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HEEE: I 5 R IR SR T TR R R R SROVIR T SN 2 —, FLIE 2k iR B s e gk b sk o R, g
T 35 0 R B 9% SN . {5 RNA (messenger RNA, mRNA) ¥ 117 A& — F 3 Y925 7, 38 3k 1m) 44 Py 3 36k v B R 1)
mRNA J7 51 335 M R HT IR B (1, AT OE WL S RGUA B a7 M H 1. mRNAZE 54508 Wi B A
A JE B A R R R g2 S SR AR L B, I A SR mRINA P 1 A IR e v 9T o N S TVZ %E, {5 mRNA
HIAN TR M AR a8 R PR 1 LR o oK% 22 4 R 85U T mRINA 28 1 1668 3% 1R HME L, B K Hb A2 18F mRINA fi
J6 925 Ve TR S E R A PR S, © B9 mRNA JE B 78 I3 fle A SOR mRNA MO8 5 i dE A7 /48, i 0 4K 3
1% RS AE mRNA IR P2 1 A B S 34T 2808, LA mRINA I8 38 1 vy 20004 025 2 I8 4 928 16 7 8 A R i R

Fiike
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Research progress of nano delivery system in mRNA tumor vaccines
GU Pan-pan, GAO Tong, LIU Yong-jun’, ZHANG Na’

(Key Laboratory of Chemical Biology (Ministry of Education), School of Pharmaceutical Sciences,
Shandong University, Jinan 250012, China)

Abstract: Tumor vaccine is one of the most promising therapeutic strategies in tumor immunotherapy. It
promotes the antigen presentation process by delivering tumor antigen and then activates the anti-tumor immune
response. As a new class of vaccines, messenger RNA (mRNA) vaccines can activate the immune system to
achieve the purpose of immunotherapy by delivering the mRNA sequence of a specific antigen into the body and
expressing the corresponding antigen protein. Compared with traditional vaccines, mRNA vaccines have the
advantages of a short production cycle, high effectiveness, and strong immunogenicity. In recent years, the
application of mRNA vaccines in tumor immunotherapy has attracted widespread attention, but the instability and
low delivery efficiency of mRNA limit its application. Nano delivery system can effectively solve the problem of
mRNA vaccine delivery, greatly promote the research process and clinical application of mRNA tumor vaccines,
and has become a hot spot in the research of mRNA vaccines. In this review, we introduced the mRNA tumor
vaccines, focusing on the application of nano delivery system in mRNA tumor vaccines, in order to provide new
ideas and new methods for the efficient delivery of mRNA tumor vaccines and tumor immunotherapy.

Key words: mRNA vaccine; tumor vaccine; nano delivery system; tumor treatment; immunotherapy
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UG, RIAE /N BRAR P9 3R IE AR B B 3, 1 IR s
mRNA £ A 7E 5 W 0 78 U80S H 1 AT Rt . 1995 4,
Conry 5Ky £ 1 2 15 5 O 3 B AN g IR H1 S 1Y
mRNA B )&, 8 i 3 565 PAE 5744 4 844 1) mRNA J&
/N BRERAF 0 R G 2 R, IRAR B I 5 R 4 b
mRNA ¥ H/E A MR R IT 1T Be . (2 RR T A,
mRNA ¥ 7t A\ 2 Pl S 70 2 5 o J 350070 HH, F 9 Kk e
BONGE . 5 DNA ML, mRNA B AT 1 R 3 24
PRy, G N A% B AT 3Rk, B B 5l AR K
BorT; 2 B vy, T E I A AT A R & R R A S T A
2 5 mRNA [ 82 2805 R Ra e M5 i) 4% TR, &1 T
P AN H bR E, AR RN ] A A B mRNA,
T8 25 RIS TR, mRINA R 92 1 3% 3 52 3 0F 7
R, AR T AN T R A B

SR mRNA P i B A IR T R 1R AT 5, B4
FAEW R S : @ mRNA NFGE, 5 B0 8L I 1 i 1
M LA N A @ RSH K, 45 1 S s 22, 3 1% A
AP . GK I8 L R SRR AU 4F mRNA, 8 G H7E
3 38 3o A v b T A AR R A A SR TS R b
BT CD40 FUAR 25, AE K mRNA 75 2CHE 7] 336 3% 1) ik 2
BB Wbk B 45 (lymph node, LN)™ B 47 J5 i3 5L 44
(antigen-presenting cell, APC), M1 3 it 7 £ B F1 2
T3, B AR N A S R VA I AR R,
mRNA L5 B O R BE . PRIEE RGO RN
mRNA iR 2 B I 8 R
1 mRNA REEE

mRNA 73 HAEE H17 mRNA (nonreplicating mRNA,
NRM) F1 [ § 1% mRNA (self-amplifying mRNA, SAM)
P2 NRM 72 H 2P ¥ JFURL DNA 85 & B 5 20 B
AR I o Ak A1 5 3% A B, 45 K 8] 5 RNA T 41 50
HEA MRS E . SAM 255 4 B 11 J5 16 5 51 B
FEAE N LRE RNA TR 1, o H 6 5 DR 5 4 o ) 485 1)

