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W OE: A7 A OHATE T HF A21 B (Coxsackievirus A21, CVA21)% &4 H 20 mRNA #] &
798 4 A AL CVA21(CVA21@ONP), R ELF CVA2l A FEIT@MEA TR IARLE
% Y5 IE 7 6 BALB/c #7781 S 69 5UAT I8 R IR RO, B R B R AR 4 K42 (lipid nanoparticle,
LNP)&.3f CVA21 a4 F 20 mRNA #|& CVA21@ONP, ifid % 5t 52 3w 4w oo it 40K 7] & (cell
counting kit-8, CCK-8)# & &5 2 &, @i A X a0 HT29. CT26-iRFP a8 T H L.
R 258 M 42 CVA21@ONP, it 21 9) 5 K% & (infra-red fluorescent protein, iRFP)#& A &4 it /&
A KR, AKX @GR FIE ¥ 27 mieeyft RS T, 4R &9 CVA21@ONP 64 HT29 5
USTMG @@ fieF R Hh41K CVA21 s, Z LI T T CVA21@ONP 3t AR A= R R a0 038 A BAF
HRGEOR, ARXENERIE FTEREAAT@MILRFEm, BALNE CVA21@ONP 41 iRFP &
B AKX ERE TR, @3 AXANELI CVA2I@ONP 34 57 A AR T FRIE F 63648 R b 37 4| 2m 6,
(myeloid-derived suppressor cells, MDSCs)A= 38 7 1 T 4@ el (regulatory T cells, Tregs) /& M &9 5%, 55 37 %)
MR K-F, BIBFIEIRT T @MIRIRB MO B LA L. RAREBALHRIET
CVA21@ONP &9 gt e, T8 — 383k 06 57 B 7) I 30 I 98 76 7 AR89 K

EHRIR: BB RTA, ATE AR A21 B ZEHEEAZ B (mRNA); B
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Abstract: This study aims to investigate the potential of oncolytic nanoparticles encapsulating
Coxsackievirus A21 (CVA21) full-genome mRNA (CVA21@ONP) to resurrect CVA21 and induce
apoptosis in host cells, as well as the antitumor immune effects of CVA21@ONP in
immunocompetent tumor-bearing BALB/c mice. We used lipid nanoparticles (LNPs) to encapsulate
CVAZ21 full-genome mRNA, thus preparing CVA21@ONP. The killing efficacy of CVA21@ONP
was determined by the plaque assay and cell counting kit-8 (CCK-8), and the apoptosis in HT29
and CT26-iRFP cells was evaluated by flow cytometry. Mice were administrated with
CVA21@ONP at high and low doses intratumorally, and the growth of tumors expressing infra-red
fluorescent protein (iRFP) was monitored. Additionally, the types and changes of immune cells in
the spleen were analyzed by flow cytometry. The results demonstrated that CVA21@ONP
successfully resurrected CVA21 in both HT29 and US7MG cells. The plaque assay revealed robust
killing effects of CVA21@ONP against both human and murine cell lines, and flow cytometry
results showed increased early and late apoptotic cells. Notably, intratumoral detection revealed
significantly down-regulated expression of iRFP in both high- and low-dose CVA21@ONP groups.
Flow cytometry results further indicated that CVA21@ONP treatment effectively reduced the levels
of immunosuppressive cells, including myeloid-derived suppressor cells (MDSCs) and regulatory T
cells (Tregs), in the spleen, while enhancing T cell-dependent antitumor immune responses. These
findings suggest that CVA21(@ONP can replicate and survive extensively both in vitro and in vivo,
activating the immune system of mice administrated with CVA21@ONP to target cells at the tumor
site, thereby remodeling the tumor immune microenvironment and accelerating the suppression or
even complete regression of tumors. The oncolytic performance of CVA21(@ONP has been verified
through intratumoral injection administration in this study, aimed at further exploring its therapeutic
potential and promoting the development of the field of tumor treatment.

