4 fAH S P, Hohae 56
22 oy R V)OS, R M b 20 E B, Ki67 W1
N bR A P BECDR A (TR, FH P U5 e AT g 49 B
BR. MK Ki67 iR & kAT Se i 4 R .

N T 5 UE DOX [ ICD fE A, LA J 5 IDO1 siRNA
IV FEE L, R AT — R AR 2 e ta . i
oL B 43 5 48 IDO1-FITC $i 4k (IDO1 & ), ¥t
CDS-FITC $ii /& (CD8" T 4l ff) 1 T CD4-PE Pt &
(CD4" T4 ) Yett . CRT & [ 1 4 i ik FEAK B Ak b
753 ICD /EH 7 Wb i se 3G i FE e . e Jm, IR &
DAPI 4+ £4 f5 ] CLSM 1 {8 .

JIFEHE BWEUCFHE R EEER. 4
TF 2 Vel O R R 3R 7 % 9 i (ANOVA) #i e, P <
0.05MERAMAFREMEER., rELBTERL
173K

FER51Tie
1 FIFIEL S R FEHE

PAMAM B AR K 43 25 i 9 8 B A 355 1 5 7K
M, AL KM 259 DOX, i DOX-PAM 44 K Fif o
1M PAMAM 3 [f 77 45 1F Ha 7, ) 3l b #% o AH B4R R
B A A 47 HL AT (8 DO siRNA, B B DOX/siR-PAM 44
KHL, 2 Ja 576 pH 7.4 21 F w7 A 5 HL A 1) pH BBUB R
4 W) PLD 1E fi | fif ") 51, ] B DOX/siR-PLD/PAM
(DOX/siR-NPs),

SR FH B 5 W 8 J S 56 2% 5% N/P LU X siRNA 3 3 %6

ORI . W LA FTR, 24 N/P LN 41, siR-PAM 417

A B siRNA 2547, W 2 04k &b 75 siR-PAM 21 1]
N/PLE A 4. HFEAE R & &4 T, DOX [ R B
DOX 5 PAMAM )i & LU i 384 I ifi 38 hn (K1 1B), 4
BN 10 5, A3 A 5 80%, MU & itk 4k 7 i
DOX 5 PAMAM i & LA 10.

il % DOX/siR-PAM 40 KK J5 , 7E H R85 R 5 1
H fu (1) PLD $£ R4 6L %, JE i DOX/siR-PLD/PAM 4}
KK (DOX/siR-NPs). @1 & 1C.D ffi 7, i PLD/PAM
J B EE 3 0, DOX AT siRNA Ff) £ 35 22 3% 97 389 I, Riqz
3R 3G I, AH A2 HL AL PG . 24 PLD/PAM Jii & L
95 0F, Hoki4% A 140.73 + 1.65 nm, zeta FLA7 -7.73 +
1.44 mV, 5 B g7, AT DA ik 3 4 vy L7 I e R 1
I [8], # € PLD/PAM JR & ELRN 5,

TEM W %2 40 K RLTE 45 K /N 1) — P 2 B2 B
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WA 1E fi7, DOX/siR-NPs £ BRJE fIZR BRI, 49 i bb
B —. HR/NEDLSHE M RBONHEE. 2, It
R R 1) 7 0, 3 2R A KA /T 200 nm, A T
%1% M{% ¥ (enhanced permeation and retention, EPR)
BN ; zeta HLAE Ay B0 P AT, 0B K 1) 551 £ L 905 97 B I ) 5
G LR BE Sy A3 5
2 pH&RMNZE

NF%DOX/siR-NPs 1) pH U, ¥ DOX/siR-NPs
BT pH 6.5 PBS 1, 4 h J5 Il i€ zeta LA RN 4% . &5
Wi 1F fii7s, 24 pH M 7.4 254 6.5 5], DOX/siR-NPs ]
FLARAZ /N H. zeta HUAL M\ A7 LA 6 A8 Dy TF HLAE, J5L R R
&4 1) PLD 2 2R 4 ] LR L DOX/siR-NPs | [f] fi#
55, 1 zeta LA G AR AE /N
3 RINARRSMER

FIFH MTT SE56 75 52 2% F3MAO0 4T 1 40 i it 5 1 .
SR WE 2A FoR, T EHBAARALERF 24 48 h 5, HY
VAT W) S A R A, A A S I AE 80% LA L, B
2 A 4 EE R ARAR, AE A R R AT, R AT
B OK BAA AR

AN Ti) 7] S5 2E 6 AT 1 200 D T 200 e 23 14 AR 1C A8 a0 1]
2B.C i~ AHLE pH 7.4 2% 144 T 1) DOX-NPs ¥ ¥ 41,
pH 6.5 %1+ T it DOX-NPs 41 {140 g 55 1 B 32 /. LA
g5 BRI UORH, PLD HAT R 4F 1) pH BUSE, 75 pH 6.5
I, pH BUS K 2 ) PLD M 71 A 5 78 Oy IF FL A7, 1]