Table 1

B 3L IR, T 4 D mRINA B i) (1 356 R e e
SAM fE 7= A2 i L IR R IE AKCF I AT RS R IA, SR
SAM ¥ 73 7 i & 2t K F NRM, 3 80 H A4 7= i #2
NRM & Z4. BAh, SAM w474 g it 8 1 42 ] B 1)
G2 R X LIS ), AT BE 2 S AR UM S I B,
ZANE MR UE

mRNA I8 P28 B — A2 A5 FH 2 B 98 Y0 2 e & )
mRNA, 183 A\ AR 0 G 5 G080 18 HRE S 4 e g
PR EAE R BEAR”, 175 S AU P A 0BRSS
P2 N2, HETIT VR 0l JE I B bR A . A9 o e R 1
Jie 98 95 0 5 2 A R A OGP (tumor associated
antigen, TAA) 1 1 £ 1 Ji (neoantigen, Neo-Ag). Ut
A, — e mRNA F 1 1 0] g 5 G 28 00 3800 1 240 i ER)
T B T T MR va T 5 A S A R
T AH EG, mRINA i I8 22 15 A 7= T2 17 B, o) 46 380 o
P, 5 TR A= AR, B XE RS, %%
Jir PR i I R A, R DRI i 2 g 92 v FH T e
JREHERA AR TT -

B4k, mRNA ML REGR IS L5, 38 BE7ESELe B L T
PR NG, 38T S Toll FE 324K (Toll-like receptor,
TLR), & TLR3.TLR7 Al TLRS £, $& At S il (5 512
HER SR A (dendritic cell, DC) B34, 1 58 402 2 NV
g JE,

2 mRNA EEEMMNKIEE RS

FH T mRNA H £ £ e 5 R 38 2R PR 1, 7T R
2 R 1] 33 3% 2R 4 mRINA S 1 A% 4 A v £ 1) R
£ mRNA %% B 78, CH8 tHvF 2 08k s mg, Hop e
95 T AR A P N K IR 36 2R ) A% TR B L S SRR BRI,
I AT AR PSR A 7R L%, A mRNA 2% &
AR (B 1.3 102,

2.1 ETFREREMAKREME  JNEFRYKHR (lipid nanopar-
ticle, LNP) & — Ft 4= W) hH 25 11 404, %00 2% Jl P S 30

Nano delivery system of mRNA tumor vaccines. LPX: Lipoplex; E7: The human papillomavirus 16 oncoprotein E7; CK19:

Cytokeratin 19; OVA: Ovalbumin; DC: Dendritic cells; HPV: Human papilloma virus; TRP2: Tyrosinase related protein-2; LNP: Lipid

nanoparticle; CLPP: A protamine/liposome system; CPP: Cell-penetrating peptide; CD-PEI: Cyclodextrin-polyethyleneimine; GO-PEI:

Graphene oxide-polyethyleneimine; MSN: Mesoporous silica; LN: Lymph node

Type of nanocarrier mRNA encoding sequence Target tissue/cell Type of cancer Ref.
LPX OVA and gp70 DC Tumor [12]
LPX E7 DC HPV16-positive malignancies [13]
LNP ¢p100, TRP2 and OVA DC, macrophage and neutrophil Melanoma [14]
CLPP CK19 Tumor Lung cancer [15]
CPP OVA DC - [16]
CD-PEI OVA DC Tumor [17]
LPP OVA, E7 DC Cervical carcinoma [18]
LPP TRP2 DC Melanoma [19]
Cationic lipid-assisted nanoparticles OVA DC Lymphoma [20]
MSN OVA DC Lymphoma [21]
GO-PEI OVA LN Melanoma [22]
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Figure 1 Nano delivery system of messenger RNA (mRNA) tumor vaccines. Nano delivery system of mRNA tumor vaccines are mainly

divided into lipid nanoparticles (NPs), protein/polypeptide NPs, polymeric NPs and inorganic NPs