Keywords: oncolytic nanoparticles; Coxsackievirus A21 (CVA21); messenger ribonucleic acid
(mRNA); tumor
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A5 FR AR IR S 2 R T R RS IR AR ST B R
SEPEBUIA, 3 Aad S B Je g 400 o 4 1 B A T
Je A TR 15 P8 TR DA 5 IR T RICR B0,

ARk, B WIT R ARk, B2
AT ILAZIR 25 RAT T 26 B a2 0 B A
)5 (Food and Drug Administration, FDA)fJ4tt
eV, SR, BREAEMRENEE . KNG
VAL TR IR A . SRR T EEAG | SEZH 2 p vk AR
SRR AT, AR R T AR 245 W i R 1 T
B 18 o A 29 K B0k (1ipid nanoparticle, LNP)E &
IR 25 BB R Ik Z —, BT
JRBAESN LNP B O I BEL Y, 8 i i v A
ORI B TR, AR AN, LNP A
A AR A L LR AR RE ) AN el
ROV A i LNP ki 2T DUA R T
WA, RERAK TR A W IR N A, 4R IR
P4 A= 20 ) D 0 o 5

LNP £ £ mRNA 657 g 75 g —Fig 24 19
BT ROR B BOCE MM, IR T8
PIRYT IsAE, A DA XE AVR ST A e 15 LA
XF, RIS AR BT BB IR, IR B
H BRI A BR A B SR o AN AR R 4 ) i
(Pfizer) 5 % 18 44 (Moderna) JF & A4 1 43 5 7F
LNP Hf) mRNA #E41 AL mRNA B B4R 77
(corona virus disease 2019, COVID—I9)§%“°'“] R
RIEARAERIS 95%; BAES—HIH FDA
< FRAC AN A SR AIUME ) mRNA S
X2 mRNA COVID-19 % i 4ifih SARS-CoV-2 [
TR TE R % (spike, SYPFEEF, HA 44 2 V2R
Bife, DIRREEOMBRSHm, Ewb;
COVID-19 B 75 T s BRI E5 R

%I B (oncolytic virus, OV)J&IRA i 5
15210, OV IT ik B & AE 2 Fhigg h 5 31 1
AR, SR, BIRLAFAER — S AE 1]
R, AR SRR L AR KR DR 5 AR KU DL K
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Py R RN HET OV B4 25
AR, 43 Ay bk S AR P A bR
FEAEIT BB, A0 YA Hh i O R 2 1
PO AT IR IE 85 . L, JENTESHE OV iR
S7 SRR B E L kA, B OV ikt
ik RE, BRTCMH K OV 245 sl
FZWEE . R . R BE S B AT,
Horp R e i i 2 E i B8, DLVE N EIARR)
G47AMY | T-VECMIE Bttt v F 7 M va 7 . 3
Sb, WiE R TE T O RRiR R TR E
i RNA Jfag, SR, fefsaid 4nien
BRGSO T Tz iR TR
AT =2 5 A21 #Y(coxsackievirus A21, CVA21)
JE—FRIR IR & s BRIV R OVE!, X
ZE OV ] LAd i A SE s A sl s
e P Sy ke T IR TP R S e O e £ >
ARG R LNP 424 CVA21 fi5 s 43 A
ZH mRNA 4 CVA21@ONP, i 3 25 T 5256 il
CCK-8 & AR LA M, CVA21@ONP X HT29
CT26-iRFP  4fl fifg (1) 2 $1l il ¥& £ (half maximal
inhibitory concentration, ICs), iz A 2R 3
IR 5 G I 4 e O T O o /N B IRE N 2 2 Y
CVA21@ONP 4, 3 & 46l i 21 4h %¢ 6 88 1
(infra-red fluorescent protein, iRFP)ZiATEAfL it
TR AARDL, [RIIF, SR T s B Hh £
FEAME RN S84, s A AR 21 T
EHES Gy I ) N 7S ibu 23Rkt apilla s
#:(enzyme-linked immunosorbent assay, ELISA), il
SE T /NEURN CVA21 B I HTLAOKF-, LA T
PEAL G SRS 1L o SR CVA21@ONP X /)N Ui
FETROL AR 252, AU T AR TR,
RAET CVA21 5 8 BRI RE 1, [R] o i
CVA21 mRNA #8112
5 B8 P50 11 41 B (myeloid-derived suppressor
cells, MDSCs) Fl1 3 154 T 4i i (regulatory T
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cells, Tregs)TE PN B S e 10l 4 B A 7K SF-, 358
T T 20 AR A B Mg G g2 Rz 61