4 YHARIRENSCIS

R ERAN[F S N B FAM siR-NPs X 41 A i $5 e
TEoL, R CLSM BT e MW %2 . 45 Fun & 2D Fiow,
1E 4 h i), free FAM siRNA 41 1) %¢ Y6559, 1 15 41 f
S 1) siRNA [ EEHUA R . % T siR-NPs 21, 7 pH 6.5
Z R AR B T pH 7.4 FOERER, R KA BE Ok
pH 6.5 254 T PLD Hifij s i, 383 M9 KR T il 29,
S 7R A A LE HL AT I siR-PAM NPs, M 1 . 45 58 98 1)
Y M FR IR, MRS RIGUE T ERMTT S 45 /. LA
45 R, 72 pH 6.5 214 T, DOX-NPs [¥] 2 il 75 74
B R & T pH 7.4 25 1F T B4 i 25 1%, JF H pH 6.5 1)
siR-NPs [ 41 J 5% HU W] 2. 2 T pH 7.4 2611 T 1) 40 g 1%
B, B6niE 7 o 550 ) pH BBURR A
5 OMNREELARBIEER

APk 94 AR 1) 7)) 48 T B R B e T AR DR /I ELA
SRR ST R A 2R ) v R VB A, DAL, AL TS
) S F T I R AM iR 5 & e ) . 4n i 2E BToR, 7E pH
7.4 40t siR-NPs 2H (403 F FAM siRNA) 434 h
J&, AE Z B EE E9 70 pm A RT DUUESE 310055 1R 4 4 58
5. MR, pH 6.5 N siR-NPs 4 7R 1 B 1)
G0, S5 K B, siR-NPs 76 1R PE PR 45 T BoA 8¢
e PR R 28 3% 1, JF gk — D IGE T 4Kk pH BUB M
L.
6 ExIMNEFICD

- e g N 2b S A \
LS 20 AR IS X S e A LA 1, AR AR DOX %5 3 ICD [ fit 7738 i3 45 Il CRT K34 F1 ATP
A Free B X 100 C 100,
N/P ratio siRNA 1 8 10 20 = i
P — g K =4 i
= g 80 Z 90
£ A HEEERES
£ 60 s
£ g 80 —=—DOX
= E=} —eo—giRNA
2 40 =
5 2 704
5 &
) 20 Q
5 &
< ——————————— 60 ——————————
A 1 122 15 1:10 1:15 1:20 0 11 21 51 81 10:1
Weight ratio of DOX to PAM (w/w) ‘Weight ratio of PLD to PAM (w/w)
D 240 E 25 F [ Particle sizes
B I Particle sizes Lo L —=— Zeta potential
_ —=— Zeta potential - > 204 20 >
5 bo = = ‘ » =
& - € 10
g £ 2 ®e | St e
7 3 7 — ]
s O 2 8o " o 2
= = i 8
& BTN 54 105
-20
0- L20 0 T "
0 1:1 21 51 81 101 10 100 1000 10000 pH74 pH6.5

Weight ratio of PLD to PAM (w/w)

Particle size / nm
Figure 1 A: Agarose gel electrophoresis analysis of different formulations with different N/P ratios. B: DOX entrapment efficiency
(EE, %) verification with an increase of the weight ratio (DOX/PAM) of DOX-PAM group. C: DOX and siRNA EE% verification with an
increase of the weight ratio (PLD/PAM) of DOX/siR-PLD/PAM group. D: Particle size and zeta potential verification with an increase of the
weight ratio (PLD/PAM) of DOX/siR-PLD/PAM group. E: Transmission electron microscope (TEM) image and dynamic light scattering
(DLS) result of DOX/siR-PLD/PAM group. Scale bar: 200 nm. F: Size distribution and zeta potential of DOX/siR-PLD/PAM group under

diverse conditions. n =3, x + s
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Figure 2 [n vitro cell cytotoxicity of blank formulations (A) and different DOX-loaded for-mulations (B) against the 4T1 cell line under

different conditions. C: 50% inhibiting concentration (IC,,) value of DOX-NPs under different conditions. n=3,x 5. P < 0.01. D: Confocal

laser scanning microscope (CLSM) images of 4T1 cells following cellular uptake with different formulations for 4 h. Green and blue

represented FAM-siRNA and nuclei, respectively. Scale bar: 50 pm. E: CLSM examination of the siR-NPs distribution in 4T1 3D tumor

spheroids at pH 7.4 and 6.5, respectively. Green fluorescence represents FAM-siRNA. Scale bar: 200 pum. DOX-NPs: DOX-PLD/PAM;

FAM siRNA: FAM labeled siRNA; siR-NPs: siRNA-PLD/PAM
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Figure 3 A: CLSM examination of different DOX-loaded formulations CRT expression on the cell surface of 4T1 cells in vitro. Scale bar:

50 um. B: Flow cytometric examination of CRT exposure on the surface of 4T1 cells. C: Quantitative determination of ATP secretion of 4T1

cells after treatment with different DOX-loaded formulations. n =3, x 5. "P < 0.01. n.s: No significance; CRT: Calreticulin; PI: Propidium

iodide; ATP: Adenosine triphosphate
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Figure 4 Tumor weight (A), the image of tumors (B) and body weight (C) in 4T1 cell-bearing BALB/c mice. Survival curves (D) and

median survival time (E) of 4T1 tumor-bearing mice after the treatment. n = 6, x * s.

“P < 0.01. F: Tumor tissues were used to prepare

paraffin-embedded slides for hematoxylin-eosin staining (H&E) and Ki67 study. Scale bar: 100 pm
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Figure 5 Immunofluorescence examination of CRT exposure, IDO1 expression on the surface of 4T1 tumor, CD4" T cells (red: CD4) and

CDS8" T cells (green: CD8) in tumor sections after different treatments. Scale bar: 100 um. PE: Phycoerythrin; FITC: Fluorescein isothio-

cyanate; DAPI: 4',6-Diamino-2-phenyl indole
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