XT mRNA 738, Hoil 2% 77 20F £ R B AV 280
VR, BT O AR BOR T D T LNP 1 i) % AR
PR LNP Bl 2% AT mRNA [ 25 250 #2 A0 X
Sy, CAE AR B iR A2 w5, B A Pfizer-
BioNTech 1 Moderna 2> ®] JF & W) P9 K | 32 f8 H (1)
mRNA 7 76 92 7 B LA LNP S #44™, LNP i i 5% 5
4 32 B IE [ B A PR I L SR & ¥ (polyethylene
glycol, PEG)-Jlig Jit F1 ] H, 725 I o7 41 he ™), #8 K #5 % A
VB DAORUE S AR B % Thg . Frh, JH ] B A5 e LNP;
Hh PR T IR SRR IR ot X2 45 1) IR B T 3 T A 1 1T,
PEG-JIig 1 fie i < 52 B 1) 2 2 0, By L 0K ZR 45 AT e
9 T DA R 1t 2 R R T IR F, A E o AR R W B AR
HLPE ) mRNA JE R G4, & mRNA i3 18 F e 3
PR PR 2K Y

A HL B I 5T A2 LNP A (1 S B8 R 4, AR 45 1 A
AL ANV 2 BB VIR G W2 L AT A W B A 2R A
SRR 5T . T R T B AR 45 R 203 T 5 mRNA
i 3% R A B AR, 40 Miao 25PN bR g AT S L 51N
I I e S A AE 1 4-(V,N-— HF BE B AR ) TR (R v )
H i (Dlin-MC3-DMA) (1) F8E 451, i@k b ik, &
B bR S A e B IR J5T A6 S 2 iE mRNA BBIE % . Liu
LGP ARG LR TSR3 AN R 2 R A
AR B oL, AR A B B 5T B T A AR AR v, BE i S A
AZ {3 mRNA BT, £ v FLIS IR R0

I Ab, 36w E I 2 LNP G 77 15 2 5 A0 1) mRNA
1 1% 2 A . Oberli 25138 3 LE LA AS 7] iR 52 11 26
G, 330 7 FAERCTT B1L, 2R J5 FH 9 i MR 0 i s 2 R
M #H 5¢ 85 [ 2 (tyrosinase related protein-2, TRP2) Al
100 kDa ## 2 (4 (gp100) F mRNA #{ 4% B11 LNP, X #
7 B16F 10 58 (200 1) /) BUEAT VR 7 PR w3, 45 2R
7 IR 25 4 T A RGE /N R SR AR E# . LNP AR
ER = AR R Ui Sy v I 5 o B B[ K I 7 AN A2
SRR EIE RS
22 ETER/ERIMKREE HO/Z KA M
e M AR S B SR A MR RE %, ]/ ) mRNA i# 3%
REG. HABHE 7085 & A A R4 9F R4 mRNA, H
RS R M mRNA 2 (8] AH BLAE a1 5%, Foptfs
RS 5 1 -mRNA 5 W) 2 A0 A ¥t . CureVac
AFIWE R E IR T H R E A 2S5 mRNA
RV 5 70 SR AR v T A 928 RO ) RNActive” £
A, B R ER ) mRNA A 8 H-mRNA B &5 LL 101
EE A i) % 5 T b ey, Hoh fF B2 H-mRNA H &
PAUAE N PER], #REE I mRNA H T HuR 4 =0, th4t,
PH 25 74 B % 3B K (cell-penetrating peptide, CPP) B
BUAIG 1R FR A EE RE AR 0 R IR BR ), RE AR #
mRNA. 41 Udhayakumar 55" % ] & 4 M 2% 14 RALA
JEFP 1) CPP K mRNA L4 9K B 51, E &) &
7 i pH AROREE JR UR RE E, RE A 280 I DC 3 L
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mRNA J£{2 ik CD8" T 48 il 14 5 -