ARWFFEHG OV I k5 mRNA JE Ry 7 A0 45
&, mRNA JERIAST 5 OV &/ H 03 [F)
KA, SCHOWERIT RO . X FRA YT A
L U R3S e S g . AR PR R . SR
o DA S AR R e A 2Rk AR, SEEN
JIe 24 B AT 2 R 3 R R

P

1.1 SR
11,1 FRRL. AR ANSEIS sh))

pUC57-CMV-T7-CVA21-kana i ki i A< 52
K=, eGFP @ONP AL Fdf, A4
1 d6i HT29 4 A K BBk 20 g USTMG 4 Jifd
Fik iRFP BY/NR4E s CT26-iRFP 41fig, 3+
ik GFP /)N f45 9 CT26-GFP 40 il LA K/ B
IEH A AML12 ¥ A 52 00 = [ i) d 9F
PRATF o 42 F M JC RS 22 9 It A4 (specific pathogen
free, SPF)Z% BALB/c /N, 6-7 Fili% , (KE (19+1) g,
NS R0 | =R ) L7/ R s SRTIN I S L 7 B8
B3 G Tl R 2= Sl W 10 3R 22 D o b v (i o
5 HBUT No. 2020016) ., 15 7% B ¥ i 7E 25 °C
KA, PR ELE 50%, eI E R 12h 52/
12 h i,
1.1.2 RFIS5UEE

AW 5E v {00 PH S g Jo R e e 5
Lipid VI 27 25 A MR B 4y A B2 =)
Ko 025%J# M H Grand Island Biological
Company A Fl; BFRELZE P (PBS). DMEM/F12
B RN B RO 2 A YR B0 A8 BR 2
S S AR G 0 R s ME R A R e A
PR Ignite Z0KZ5H0i 15 RS A Precision
Nanosystems /A 7l ; Zetasizer Pro 40Kk & Hi 7
{0 A Malvern 2~ H]; ARG 7 75

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

PO IS AR 2N 6] 3 Annexin V-FITC 4 2
TR R & H 28 = KA AR B A BR 2
7] ; HRP-Goat Anti-Mouse 1gG ¥ H i = Ji& 4=
WHEARARAF . ZF LB =AW AT A
wl; AR AR A F SRR E] Qubit 4
DI N Z DI RERGE AR 2 8 R B DAL H 3%
BRRHRBHE A R H IR VKAS 180 °CIIGR vk AR 35
WA 17 5 Vi SR AR AL ) 5 o DA R 7 4 LT A
H PerkinElmer 2\ &l o
1.2 IR A
1.2.1 #RAEIE S K% CVA21@ONP B4 &

HT29. US87MG. CT26-iRFP. CT26-GFP,
AMLI12 43 i AR 5206 AR A7, ARG SR N
DMEM/F12 (% 10%J8 4 M%), K M MA7E & 5%
CO2. 37 °CH_Ffbhkr A 3% . EBM
BN OULESHNME, M A B iR 2] 80%-90%HT
XA AR 0.25% R L2 1R

CVA21@ONP fyifil#5: i 11514 CVA-F/CVA-R
%} pUC57-CMV-T7-CVA21-kana i#17 PCR, 3k
1AL CVA21 LI Bt o X CVA21 LK i
B iR AN S5 (in vitro transcription, IVT), ¥4
SR Z . 2 ul 10xtranscription buffer, 2 pL tNTP
(5 mmol/L). 0.1 uL T7 RNA E-A (2.7 kU/uL).
1 ug DNA #4%(366 ng/uL). 0.2 uL JCHLAEBEER
fif(2 U/uL). 0.04 uL RNase inhibitor (1 kU/uL).
#b7¢ RNase-free ddH,O £ AT A 20 pL., ¥
R AR ZRIRE Y SE T 37 °CIN 34 h, W
S5SNI 1 uL DNase 1 (1 kU/pL)3-F 37 °C
SN 15 mino 25 BRI X ¥ A LiCl 47
afifk, 3815 CVA21 mRNA ., ¥ CVA21 mRNA &
TS ER N (25 mmol/L, pH 5.0)-F 1 1#5 B,
i 3 gl ok 25 0K Lipid VIFIFG B S 1Y
CVA21 mRNA A H BEARTREL R 1: 4 19 HL IR
B N RO AR B S8 B 20 2 2o A R R 45 3
CVA21@ONP,, Zetasizer Pro 244 KH & HL A AL 11