H B e 25 R 245 1 40 B B 22 1) 02 BH B 1 IR oA,
H S P T 0T A I A A 366 025 R0 R A PR, T BH 25
A L e m B0R 45 mRNAPIE gl K id 1% R 48
1V T A BRI I A i, R OGRS R T
%o Lei %P IT T ks B A/ ik R4 (CLPP), i@
o f8 K B K mRNA WK G BN K ), SEI AN K 2450
% RBNAT R . CLPP i#1% mRNA B8R4 H A
TR il 2 il e G 0% vy ELARR R R -
23 ETEEMMNKEE HETFEREMAELSH
SUPE AN T 77 TH BAT R4 6 R 3 1, PT IEd R BA
B FH 46 57 FL M TR mRIN A, 38F G0 4 A% TR I P4, 42 10
IR, HATMABRZHNHE T REME R
J# (polyethyleneimine, PEI). 2§ (-2 %:fi5) [poly(f-amino
esters), PBAE]. 7% B M %%, K2 H T mRNA i#$ 15 (1) %
B WIR TR AE 1 DUBE 5 % Qe s S M AR e PEPY . Tan
VR T — M B-FAHIAG (B-cyclodextrin, B-CD) &
i AL 205 U e (bPET) 4H 5 PELRT A4 (CP), 52
545 R 578 CP-mRNA B S WK S e dciem v T
bPEI-mRNA & &%) . b4k, v 2L Y% % £ PBAE {£
mRNA 3% 1% J7 TH R B .. Capasso Palmiero %% i@
bR O IR B T I ) 5 M PBAE = oL R Y, Hoh
e FeE ) = on L R W R I B PEL B & 1 % L A 3R,
N PBAE # AR #JhK 3% 1% mRNA LLIFE AT 5 1 2 Fh Al g JiE
IR IT R AL T RE .

H, BEWANE B8 1S H T mRNA #% .
fig i 2 % 5 AW (lipoployplex, LPP) #2& % mRNA 73 1
BB R EMIZ O, R A% O N B 8 HE X 7T
Bt AR 2RE 4. LLIEE [ (ovalbumin,
OVA) NAGE AL B 7 2 H AT N By )iz Y
PR Z —, Persano 2557 & T UL PBAE/mOVA (4 1%
OVA ] mRNA) A%, B2 7F JI§ Ji 572 ' 41 B% i) LPP/
mRNA J 1, 1% 1 fe R DC i B b, B
SR KB G R . A, B T ER MU X mRNA 4F,
#2551 5 mRNA 3% 38 12 fe 1A 21 5 5 1 s 16 97 R -
Guevara S T T 3 142 571 a- 2= FUME 3 b 28 1t Jie Fn
TRP2-mRNA $L 3 1% [1) LPP #% %, 3 £ 1) mRNA % 1
TR T PR R CDS™ T 41 B i 38 5, [7] i 38 n
Th1 40 T 1 S i .
24 ETRNMBEAREE  LHLYUKHKL (inor-
ganic nanoparticles, INP) & —F Z THREN KT &, BA
0Bk P (o] 3 A 1 o R PR R, VE AR BUA R T
RO (38 0% 80 % o BeH LI INP J2 A L EE 99 KOk
(mesoporous silica, MSN), = G H F N FLEE W, 4
VIR VLT, Ae A RU% A 33 1% mRNA. Zhang %512

TFR T B mRNA FIXUEE RNA K i 1) 5 11 )5 8 il
(PKR) #1771 C16 2H /. () MSN-mRNA ¢ K i 1% & 4t
(C6@MSN), I £ E.G7-OVA fi 3 5 Y _E B 1% 9% 1
I3, 45 R, R PR AR T A R R A, 2R
MSN-mRNA # 1% 2 4t 75 Mg 697+ BA BRIk
.

THLM RN RS P ES F T mRNA [, oy st
I O A A R 45 R M Th e . Yin SR A4 &
J#i (graphene oxide, GO) il PEI #4 2 T 0y & /K it Jiz,
T - HERURI & FAE FH 35258 mOVA FIAA 77 R848 . 1%
IKEEIR 2 B2 NS G, AT A A& A mOVA FlTR848
YK RET, PRI mRNA A B A I $E 7] LN, T 3%
80 P JE RS S M CD8” T 40 B 1 B 3 PR A RE A B
i 9eE Gt

13 S V1 v e = i N R e L R (W
mRNA 1 #3% F#K . Lin &0 & 7 BB AX R
JIE 5 X2 4 2 T W TR 685 40 K KL (LCP), H N 36 4w
fih mucin 1 %52 A # mRNA (MUC1-mRNA), £ i &1
H . HE R AL A LN 1 DC B H 78 05 32 44 {d
LCP BT # ¥ MUC1-mRNA = 2% 3% ) LN 71 ) DC
Abo LCPIEIL 5H4l i Tk LA B AR <R 1 4 5L
PRERH, BB 5 5 0m 2 (10 PU GRS 1% 400 it 2 1 T ik B
i (cytotoxic T lymphocyte, CTL) & M., SEIL = B 14 FL
e G IR T
3 4hKiEiE R AE mRNA BREE & B0 N

mRNA 87 728 1 75 4 A0 G S A (RIAE AR 4h & i
F) 4 B K 5 FL R A mRNA 7 81)) 83% 2 APC (L 2H
DC) 1, DAIRIEM M MR E A, i A2 EH N
A M E S 4 (MHC) Bl MHC-18{ MHC- 11 & 45
CD8' 1 CD4" T 41, 4k 1111 J3 23 B G % R 25, 38 2]
oM /E A (&2). # mRNA 5 A DC 2 i 98 92 1
210 B 25 9% R4 mRNA # 42 DC A2 B (1R -
A8y, H R R b 2 B P AR X R Y6 97 1) mRNA %2
B D mRNA 992K #0441 J8 I 4 g 2 4k 3k
mRNA 73 2 2 1 I B #2785, 8 FL7E 44 4 B0os DCP,
@ A DC 1 mRNA 99K 342 12 MB35 40 if 2y
B A R, TE AR AN S 4k i DC, R SR K B
mRNA 40K 8 AR5 Y %5 DC, F 040 & HBE ik ) R 3%
PR AR R E I 0T BT PR 95 T A K 3 2k 28 AR A X L
PG 3 RGE R LS A BIR N0 7L, B arCf 2 00
mRNA P 1 3\ 8T 6 97 [ 1 AR R
3.1 mRNAYEREAZEE B (64 LNP
45) JE 45 mRNA 15 2] mRNA B 1 /2 H F s 2 Wivt &
5 . Miao ZEMIH R T — & FI LNP /5 mRNA # %,
I8 o TP R L KR 42 (STING) $2 AL ¥ ) 5%
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Figure 2 [n vivo processing of mRNA tumor vaccines. The mRNA tumor vaccines are internalized by antigen-presenting cells. After the

endosomal escape, the mRNA is released into the cytoplasm and translated into protein by ribosomes. The translated antigen protein can

stimulate the immune system and achieve immunotherapy

L, AT TN OB BRI R ). A
A RUF IR E T e e 2 A, 2 P mRNA
M O N I IR BT 9T (3R 2). mRNA-4157 /2
Moderna 23 7] ¥ K& (19 2 845 8 £ 5@ 0 S VA e e 7
Hi, W] 4nhY 34 Fl Neo-Ag, H ik #4449 LNP. THIEIK
I8 AE R SR, T NN & R, BB R
=M, 51K T Neo-Ag 7 5 1 T 40 il e ™. H #if
mRNA-4157 2k AU IE PR K58 B By, 5 500 8

pembrolizumab A L, {f Hf mRNA-4157 Al pembroli-
zumab X & VA 97 1097 20 (NCT03897881), &5 5t i 7 B
BRI EH WL E KA IKIL 3 E, & N5k,
BNT111 52 BioNTech 2 & B & ) — 3 4 i NY-
ESO-1.7% & R (tyrosinase, Tyr)s MAGE-A3 Fl TPTE
X 4 Ff TAA ) mRNA %2 11, 3@ i RNA-LPX #f ik i 4
% 2 SR Y, YD PR R 24 77 8 48 X v 31 4 A
S5 L W], BNT111 Be s S5 e PR Hu s S e %, B

Table 2 Clinical trial of mRNA vaccines for tumor immunotherapy. NY-ESO-1: New York esophageal squamous cell carcinoma 1; Tyr:

Tyrosinase; MAGE: Melanoma-associated antigen; TPTE: Transmembrane phosphatase with tensin homology; RNA-LPX: Liposomal

antigen-encoding RNA; OX40L: OX40 ligand; IL: Interleukin; PSA: Prostate specific antigen; PSCA: Prostate stem cell antigen; PSMA:

Prostate specific membrane antigen; STEAP1: Six-segment transmembrane epithelial antigen of prostate 1; NSCLC: Non-small cell lung

cancer; Neo-Ag: Neoantigen

mRNA encoding sequence Vehicle Rf)u'te Of_ Type of cancer NCT number/phase
administration

NY-ESO-1, MAGE-A3, Tyr and TPTE RNA-LPX Intravenous injection ~Melanoma NCT04526899/phase 11

E6 and E7 RNA-LPX Intravenous injection Head and neck cancer NCTO04534205/phase 11

5 Antigens expressed in de novo and metastatic ~ Liposome  Intravenous injection  Prostate cancer NCT04382898/phase 1

prostate cancer and IT

TriMix and 5 tumor associated antigens mRNA ~ LNP Intranodal injection Melanoma NCT03394937/phase 1

OX40L, IL-23 and IL-36y LNP Intratumoral injection Solid tumor malignancies and ~ NCT03739931/phase I

lymphoma
mRNA-4157: Neo-Ag LNP Intramuscular Solid tumors NCT03313778/phase 1
injection

NY-ESO-1, MAGE-C1, MAGE-C2, survivin, Protamine  Intradermal injection NSCLC NCT03164772/phase 1