THRY % | WEAKER CVAZI BUHIE B EH B E I 54

PEANBEL 7E(25.0£1.0) °CAMAET, il shADEEL
A (dynamic light scattering, DLS)I & F-Hki4% A
zeta LV . REAAEE SR 173°, 0GR 633 nm.,
KT —AIh%F K 4 mW 1) He/Ne S AEOEIR . BE
i FH 0.9% NaCl i 100 5, $E5I LIRS 2 U
BN o BEMRE A (2.040.1) min, AT E
3 W PRI A E hy 1.45 F10.001, Ui
£E1) CVA21@ONP 55 & 50 kDa H B 1,
HRINEA 8% RERERY Tris-HCI 2%t (pH 7.5)
HEA T e 4 2 BT W B HL pH {BTE 7.0-7.5 Z
(1), 8 Qubit4 Tt 9K EEHLA Y
Frill mRNA-LNP {35 | ki (Z-average) MR
B W5 FE Bl (polymer dispersity index, PI), H:
BT A - (1-C/C)x100% (Cr Al
BFEA B mRNA & . CoA i mRNA &),
CVA21@ONP RS . i 1R AR I

B 20 uL CVA21@ONP &3, i E] T4 38

Organic phase

AL, TBBCEERIE W . RS T I A
e 32 45 HEE 1 ) I 7 0 &, o EL I 1T R AR
CVA21@ONP i b, B A N -5 90 78 40 4%
filk o W BRE S min J5 FH U8 40 MR D903 % e e I 2
ZRMVEW, HHWNE AT — 28N
CVA21@ONP )2 . K MEH% 2] 5 —5k T
HEIBEAR L K 20 uL BY 2% R VA TR i 3
S D b, R Tl R A R R A i D 1T
Yy 2 min, HE]AT LR A% 5 Bl 4 D) i foff FH R 4%
TE 0 2 52 e K 2 R BE S IR ISR, LA
P E B B A, ysER)E, A
U AR X300 % /N0 W 2% 22 3% (A 5 TR VS YRR
WL RS B ZE IR b, ZEIBK R 12 K,
PLEBRARLE A YR . PR I8 40D A 9 31
SN RS, B W E T T ek b, =
TR KT o FEE o8 2 TS, B ST
BERURE 5L = IO IR 2 CVA21@ONP B9TEAR .
CH,COONa

CVA21 mRNA

YUV

3 CVA21 mRNA diluent
LipidV]’\ o /

Aqueous phase

Microfluidic mixing method

Collect and obtain CVA21@ONP

1 LNP €% CVA21 MRNA ~E[E
Figure 1

Z&: 010-64807509

A schematic diagram of LNP encapsulating CVA21 mRNA.
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1.2.2 CVA21@ONP ¥4 EE CVA21
e

¥ HT29 . US7MG ., CT26-iRFP,CT26-GFP .
AMLI12 4 fitdh 6 fLAR, RSl 5x10° M4, 7€
AR A P R IR . IR IHRE SR AL,
#hFE 2 mL FrifiE R, ¥ CVA21@ONP L
mRNA JiE R 2 pg %4 6 fLiH 4,
eGFP@ONP 4 [A#E L) mRNA ffifihy 2 pg fEYe
Y 5 25 2R 2 (LINP)ZH LAAH R (AR B4 g o 1k % 2%
PR AL BRI ;25 AU A S b 3R A R A
Ml B 80%AMML ™AW ENS, ¥ 6 LA
—80 °CYKH A kR 3 ¥k, B0 )5 B Ik
595 B, K5 20 N PO-CVA21 . ¥ i 5
PO-CVA21 4k HT29, USTMG #iijits, T
—80 °C /&2 % fh 3 ¥X, 5000 r/min &[> 5 min Ji5
R, WOk B3 0.45 pum JE AR I8 2
BRAUMIRE R, Kl 8 20 22 100 kDa 1
FRUEE AR 20 A%, YRR I T A A IR T L
Je i FH 1 ST e BE A R . CT26-GFP 41 fitd M 7%
CVA21@ONP FFA1T4 0 h, FifiJ5 FH & P76 20
JL T AR R 20 24 he
1.2.3 NERBEHRSEE