5T4 and MUC-1 and IT

PSA, PSCA, PSMA, STEAP1 Protamine  Intradermal injection  Prostate cancer NCTO00831467/phase 1
and II

Neo-Ag LPP Subcutaneous Esophageal cancer and NSCLC NCT03908671/phase I

injection
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AR 52 M R ™. H AT BioNTech 2 w] IE7E 1]
Il 7 $F 4l B¢ & 4 Ff BNT111 Al cemiplimab ] J7 3%
(NCT04526899), 5 4l H BNT111 B cemiplimab £f
b, BERBEHENRENEMEILT 24400, B
R 17 B R 2850

% T LLLNP Al RNA-LPX N # {4, CureVac 24 )
JF R 1 BI1361849 (JF 4 CV9202) 3K fi K £ 11 i i%
Y 65 6 Fh AE /N 41 o i & (non-small cell lung cancer,
NSCLC) # 3¢ Hi J5 i) mRNA, H B BI1361849 &t T 1/11
I R B B BE (NCT03164772).
32 BXADCHI mRNAYKREMAKESE S9P0KEHAE
B 238 3% mRNA A Eb, DC MY fE 25 358 3% mRNA, iE
REAE N APC R PR, S RENE . W EH
JE I H oy B AR A S AE AR R R, SR G R Al - B
WG 4 Ff 4 V% FR 1 T A A R -4 5 3 R RO L
FA B DCHM, 34 DC ATl ik Py A A F B mRNA 44
KER AL, B Ja AN [F 45 252 R B N, B
I 1) 4% (K028 T P T R VA 7 RN 4 DC [ mRNA 44
KB RE S T o Tateshita PR T — Mg R E S
Y2 mRNA #/k F T DC 1, Z kRl SS mI 1%
AT pH OS2 AE Y 5 (ssPalm-LNP) fll KALA k414
1M i (ssPalm-KALA), ¥f #. 5 mOVA 1] ssPalm-KALA
e 2N BB R YE DC JE Bl 2R, 45 R BoR 1%
5 P REAE /N BRI 1 S OVA 5 5V CTL & 1tk 4k 1 7~
A B FE PR A . DC B4 5 mRNA # YL 30K |
2 A VR O, AR 9% 1 T 0E OK & DG, il L2
BN A, BERERT XL By, HOHATE 2 R B LS
R E K mRNA # 4L 2 DC, KA DC H mRNA 44
KR T AR D
4 REESERE

B & mRNA 40K 1% RGN E R, R 2
(RTIF 4 G S FH E i 8 S % ¥ 97 AT UG T LT
. 20214 11 19 H, BioNTech 24 & ff) mRNA i 5
BB BNT111 (NCT04526899) 375 B3 i 1 % 8%, #
B mRNA P 1 75 I AR R 36 97 10 R 4 3 5
{H 2, mRNA ¥ 1 7E 2 4745 2 A0\ A4 P 3 306 0 Jie g 2%
i Re 15 A A 2 7, R — DR R,
A, FE T IR A 2538 1% SRR AN R A R B R e PR AT
FE BT . H1EBEE mRNA A8 K A4 R
FIIAWTIRN, mRNA R 90K I8 E RSk &R
i 98 G2 i T B TR (R

e BUAk: MBI b 0 TSR 28D SO RS 8 0 T AR
At S o HE S E 1 K ZE N TR AR 67 DT R E SO FE IR K HR
AR, HX S E RS R AT RO AL

FITNSE: A SCAAFAEAT AT 5 2SR5 1448 5% 1R 738 v 5 o

References

(1]

(2]

(3]

(7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Wolff JA, Malone RW, Williams P, et al. Direct gene transfer
into mouse muscle in vivo [J]. Science, 1990, 247: 1465-1468.
Conry RM, LoBuglio AF, Wright M, et al. Characterization of a
messenger RNA polynucleotide vaccine vector [J]. Cancer Res,
1995, 55: 1397-1400.

Pardi N, Hogan MJ, Porter FW, et al. mRNA vaccines - a new
era in vaccinology [J]. Nat Rev Drug Discov, 2018, 17: 261-279.
Miao L, Zhang Y, Huang L. mRNA vaccine for cancer immuno-
therapy [J]. Mol Cancer, 2021, 20: 41.

Hussain A, Yang H, Zhang M, et al. mRNA vaccines for COVID-
19 and diverse diseases [J]. J Control Release, 2022, 345: 314-333.
Li JM, Men K, Gao Y, et al. Single micelle vectors based on
lipid/block copolymer compositions as mRNA formulations for
efficient cancer immunogene therapy [J]. Mol Pharm, 2021, 18:
4029-4045.

Qin H, Zhao R, Qin Y, et al. Development of a cancer vaccine
using in vivo click-chemistry-mediated active lymph node accu-
mulation for improved immunotherapy [J]. Adv Mater, 2021, 33:
€2006007.

Minnaert AK, Vanluchene H, Verbeke R, et al. Strategies for
controlling the innate immune activity of conventional and self-
amplifying mRNA therapeutics: getting the message across [J].
Adv Drug Deliv Rev, 2021, 176: 113900.

Bloom K, van den Berg F, Arbuthnot P. Self-amplifying RNA
vaccines for infectious diseases [J]. Gene Ther, 2021, 28:
117-129.

He Q, Gao H, Tan D, et al. mRNA cancer vaccines: advances,
trends and challenges [J]. Acta Pharm Sin B, 2022. DOI: https:/
doi.org/10.1016/j.apsb.2022.03.011.

Verbeke R, Lentacker I, Wayteck L, et al. Co-delivery of nucleo-
side-modified mRNA and TLR agonists for cancer immunotherapy:
restoring the immunogenicity of immunosilent mRNA [J]. J Con-
trol Release, 2017, 266: 287-300.

Kranz LM, Diken M, Haas H, et al. Systemic RNA delivery to
dendritic cells exploits antiviral defence for cancer immunotherapy
[J]. Nature, 2016, 534: 396-401.

Grunwitz C, Salomon N, Vascotto F, et al. HPV16 RNA-LPX
vaccine mediates complete regression of aggressively growing
HPV-positive mouse tumors and establishes protective T cell
memory [J]. Oncoimmunology, 2019, 8: €1629259.

Oberli MA, Reichmuth AM, Dorkin JR, et al. Lipid nanoparticle
assisted mRNA delivery for potent cancer immunotherapy [J].
Nano Lett, 2017, 17: 1326-1335.

Mai YP, Guo JS, Zhao Y, et al. Intranasal delivery of cationic
liposome-protamine complex mRNA vaccine elicits effective
anti-tumor immunity [J]. Cell Immunol, 2020, 354: 104143.
Udhayakumar VK, De Beuckelaer A, McCaffrey J, et al. Argi-

nine-rich peptide-based mRNA nanocomplexes efficiently insti-



U W 45 oK% R G0 E mRNA R 2 B o (R 9 33k Jie

2333

[17]

[18]

[19]

[20]

(21]

[22]

(23]

(24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

gate cytotoxic T cell immunity dependent on the amphipathic
organization of the peptide [J]. Adv Healthc Mater, 2017, 6:
1601412.

Tan L, Zheng T, Li M, et al. Optimization of an mRNA vaccine
assisted with cyclodextrin-polyethyleneimine conjugates [J].
Drug Deliv Transl Res, 2020, 10: 678-689.

Van der Jeught K, De Koker S, Bialkowski L, et al. Dendritic
cell targeting mRNA lipopolyplexes combine strong antitumor
T-cell immunity with improved inflammatory safety [J]. ACS
Nano, 2018, 12: 9815-9829.

Guevara ML, Jilesen Z, Stojdl D, et al. Codelivery of mRNA
with a-galactosylceramide using a new lipopolyplex formulation
induces a strong antitumor response upon intravenous adminis-
tration [J]. ACS Omega, 2019, 4: 13015-13026.

Fan YN, Li M, Luo YL, et al. Cationic lipid-assisted nanoparti-
cles for delivery of mRNA cancer vaccine [J]. Biomater Sci,
2018, 6: 3009-3018.

Zhang W, Liu Y, Min Chin J, et al. Sustained release of PKR
inhibitor C16 from mesoporous silica nanoparticles significantly
enhances mRNA translation and anti-tumor vaccination [J]. Eur
J Pharm Biopharm, 2021, 163: 179-187.

Yin Y, Li XY, Ma HX, et al. In situ transforming RNA nanovac-
cines from polyethylenimine functionalized graphene oxide
hydrogel for durable cancer immunotherapy [J]. Nano Lett,
2021, 21: 2224-2231.

Cullis PR, Hope MIJ. Lipid nanoparticle systems for enabling
gene therapies [J]. Mol Ther, 2017, 25: 1467-1475.

Tenchov R, Bird R, Curtze AE, et al. Lipid nanoparticles-from
liposomes to mRNA vaccine delivery, a landscape of research
diversity and advancement [J]. ACS Nano, 2021. DOI: 10.1021/
acsnano.1c04996.

Fang E, Liu X, Li M, et al. Advances in COVID-19 mRNA vaccine
development [J]. Signal Transduct Target Ther, 2022, 7: 94.