20 384 Ak I B80S F 96 LA I A HT29
USTMG 4 i35 100 pL, AL 2x10* >4 il
TE ARG SR AE TR G SR i . AR5 A
70%-100%HF, HCH AR HE, DL 10 fRuk 2L
FE s Ze R B, B RREEE 10710717,
96 FLAR Y 1-10 KUK X I 10"-10"° F B A5 £ 1
FRRFEA , B FRRRAEEL 8 A FL(HDER 1-8 41)),
IR R REAR TG B, 100 uL/AL, B 55 &
T 37 °C. 5% CO, Fifeffilige . 48-72 hJa W
g7 BEA 4, LA 30 1gTCIDse=L-d(s-0.5)
(Hrp L, d. s 2 d5e i B B B X AL F
TR X B 6] 9 2 L BE AL G R B R T 550 7
TR

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

SRS -G aR KR AR M AARTE 1
AR AL T8O T 6 FLAR R I A HT29
USTMG, CT26-iRFP 4l 2 mL, HHL 1x10°4
Yp, FE ARG FRAA PSR BB 2 R
FELIAREIRRL, #3902 mL T BERE IR 5L, K4 i
43N 4 4, CVA21 406 CVA21@ONP L mRNA
FiiE R 2 pg F U dnffl; eGFP 4144 eGFP@ONP
[FFELL mRNA Fif ol 2 pg #Y4ifid; LNP 41
DL [R) AR FH B0 i 5 1A K 2% g AL BRA D ;2 1
AR B, WE 2 NEAL.
I35 SR 72 h J5 5 B, F PBS WEYE 2 1K, 4%
LR E 15 min, 4822 PBS W%k 2 1K,
mAEFLHMA 1 mL 45554 10-15 min 5,
57 R PBS YL 2 G FA M,

1.2.5 CCKS %l CVA21@ONP A1
BG4 K W HT29 . CT26-iRFP 41 14
I EUS T 96 FLAR I AW 100 pL, 45fL
5x10° MM, 7E ZE AR IS SR Th SR A
o7 A0 B s B 5 R A T R MG . e L AL A0
YL 0.025, 0.05. 0.1, 0.2, 0.4 1 0.8 ug CVA21
mRNA, X} BEZH (LNP)40 50 A S5 55 55 2L A
e, 25 14 (Control) 4 it Hoin A %5 & 15
FRIHE, AR 6 NMEKE . EEALEM CVA21 4%
YL I B (multiplicity of infection, MOI)%)J)
90.025, 0.05, 0.1, 0.2, 0.4, 0.8, T 37°C
TR AR SE 48 h 5, LA CCK-8
A, BEFL 10 uL, FHE T 37 °Cry A bk
BiFRAHIEE 1 h, WEE S5 E R 2
450 nm P TOLE A OD fH, #&MA: 4ij
TE7E %(100%)=[(iX ¥ 4 OD fi-Z5 14 OD
{H)/(C4FBE 4 OD {25 140 OD 1H)]x100%, it
AN R . A FRECIE N, AR R M R
B/ME, JE/INRZE
1.2.6 RIHHREAR KN LR pRR T
BOW 0k K WA HT29 . CT26-iRFP 40 il 14

1.24
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IR T 6 Ltk in AR 2 mL, #fL
1x10° N4, 78 A Ak 240 h IR SRR
T 20 B BE S UEA THE e . CVA21@ONP 4153k
2 ug CVA21 mRNA, %5 4 (LNP)¥ A SE R /Y
SEOLRR 5L g LNP 25 2, PR HRZH (0.5) 4 A
MOI=0.5 ) CVA21 & %5 8, A X R 4
(Control) I ASEH 57 5L, 24 h f1 48 h B 4351
K B AR TR . H4E Annexin V-FITC
20 it R T AR R S U B, AR 1x10° A
4001, 1 000xg 2.0 5 min, 3 3, LA 195 uL
Annexin V-FITC Z5G5WREEZSME, MA
5 uL Annexin V-FITC, 3#iE%], Hl 10 uL it
AK A BE (propidium iodide, PI) LAk , 1R 5T,
BFE 10-20 min J5oKki, REEDL, MFE IR
RN 2-3 Ik, ALK .
1.3 KRAXWLFE
1.3.1 BRI

A KR AS BT 19 CT26-iREP 40, el
AR, W4 1x107/mL /24N IR T
5 H BALB/c /U T 14T 100 uL #2572 BALB/
c-CT26-iRFP R ssiriy , 4 H WS b Ak KA
B, MR AR R (mm?)=0.5%(axb)? (Fih a. b 435
Fon KAz R, fENR MR A2 R 100 mm?
B /NS E o K IR AR BR B 100 mm® A4
() 30 FUNRAY A 5 AL 1) 454l BRI M i
5} 100 uL AS[R1% B2 (10 pg/100 uL. 2 pg/100 uL)
) CVA21@ONP J%z 1x10° 50%2H Jifd J& YL 15 (50%
cell culture infectious dose, CCIDso) /mL ) CVA21
e, LNP 2P R I8 P9 1 325 20008 o (A 4
z1 H/HEDEFR

KPURL 100 pL, XfBRZH (Control)Ji 15 PBS
100 uL. HFE IR ZHEEIIEN 0d, T 0. 3,
6 RX/INRIEATIE N 242 .
1.3.2 CT26-iRFP JT4I4hR T B 7E i
ERASL +35 25 et (8] B A& T

CT26-iRFP 4 fifl ilJf 5 238 IR 215
EREAE/D RIS . A 3. 6. 9. 12,
15 RN 2 /I BRUBR IR 1 /N sl 0 A S A

EIER
1.3.3 IR ARG /)N 5 AR BE2H LR S 9%
40 B EE £

] 25 T P 200 B - ML 2 2
RREWE LT 70 pm IEM AT ELUE, 400xg. 4 °C
B0 Smin J55 B, MAZLAMZHE 5 min
J&i F PBS 2 1340, dkSiE 0 g, PBS
IR, B 2x10° AN A 5 uL Zombie
Aqua™ZLRHR 2] e {6 30 min J5 B0 L

T 4HA A 5038 : ARUTMAELIE CD3 . CD4.
CD8. CD25. CD44. CD49b #ifk, #OLIHE
30 min, PBS VRUANML, A0 RE W4T 40
[, [ 5 R R AT, A Foxp3
WEOEIEE 30 min J5 PBS PEIR4IM 2 Wk, #EfT
Uit A0 ARG

B 2 IR 21 il (dendritic cells, DCs)., MDSCs
(431 . MK ABLJR CD45 ., CD11b, CDllc,
GR-1 Hifk, BEOEHF T 30 min, PBS BE&AMMI,
P [T 5 VAT 20 B T 5, [T i PR RBE S 59
TR RN A MHC 1L 5 30 min J§ PBS ¥
VAL 2 Yk, Al I A M AR RS I B

Table 1 Dose grouping scheme

Group Type of administration Dosage (100 pl/piece) Number of animals
High-dose group CVA21@ONP 10 pg/100 pL 6

Low-dose group CVA21@ONP 2 pg/100 pL 6

Virus-group CVA21 1x10° CCIDso/mL 6

LNP ONP 100 pL 6

Control PBS 100 uL 6

Z&: 010-64807509 P<: cjb@im.ac.cn
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1.3.4 /NRAKA CVA21 fREHIRK AN

il & CVA21 JRHEPLE . 1x10%° CCIDso/mL
IR BEFEASFE H I Ak R, ARSI, $4
HEUFF 30 min 24, M S BERE : 30%20%, JF 2 s,
% 1s, #5 6 min. IMIFFES AT . 4
BALB/c /MR 3 WIBHN 2, ASERTIRERR
i, &FELEY. &M=k 37 °C
#E 1h J5,4°CiH7, 4000 r/min &.[> 10 min
PAGMLTE, 4035 T80 °CHRAE, i, B
B AR T A 0 28 whBOEE CVA21 SR BE PSR B 2=
1x10%2 CCIDso/mL, JA 96 FLEGBAT H, AfL
100 uL, 4 °CE#l G, BALIA 250 uL B
WE kAW, 37 °CH¥E 2 he AFFLANA 100 pL 7
DUAE S, 430000 AR AL/ BRI IS FEAS , 37 °CHig
H 1 he A PR B 1:2 000 6 B HRP fRid
FIEBTR 1gG, MFLIMA 100 uL, 37 °CilEtiz
H 30 min, AIA TMB B, = iEEGHCE
10 min, HJE A 2 mol/L 1) HaSO4 & 11 K2 )i
FABEARX T 450 nm P A0 E OD {H .
1.4 SitE9Hh

itk ] GraphPad Prism 9 #{F#E1 7
A3, EHE DL B {E PR ME 1R (mean+SEM)FRIR o
PAZEL A ) 2 S SR ST AR AR t-test 40T, DA
P<0.05 &/ B EF 2R, P<0.01 KR f
W B EGIF 2R