Feng C, Li Y, Ferdows BE, et al. Emerging vaccine nanotechnology:
from defense against infection to sniping cancer [J]. Acta Pharm Sin
B, 2022, 12: 2206-2223.

Guimaraes PPG, Zhang R, Spektor R, et al. Ionizable lipid
nanoparticles encapsulating barcoded mRNA for accelerated in vivo
delivery screening [J]. J Control Release, 2019, 316: 404-417.

Li MY, LiY, Li SQ, et al. The nano delivery systems and applica-
tions of mRNA [J]. Eur ] Med Chem, 2021, 227: 113910.

Han X, Zhang H, Butowska K, et al. An ionizable lipid toolbox
for RNA delivery [J]. Nat Commun, 2021, 12: 7233.

Miao L, Lin J, Huang Y, et al. Synergistic lipid compositions for
albumin receptor mediated delivery of mRNA to the liver [J].
Nat Commun, 2020, 11: 2424.

Liu S, Cheng Q, Wei T, et al. Membrane-destabilizing ionizable
phospholipids for organ-selective mRNA delivery and CRISPR-Cas
gene editing [J]. Nat Mater, 2021, 20: 701-710.

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Sebastian M, Schroder A, Scheel B, et al. A phase I/Ila study of
the mRNA-based cancer immunotherapy CV9201 in patients
with stage IIIB/IV non-small cell lung cancer [J]. Cancer Immunol
Immunother, 2019, 68: 799-812.

Mojarad-Jabali S, Farshbaf M, Walker PR, et al. An update on
actively targeted liposomes in advanced drug delivery to glioma
[J]. Int J Pharm, 2021, 602: 120645.

Lei S, Zhang X, Men K, et al. Efficient colorectal cancer gene
therapy with IL-15 mRNA nanoformulation [J]. Mol Pharm,
2020, 17: 3378-3391.

Solomun JI, Cinar G, Mapfumo P, et al. Solely aqueous formula-
tion of hydrophobic cationic polymers for efficient gene delivery
[J]. Int J Pharm, 2021, 593: 120080.

Capasso Palmiero U, Kaczmarek JC, Fenton OS, et al. Poly
(f -amino ester) -co-poly(caprolactone) terpolymers as nonviral
vectors for mRNA delivery in vitro and in vivo [J]. Adv Healthc
Mater, 2018, 7: €1800249.

Persano S, Guevara ML, Li Z, et al. Lipopolyplex potentiates anti-
tumor immunity of mRNA-based vaccination [J]. Biomaterials,
2017, 125: 81-89.

Liu L, Wang YH, Miao L, et al. Combination immunotherapy of
MUCI mRNA nano-vaccine and CTLA-4 blockade effectively
inhibits growth of triple negative breast cancer [J]. Mol Ther,
2018, 26: 45-55.

Faghfuri E, Pourfarzi F, Faghfouri AH, et al. Recent develop-
ments of RNA-based vaccines in cancer immunotherapy [J].
Expert Opin Biol Ther, 2021, 21: 201-218.

Zeng JX, Zhang WY, Liu EG, et al. Effect of DC vaccine sensi-
tized with CpG ODN combined with tumor antigen on murine
melanoma [J]. Acta Pharm Sin (2%%%%lt), 2022, 57: 385-391.
Miao L, Li LX, Huang YX, et al. Delivery of mRNA vaccines
with heterocyclic lipids increases anti-tumor efficacy by STING-
mediated immune cell activation [J]. Nat Biotechnol, 2019, 37:
1174-1185.

Burris HA, Patel MR, Cho DC, et al. A phase I multicenter study
to assess the safety, tolerability, and immunogenicity of mRNA-
4157 alone in patients with resected solid tumors and in combi-
nation with pembrolizumab in patients with unresectable solid
tumors [J]. J Clin Oncol, 2019, 37: 2523.

Sahin U, Oehm P, Derhovanessian E, et al. An RNA vaccine
drives immunity in checkpoint-inhibitor-treated melanoma [J].
Nature, 2020, 585: 107-112.

Gu YZ, Zhao X, Song XR. Ex vivo pulsed dendritic cell vaccina-
tion against cancer [J]. Acta Pharmacol Sin, 2020, 41: 959-969.
Tateshita N, Miura N, Tanaka H, et al. Development of a lipo-
plex-type mRNA carrier composed of an ionizable lipid with a
vitamin E scaffold and the KALA peptide for use as an ex vivo
dendritic cell-based cancer vaccine [J]. J Control Release, 2019,

310: 36-46.