2 BRS04

2.1 CVA21@ONP B9%I%&
PCR #3475 B4k 1L i CVA2L JE[H B,

A NE 2A FR, 550 KANFFA (7 522 bp);
IVT 558 n1E 2B i, BPIEE 5% mRNA /™~
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Figure 2 Agarose gel electrophoresis of CVA21.
A: Linearizes CVA21 gene fragment. Lane 1:
CVA21; Lane 2: Control. B: CVA21 IVT product.
Lane 1: CVA21-mRNA.
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Figure 3  Particle size distribution. A: CVA21@ONP; B: LNP no-load.
*k2 GH~YSHE
Table 2 Detailed parameters of the encapsulated product
Z-average (nm)  PI Ci Ci Encapsulation efficiency
CVA21@ONP 90.58 0.060 38 5.94 ng/uL 246 ng/uL 97.58%
LNP 77.67 0.141 40 N/A N/A N/A

PI: Polymer dispersity index; Ci: The amount of free mRNA in the sample; Ci: Total mRNA.

& 4

ESTHESER  A: CVA21@ONP; B: LNP 2%

e

Figure 4 Electron microscopy. A: CVA21@ONP; B: LNP no-load. Scale bar=200 nm.
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E 5 CVA21@ONP ¥% A [EZHM  A: HT29 #iffl; B: US7MG 4ififl; C: CT26-iRFP 4iijfi; D: AMLI2

i .
Figure 5 CVA21@ONP transfected different cells. A: HT29 cell; B: US7MG cell; C: CT26-iRFP cell; D:

AMLI12 cell. Scale bar (red)=100 um.
Oh 4h 8h
16h 20h 23h

6 CVA21@ONP %53 CT26-GFP a0
Figure 6 CVA21@ONP transfected CT26-GFP cells were continuously photographed. The square (red) is

(100x100) pm.

12h
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A: HT29 4152 7% CVA21 57 ; B: USTMG 4iffi & i% CVA21 W§E: .

Figure 7 Electron microscopy. A: Electron microscopy showed that HT29 cells reactivated CVA21 virus; B:
Electron microscopy showed that U§7MG cells reactivated CVA21 virus. Scale bar=200 nm.

CVA21@ONP ¢GFP@ONP

USTMG HT29

CT26-iRFP

8 CVA21@ONP 553 3 #4Hp A = DI R E

LNP Control

Figure 8 Plaque effect of CVA21@ONP transfection on three cell lines.
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Figure 9 Survival rate of cells treated with CVA21@ONP and CVA21 virus. A: HT29 cell; B: CT26-iRFP
cell. *: P<0.05; **: P<0.01; ****: P<0.000 1; ns: Not statistically significant.
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Figure 10 Cell apoptosis detected by flow cytometry. A: HT29 cell; B: CT26-iRFP cell.
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Figure 11 Tumor size in BALB/c mice. A: Changes in tumor volume over time; B: Tumor volume on day
15. *: P<0.05; ***: P<0.001; ****: P<0.000 1; ns: Not statistically significant.
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Figure 12 Changes of near-infrared fluorescence signal intensity of iRFP expression in tumor tissue of
mice.
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Figure 13

Intratumoral expression of iRFP signal intensity in BALB/c mice. A: Changes of intratumor iRFP

fluorescence intensity over time; B: Intratumoral iRFP fluorescence intensity in mice on day 15. *: P<0.05;

**: P<0.01.
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Figure 14 Flow cytometry analysis of a representative sample of each group.
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Figure 15 The percentage of different immune cells in the spleen tissue of mice was determined by Flow
cytometry. A: Tregs; B: MDSCs; C: NKs; D: Tc cells; E: DCs; F: CD8 memory T cells; G: CD4" memory T
cells. *: P<0.05; **: P<0.01.
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